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ABSTRACT

This study assessed land suitability for maize production in Basawa area of Sabon Gari Local
Government Area of Kaduna State. Satellite Imageries, Global Positioning System (GPS),
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) DEM were used to
generate data on the elevation, slope, aspect, drainage and soil texture of the study area. Multi
Criteria Evaluation (MCE) was used for land evaluation and eighty (80) soil samples from a grid
map of the area at a depth of 0 — 30cm to analyze the soil pH, magnesium, Nitrogen, Cations
Exchange Capacity, Sodium, Organic matter, Calcium, Phosphorus and Potassium levels. Land
characteristics map combined with the soil physicochemical parameters were subsequently
integrated in Arc GIS 10.3 to generate the land suitability map for the selected crop. Analytical
Hierarchy Process (AHP) was used in analyzing the weighting criteria for suitability class. The pH
of the soil ranges from (4.12), low Sodium (0.3586mol kg™) and low Phosphorous (9.38mg kg™),
Nitrogen (0.617g kg™*) and Organic matter (1.04%). Other characteristics of the soil were medium
concentration of Magnesium (0.86mol kg™), Potassium (0.17mg kg™) and Calcium (4.1286mol kg’
) and Cations Exchange Capacity (6.41cmol(+) kg™). Suitability analysis revealed that only
4411.67s0.m” (8.91%) of the land is highly suitable for the growth of maize. While 26069.38sq.m?
(52.65%) is moderately suitable, 14151.99sq.m? (28.58%) and 4878.75sq.m? (9.86%) of the land
were found to be marginally and not suitable respectively. The study recommends the need for
effective land management techniques by the Kaduna State Ministry of Agriculture to increase the
nutrient level and balance the physiochemical concentration of the soil elements to attain a higher
suitability level for the growth of maize.
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CHAPTER ONE: INTRODUCTION

1.1 BACKGROUND TO THE STUDY

Land is the solid surface of the Earth that is not permanently covered by water. The vast majority
of human activities throughout history have occurred in land areas that support agriculture,
habitat, and various natural resources (Michael and Chris, 2013). Land suitability is the fitness of

a given type of land for a defined use (Food and Agriculture Organization (FAO, 1976).

Land suitability evaluation is a classification of land in terms of their suitability for a specific
land use (FAO, 1976). Suitability is a function of crop requirements and land characteristics.
Suitability is a measure of how well the qualities of land unit match the requirements of a
particular form of land use (FAO, 1976). The objective of land suitability evaluation is the
prediction of inherent capacity of the land units without deterioration or to minimize
socioeconomic and environmental costs. Physical land evaluation is a prerequisite for land-use
planning, because it guides decisions on optimal use of land resources. In multi-criteria decision
making, this is utilized for determination of optimum land use type for an area (Elaalem, Comber

and Fisher, 2001; De La Rosa, 2000; Van Ranst, Tang, Groenemans, and Sinthurahat, 1996).

The FAO approach to land suitability evaluation classifies land according to a range from highly
suitable to not suitable (FAO, 1976). This procedure starts by identifying relevant landuse types.
The land use requirements are then matched with defined land conditions. The land conditions
are described as dynamic regimes or land qualities, which are estimated from measured or
estimated attributes, known as land characteristics (Melitz, 1986). FAO guidelines for land

evaluation are widely accepted (FAO, 1983). The quality of land suitability assessment, and



hence the reliability of landuse decisions, depend largely on the quality of the soil information

used to derive them (Mermut and Eswaran, 2001).

The present shortage of good land for food production which are caused by competing demand
for other landuse such as industrialization, housing, grazing, fuel wood, cash crop and
degradation caused by unsuitable land use practices calls for a reliable land evaluation (FAO,
1985; Raji, 1999). Land suitability analysis for crop is a prerequisite to achieve optimum
utilization of the available land resources for sustainable agricultural production. Land evaluation
is a tool for land use planning for sustainable agriculture (Perveen, Nagasawa, Uddin, and
Delowar, 2012). Soil characterization and land evaluation for various land use is one of the
strategies for achieving food security as well as sustainable environment (Esu, 2004). The
starting point toward sustainable management is adequate information on land resources and
their suitability are not in proper form in spite of several spots studied in Nigeria (Ogunkunle,

2004).

The productivity of soils in Nigerian Savanna region is decreasing due to their fragile nature.
These lands have been utilized intensively for all purposes at the expense of their suitability
resulting in degradation and altering the natural ecological conservatory balances (Ande, 2011).
Maize production required certain climatic conditions, terrain and other soil properties to be in
place. Maize is grown under divergent physical condition. Maize is one of the most widely
cultivated crops and grown in both tropical and warm temperate latitude. Maize is grown in
climates ranging from temperate to tropical during the period when mean daily temperatures are

above 15°C and frost-free. Maize is grown mostly in regions having rainfall between 60cm to



110cm. The best suitable soil for Maize is deep, rich soils of the sub-tropics, where there is

abundant nitrogen (Martin and Leonard, 1967).

Maize is one of the important grains in Nigeria. It is a multipurpose crop in which every part of it
has great economic value. The grain, leaves, stalk, tassel and cob can all be used to produce a
large variety of food products. Studies by Badu-Apraku et al.,(2012) on maize production in
different parts of Nigeria has shown an increasing importance of the crop amidst growing
utilization by food processing industries and livestock feed mills. In Basawa, Sabon Gari Local
Government Area of Kaduna state in Nigeria, the demand for maize is increasing on a daily
basis, because it is a major staple food for human and animals. But despite the economic
importance of maize, it has not been produced in such quantity that could meet food and
industrial needs of the country, and this could be attributed to low productivity due to lack of
improved technologies for maize production (Osundare, 2013). One of the major limitations to
maize production in Nigeria is the declining soil fertility which is exacerbated by continuous
cultivation, high cost and sometimes unavailability of fertilizer (Ismalia, Gana and Dogora,

2010).

Badu-Apraku, Menkir, Fakorede, and Ellis-Jones (2012) stressed that after the introduction of
maize to Africa in the sixteenth century, the crop rapidly gained popularity as a major food crop
as well as a trade commodity in most of West and Central Africa. Today, maize is widely grown
in this agro ecological sub region. It is a highly suitable crop, especially well adapted to the
Savanna zones. Maize, as a major source of calories is not only for humans but also for animals
in Nigeria as well as other parts of the world. This has resulted in more land being opened up for

large scale production (Udoh and Ogunkunle, 2012).



In view of the demand for maize, Nigeria and international bodies such as Food and Agriculture
Organization (FAO) have developed interest in promoting maize production for houscholds’
food security and poverty alleviation. In Basawa, Sabon Gari area of Kaduna State, agricultural

activity especially maize production is the main means of livelihood.

Observations have shown a decline in both quantity and quality of production in the study area.
There has been 30% decline in the cultivation of maize production in Basawa, Sabon Gari Local
Government area of Kaduna state(Food and Agriculture Organization Statistics (FAOSTAT,
2000). This has become a discourse among the inhabitants. One of the strategies to achieve food
security with sustainable environment is to study soil resources in details through soil

characterization and land evaluation for various land utilization(Esu, 2004).

However, with the introduction of Remote Sensing and Geographic Information System (GIS),
data can now be accessed for effective and efficient studies with regards to maize production in
Basawa area of Sabon Gari L.G.A. Remote Sensing is the science and art of acquiring
information about an object, area, or phenomenon through an analysis of the data acquired by a
device which is not in contact with the object, area or phenomenon under investigation (Aniji,
2008). This technique has increasingly become important in providing reliable and timely
information on land issues like suitability analysis; such information is difficult to acquire
through conventional ground surveys. GIS is defined as computer systems capable of
assembling, storing, manipulating, and displaying geographically referenced information (United
State Geological Survey (USGS, 1998). In the context of land suitability analysis, GIS offers a
flexible and powerful tool as it can combine large volumes of different kinds of data into new
datasets and display these new datasets in the form of informative and accessible thematic maps

(Foote and Lynch, 1996; Marble et al., 1984). Different GIS software is capable of incorporating
4



and manipulating a spatial data which will be used for decision making particularly the

agricultural sector.

1.2 STATEMENT OF THE RESEARCH PROBLEM

Improving yield and efficiency in resource use is vital to ensuring adequate food security and
environmental sustainability. The slight increase in maize production in Nigeria has been
attributed to increase in hectares devoted to its cultivation and not optimum yield of each
farmland. Also, recent report of FAOSTAT (2012) has shown that the cultivation of areas used
for maize production (Kaduna state) have declined by about 20 % from the periods of 1991 to
2000 and 2001 to 2010. In addition, the potential yield of maize crop using the improved
seedling in Nigeria is not enough compared to that of the developed countries (Oyekale, 2008).
Improper land-use results to land degradation and decline in agricultural productivity. However,
in practice, particularly in Nigeria, the use to which land is put is not often related to the land
potential capacity for its use type (Senjobi, 2007). Land have been utilized intensively for all
purposes at the expense of its suitability capacity thereby resulting in land degradation and

altering the natural ecological conservatory balances in the landscape (Ogunkunle, 2004).

Nigeria, having the largest population in Africa characterized by rapid population growth, a high
degree of dependence on agriculture at the household level and large area of low potential (sub
humid and sub arid) rainfed farm land, is experiencing predominantly a nutrient depletion
scenarios (Mortimore and Harris, 2003). Among many factors limiting agricultural development

in Nigeria is the lack of sufficient information on soils and their characteristics (Adamu, 2012).

Nigeria’s immense agricultural potential is a great asset for the nation and Africa, with promises

for food security when fully harnessed (Akinwunmi, 2014). Only 40% of Nigeria’s 84 million

5



hectares of arable land is presently cultivated (Akinwunmi, 2014). To increase productivity of
agriculture in Kaduna State and Nigeria in general, there is a need for suitability assessment of

land which will assist in identifying key soil properties for optimum yield of maize production.

Njar, Iwara, Egbe, Offiong and Essoka (2012) assessed the suitability of two prominent land
parcels for maize production in Obiaruku community of Delta state and found that the well-
drained soil was classified as highly suitable for maize production due to its high level of
essential nutrient; whereas soil of the riverine area were classified as moderately suitable for
maize production due to its medium level of nutrient. Also, Ofor, Ibeawuchi and Oparaeke
(2009) carried out a study on crop protection, problem and control measure in production of
maize and Guinea corn in Northern-Guinea Savannah of Nigeria. The study revealed that maize
has a high demand for nutrients compared to cereals like rice, millet and wheat. Maize requires
both the major nutrients (N, P and K) and the secondary nutrients (S, Mg, Ca, B, Fe, CI, Cu etc.)
in adequate amount to ensure good root establishment, vigorous and healthy growth and

increased yields.

Esu (2004) studied soil in detail through processes of soil characteristics and land evaluation for
various land utilization type is one of the strategies for achieving food security as well as
sustainable environment. However, despite the important of land evaluation on sustainable
management of land and for enhanced crop production, specific soil suitability studies; such as
suitability assessment for maize production have not been properly documented (Aondoakaa and

Agbakwuru, 2012; Njar, et al., 2012).

Hussaini (2011) studied the land suitability for some selected crops in Institute for Agricultural

Research (IAR) farm, Zaria, Kaduna State, Nigeria. The researcher made used of FAO land



suitability evaluation criteria to evaluate the selected crops by delineating three soil mapping
units. The result showed that two of the soil units were moderately suitable (S2) for cotton and
maize but highly suitable for sorghum while the third soil unit was marginally suitable (S3) for

cowpea and not suitable (N1) for cotton and maize.

Suitability evaluation needs a specification of the respective crop requirements and calibrating
them with the terrain and soil parameters. According to Dent and Young (1981), optimal crop
growth and productivity is based; amongst other factors on soil conditions, soil organic matter
content expressed by the organic carbon content, soil depth are amongst the main factors that
influence crop adaptability to a given land area. It is also obvious that most studies on land
evaluation were carried out on a national or regional scale, neglecting the local scale, and most
study use the qualitative land evaluation. This study will use both qualitative and quantitative

methods of land evaluation. It is in the context of this neglect that this study becomes imperative.

Sabon Gari local government area is one of the fast growing town in Kaduna state has been
affected by the fact that so many agricultural types are being developed to meet various growing
food demand as a result of the growing population. But maize which is an important food crop
appears to lagging behind. Records gotten from the Secretariat of Sabon Gari local government
area shows that there is complains from the farmers that the production is low.In this regard,
Basawa area of Sabon Gari local government area is used as a case study in this researchwork to
find out if the study area is suitable for maize production, the quantity produced, how sufficient
is it for the inhabitants and the scale of production. Therefore, information is needed on physical

and chemical properties of the land to ascertain its suitability for maize production. The need for



such information constitutes the problem ofthe research interest. This is the gap the study intends

to fill. This study therefore intends to address the following research questions.

1.3

What are the physical characteristics of the terrain that affect the suitability of the land
for maize production in the study area?

What are the physiochemical parameters of the soil that affect the suitability of the land
for maize production in the study area?

What is the spatial variation in soil suitability for maize production in the study area?

What is the extent of land suitable for maize production in the study area?

AIM AND OBJECTIVES

The aim of the study is to evaluate land suitability for maize production in Basawa, Sabon Gari

Local Government Area of Kaduna State. The aim was achieved through the following specific

objectives:

iv.

14

identify and map the physical characteristics of the terrain in the study area.

determine the physiochemical parameters affecting land suitability for maize production
in the study area.

classify the suitability levels of the soil for maize production in the study area.

map out suitable areas for maize production in the study area.

SCOPE OF THE STUDY

The spatial scope of the research covered farm land located in Bassawa, Sabon Gari Local

Government Area in Kaduna state with an area of 49511.79sq.m? of land. The study analyzed

land suitability for maize (Zeamays). For the purpose of this study, the following factors was

used for suitability analysis, which include the land characteristics and physical properties;

Elevation, Aspect, Drainage, Soil Texture and Slope map and the chemical properties include;

8



pH, Nitrogen (N), Phosphorus (P), Potassium (K), Organic matter (OM), Calcium (Ca),
Magnesium (Mg), Sodium (Na), Cations Exchange Capacity (CEC) and derived from ASTER

DEM was used for the analysis. The temporal scope is 2006 to 2015.

1.5  JUSTIFICATION OF THE STUDY

Inventory of land resource is a prerequisite for proper utilization and sustainable management of
the natural resource base of any country. Accurate inventories become imperative for the
assessment of available natural resources of a country (FAQ). There is urgent need to optimize
land use in the most practicable and logical ways to continue sustainable production while
conserving fragile ecosystems. The study provides information on Agricultural land, help in
maintaining the promotion of compatible land uses and management practices in the area. In
recent years, thematic mapping has undergone some changes due to advances in geographic
information science and remote sensing, especially in the soil studies. The study also
demonstrates the potentials of using Remote Sensing and GIS in land suitability mapping at
larger scale (local level) which can be applied to the medium and even the smaller scales (state
and the country at large), it also provided a guide for the quantitative assessment of land for
agriculture and have address the practical survey problem (especially the traditional survey
method, planners) that has been used for decades in the hope that this will enable a more
consistent approach to land suitability evaluation. With the help of the research work, it will
enable the farmers to have more knowledge on area in which is the best site for crop planting and
it will help in harvesting more products in order to address the situation of low productivity in

the country.



CHAPTER TWO
CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW
2.1 CONCEPTUAL FRAME WORK

2.1.1 Land Suitability

It is useful for the purpose of this study to define what “Land suitability” means. A definition of
this concept proposed by the Food and Agriculture Organization of the United Nations (FAOQ) is
that land suitability is the fitness of a given type of land for a defined use. The land may be
considered in its present condition or after improvements. The process of land suitability
classification is the appraisal and grouping of specific areas of land in terms of their suitability
for defined uses. Land suitability analysis is a prerequisite to achieve optimum utilization of the
available land resources for sustainable agricultural production. One of the most important and
urgent problems in the study area is to improve agricultural land management and cropping
patterns to increase the agricultural production with efficient use of land resources (Pareta and
Jain, 2010). In general, a land area can be classified as “Suitable” or “Not Suitable” for a certain
use. Suitable areas can be portioned in classes, which reflect the degree of suitability. The
number of classes can vary, but it should be kept to the minimum necessary and should never
exceed the number of five (Tinguely, 2012).

In these schemes, four categories are recognized. The highest category is the order that reflects;
in broad features, whether a soil is suitable or not for a given use. Two orders are recognized:

S = Suitable. Land in which benefits exceed the costs and sustained use does not incapacitate the

soil over a sufficiently long period of time.

10



N = Not suitable: Land can be classified as not suitable for a certain use for diverse reasons. The
use proposed may be deemed technically impractical, as in irrigation of abrupt rocky terrain, or
that it causes serious environmental degradation, for example, cultivation on steep slopes.
Frequently, however, the reason is economic, in that the profit expected does not justify the cost
required.

The second category is the class that reflects degrees of suitability with in the order. These are
numbered consecutively in Arabic numerals.

For the order S, three to five classes are normally considered. For example, the three classes are:
S1 = Highly suitable: without limitations for sustained use or minor limitations that do not affect
productivity nor appreciably increase costs.

S2 = Moderately suitable: moderately serious limitations that reduce profits or involve risks of
degradation in sustained use of the soil.

S3 = Marginally suitable: the limitations for sustained use are serious and the balance between
costs and benefits make the use only marginally justifiable. Its use is normally justified on other
purpose than economic grounds.

In the order N, three classes are also recognized:

N1 = Not currently suitable: land with limitations that could be eliminated by technical means or
investment, but that these changes are at present unfeasible.

N2 = Permanently unsuitable: serious limitations of generally physical nature, which are
assumed to be beyond solving over long term.

X = Land for conservation: unsuitable for exploitation, being lands of special protection, due to
their conservation, wildlife, of special scientific, ecological or social interest (example, parks,

reserves or recreational zones).
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Limits between the orders (S and N) and between the different classes (S1, S2, S3 and N1, N2)
are established by the presence of limiting factors. One limiting factor is a characteristic of soil
that hampers its use, reduces productivity, increases costs and implies degradation risk, or all of
the above. This limiting factor is used to define the third category of the system, which is the
subclass. In the symbol of each subclass, the number of limitations involved should be kept to
the minimum of one letter or rarely two. Limitations proposed include: t, slope; e, erosion risk; p,
depth; s, salinity; d, drainage; c, bioclimatic deficiency; r, rockiness; i, flood risk.

Finally, the fourth category is the unit that establishes the differences within the subclasses as a
function of the desired use. All of the units within a subclass (S2rA, S2rM ...) have the same
degree of suitability at the subclass level (S2) and analogous characteristics of limitation at the
subclass level (r). The units differ from each other in their characteristics of production or in
secondary aspects of their management demands. Their examination enables a detailed
interpretation at the planning level of exploitation. The units are distinguished by upper-case
letters that are placed at the end. There is no limit at all for the number of units examined within
a subclass. These defined are: A, intensification in the agricultural use without need of great
improvements; M intensification in the agricultural use with need of major improvements
(irrigation, etc.); P, use for pasture for livestock; F, forestation. In some cases, the designation
“conditionally suitable” can be added so long as certain conditions are satisfied

2.1.2 Remote Sensing and Geographic Information System on Land Suitability in

Agriculture

The use of Geospatial technologies in the management of agricultural resources is increasing
rapidly due to improvement in space-borne remote sensing satellites in terms of spatial,

spectral, temporal and radiometric resolutions. The use of GIS and Remote Sensing in land
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evaluation has attracted the attention of several scholars (Rossiter, 1994; Patilet al., 2005;
Salam and Rahman, 2007; ESRI, 2009). It is stated in literature that almost all land evaluation
projects present results as maps. The location and other spatial characteristics of evaluation

units are often important land characteristics in the evaluation itself (Rossiter, 1994).

The Geographic Information System (GIS) is a technique of utilitarian value with regards to
agricultural land evaluation. GIS is defined as “an assemblage of computer equipment and a
set of computer programs for the entry and editing, storage, query and retrieval,
transformation, analysis, and display and printing of spatial data” (Rossiter, 1994). This shows
that GIS has vast capabilities to work comprehensively on spatial data for several purposes

including land evaluation for agriculture.

The importance of using GIS for development studies such as land use evaluation for
agriculture cannot be over emphasized. GIS has been extensively used in other sectors of
national development but the use of such technology to support decisions for sustainable
agricultural development in rural settings is quite limited. The use of these technologies is,
therefore, encouraged towards improvements in the standards and quality of rural life (Petja et

al., 2014).

2.1.3 General Characteristics of Savannah Soils

The savannah soils are generally divided into Sahel, Sudan, Guinea and Derived Savannah zones
based on moisture and vegetation (Aduayi, Chude, Adebusuyi and Olayiwola, 2002).

The soils are mostly associated with upper to middle slope positions which are well drained.
They are widely used for crop production because they are mostly well drained unlike the

wetland soils which are partially or completely water logged, though they are low in fertility
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(Jone and Wild, 1975; Mokwunye and Batiano, 2002). Most of the soils are under continuous
cultivation, so they rapidly lose their fertility due to rapid decline in organic matter, leaching of

basic cations and high rate of acidification (Jone and Wild, 1975; Ogunwole, 2008).

The soils are deep to very deep; petroplinthites (hardened laterites) are major constraints to
depth which are constraints to plant and roots development as reported by (Yaro, Kparmwang,
Raji and Chude, 2006). The texture of the soils ranges from sandy loam to sandy clay loam
(Oyinlola and Chude, 2010; Shobayo, 2010), while Odunze and Kureh, (2009) reported loam
texture at the surface horizons, and clay loam and clay in the subsoil horizons. Generally, soils
of the savannah area are reported to have high sand content at surface, as the soils are formed
on aeolian sand cover (Sombroek and Zonneveld, 1971). Silt content of the soils was observed
to slightly increase with increasing depth in soil profiles. Morbeg and Esu (1991) and
Kparmwang (1993) in their studies of soils in the Savannah region of Northern Nigeria
mentioned the influence of Harmattan dust in contributing silt to soil. The higher clay content
in the subsurface horizons of many soils maybe attributed to illuviation and pedoturbation
processes (Sharu, Yakubu and Tsafe, 2013). The surface of most savannah soil are reported to
have high bulk density followed by a decrease in the sub soils and further rose in the lowest
horizons (Zafari, 1993; Raji 1995; Maniyunda, 1999). The high bulk density is attributed to
compaction caused by grazing animals and tillage operation (Shobayo, 2010; Sharuet al.,

2013). Root growth could also be inhibited due to high bulk

2.1.4 Maize (Zea Mays)
Maize (Zea mays) is one of the most important cereals of the world. It is called queen of cereals.

It requires rainfall of 760-1520 mm per annum, although it is possible to obtain good yield with
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460-760 mm of rainfall, if it is evenly distributed during the growing season. Maize crop requires
warmth all through its active life period and practically no maize grows where the growing
season temperature is <19°C. Maize produces good results with mean temperature of 24°C and a
night temperature above 15°C (Martin and Leonard, 1967). Maize can be grown on a wide range
of soils, but performs best on well-drained, well-aerated, deep, loam and silt loam containing
adequate organic matter and well supplied with available nutrients. Although it grows on a wide
range of soils, it does not yield well on poor sandy soils, except with heavy application of
fertilizer on heavy clay soils. Deep cultivation and ridging is necessary to improve drainage.
Maize is suited for off-season cropping in swamps provided drainage is adequate (though
planting in swamps is not always recommended for environmental reasons). Maize is very
sensitive to stagnant water, particularly during its early stages of growth. Proper drainage is a
must for the success of crop especially during raining season, as it does not tolerate water
logging. Maize can be grown successfully on soils with a pH of 5.0-7.0 but a moderately acidic
to neutral environment (5.5 — 7.5) is optimum (Naidu, Ramamurthy, Challa, Rajendra and
Krishnan, 2006).

2.1.5 Multi Criteria evaluation (MCE) and Analytical Hierarchy Process (AHP)

This approach helps in the Decision Making, however Multi-criteria decision making (MCDM)
is primarily concerned with how to combine the information from several criteria to form a

single index of evaluation (Chen, Yu and Khan, 2012).

Criterion weights are the weights assigned to the objective and attribute maps (Meng et al.
2011). Deriving weights for the selected map criteria (land characteristics map layers) is a
fundamental requirement for applying the AHP method (Malczewski 1999, 2004). The

determination of the particular criterion weight is therefore a crucial step in Multi-Criteria
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Decision Method(MCDM). As previously mentioned, the AHP is considered to be an adequate
mathematical method for this step when analyzing complex decisional problems (Saaty 1977,
1980, Malczewski 2004). It derives the weights by comparing the relative importance of the
criteria in a pairwise manner. Through a pairwise comparison matrix, the AHP calculates the
weighting for each criterion (wi) by taking the Eigenvector corresponding to the largest

Eigenvalue of the matrix, and then normalizing the sum of the components to unity.

2.2 THEORETICAL FRAMEWORK

2.2.1 Fuzzy Model

It is well known fact that many elements of land plot properties (soil, fertility of soil,
microclimate, etc.) have uncertainties. Uncertainty is inherent in decision-making processes,
which involves data and model uncertainty. These range from measurement errors, to inherent
variability, to instability, to conceptual ambiguity, to over-abstraction, or to simple ignorance of

important factors (Tinguely, 2012).

An underlying philosophy of the fuzzy sets theory is to provide a strict mathematical framework,
where the imprecise conceptual phenomena in decision making may be precisely and rigorously
studied, in particular for knowledge management (Tinguely, 2012). The fuzzy sets theory
includes fuzzy mathematics, fuzzy measures, fuzzy integrals, etc. Fuzzy logic is a minor aspect
of the whole field of fuzzy mathematics. In classical sets theory, the membership of a set is
defined as true or false, 1 or 0. Membership of a fuzzy set, however, is expressed on a continuous

scale from 1 (full membership) to 0 (full non-membership).

In the GIS context, in decision making regarding land allocation, suitability is considered a

fuzzy theory expressed as fuzzy set membership (Burroughet al. 1992, Hall et al. 1992). There
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are a variety of reasons why the application of fuzzy set membership in criteria standardization is
highly appealing. First, it provides a very strong logic for the process of standardization. The
process of criteria standardization can be seen as one of recasting values into a statement of set
membership, the degree of membership in the final decision set. Compared with linear scaling,
standardization using fuzzy set membership represents a specific relation between the criterion
and decision set. This clearly opens the way for a broader family of set membership functions
than that of linear rescaling. Second, the logic of fuzzy sets bridges a major gap between Boolean
assessment and continuous scaling in weighted linear combination. Boolean overlay is a classical
set problem and assumes a crisp boundary and certainty. By considering the process of criteria
evaluation as one of fuzzy sets, the continuity and uncertainty in the relation between criteria and
decision set are recognized. When set membership values are reduced to 0 and 1 (i.e. certainty),
the set becomes crisp (a special case of fuzzy set) and the results will be identical to those of
Boolean overlay (Jiang and Eastman 2000).

2.3 LITERATURE REVIEW

Oluwatosin (2005) assessed suitability of some land in Northwestern Nigeria for rainfed crop
production using a qualitative physical land evaluation method. The study revealed that all the
soils were currently not suitable (N1) for cereals but were marginally suitable (S3) for grain
legumes. Potentially all the soils were moderately suitable (S2), while those on the plain were
highly suitable (S1) for grain legumes. Soils on plains were potentially more suitable than soil of
the upland and valley bottom. The major limitations were nutrient availability (F) which cut
across all the soil while erosion hazard and drainage were major limitation in the upland and
valley bottom respectively. For sustainable crop production, the use of high fertility management

practice was recommended to make the land highly suitable for both cereals and legumes.
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Hussaini (2011) evaluated suitability of Institute for Agricultural Research (IAR) farm, Zaria for
some selected crops. The study shows that the soils were shallow to very deep, well to poorly
drain and were medium textured soils with blocky structure dominating the soil and increasing
clay with depth were observed in the subsoils. The pH was low to medium, high exchangeable
bases and high base saturation characterized the soils. The soils were reported to have low
organic carbon, total nitrogen and available phosphorus which were general characteristic of
savanna soils (Jones and Wild, 1975). Three soil units were delineated and classified as
TypicHaplustalf, Lithic Ustipsammentand TypicEndoaqualfs/ Endoaquepts. Two of the soil units
were moderately suitable (S2) for cotton and maize and highly suitable for sorghum while the
third soil unit was marginally suitable (S3) for cowpea and not suitable (N1) for cotton and
maize. Constraints to agricultural productivity in the farm were low organic matter, total
nitrogen, available phosphorus and poor drainage. Thus for optimal agricultural productivity,
they recommended standard rates of N and P from inorganic fertilizers, incorporation of crop
residue and application of organic manure to invariably increase productivity of the soils.

In addition, Lawal et al., (2012) evaluated suitability of soils of lower river Oshin flood plains in
Kwara State, Nigeria for rainfed arable crops, using the FAO land suitability evaluation method.
They reported that there are three soils units in the study area. The soils were generally sandy
loam in texture and had moderate bulk density which could favour good agricultural production.
All the soils were reported to have medium to high organic carbon, available phosphorus and
CEC. All the soil units were moderately suitable (S2) for maize production. The major limitation
was drainage. For sustainable yield of maize in the area, adequate drainage need to be

constructed to conduct excess water out of the field as maize is not tolerant to water logging.
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For rice production, the area were marginally suitable (S3) with topography, soil texture and soil
fertility being the major limitations. For sustainable production of rice, application of organic
and inorganic fertilizer was recommended.

Sharuet al.,(2013) conducted a semi-detailed soil survey of Dingyadi District in Sokoto, Nigeria
in order to characterize and classify the soils. Result of the survey revealed that three soil units
were identified on the basis of land forms and surface texture. The soils were deep to shallow,
well to imperfectly drain and the texture varied from loam, sandy loam and sandy clay loam. The
soils were relatively high in bulk density and low porosity. The dominant exchangeable bases
were calcium and magnesium with the soils having high base saturation. The soils were neutral
to slightly alkaline in reaction. Organic matter, available P, total N and CEC contents of the soils
were generally low and the soils were classified as TypicEndoaqualfs (Haplic Luvisols),
TypicHaplustepts (Argic Lixisols) and Lithic Ustorthents (RupticCambisols) respectively based
on USDA and correlate with WRB system of Classification. Owing to fact that this current study
area is an agrarian community outskirt of Zaria town and not much study has been done on soils
of the area, characterization and classification will help reveal information that could be useful in
the management and use of the soils for sustainable agricultural production.

Elaalem (2012) compared two approaches to land suitability evaluations, Fuzzy MCDA and
Boolean, to model the opportunities for maize production in the north-western region of Jeffara
Plain, Libya. In this study a number of soil and landscape and climate criteria were identified and
their weights specified as a result of discussions with local experts. The Fuzzy MCDA approach
was found to be better than the Boolean approach. Boolean logic indicted that the study area has
only four suitability classes (highly suitable, moderately suitable, marginally suitable and

currently not suitable). In contrast, the results obtained by adopting the Fuzzy MCDA approach
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showed that the area of study has a greater degree of subdivision in land suitability classes for
maize. The richer overall picture provides an alternative type of land suitability evaluation to

Boolean approaches and allows subtle variations in land suitability to be explored.

A fuzzy membership functions (FMFs) was developed by Inakwu, Odeh and Crawford (2010) to
determine soil suitability for multiple crops; determine the diversity of multiple suitability at
each location using the Shannon“s Index and equitability equation; and determine the overall
versatility at the farm scale, and establish a new versatility equation by combining the previous
versatility methodology with a diversity index. To understand the overall versatility of the study
area suitability analysis was carried out for each of the several crops- canola, barley, field pea,
Lucerne and wheat. The multiple suitability analysis demonstrated subtle differences in the trend
or patterns of the individual crop mapped. The development of the improved versatility map,
incorporating Shannon“s index, yielded important information for management decisions. The
results indicate that the Northern and Southern paddocks of the study area exhibited higher

versatility than the rest of the farm and would be highly suited for multiple crop rotations.

Mokarram, Rangzan, Moezzi and Baninemehc (2012) combined fuzzy and Analytical Hierarchy
Process (AHP) in preparing land suitability evaluation maps for Wheat using Fuzzy classification
in Shavur area, Khuzestan province. The results are compared to a Crisp classification using the
standard FAO framework (parametric) for land evaluation which includes non-physical
parameters as well. In the study, eight soil parameters, such as soil Texture, Wetness (ground
water depth and hydromorphy), Cation Exchange Capacity (CEC) and Exchangeable Sodium
Percentage (ESP), Gypsum (%), CaCO3 (%), Topography, Soil depth and pH values were taken
into consideration. AHP was used in analyzing the weight and the result classified 26% of the
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area as moderately suitable, 25% as marginally suitable and 49% as unsuitable. The results with
the Fuzzy theory showed that 31% of the study area as highly suitable for growing wheat 29 %
as moderately suitable, 19% as marginally suitable and 21% as unsuitable. This study was

limited to non-physical parameters targeting a single crop.

Mustafa, et al.,(2000) used Multi Criteria decision Making (MCDM) and remote sensing in
analyzing land suitability for different crops and for generating cropping pattern for the summer
and winter seasons in Kheragarahtehsil of Agra. Different soil chemical parameters and physical
parameters were evaluated for different crops. Results indicated that about 55 % of the land is
highly suitable (S1) for sugarcane while 60%, 54% and 48 % of the area are moderately suitable
(S2) for cultivating pearl millet, mustard and rice respectively. 50 % of the area is found to be

marginally suitable (S3) for growing maize. This study concentrated on cereals.

Elaalem (2013) used both the Parametric and Fuzzy MCE approach for land suitability for the
cultivation of Olive. Different factors were used in the study, these factors are: Soil (i.e. available
water holding capacity; soil depth; infiltration rate; soil texture; soil salinity; soil reaction),
climate, and erosion hazard and slope steepness which were all weighted. Factors affecting land
suitability model for olive in north-west of Jeffara Plain region, Libya were defined based on
previous studies for the study area and discussion with local experts (Sys, Van Ranst, Debaveye
and Beernaert, 1993) The results of Fuzzy MCE showed that the majority of the study area is
highly suitable for olive production, while the results obtained from the use the parametric
method showed that most of the study area is moderately suitable for olive production. The

Fuzzy MCE approach was found to be better than the parametric approach. The Fuzzy MCE
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approaches accommodate the continuous nature of many soil properties and produce more

intuitive distributions of land suitabilities value for olive.

Al-Mashrekiet al.,(2011) presents a spatial modeling procedure for land suitability evaluation of
rainfed sorghum crop using available biophysical information. Moreover, this study was
undertaken to develop a physical land suitability method using GIS and remote sensing
technologies in arid and semiarid ecosystems such as that of Ibb Governorate at Highland region
of the southwestern Yemen. It aimed to provide a simple example of how GIS and remote
sensing technologies can be applied to detect the types of potential land suitability of agriculture
in the study area. In addition, it intended to design an information system for land resource
assessment. Accordingly, this study reveals that the nearly 5 % of the study area is highly
suitable, 25 % is moderately suitable, 31 % marginally suitable, 24 currently unsuitable as well

as 15 % permanently not suitable for the production of sorghum.

Behnam, Dorri, Jaime and da Silva (2014) used different raster layers in analyzing the suitability
for assessment of land suitability and the possibility and performance of a canola (Brassica napus
L.) soybean (Glycine max L.) rotation in four basins of Golestan province, Iran, including
climatic (precipitation, temperature), topographic (aspects and slope) and soil-related (texture,
pH, EC) layers, were provided by interpolation, surface analysis and other related techniques in
GIS. Overlaid layers were used to judge the capacity of agricultural lands to rotate a canola—
soybean system in the study area, which included four important basins. Based on defined
scenarios and pre-determined ecological requirements of the two studied crops, five suitability
classes were detected and mapped. The results reveals that just 11.82% of total lands are very
suitable to rotate soybean after canola while most agricultural lands in the study area fell into the
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moderate and low suitability classes. The consistency of results adopted from final overlaid maps
with real statistics in the study region show that GIS as a systemic approach can play a vital role

in saving time and reducing.

Al-Mashreki (2011) determined the variation in the output caused by different input weights for
four criteria namely climate, soil, slope, and erosion. So that sixteen weighting schemes were
constructed, associated with the criterion map layers and run using the model’s implementation
in ArcGIS. The weighting schemes were applied for the selected crop (maize). The model finds
the best path given the weights placed. By varying the weight, several different paths can be
found. The results revealed that the slope is a very highly sensitive element in the suitability
classification for sorghum crop, whereas the soil is a highly sensitive, the climate and erosion are
moderately sensitive. This implies that each factor has to be given suitable weighting reflecting

its importance for the suitability of sorghum in the study area.

Teshomeet al.,(2013) used the Physical land suitability in Abobo area, western Ethiopia,
following the FAO methodology for the determination of length of growing period and
maximum limitation method for suitability classification. The result of the study revealed that the
climate of the study area is moderately suitable (S2) for the considered varieties of cotton, maize
and sorghum, whereas it is marginally suitable (S3) for upland rice. Considering soil and
landscape suitability, the most limiting factors were soil depth, wetness, and soil fertility, mostly
nitrogen. Based on the FAO model, the potential yields of cotton, maize, upland rice and
sorghum were 2,645, 6,409, 4,774 and 4,194 kg ha-1, respectively. However, yield reductions of
7.32 t0 12.09% and 6.01 to 11.16% were observed in simulated rain fed yield for maize and
upland rice, respectively, as compared with their corresponding potential yields. The differences
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might mainly be induced due to water limitation, soils and landscape attributes, which suggests
use of supplementary irrigation and soil management for optimum and sustainable production.
All the limitations, except soil depth, can be improved so as to attain the potential suitability

through improving and sustaining soil OM and practicing integrated soil fertility management.

Kihoro, Njoroge and Hunja (2013) in Kirinyaga, Embu and Mberee counties in Kenya,
biophysical variables of soil, climate and topography were considered for suitability analysis to
develop a suitability map for rice crop based on physical and climatic factors of production using
a Multi-Criteria Evaluation (MCE) and GIS approach. All data were stored in ArcGIS 9.3
environment and the factor maps were generated. For MCE, Pairwise Comparison Matrix was
applied and the suitable areas for rice crop were generated and graduated. The current land cover
map of the area was developed from a scanned survey map of the rice growing areas. According
to the present land cover map, the rice cultivated area was 13,369 ha. Finally, different layers
were analysed like the land cover map with the suitability map to identify variances between the
present and potential land use. The crop-land evaluation results of the present study showed that,
75% of total area currently being used was under highly suitable areas and 25% was under
moderately suitable areas. The results showed that the potential area for rice growing is 86,364
ha and out of this only 12% is under rice cultivation. This research provided information at local

level that could be used by farmers to select cropping patterns and suitability.

Earlier studies on land evaluation underscore its importance in assessing the potentials of land
for a specific purpose as well as understanding its optimal requirement. For example,
Gbadegesin (1984) examined soils classification of the central savanna zone for maize
cultivation. The soil requirements for maize cultivation were collated and the soil conditions in
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the respective areas were marched with soil requirement for maize production used a
classification technique was used which rates the soil of each area on different classes that are
suitable for maize production. In the study, soil was the main focus and classes were established
on the ratings accorded to each area. Ogunwaleet al., (2009) evaluated the suitability of
University of llorin farmland in the Southern Guinea Savanna ecological zone of Nigeria for
cowpea. Five soil series were mapped out and were subjected to morphological, physical and
chemical analysis. Their suitability classification shows that Bolorunduro series (unit), which
covers about 32%, is the most suitable for cowpea cultivation. They also found out that the
topography is not a constraint to the production of cowpea in llorin and environ. In another
study, Ljusa and Pajovic (2002) investigated the land suitability for rain- fed agriculture in the
province of Larache, Morocco. The study area was characterized by crops which were separated
into three groups as food crops (maize, sugarcane, chickpea, potato, tomato, green, pepper,
onion, sunflower and wheat), fodder crops (barley, sorghum and alfalfa) and tree crops (citrus
and olives), all with different agricultural management. They found out that crops like chickpea,
tomato, green pepper, onion, sorghum and alfalfa belong to the group of crops which are not

recommended for rain- fed agriculture.

Francesco (2003) carried out land evaluation of Thies Region, Senegal, for maize. The
evaluation showed that the northern part of the region contained suitable lands for maize while in
northwest part along the shoreline, the crop-lands were unsuitable, which was due to the
domination of sandy soils. Otomi (2010) evaluated land use along the course of River Ethiope in
Abraka, Delta State. The study emphasized the suitability of the farmlands across the bank of the
river for some crops like maize, okra and other vegetable crops. She maintained that the

suitability of the lands for those crops was due to the availability of water in the soil. Agbogidiet
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al., (2007) in a study carried out at the Research farm of the Delta State University, Asaba
campus and the Delta State College of Agriculture Research Farm, Ozoro. The study
demonstrated that soil contamination with crude oil has a highly significant effect of reducing
some mineral element composition of maize. Their result shows that the suitability of the soil for
maize production is minimized as a result of the contamination. They also maintained that their
result could provide a basis for future work by plant breeders who are searching for means of

boosting maize production in the oil producing areas of the Niger Delta region.

Dunshanet al., (2006) studied land suitability for agricultural crops in Danling County- Sichuan
province, China. Several crops were analyzed; in particular, the suitability for rice was compared
to the one for other summer crops like sweet potato and maize. A comparison between wheat and
rape (Brassica napus) was carried out since these are the more common crops to be rotated with
rice. Al-Arebaet al., (2007) evaluated land suitability for key agricultural crops in Essaouira
Province, Morocco. The principal crops cultivated in the area were barley, maize, onion, and
wheat which are the main source of subsistence for the families in Essaouira. They also
recommended results and solutions to the local stakeholders for an increase in yield. Suitability
maps were produced for each specific crop. In general, the evaluation class for the crops
suitability ranges from moderately suitable to permanently not suitable. This is due to the
different condition that the crops require for their developments in the local area in question.
Barley and wheat were the most important crops for the economy and subsistence of the families

in the region since most families earned their livelihoods from the cultivation of these crops.

Nurmiaty and Sumbangan (2013) employed land evaluation method in geographic information
system (GIS) based on the FAO Framework for Land Evaluation. Land availability was assessed
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from overlaying information on land use (obtained from available land use map and SPOT XS
image interpretation) and suitability classes based on the FAO Framework, as well as
administration boundary map. The results indicated that the S1 (highly suitable) class comprises
a total area of approximately 34,468 ha, or about 24% from the total area. The limiting factors
for S2 (moderately suitable) and S3 (marginally suitable) classes are slope and nutrient
availability, but with the advanced management efforts (moderately input) such sub-classes can
actually promote S3 class to S2 level. It was also found that from a total of 144,085 ha of the
study area, potential maize development area (for intensification) covers approximately 24,716
ha (or 35.6%). Tanralili, Bantimurung, and Simbang sub-districts cover the largest suitable area,
where no significant limiting factors exist. Surprisingly, potential development area for maize in
Camba, Mallawa, and Tompobulu sub-districts denotes minus values. This implies the facts that
maize cultivation is still practiced on the land that is ecologically not suitable, where steep slope

is the dominant limiting factor.

Pareta and Jain (2010) applied the Multi-Criteria Evaluation (MCE), Pairwise Comparison
Matrix known as Analytical Hierarchy Process (AHP) for suitable areas for crop land using
QuickBird (60 cm) of 16 April, 2010, and IRS-P6, Resourcesat-1 LISS-IV Mx (5.8m) 26
September, 2009 satellite image was classified using ERDAS Imagine 9.3 by means of
supervised classification. The results showed that agricultural practiced, which prevailed in the
study area didn’t match with the potential suitability in the marginally suitable area. Thus, the
average yield of the study area was substantially affected because of a significant proportion of
crop land was under marginally suitable areas. The study concluded that it provided information

at local level that could be used by farmers to select crop land, cropping patterns and suitability.
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Fasina et al.,(2007) focuses on the some selected Cocoa soils of Ekiti State. Soils of were
characterized, classified and evaluated for Cocoa production. The study revealed four major soil
units located at four different sites (Aisegba, Ayedun, Ise and Ikoro). All the soils are well
drained but concretional and gravelly in nature. Soil texture consists of sandy loam surface and
clay loam/silt loam and clay in the subsurface. The soils are moderately acidic in reaction (6.16)
and have low amounts of organic carbon (0.21-1.52%). The effective cation exchange capacities
and percentage base saturations are low ranging from 0.70-1.51 meq/ 100 g of soil and 42.86-
83.33%, respectively. The Aisegba and Ilkoro soils classify as TupicPlinthudult
(EutricPlinthosol-Ondo series) while Ayedun soils classify as TypicUdipsamment (Cambic
Arenosol-Makun series and Ise soil was classified as AcrudoxicPlinthicKandiudult
(EutricPlinthosol-Fagboseries). The major limitations of the soils are the gravelly Concretional
nature of the soils, poor soil fertility and low rainfall distribution. On the basis of these

limitations, all the soils have been classified as S3 (marginally suitable) for cocoa production.

A suitability analysis was carried out by Adesemuyi (2014) for Maize in Akure a humid zone of
Southwestern Nigeria to evaluate the soil for a long term production of maize and to have a
detailed soil data base for effective land use planning. Critical nutrient requirements for maize
were collected from past research work and compared with data obtained from field survey. The
suitability assessment result showed that although certain qualities or characteristics such as
mean annual temperature, relative humidity, topography, and base saturation were optimum for
maize cultivation, there was no highly suitable (S1) land for maize cultivation in the area. Some
sections in area were moderately suitable (S2). While other sections were marginally suitable

(S3), the sections occupying the depressions were currently non-suitable (N1) for maize
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production. In order to raise the productivity level of the land to optimum performance for maize
production, the management techniques should enhance the nutrient and moisture holding
capacity of the soil. Such techniques should include; continuous application of organic
fertilizers/materials to the soil, improved efficiency of use of mineral fertilizers and use of low
levels of chemical inputs, putting up appropriate drainage facilities in place to take care of the

poorly drained area of the land while provision of irrigation facilities would make dry season.

A typical problem is faced in Nigeria, where agricultural lands are largely underutilized and
mostly suffering from degradation leading to an unmitigated food security problem. Currently,
food production growth rate in Nigeria remains unable to feed its fast growing population. This
is largely attributed to the farm management practices on agricultural lands employed in crop
production. A step in the right direction is to provide a central repository of data and knowledge
where decision support on the best crop production practices to provide optimum yield in quality
and quantity is made available in a view easily interpreted by the chief implementers, which in
this case are the local farmers. This can be accomplished in part by building a system to provide

soil suitability decision support.

The increasing world population, coupled with the growing pressure on the land resources,
necessitates the application of technologies such as GIS to help in identifying the most suitable
areas for a sustainable agricultural production for food supply according to the environmental
potential. Selecting the best location for agricultural production is a complex process involving
not only technical requirement, but also physical, economic, social, and environmental
requirements that may result in conflicting objectives. Such complexities necessitate the
simultaneous use of several decision support tools such as Geographic Information Systems
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(GIS) and Multi Criteria Decision Analysis (MCDA) using analytical hierarchy process (AHP).
In this paper a model was developed to determine the suitability of the area for agricultural
production using soils, slope, water bodies and geological maps of the area to support decisions
making for sustainable agricultural production. This integration could benefit farmers and
decision makers in agriculture planning. The central theme of this paper is to explain the process
of developing a prototype GIS application to provide a system for supporting location decisions
with respect to the implementation of agricultural planning. GIS was used based on a set of

criteria derived from the spatial and environment aspect.
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CHAPTER THREE
STUDY AREA AND METHODOLOGY
3.1STUDY AREA

3.1.1 Size and Location

The study area is located between Latitude 11° 1015 Nand between 11° 16°20 N, and
longitudes 7° 39°37 E and 7°42°45 E. The area lies within Sabon Gari Local Government
Area, Nigeria with a land area of approximately 600 square kilometers. It is bounded in the
North by Ikara Local Government, to Makarfi Local Government in the North-West, Giwa
Local Government to the West and Zaria Local Government to the South. Sabon-Gari LGA
comprises several sub-settlement, namely, Samaru, Hayin-Dogo, Bomo, Dogarawa, Zango,
Palladan, Hanwa, Chikaji, Muchia, Government Reserve Area and Sabon-Gari as shown in
Figure(3.1).

3.1.2 Weather and Climate

Basawa is located at a height of about 669m above sea level in the centre of Northern Nigeria.
The climate of the study area is characterized by the occurrence of distinct wet and dry seasons
(Owonubi et al, 1991). It belongs to the dry subhumid tropics with a severe deficit in rainfall
from October to May and surplus from June to September (Table 3.1). This implies that water is
not available all year round for crop production. The area experiences a tropical continentality
and is well pronounced in the dry season particularly in the month of December and January. It
has a mean annual rainfall of about 954.21mm. The mean annual rainfall attains it highest value

in August and drops rapidly to its lowest in March (Table 3.1).
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Figure 3.1: Study Area
Source: Adopted from Google Earth (2016)
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Availability of water, radiation, together with temperature determines crop species, type of
cultivars and management methods that are suitable for cereal crop production in any area
(Ogunwole et al., 2004). As a result of the high solar radiation in the savanna, temperatures in
the study area are generally uniformly high with a slight drop in December and January (Table
3.2).

3.1.3 Soils

The soils in the study area have been classified according to Hoores classification scheme for
Africa as tropical ferruginous soil. They are zonal soils developed under climatic regimes with
seasonal rainfall of 500-1200mm and cover nearly half of Northern Nigeria (Oguntoyinbo,
1983). The soil material consists of several feet of deposited silt sand overlaying sedimentary
decomposed rock. The soil is poorly drained because of the high percentage of fine textured
materials in the upper layers, which results in water logging especially during the rainy season
and tends to dry out and cracks during dry season. Alluvial soil is formed along riversides (i.e.,
fadama). It is made up of several feet of grey white loamy coarse sand with layers of grey
heavy mottles occurring at varying depths within the profile. The alluvial soils are usually
under intense cultivation of sugarcane and vegetables year-in year-out and as a result in farmers
resort to using fertilizers to improve soil fertility (Oguntoyinbo, 1983).

3.1.4 Vegetation

The description of the natural vegetation of the study area is given by Ramsay and de Leeuw
(1966) and Keay (1989). The area falls into the Northern Guinea Savanna zone (Keay, 1959).
The Northern Guinea Savanna zone comprises of open subhumid broad-leaved savanna
woodland with a well-developed short to medium grass layer. In the study area, the cultivated

portions are made up of shrubs, few trees, herbs and grasses. The shrubs and trees include
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Isoberlinadoka(Craib and  Stapf), Guiarasenegalensis, Combretumglutinosum, and
Terminchiaavicennoides.

The ground layer is made up of the following major grasses, Pennisetumpedicallatum (Linn.),
Andopogonpseudapricus(Hack), Andropogongayanus(Hack). The herbs and grasses are made up
the common weeds of the arable parts of the area. The uncultivated areas usually carry a
vegetation of open shrub woodland in varying stage of re-growth.

3.1.5 Geology

The geology of Basawa area has been studied by Olowu (1967); McCurry (1970); Wright and
McCurry (1970); Tokarski (1972); Karofi (1972) and Akpoborie (1972). The Zaria area is
underlain by metamorphic and igneous rocks termed “the Basement Complex” because of their
intricate pattern.

The Basement Complex rocks in the Samaru —Zaria area has been highly weathered, and has
been generally referred to as weathered mantle (du Preez, 1956; Olowu, 1967; Wright and
McCurry, 1970). It may be for this reason that many authors report of the area as being underlain
by undifferentiated “Basement Complex” (Geological Survey of Nigeria, 1974; Bennet et al.,
1977). This weathered material is marked by a network of superficial harmattan deposits where
deposition has been influenced by landforms as well as alternating dry and wet seasons. Three
groups of Basement Complex rocks were recognized in Zaria area. The first group is a complex,
including Pre-Cambrian gneisses of variable composition and migmatite which is medium to
coarse grained and moderate to weakly foliated. These types of rocks predominate the low lying

surface or plain.
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Table 3.1: Monthly and annual mean rainfall (mm) in year intervals over period 2006 — 2015

Periods Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totalof
annual mean
2006-2007 0.00 0.00 1.70 60.50 405.70 346.60 460.80 564.30306.9036.80 0.00 0.00 181.94
2008-2009 0.00 0.00 0.00 157.70180.30201.20514.80 798.70424.50240.700.00 0.00 209.83
2010-2011 0.00 0.00 0.00 66.30 216.20 320.80 438.80 587.80 325.00 136.30 0.00 0.00 174.30
2012-2013 0.00 0.00 0.00 81.10 329.90287.70480.20589.70503.3090.20 0.00 0.00 196.84
2014-2015 0.40 0.00 90.90 141.70217.30 185.50 396.80 674.30 524.30 64.40 0.00 0.00 191.30
Mean Monthly Rainfall 0.08 0.00 18.52 101.46 269.88 268.36 458.28 642.96 416.80 113.68 0.00 0.00 954.21

(2006 - 2015)

Source: Institute for Agricultural Research, Meteorological Unit, ABU, Zaria.
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Table 3.2: Monthly mean Temperature (°C) in year intervals over period 2006 — 2015

Temp. (°C)

Months Max Min Range
January 32.80 15.81 16.99
February 33.10 18.10 15.00
March 39.16 23.50 15.66
April 35.50 23.42 12.08
May 36.11 25.82 10.29
June 31.84 23.00 08.84
July 32.34 23.10 09.24
August 31.15 24.20 06.95
September  29.00 22.13 06.87
October 39.11 22.30 16.81
November  34.13 17.21 16.92
December 32.13 17.01 15.12
Mean 33.86 21.30

Source: Institute for Agricultural Research, Meteorological Unit, ABU, Zaria.
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A second group consists of low grade metamorphic rocks derived from early Paleozoic to
Cambrian sediment. These include schist, quartzite, and psammitic rocks. These rocks are
interbedded into the synclinal belts of the gneisses and migmatite. These rocks form a narrow
belt of parallel ridges, low rounded hills and valley bottomlands, which trend roughly north-
south across the headstream of the Tubo to the west of Zaria.

The third group consists of intrusive rocks of late Paleozoic to Cambrian age, whichwere
intruded into the gneisses and migmatites. These rocks are generally referred to as ‘Older
Granites. They are mainly porphyritic biotite granite, and hornblende granites with large feldspar
phenocryst. These rocks are more resistant to weathering and form inselbergs. Other rocks in the
group are granodiorites and aplites. In Bassawa area, the ‘Older Granites’ cover a very small
area, with their largest outcrops forming the Kufena Inselbergs.

3.1.6 Relief and Drainage

Drainage and relief of the study area lies within the Kaduna Plains which forms a vast gently
undulating topography with very long slopes, except at its junction with the East- West
watershed near Funtua and the Southern Nupe plains. These parts are markedly dissected. The
dissection of the East-West watershed is believed to be due to uplift along the axis of the
watershed, with subsequent rejuvenation of rivers south of it as supported by the development of
terraces, gully erosion and increased number of stream tributaries (McCurry, 1973). The study
area can be described as having a medium textured dendritic drainage pattern. There are mesas,
few in number, generally unconspicuous and located on interfluves within Basawa, Zaria.

The Basawa area of the Kaduna plain is drained by three major river catchment systems; the
southward flowing Galma and seasonal Tubo rivers drain the Kaduna plain and empty into River

Kaduna, which is a tributary of the Niger; the northwestern part is drained by the Sokoto/Rima
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and Gagare river system; while River Kano and Chalawa drain north eastwards to the inland
basin of lake Chad. The study area is drained by the tributaries of the Shika River, which in turn
is of the tributary of the Galma River.

3.1.7 Landuse

The most prominent landuse practice in the study area is agricultural land use i.e. cultivation,
animal husbandry, Subsistence and commercial agriculture is mostly practiced in the outlying
districts of the study area.Dugje, Kamara and. Ajeigbe (2009) found out that majority of the
farmers in Basawa planted millet, cowpeas, sorghum and maize. The Maize cultivation was
ranked highest in the area. This is because the economic base of virtually all rural and semi urban
settlement in Northern Nigeria is agriculture and it is subsistent. The use of land for agricultural
activities is influenced by several factors such as land per resident ratio and location of soil
quality. As the land per resident ratio increase (population density increases) the percentage of
land in fallow decreases due to increase in farming intensities. The increase in intensity in land

use as population density increase creates problem in maintenance of soil fertility.

3.2 METHODOLOGY

3.2.1 Reconnaissance Survey

A reconnaissance survey and field observation of the study area was carried out on 23" August,
2016, in order to have adequate knowledge of the study area. It also helped the researcher gain
insight on nature of soil and topography in the study area. The researcher also observed that the
area contain some few landuse type, such as few buildings close to the farm, rocky areas and a
plain surface.

3.2.2 Materials

The materials used for the study include:
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o Satellite imagery (QuickBird imagery of 2014 with spatial resolution of 1m);

e Global positioning system (GPS);

e ASTER DEM of the study area;

e Rainfall record.

e Temperature record.

e Soil texture map.

e Literature materials.
3.2.3 Sources of Data
Satellite imagery (QuickBird imagery of 2014 with spatial resolution of 1m) was obtained from
National Space Research and Development Agency (NASRDA).Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER) DEM of 30m resolution was obtained
from United States Geological Survey (USGS) Website. This was used in generating the Slope
map, Elevation map, Aspect map of the study area.
Rainfall and Temperature record was sourced from Institute of Agriculture Research (IAR)
Zaria, Kaduna State. This was used to generate rainfall distribution pattern in the study area.
The soil textural map were scanned and imported into Arc GIS10.3, then geo-referenced by
using four (4) Ground Control Points (GCP) that were read fromUniversal Transverse Mercator
(UTM). For registration process (image geo-referencing), some modifications were made during
the geo-referencing for the selected control points in order to minimize the error during

digitization. The map was projected to WGS 1984 using Minna datum, UTM zone 32.
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3.2.4 Detailed Field Work

3.2.4.1 Field Survey and Data Collection

Grid cells were prepared on the base map for sampling. Eighty (80) soil samples were collected
at an interval of 100m in the field (Fig. 3.2) using the USDA Soil Survey Manual (Soil Survey
Staff, 1981). In order to reduce cost, four (4) soil samples was bulk to give sub- samples which
give a total of twenty (20) soil samples from the eighty (80) soil samples that was collected
from the field and were taken to the laboratory for analysis. At each soil site, a GPS (Global
Position System, Garmin 76 model) reading was used in taking the coordinates (Appendices
11). The field equipmentthat was used in collecting the soil samples includesthe soil auger and

measuring tape.
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Figure 3.2: Soil Sampling Points
Source: Author’s Analysis, 2017
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3.2.5 Data Processing

3.2.5.1 Laboratory Analysis

Soil samples collected from the study area was taken to the Standard laboratory (IAR), air dried
and gently crushed with porcelain pestle and mortar; and then passed through a 2mm sieve to
remove coarse fragments. The fine earth samples (<2mm soil portion) collected was analysed.
Particle size distribution was determined using hydrometer method (Gee and Bauder, 1986).
Sand, silt and clay were determined using standard methods. The dispersed samples were
shaken on a reciprocating shaker after which particle size distribution was determined with the
aid of Bouyoucous hydrometer at progressive time intervals. The textural classes determined

with the aid of USDA textural triangle.

The soil pH was determined both in water and 0.01M CacCl; solution, using a soil to solution
ratio of 1:2.5 (IITA, 1979). On equilibration, pH was read with a glass electrode on a Pye-
Unicam model 290mk pH meter. Delta pH (dpH) values were determined. The Walkley —
Black (1934) wet digestion method was used to determine the organic carbon content of the
soil samples. Total nitrogen was determined using the micro — kjedhal method. Soil available
phosphorus was determined using the Bray | method calorimetrically. Electrical Conductivity
of the saturated paste extract of 1:2.5 soils to water ratio as determined using a rheostat,
Wheatstone bridge model at 25°C (Bower and Wilcox, 1965). Exchangeable Ca, Mg, Na and
K were extracted with 1M ammonium acetate (1M NH;OAc) solution buffered at pH 7.0 as
described by (Anderson and Ingram, 1998). Potassium and Salinity in the extract was read on a
GallenKamp flame Analyzer. The extracts were diluted two times with the addition of 2ml of
6.5% lanthanuv cm cehloride solution to prevent ionic interference before Ca and Mg were

read. The Ca and Mg were read on a pye unicam model SP 192 atomic absorption
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spectrophotometer (AAS) at 423 and 285nm wavelength respectively. The sum of Ca, Mg, Na,
and K gave total exchangeable bases. The soils were leached with 1M KCI solution.
Exchangeable acidity (Al+H) in the 1M KCI extract was determined by titration with 0.1M
sodium hydroxide solution as described by (Anderson and Ingram, 1998). Cation Exchange
Capacity (CEC) of the soil was determine with 1M NH;OAc (1M ammonium acetate), buffered
at pH 7.0 (Chapman 1965, Rhoades, 1982). The excess acetate was removed by repeated
washing with alcohol. The absorbed ammonium ions were displace with 10% sodium chloride
(pH 2.5) and determined by the Kjeldahl procedure (Soil Survey Staff, 1972).

3.2.5.2 Generation of Elevation

The Digital Elevation Model (DEM) of the area was extracted from Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER). This was done by converting raster
DEM into points using the conversion tool in ArcGIS 10.3. The converted point was
interpolated using Kriging interpolation technique. And a new raster surface was created
showing the difference in height over the study area and then served as the elevation map.
3.2.5.3 Generation of Slopeand Aspect

The slope of an area shows the changes in topography of the area while the aspect shows the
direction of slope. Slope and Aspect of the area was automatically generated from ASTER-
DEM of Basawa. In the GIS environment, the ASTER-DEM was subjected to spatial analysis
using the 3D spatial analyst tool in ArcGIS 10.3 environment to generate the slope and aspect
option in raster format.

3.2.5.4 Generation of Drainage Map

The Digital Elevation Model (DEM) combined with high spatial resolution QuickBird imagery

was used as guide for extracting information about drainage of the area. First edition was
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scanned and imported into ArcGIS 10.3 environment where it was geo-reference based on the
map projection UTM Zone 32 North and datum WGS 1984. Basawa town was clipped from the
map and its drainage digitized. This was done by creating a line feature in ArcCatalog and the
editing tool was used to extract the drainage network of the study area.

3.2.5.3 Generation of Soil Textural Map

The soil textural map of Nigeria was scanned and imported into ArcGIS 10.3 environment
where it was geo-referenced using UTM Zone 32 North with datum WGS 1984. The soil
texture map was captured by digitizing the existing soil map of the area.

3.2.6 Distribution of physical and chemical parameters in the study area

The laboratory results were entered into the Microsoft Excel with their respective coordinates
(Latitude and Longitude) were transformed and imported into ArcGIS 10.3 environment in order
to analyze the spatial distribution of the selected Physiochemical parameters (pH, N, Ca, Na, Mg,
CEC, OM, K and P) in the study area. Different thematic maps (layers) were generated for each
of the Physiochemical parameters using Inverse Distance Weighted (IDW) interpolation in the
ArcGIS 10.3 environment. The IDW interprets spatial autocorrelation in a literal fashion. A
surface created with IDW will not exceed the known value range or pass through any of the
sample points. IDW is a good interpolator for phenomena whose distribution is strongly
correlated with distance. One potential advantage of IDW is that it gives you explicit control
over the influence of distance, an advantage over Spline or Kriging methods (Mustafa et al,
2011). Each physiochemical parameter were reclassified and converted into raster format.

3.2.7 Steps used in deriving criterion weights using AHP

The relationship between the five thematic layers and their attributes were derived using analytic

hierarchy process (AHP). The methodology for deriving the weights of the thematic layers and
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their corresponding attributes using AHP were performed by ranking the relative importance of
criteria (Table 3.3). The procedure involved the following steps:

Table3.3: Explanation of the intensity scale

Scale Degree of Preference

1 Equal importance

3 Moderate importance of one factor over another
5 Strong importance

7 Very strong importance

9 Extreme importance

2,4,6,8 Intermediate values

Sources: Saaty and Vargas (1991).

Step 1: To classify the different level of suitability followed by the determination of criteria for
the evaluation.

Step 2: Generation of pair-wise comparison matrices (PWCM): The relative importance of
criteria with each factors was considered base on their importance for production of maize, the
values of importance are taken from Saaty’s 1-9 scale mentioned above. For the
physiochemical parameters N, P, K and OM was rated 1 which is Equal importance, while
CEC, Mg, Ca, Na and pH was rated 1/3 which is less important. Other criterion used in this
study includes Elevation, Slope, Aspect and other physical parameters i.e. soil Texture,
drainage etc. was weigh.

Step 3: The rating of the suitability classes of sub criteria were used in land suitability analysis,

a map represents each evaluation criteria with ordinal values (S1, S2, S3 and N1) indicating the
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degree of suitability with respect to a sub criterion, based on Maize requirement (see Table 3.4)

(Sehgal, 1999).

Table 3.4 Factor Suitability Rating for Maize

Land Highly suitable Moderately

Characteristic / (S1)
diagnostic factor

Suitable (S2)

Marginal
Suitable (S3)

Not Suitable (N)

Climate

Rainfall (mm) >800
Temperature (0C) 24 -—-30
Land/soil physical property

Slope (%) 0-2
Soil Texture CL,L
Drainage Well
Nutrient availability (top soil)
pH 6-6.5

N (g kg™ >0.8-0.4
P (mg kg™) > 40
Ca(mol kg™) >0.5
Na(mol kg™) >0.5
Mg(mol kg™) >0.5
OM (%) >1
K(mg kg™) >0.3-0.5

CEC (cmol (+) >25
kg™)

700 — 800
20-24,30-32

4-8
SL, LS
Moderately Well

55-6.0,6.5-7
0.4-0.2

10-40

0.40-0.5
0.40-0.5
0.40-0.5

0.5-1

0.2

13-25

600 — 700
15-20,32-35

8-16
LCS
Imperfect

5.0-55,7.0-8.2
<0.2

3-10

0.2-0.34
0.2-0.34
0.2-0.34

<0.5

0.1-0.2

6-12

<600
<15, >35

<16
CS
Poor, very poor

<5.0->8.2
Any

<3

<0.2

<0.2

<0.2

<0.1
<6

Adopted from FAO (1983), Sys et al.., (1993)
Key: CL=clay loam, L=loam, SL=sandy loam, LS= loam sand, LCS=loam clay sand, CS=clay

sand

Step 4: Ranking: Finally, weighting of the physiochemical is combined with the weighting of

the physical characteristics to form an overall rating of the suitability. The attributes with the

highest weighting is ranked as the best choice.

It should be noted that for preventing bias through criteria weighting the Consistency Ratio

(CR) was used. As a rule of thumb, a CR value of 10% (0.1) or less is considered as acceptable

according to Mustafa et al, (2011)

Cl=(-n)/(N=1)e. (1)
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CR=CI/RL.eiriiienn )]
Where: A: The average of consistency vector
ClI: Consistency Index
CR: Consistency Ratio
RI: Random Index
n:The numbers of criteria or sub-criteria in each pairwise comparison matrix.
The final suitability classes were analysed using Weighted Sum Overlay in the ArcGIS 10.3
environment by combining all raster layers to produce the final suitability map (Table 4.11 and

4.12).
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CHAPTER FOUR
RESULTS AND DISCUSSIONS
4.1 PHYSICAL CHARACTERISTICS OF THE TERRAIN IN THE STUDY AREA

The result of physical characteristics of the terrain was generated from Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER) digital elevation model and is presented

in Figure 4.1 to Figure 4.5 respectively.

4.1.1 Digital Elevation Model (DEM)
The DEM of the study area generated from Advanced Spaceborne Thermal Emission and

Reflection Radiometer (ASTER) DEM extract of the study area as shown in Figure (4.1).
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Figure 4.1: Digital Elevation Model of the Study Area
Source: Author Analysis 2017
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The results of the analysis from the DEM in Figure 4.1 showed that the difference between
minimum and maximum elevation of the study area is 8.0m. It can be seen that the highest
elevation represented in white ranges between 676 and above sea level and the lower elevation
with green color ranges between 638 to 651m above sea level located towards northern part of
the study area. The generated DEM was used to analyze the terrain and then used to mark out
drainage patterns of the study area. A satellite imagery of the study area was used to extract the
existing drainage in the locality by digitizing these drainage channels and other planimetric
features. In marking out the drainage pattern, topographic attributes such as slope and aspectwere
considered.

4.1.2 SLOPE

The slope of the study area was generated from Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) DEM of the study area using the spatial analyst tool in ArcGIS
10.3 as shown in Figure (4.2).The extraction of slope map was performed using Digital Elevation
Model (DEM). The slope was classified into five different classes ranging from flat to undulating
terrain. The classes of slope of the area showed that the area is relatively flat because the
dominant surface is from 0 — 0.85 followed by 0.86 — 1.70, 1.71— 2.85 and highest slope was
found to be between 2.86 and above. The northern part of the area is an indication of hilly areas
which is not suitable for cultivation of maize. Slope is important in soil formation and
management because it influences the rate of soil formation, runoff, soil drainage, erosion, use of

machinery and choice of crops (Sys et al., 1993).
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Figure 4.2: Slope Matrix of the Study Area
Source: Author Analysis 2017

4.1.3 ASPECT

Aspect generally refers to the horizontal direction to which a mountain slope faces. In the
northern hemisphere north facing slopes receive very little heat from the sun in mid-winter.
Conversely, south facing slopes receive much more heat. Therefore, south facing slopes tend to
be warmer than the northern sides. In low land areas people prefer planting their crops on the
sunny faced slopes. Thus, southern facing slopes have higher intensity of importance. East facing
slopes are mostly sunny in the morning when temperatures are colder while west facing slopes
receives sun rays in the afternoon. Consequently, east facing slopes are colder than west facing

slopes which to some extent determine the choice of location of planting.
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Figure 4.3: Aspect of the Study Area
Source: Author Analysis 2017

4.1.4 DRAINAGE PATTERN

Drainage pattern is formed by a streams, rivers and lakes in a particular drainage basin. The
drainage pattern of the study area was generated from Advanced Spaceborne Thermal Emission
and Reflection Radiometer (ASTER) DEM of the study area using the spatial analyst tool in

ArcGIS 10.3 as shown in Figure (4.4).

50



7°39'20"E 7°39'40"E 7°40'20"E 7°40'40"E

11°10'40"N
U
11°10'40"N

=z
=)
]
=)
e
o

s
=

Legend

Road
——— Stream
Elevation
Value

- High : 687.991

- Low : 638.008

J Al
7°39'20"E 7°39'40"E 7°40'20"E 7°40'40"E
0 250 500 1,000
m

Figure 4.4: Drainage Pattern of the Study Area

Source: Author Analysis 2017

From the drainage pattern map extracted from the Digital Elevation Model (DEM), the area
appears to have a dendritic drainage pattern. A dendritic drainage patternis the most common
form and looks like the branching pattern of tree roots. It develops in regions underlain by
homogeneous material. That is, the subsurface geology has a similar resistance to weathering so
there is no apparent control over the direction the tributaries take. Tributaries are joining larger
streams at acute angle (less than 90 degrees). This is true as seen in the drainage lines as they
flow into the stream in the locality. The Soil of the study area is well-drained and got its source

from River Galma, which move eastward toward the study area. The well-drained soil according
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to Sys et al (1993) is having a coarse texture soil with available water capacity which is highly
suitable for the production of maize.

4.1.5 SOIL TEXTURE

Soil texture is one of the determinants of the potentiality of a soil to hold nutrients and most of
the physical characteristics of the soil depend upon texture class because is the relative
proportions of the various size groups of individual soil grains in a mass of soil. Texture is an
important factor to consider when rating soil for its suitability. Root penetration, nutrition
absorption, water holding capacity, water infiltration and percolation are affected by soil texture
type (Sys et al., 1991). Loamy and sandy loam is much more preferred soil texture for arable
crop. Soils of the study area ranged from loamy sand to sandy loam. Texture was not a limitation
to the production of maize in the study area. Application of sufficient quantity of organic matter
and incorporation of plant residues would be required for sustainable crop production (Omar,
2011).From the laboratory analysis, it was revealed that sand constitutes the highest soil particles
in the study area followed by silt and then clay, with Loamy Sand and Sandy Loam as the
general textural class. The findings of Malgwi et al. (2000) and Voncir et al. (2008) shows that
sorting of soil materials by biological activities, clay eluviation or surface erosion or combination
of these pedological processes are the result of the dominance of sand in the Northern Nigerian
soils. Also, lower clay content of the surface soil is a characteristic that has been observed for
most soils on Basement complex in Nigeria (Esu, 1987).

4.2 CHEMICAL AFFECTING LAND SUITABILITY FOR MAIZE PRODUCTION

The physiochemical parameters of land suitability for maize (Zea Mays) that were analysed for
this study are; pH, Nitrogen (N), Phosphorus (P), Potassium (K), Organic matter (OM), Calcium
(Ca), Magnesium (Mg), Sodium (Na) and Cations Exchange Capacity (CEC). The results were
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presented in Figure 4.6 to Figure 4.14. However, Appendix (1) shows the result of the laboratory
analysis for the 20 selected soil samples in the study area. Also, the Concentration of Measure
Parameters and their Evaluations in the Study Area is shown in Table 4.1 guided by FAO
records.

Table 4.1: Concentration of Measure Parameters and there Evaluations in the Study Area

Parameters Measure (Average) Evaluation

pH 4.12 Extremely acidic
N 0.617 (g kg™ Low

P 9.38 (mg kg™ Low

K 0.17 (mg kg™ Medium

Mg 0.86 (mol kg™) Medium

CEC 6.41 (cmol(+) kg™ Medium

Na 0.35 (mol kg Low

oM 1.04 (%) Low

Ca 4.12 (mol kg™) Medium

Source: Author analysis (2017)

The distribution of the soil parameters would help in the identification of their concentration.
Inverse Distance Weighted (IDW) model was used for the analysis. The distribution of the
parameters using different ranges values or ratings from lower values to the higher values as

showed in Fig 4.6 to 4.14
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4.2.1 pH map

The result of pH obtained from laboratory analysis is presented in Figure 4.6.
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Figure 4.5: pH values of the Soil Samples Analysis
Source: Author Analysis 2017

The result of the Soil pH ranges from 5.04 to 3.54, with mean value of 4.12. The pH of the soil
varies from extremely acidic to strongly acidic (Malgwi, 2007). The pH value will not be
favorable to the plant because it is below pH of 6-7 which was reported to be the requirement for
most crops. Similar result had been reported by Audu, Abdullahi, Noma, and Abdulaziz (2009);
Lawal et al. (2012). These values are within the pH requirement for most arable crops for

nutrient up take (Brady and Weil, 1999).
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4.2.2 Organic matter (OM) map

The laboratory analysis result of organic matter is presented in Figure 4.6. Organic matter is one
of the most important aggregate stabilizing agents in the soil. Organic matter is central to the
maintenance of soil fertility: mineralization of N, P and S, the soil's ability to hold nutrients
cations, structural stability and water holding capacity are all affected by OM content. Nutrients
can be easily supplied where fertilizers are available. The very high OM decomposition rates in
the warmer climates make it difficult to maintain high carbon levels in cultivated soils (GAISER

1993 cited in FAO (1983).
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Figure 4.6: Organic matter Soil Samples Analysis
Source: Author Analysis 2017

The result in Figure 4.6 and the data in Table 4.1 revealed that the average measured of organic

matter is 1.04(%). Organic matter contents for all the soils were rated low. Organic matter was
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generally very low in the study area which may be partly due to effect of land use activities and
high temperature which favours rapid mineralization of organic matter (Fasina, 1999).
Furthermore, low organic matter content of the soils was attributed to continuous cultivation and
addition of organic residues which determines organic matter content in soils is low and their
loss through mineralization is high (Binns, Machonachie and Tanko, 2003).

4.2.3 Sodium (Na) map
The result of sodium obtained from laboratory analysis is presented in Figure 4.7.
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Figure 4.7: Sodium Soil Samples Analysis
Source: Author Analysis 2017

The result in Figure 4.7 revealed that sodium was evenly distributed in the study area which is as
the result of different crop planted in the study area which required different fertilizer. The data
in Table 4.1 revealed the average concentration of sodium is 0.35 (mol kg™?) in the study area

which indicates high evaluation for maize cultivation as supported by FAO (1998). The values of
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Na content were irregularly distributed within the soils. Generally, the higher value of Na could
destroy soil structure. Similar to the report of Malgwi, (2001) in Kano and Babalola et al., (2011)
in Kogi and Ekiti who reported higher Na and attributed it to the nature of parent material in the
location and low quality of irrigation water.

4.2.4 Calcium (Ca) map

The laboratory analysis of result of calcium is presented in Figure 4.8.
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Figure 4.8: Calcium Soil Samples Analysis
Source: Author Analysis 2017

The result in Figure 4.8 revealed that all the plots in the study area have mixed concentrations of
Calcium. The data in Table 4.1 revealed that the average concentration is about 4.21 (mol kg™)
which is medium for maize production as pointed out by FAO (1983). Similar result was

reported by several researchers (Yaro, 2005; Hussaini, 2011; Singh et al., 2013). The
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predominance of Ca was partly due to exchange sites having high affinity for Ca (Esu, 1982) and

also due to calcium bearing parent material (Nahusenayet al., 2014).

4.2.5 Magnesium (Mg) map

The obtained laboratory result of magnesium is presented in Figure 4.9.
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Figure 4.9: Magnesium Soil Samples Analysis

Source: Author Analysis 2017

The result in Figure 4.9 and the data in 4.1 revealed that the average concentration of magnesium
is 0.86 (mol kg™) which indicates medium concentration of Magnesium in the study area. Similar
result was reported by Odunze and Kureh (2009) on soils of Zaria.Magnesium (Mg) is one of the

exchangeable bases that are needed in the soil for plant development.
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4.2.6 Nitrogen (N) map
The result of Nitrogen obtained for laboratory analysis is presented in Figure 4.10. Nitrogen in
ammonia form and high levels of Magnesium, Calcium and Sulphur can negatively interfere with

Potassium uptake (McCants and Woltz, 1967).
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Figure 4.10: Nitrogen Soil Samples Analysis
Source: Author Analysis 2017

The result of nitrogen concentration in the study area as shown in Figure 4.10 revealed that all
the plots showed almost similar amount of nitrogen in the study area. The data in table 4.1
showed that the average concentration of nitrogen in the study area is about 0.617(g kg™) which
is low (Malgwi 2007). Nitrogen is mobile in soils, as a result its losses through various
mechanism like NH; volatilization, succeeding denitrification, chemical and microbial fixation,

leaching and runoff results in residual/available N becomes poor in soils (Awanish, Mishra,
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Srivastav and Rakesh, 2014). Similar results of low N values were reported by Hussaini (2011);
Maniyunda (2014) in Zaria, and Sharuet al., (2013) in Sokoto State. Nitrogen values of the soils
changed irregularly with depth which could be attributed to influence of continuous cultivation, a
common practice that is accompanied by crop residue removal (Noma et al., 2011).

4.2.7 Potassium (K) map

The result of potassium obtained for laboratory analysis is presented in Figure 4.11.
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Figure 4.11: Potassium Soil Samples Analysis
Source: Author Analysis 2017

The result in Figure 4.11 revealed that the large concentration of potassium falls between 0.16 to
0.19(mg kg™) and 0.20 to 0.22(mg kg™) respectively. The data in table 4.1 showed that the
average concentration of potassium is about 0.17(mg kg™) which happened to be medium to

maize cultivation based on FAO (1998). This is similar to the findings of Hussaini (2011) and
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Maniyunda and Gwari (2014). These show that the study area has a potential for maize
production with other factors been equal. However, the high potassium content in the cured
leaves, which varies between 1.5 and 8%, is considered a parameter of good quality and is
universally applied to maize in all production areas (McCants and Woltz, 1967).

4.2.8 Phosphorus (P) map

The obtained laboratory result of Phosphorus is presented in Figure 4.12. Phosphorus, although
taken up in lower amounts than nitrogen but it must be readily available during the whole crop
cycle and particularly in the early growth of plants. Any deficiency in the first part of the
cropping cycle limits leaf expansion and leads to an unusual dark coloration, formation of
necrotic patches on the lower leaves, and stunted and delayed maize growth and ripening

(Papenfus and Quin, 1984).
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Figure 4.12: Phosphorus Soil Samples Analysis
Source: Author Analysis 2017
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The concentration of phosphorus is about 9.38(mg kg™) as showed in table 4.1 revealed a low
evaluation for maize cultivation in the study area. It was observed that phosphorus content
decreased with depth and appreciable quantities were found only at the top soils. However, the
irregular pattern in accumulation of phosphorus at the surface; a pronounced occurrence in the
savanna was attributed to decrease in the return of P to soil surface as the vegetation becomes
sparser (Mosugu, 1989; Raji et al., 1996). The values were lower than those reported by Ogban
et al., (1999) for soils of the South-Eastern Nigeria, and might be due to enhanced recycling in
the more luxurious forest vegetation. Low results will lead in a decline in the yield and quality
of the cured leaves. Later in the cycle, the root growth and consequential exploration of a greater
soil volume excludes any deficiency phenomena.

4.2.9 Cations Exchange Capacity (CEC) map

The laboratory analysis for CEC in the study area is presented in Figure 4.13 and the average
measured of CEC based on FAO (1998) as shown in Table 4.1 revealed that the average
measured of CEC was 6.41(cmol(+) kg™) which are found to be medium (Malgwi, 2007)
standard for maize cultivation.

The CEC measurements are commonly made as part of the overall assessment of the potential
fertility of a soil (London1991).CEC were rated medium based on the findings of Adepetu,
Aduagi, and Alofa (1979) who reported CEC values of < 6, 6 - 12 and > 12 cmol(+)kg-1 as low,

medium and high respectively.
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Figure 4.13: CEC Soil Samples Analysis

Source: Author Analysis 2017

4.3 SUITABILITY LEVELS OF THE SOIL FOR MAIZE PRODUCTION

The suitability for each physiochemical parameter was generated individually and rank in Table
4.2 10 4.10.

4.3.1pH

The data in Table 4.2 revealed that the soil pH value ranging from 4.55 and 5.04 is ranked the
moderately suitable in terms of suitability for maize production while pH value ranging from
3.54 and 4.04 is not suitable or have the least suitability. Sys et al., (1993) reported pH values of
6, 6.5 are highly suitable for the optimum yield of maize (Table 3.4). The Soil of the area was
moderately to non-suitable in term of Soil pH. At very low pH, solubility of Al, Mn and Zn

increase, and can become toxic to sensitive plants. At high pH values, the solubility of Mn, and
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to a lesser extent Zn and Cu, can become so low that maize are unable to obtain adequate
supplies from the soil. This may be attributed to the influence of organic matter through
biogenetic cycling of bases, a process which reduces acidification of soils (Jones and Wild, 1975;
Mosugu, 1989; Maniyunda, 1999; Shobayo, 2010).

Table 4.2: Suitability of pH in the Study Area

Range of pH Concentration  Rank Level of Suitability
4.55-5.04 1 Moderately Suitable
4.05-4.54 2 Marginally Suitable
3.54-4.04 3 Not Suitable

Source: Author’s Analysis, 2017

4.3.2 Organic matter (OM)

The data in Table 4.3 revealed that the concentration of Organic Matter value ranging from 0.88
and above(%) is ranked the highest in terms of suitability for maize production while OM value
ranging from 0.53 to 0.72(%) is not suitable or have the least suitability. Sys et al., (1993)
suggested OM values of > 1 are highly suitable for the optimum yield of maize (Table 3.4). The
low organic matter content recorded on the average for the soils cannot sustain crop production
on a long term basis under continuous crop production. Therefore, organic matter has to be
substantially increased through effective crop residue management, increased use of leguminous
plant as well as the use of nitrogenous and phosphate fertilizers. Maniyunda (1999); Odunze
(2006); Shobayo (2010) and Maniyunda and Gwari (2014) also reported low organic matter for

soils in the Northern Guinea savanna.
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Table 4.3: Suitability of Organic Matter (OM) in the Study Area

Range of OM Concentration Rank Level of Suitability
(%)

0.88 and above 1 Highly Suitable
0.82-0.87 2 Moderately Suitable
0.73-0.81 3 Marginally Suitable
0.53-0.72 4 Not Suitable

Source: Author’s Analysis, 2017

4.3.3 Sodium (Na)

The data in Table 4.4 revealed that Sodium (Na) value ranging from 0.38 and above (mol kg™) is
ranked the highest in terms of suitability for maize production while Na value ranging from 0.24
to 0.31 (mol kg™) may not be suitable or have the least suitability. Sys et al., (1993) suggested
Na values of >0.5 are highly suitable for the optimum yield of maize (Table 3.4). This result is
different from the results of other researchers within the study area due to the high content of
sodium in the soils of the present study but was similar to the finding of Malgwi (2001) on salt
affected soils in Kano. These show that Basawa soils are now affected by salt accumulation.
Therefore, good soil management practices have to be put in place to reduce its side effect on
crop

Table 4.4: Suitability of Sodium (Na) in the Study Area

Range of Na Concentration Rank Level of Suitability
(mol kg™

0.38 and above 1 Highly Suitable
0.36 - 0.37 2 Moderately Suitable
0.32-0.35 3 Marginally Suitable
0.24-0.31 4 Not Suitable

Source: Author’s Analysis, 2017
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4.3.4 Calcium (Ca)

The data in Table 4.5 revealed that Calcium (Ca) value ranging from 4.90 and above (mol kg™)
is ranked the highest interms of suitability for maize production while Ca value ranging from
1.40 to 3.28 (mol kg™) may not be suitable or have the least suitability. Sys et al., (1993)
suggested Ca values of >0.5 are highly suitable for the optimum yield of maize (Table 3.4).
Calcium (Ca) in the study area being >0.5 (mol kg™),it is suitable for maize production and
deficiency syndrome will not be observed in the study area, these implies that Ca is well supplied
for maize growth and development.

Table 4.5: Suitability of Calcium (Ca) in the Study Area

Range of Ca Concentration Rank Level of Suitability
(mol kg™

4.90 and above 1 Highly Suitable
4.21-4.89 2 Moderately Suitable
3.29-4.20 3 Marginally Suitable
1.40 - 3.28 4 Not Suitable

Source: Author’s Analysis, 2017

4.3.5 Magnesium (Mg)

The data in Table 4.6 revealed that Magnesium (Mg) value ranging from 1.87 and above (mol
kg) is ranked the highest in terms of suitability for maize production while Mg value ranging
from 0.37 to 0.87 (mol kg™) may not be suitable or have the least suitability. Sys et al., (1993)
reported Mg values of >0.5 for the optimum yield of maize (Table 3.4). The level of Magnesium
is generally medium in the study area. For sustainable maize production, fertilizer containing

sufficient amount of Mg could be applied to the area with low amount.
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Table 4.6: Suitability of Magnesium (Mg) in the Study Area

Range of Mg Concentration Rank Level of Suitability
(mol kg™

1.87 and above 1 Highly Suitable
1.37-1.86 2 Moderately Suitable
0.88 -1.36 3 Marginally Suitable
0.37-0.87 4 Not Suitable

Source: Author’s Analysis, 2017

4.3.6 Nitrogen (N)

The data in Table 4.7 revealed that Nitrogen (N) value ranging from 5.40 and above(g kg™) is
ranked the highest in terms of suitability for maize production while N value ranging from 1.50
to 2.79(g kg™) may not be suitable or have the least suitability. FAO (1983) suggested N values
of > 0.8-0.4(g kg™) are highly suitable for the optimum yield of maize (Table 3.4). Also, research
by McCants and Woltz, (1967) show that the amount of fertilization depends only partly on the
soil content and on the amount actually absorbed by the plant because of its recognized
beneficial effects on the quality of the leaves such as greater burning capacity, elasticity and
intensity of color. The content of Nitrogen is low in the study area been less than the critical
value > 0.8-0.4(g kg™). These will affect crop production because maize requires a lot of
Nitrogen for its growth, for sustainable maize production, addition of Nitrogen fertilization will

be required.
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Table 4.7: Suitability of Nitrogen (N) in the Study Area

Range of N Concentration (g Rank Level of Suitability
kg™)

0.36 and above 1 Highly Suitable
0.31-0.35 2 Moderately Suitable
0.26 —0.30 3 Marginally Suitable
0.22-0.25 4 Not Suitable

Source: Author’s Analysis, 2017

4.3.7 Potassium (K)

The data in Table 4.8 revealed that Potassium (K) value ranging from 0.22 and above is ranked
the highest in terms of suitability for maize production while K value ranging from 0.11 to 0.14
may not be suitable or have the least suitability. FAO (1983) suggested that K values of >0.3-0.5
are highly suitable for the optimum yield of maize (Table 3.4).

Table 4.8: Suitability of Potassium (K) in the Study Area

Range of K Concentration Rank Level of Suitability
(mg kg™)

0.37 and above 1 Highly Suitable
0.33-0.36 2 Moderately Suitable
0.28 -0.32 3 Marginally Suitable
0.22-0.27 4 Not Suitable

Source: Author’s Analysis, 2017

4.3.8 Phosphorous (P)

The data in Table 4.9 revealed that Phosphorous (P) value ranging from 5.40 and above(mg kg™)
is ranked the highest in terms of suitability for maize production while P value ranging from 1.50
to 2.79(mg kg™*) may not be suitable or have the least suitability. FAO (1983) suggested P values
of >40 are highly suitable for the optimum yield of maize (Table 3.4). The supply of phosphorus

distributed before transplanting, preferably banded not too deeply as supported by McCants and
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Woltz (1967) at ridge formation. It is worth considering that the repeated and excessive
applications of this element in traditional cultivation areas, with limited uptake and reduced or no
losses through leaching, have led to a general phosphorus increase in the soil content, which
usually contains more than sufficient amounts (McCants and Woltz, 1967). Nevertheless,
phosphorus fertilization shows a positive effect on the crop because phosphorus absorption is
strongly limited by low soil temperatures and a non-neutral pH.

Table 4.9: Suitability of Phosphorous (P) in the Study Area

Range of P Concentration Rank Level of Suitability
(mg kg™)

5.40 and above 1 Highly Suitable
4.10-5.39 2 Moderately Suitable
2.80 - 4.09 3 Marginally Suitable
1.50-2.79 4 Not Suitable

Source: Author’s Analysis, 2017

4.3.9 Cations exchange capacity (CEC)

The data in Table 4.10 revealed that Cations Exchange Capacity (CEC) value ranging from 8.36
and above(cmol(+) kg™) is ranked the highest in terms of suitability for maize production while
CEC value ranging from 2.73 to 4.60(cmol(+) kg™) is not be suitable or have the least suitability.
FAO (1983) reported that CEC values of >25 are highly suitable for the optimum yield of maize
(Table 3.4). The CEC affects the way a soil should be managed for maize cultivation. For
example, a soil with a low CEC (less than 5 meq/100g) generally has a low clay and organic
matter content, has a low water holding capacity, requires more frequent lime and fertilizer
additions, and is subject to leaching and such soils will have lower yield potential than soils with
higher CEC under the same level of management, but high productivity can be maintained by

intensive management (Steven, 1998).
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Table 4.10: Suitability of Cations Exchange Capacity (CEC) in the Study Area

Range of CEC Rank Level of Suitability
Concentration (cmol(+) kg™)

8.36 and above 1 Highly Suitable
6.49 — 8.35 2 Moderately Suitable
4.61-6.48 3 Marginally Suitable
2.73-4.60 4 Not Suitable

Source: Author’s Analysis, 2017

4 ASUITABLE AREAS FOR MAIZE PRODUCTION

The pairwise comparison matrix (PWCM) was carried out for rating and weighing of the
different criteria. The fundamental scales given by Satty for comparing the two criteria was used.
The quantitative value from 1-9 scales was given (Satty and Vargas, 2001), considering the
comparative importance of two criteria. Based on experts™ opinion, the overall rating for the
comparison was generated on Table 4.11 and 4.12, which derived the weights with an acceptable
consistency ratio. This was used to generate a soil suitability map which was then used in

combination with other land attributes to generate the suitable map for maize production.

Table 4.11: Pairwise Comparison for the Criteria

N P K CEC Mg Ca Na pH oM Weight
N 1 23%
P 1 1 18%
K 1 1 1 14%
CEC 1/3 1/3 1/3 1 11%
Mg 1/3 1/3 1/3 1/3 1 9%
Ca 1/3 1/3 1/3 1/3 1/3 1 7%
Na 1/3 1/3 1/3 1/3 1/3 1/3 1 5%
pH 1/3 1/3 1/3 1/3 1/3 1/3 1/3 1 4%
OM 1 1 1 1 1 1 1 1 1 10%

Source: Author Analysis 2017
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Table 4.12: Terrain Characteristics of the Study Area

Terrain Elements Weights
Elevation 40%

Slope 26%

Aspect 17%

Soil Texture 11%

Drainage 07%

Source: Author Analysis 2017
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Table 4.13: Area Coverage Maize Suitability in the Study Area

Level of Suitability Area Extent ( Sq.m?) % of Area
Highly Suitable 4411.67 8.91
Moderately Suitable 26069.38 52.65
Marginally Suitable 14151.99 28.58

Not Suitable 4878.75 9.86
Total 49511.79 100

Source: Author Analysis 2017

The result of the analysis in figure 4.14 and Table 4.13 revealed that the highly suitable area that
meet up with all the requirement is within (S1)8.91% (4411.67Sq.m?). This area possesses the
qualities that is requires (most suitable) to cultivate maize. According to NEDECO (1974) is
Hydromorphic in nature, it mostly consist of silt and some combination of loamy soils, clayey
and sand that developed within the terraces which is good for cereal crops. Even though, the area
is a very small portion within the land, in this case the area is having minor limitations that will

not significantly reduce production and will not raise input above an acceptable.

Moderately suitable (S2), having an area with 52.65% (26069.385q.m?), this area is falling
within the irrigated field in the study area which is affected by salinity, poorly drained and low
nutrients. However, the land is having limitations which, in aggregate are severe for sustained
application of given use and will so reduce productivity or benefit or increase required input, that

this expenditure will be only moderately justified.

Marginally suitable (S3), having an area with 28.58% (14151.99Sq.m?), this area is affected by

severely erosion, shallow soils, very low organic matter and slopping topography. It is dominated
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by an undifferentiated texture there by making the soil to be sandy. However, the land having
limitations which may be surmountable in time, but which cannot be corrected with existing
knowledge at currently acceptable cost; the limitation are too severe as to preclude successful

sustained use of the land is the given manner.

The area not suitable (N) for maize cultivation having an area with 9.86% (4878.75Sq.m?), this
area is generally affected by badland topography, rock outcrop, complex texture and very poor
nutrient others include built-up areas and water bodies which are generally not for cultivation.
Land having limitations which appear as severe as to preclude any possibilities of successful
sustained use of the land to the given manner. Tinguely (2012) explained that a reason why an
area is classified as non-suitable is because of technical considerations (such as slope and soil
fertility, etc.). This findings is similar to the research conducted by Mustafa, et al (2000) unlike
the result of suitability analysis was carried out by Adesemuyi (2014) for Maize in Akure a
humid zone of Southwestern Nigeria which found that there was no highly suitable land for
maize cultivation in the area. The results revealed that the slope is a very highly sensitive
element in the suitability classification for maize crop, followed soil is a highly sensitive; the
rainfall is moderately sensitive as in the findings by Al-Mashreki (2011). This implies that each
factor has to be given suitable weighting reflecting its importance for the suitability of maize in

the study area.
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CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 SUMMARY OF FINDINGS
This research aimed to assess land suitability for Maize Production in Basawa area of Sabon-
Gari Local Government Area of Kaduna State with the aid of mapping the suitable area for
production of maize Using Geospatial Techniques. The study integrated satellite imagery,
ASTER DEM, field work and laboratory physico-chemical analysis of twenty (20) auger points.
The suitable site for maize production was determined by overlaying the thematic map for the
soil properties, slope, aspect and elevation.
From the land use of the area, it shows that cultivated land dominated the area and the land is
well drained. The terrain is relatively flat unless to some extend the northern part of the area
which is an indication of hilly areas.
The spatial distribution of the physico-chemical parameters shows that the area is extremely
acidic with pH < 4 and Organic matter (OM) and Phosphorous (P) was low (1.04% and 9.38
mgkg™). The distribution of Nitrogen (N) and Sodium (Na) from their mean shows low(0.617
gkg™tand 0.35 mol kg™) respectively. Potassium (K), Magnesium (Mg) and Cations exchange
capacity (CEC) are within the medium threshold (0.17 mg kg, 0.86 mol kg, 6.41 cmol (+) kg
1) while calcium (Ca) is medium (4.12 mol kg™) and the whole area is affected with salinity.
The suitability for maize production from the parameters shows that soil drainage and slope are
within acceptable suitable range while those falling within moderate to marginal are K, Mg, CEC

and Ca. while P, N and Om was low when comparing with maize requirement.
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The final analysis shows that the study area was moderately to marginally suitable as results of
low outputs recorded by most of the farmers; which was mainly attributed to inadequate fertilizer
since a small percentage of the farmer who used adequate fertilizer recorded high outputs
5.2 CONCLUSION
The need to generate adequate information for optimal and sustainable exploitation of the land
for agricultural purposes of Basawa, Sabon-Gari, L.G.A. is imperative. The study uses M.C.E,
satellite imageries, Digital Elevation Model (DEM) and soil physical and chemical properties to
determine areas suitable for maize production.Loamy Sand and Sandy Loam as the textural class.
The soils are well drained, relatively flat, very few rock outcrops, the soil of the area is affected
with salinity and some of the essential elements needed in the soils like Nitrogen, Phosphorous
and most micronutrients are lacking in the soils. The pH of the area is generally acidic and hence
toxic to must crops,From results of the analysis, it can be concluded that highly suitable areas
was found to constitute about 8.91% from the total area, while the moderately suitable areas was
for found to be 52.65%, 28.58% marginally and 9.86% not suitable classes.
5.3 RECOMMENDATIONS

i There is the need for land optimum performance for maize production In order to raise

the productivity level of the study area.

il There is need for management techniques in the study area in order to enhance the
nutrient and moisture holding capacity of the soil. The techniques should include
continuous application of organic fertilizers/materials to the soil, use of low levels of

chemical inputs and improved efficiency of use of mineral fertilizers.

iii The land is tested for other crops and the crop that best fit the land.
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APPENDICE 1: Result of Laboratory Analysis of Soil Samples

S/IN | Cla | Silt | San | PH oM Ca | Mg K(mg | Na(mol | CEC N (g kg | P(mg
0 y (% |d (%) | (mo | (mol | kg") | kg?) (cmol (+) | %) kg™)
%) ) | (%) I kg | kg™) kg™)
1
)
1 8 24 | 68 395 |0534 (21 |047 |0.28 0.37 4.42 0.35 3.34
2 8 24 | 68 436 |0.741 |53 | 084 |0.15 0.36 7.25 0.21 4.36
3 8 28 | 64 413 |0.862 |65 | 144 |0.14 0.37 9.05 0.14 5.41
4 8 26 | 66 431 |0.862 |69 |236 |0.13 0.43 10.22 0.42 8.31
5 8 24 | 68 387 |0.780 |22 |038 |0.27 0.35 4.70 1.22 7.32
6 6 38 | 56 454 10.690 | 1.8 | 042 |0.17 0.31 3.10 117 5.35
7 8 24 | 68 3.97 1431 |21 | 048 |0.29 0.38 4.45 0.53 9.22
8 8 22 |70 370 |0914 (53 |064 |0.23 0.32 7.49 0.12 8.35
9 6 22 |72 3.99 1.621 |58 |0.78 | 0.13 0.34 7.85 0.37 11.29
10 8 24 | 68 436 |0.861 |53 |0.84 |0.15 0.36 7.25 1.36 10.37
11 8 26 | 66 354 0742 |54 |1.06 |0.11 0.37 7.94 1.42 11.23
12 8 16 | 76 4.57 1.700 | 1.4 | 0.37 |0.12 0.24 2.73 0.59 9.36
13 8 26 | 66 354 10924 (54 |1.06 |0.11 0.37 7.94 0.45 10.34
14 8 16 | 66 4.31 1863 | 6.9 | 236 |0.13 0.43 10.22 1.22 9.41
15 8 26 | 76 457 10874 |14 |0.37 |0.12 0.24 2.73 0.22 12.38
16 8 24 | 66 4.54 0.741 |54 |106 |0.11 0.37 7.94 1.34 10.22
17 8 22 |70 370 |0.534 (53 |064 |0.23 0.32 7.49 0.37 12.29
18 6 24 | 72 3.99 1321 |58 |0.78 |0.13 0.34 7.85 0.11 15.32
19 8 24 | 68 3.97 1401 | 2.1 | 048 |0.29 0.38 4.05 0.42 13.31
20 6 38 | 56 554 1433 (18 | 042 |0.12 0.31 3.50 0.31 10.34
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APPENDICE 11: Coordinates of Location

Location Latitude Longitude
Point 1 11.17225 7.6602
Point 6 11.17225 7.6617
Point 10 11.17226 7.6621
Point 13 11.17204 7.6607
Point 18 11.17205 7.6617
Point 21 11.17183 7.6602
Point 25 11.17162 7.6607
Point 30 11.17184 7.6621
Point 33 11.17162 7.6607
Point 37 11.17163 7.6615
Point 41 11.17141 7.6602
Point 45 11.17142 7.6611
Point 50 11.17142 7.6621
Point 54 11.17121 7.6609
Point 57 11.17121 7.6615
Point 61 11.171 7.6602
Point 66 11.171 7.6613
Point 70 11.17101 7.6621
Point 74 11.17079 7.6609
Point 78 11.1708 7.6617
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APPENDICE 111

RATING FOR SOIL DATA INTERPRETATION

1. Soil Reaction
Extremely acid
Very strongly acid
Strongly acid
Moderately acid
Slightly acid
Neutral

Slightly alkaline
Moderately alkaline
Strongly alkaline
Very strongly alkaline

2. Organic Matter (gkg-1)
Low

Medium

High

3. Nitrogen (gkg-1)
Low

Medium

High

4. Phosphorus (mgkg-1)
Low

Medium

High

5. Ca
Exchangeable
Cation
[cmol(+)kg-1]
Low

Medium

High

-2
5

vV N O

5
6. Cation Exchange
Capacity [cmol(+)kg-1]
Low

Medium
High

<45

45-5.0
5.1-5.5
5.6-6.0
6.1-6.5
6.6-7.3
74-78
79-84
8.5-9.0
>9.0

<10
10-15
> 15

<15
1.5-20
>2.0

0-10
10-20
> 20

Mg

0-03
03-10
>1.0

NH40OAc

Source: Malgwi (2007) Soil survey manual.
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0-0.15
0.15-0.30
>0.30

ECEC

<4

4-10

> 10

Na

0-01
0.1-03



