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Abstract

This study sought to develop a framework as a tool for land capability evaluation using
remote sensing, GIS and geostatistical techniques for communal areas, where the results can
be duplicated in other geographical areas with similar biophysical conditions. The
relationships and interactions between components and parameters that are necessary for
analysing the capability of agricultural land were investigated for an effective management
system. The parameters taken into consideration were biophysical environment (soil texture,
organic matter content, soil depth, etc.), socio-economic and policy. The primary data were
obtained from climatic data and soil samples collected from depths 0—100 cm; the secondary
information were acquired from the remotely sensed data (SPOT 5 HRG), toposheet,

ancillary data, and agricultural statistics.

Crop requirement information of three different crops that were selected as representative of
summer crops in North West province, namely maize, sorghum and sunflower were
compared with the land resources parameters available in the four sites. The thematic layers
of the land resources were then overlaid using a GIS to select areas that satisfy the crop
requirements. The resulting maps showed that the study areas have moderate to very high
capability for all crops and that the land capability assessment developed, is adaptable,
flexible and applicable in arid and semiarid environments. It was concluded that Agricultural
Impact Assessments (AIA) as part of land capability should be integrated in land reform
policy prior to acquisition of land to beneficiaries. Land with high degree of agricultural
capability (based on soil properties, terrain characteristics and present land use) shor | be
identified to produce economical yields under specific uses over a long period of time and

without degradation to the land.
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Abbreviations

DEM - Digital Elevation Model

DWAF — The Department of Water Affairs and Forestry
ET - Evapotranspiration

FAO — Food and Agriculture Organisation

GCP — Ground Control Point

GIS - Geographic Information System

ISRIC — International Soil Reference and Information Centre
NDVI — Normalised Difference Vegetation Index
RMSE - Root mean square error

SAWS — South African Weather Services

TD — Transformed Divergence

TM - Thematic Mapper

USDA — United States Department of Agriculture
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Definition of terms

The following terms will be taken to have the following meanings throughout this proposal

1. Remote sensing — acquisition of information about objects through analysis of data
collected through instruments that are not in physical contact with the objects of

investigation (Jensen, 2006).

2. Land capability evaluation — process to evaluate land potency according to its

capability for sustainable land uses (Al-Mashreki et al., 2011).

3. Image Enhancement —- improving visual interpretability of an image by increasing the

apparent distinction between features in the scene (Lillesand et al., 2014).

4. Image Classification — extraction of different classes or themes, land use and land

cover categories from raw remotely sensed digital satellite data (Gorham, 1999).

5. Accuracy assessment — a measure of how many ground truth pixels were classified

correctly.
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Chapter One

Introduction
1.1 Background

Soil is a precious, non-renewable resource that occurs all over the world in a wide-ranging
diversity, and these diverse kinds of soil display varied characteristics. It offers vital support
to the environment and human life. It is thus necessary to preserve soil functions and qualities
to sustain the environment and human life (Aksoy et al., 2009). Soils are affected by
landforms, and through their developmental stages and features, they in turn influence
geomorphic evolution (Agidew, 2015; Al-Mashreki et al., 2011; Schaetzl and Anderson,
2005). Land is also an essential natural resource that has to be exploited according to its
potential. The land capability evaluation is controlled by various land characteristics such as
the types of soil, its depth, texture, landscape, hydrology, and climate among others
(Panhalkar, 2011). Hence, the predominantly old-fashioned foundations of land evaluation
are soil resource portfolios, usually recognised as soil surveys. According to Bibby et al.
(1991), land evaluation was originally intended to support land use decision making,
especially linking the different production features such as crops, fertilisation and other land
use practices to soil types. The level of capability for a land use, not considering financial
state of the region, is demonstrated by a physical capability evaluation (Rossiter and Van
Wambeke, 1997). Hence, the approach of land capability evaluation is the categorisation of
specific areas of land in terms of their capability for specified uses (Al-Mashreki et al., 2011).
This study establishes the potential role of remote sensing and GIS in land capability

evaluation for mixed farming using available biophysical information in a communal setting.

The ever-growing need for expanding food grain cultivation can be done through systematic
survey of the soils, evaluating their ability for wide range of land use options and developing
land use strategies that are financially feasible and ecologically suitable (Sathish and
Niranjana, 2010). Numerous capability evaluation techniques used are = sions of the
Framework for Land Evaluation (FAO, 2007) and centre on the seriousness of land

trictions connected to crops and land use. The disti ion between the ¢© es (soil type,

texture, landscape etc.) is based on the costs of reducing or eliminating these limitations
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(Madrau et al., 2009). These classes are used in a geographic information system (GIS) to

produce diverse thematic information for use in land capability evaluation.

Remote sensing has become essential in describing and understanding modifications in the
environment using an array of satellite-derived datasets such as the Landsat Thematic Mapper
imagery (Al-Mashreki et al., 2010; Baniya, 2008). Remote sensing techniques such as
reclassification have also helped to improve landscape visualisation and database generation,
and are thus cost effective and reliable. The old-fashioned approaches of survey are time-
consuming, laborious and costly. As land capability evaluation considers a variety of land
characteristics, a GIS provides a more adaptable and formidable tool compared to traditional
data processing techniques. GIS offers the ability to integrate large volumes of different
datasets into new datasets which can be displayed in the form of thematic maps (Meghdadi

and Kamkar, 2011).

The land subject is a dominant issue in South Africa. It is against this background that the
first democratic government announced the Land Reform Programme in 1994. Land reform
is the transfer of land ownership from existing land owners to new land owners with the aim
of addressing the skewed land ownership patterns (Sekoto and Oladele, 2012; Dlamini,
2014). As a result of previous racially divisive land laws, 28% of South Africa's rural
population (a large proportion of who are farm workers and their dependants) live on 88% of
the agricultural land. (Sekoto and Oladele, 2012; Simbi, 1998). Thus the remaining 12% of
agricultural land supports 72% of the rural population in the overcrowded former homelands
which lack the infrastructure for successful agriculture (Sekoto and Oladele, 2012; Simbi,
1998). Also, owing to a 32% population growth since 1994 and only a 9% increase in
agricultural production, South Africa needs to produce at least 44% more food than it
produced in 1994 (Hall, 2004). Redistributive land reform in South Africa is based on the
necessity to create both direct profits for recipients and knock-on profits to the rural
economy. The Minister of Rural Development and Land Reform conceded that minimal
efforts have been made with regard to the support that should see the redistributed farms
coming into production, which is also sustainable (Hebinck and Shackleton, 2011). Thus,
there is need for a complete reorganisation of the agricultural sector, with successful black
commercial farmers making profits on their newly acquired land by producing economi

and quality food.



Prosperous rural development and land reform is vital for South Africa’s economic and social
future. Possession of a vibrant and sustainable rural sector can encourage development in
other areas of economy, especially when a country is undergoing a rapid urbanisation. As
proven in countries like Bangladesh and Kenya, rural development is a strong option for
spurring overall economic growth, poverty reduction, and enhancing food security (World
Bank, 2008). In South Africa, rural development and land reform programmes are of great
importance. They are tools for achieving a higher degree of economic and social equity,
creating more employment and building stronger social cohesion-objectives which, to date

have largely not been achieved (Lahiff and Li, 2012).

South African agriculture is of a greatly dualistic nature, where a developed commercial
sector which creates significant employment and export earnings, but ‘contributes moderately
little to gross domestic product’ coexists with large numbers of small farms on communal
lands (OECD, 2006; DAFF, 2014 (a)). The land reform programme thus intends to attain
goals of both equity (in terms of land access and possession) and productivity (greater land
use), while also contributing to the expansion of the rural economy. In terms of overall
achievements, land reform in South Africa has consistently fallen far behind the targets set by

the state, and behind popular expectations (Binswanger-Mkhize et al., 2009).

Land reform in South Africa to date comprises of allocation of fairly large commercial farms
to individuals or groups of recipients. Generally, would-be recipients of land reform would
rather have access to relatively small areas of land on a household basis, but more often than
not they have found themselves owning large farms as part of a sizable collective i.e. as a

group farming operation (Lahiff and Li, 2012).

The past two decades have seen a major reduction in the overall state services available to
farmers (Lahiff and Li, 2012). While commercial growers are generally able to prevail under
these conditions through their access to a range of commercial and cooperative services
(savings and investments), land reform beneficiaries and other small-scale farmers are largely
left to fend for themselves (Byamugisha, 2014; Vink et al, 2008). To improve the path of a
small farmer to success in communal areas, a fundamental reorganisation of current farm

units to make family-size farms and more accurate agricultural land planning is required.



1.2 Problem statement

To guarantee food security, job creation and elevate small scale farmers to commercial status,
unproductive farms in the North West province that have resulted from the land reform
pre  amme need to be restructured and evaluated for agricultural productivity. Agricultural
land is generally essential for agricultural production, the environment, human habitation and
welfare, and therefore has direct impacts on human life (Tin, 2011). Thus the improper use of
land, especially agricultural land, results in inefficient exploitation of natural resources,

destruction of the land resource, poverty and other social problems (Rossiter, 1996).

Agricultural land use planning is one of several solutions suitable for sustainable agricultural
development. However, this exercise requires the analysis of a large variety and amount of
spatial data. Using the conventional approach of land surveying is time-consuming, laborious
and costly, especially for planning authorities with budgetary constraints. This study develops
a methodology for land capability evaluation using remote sensing, GIS and geostatistical
techniques for communal areas. The results can be duplicated in other geographical areas
with similar biophysical conditions, with a view to improve the accuracy of land evaluation.
Agricultural land capability evaluation is an important procedure in agricultural planning, for

purposes of detecting the environmental limits in sustainable land use planning.

In North West province of South Africa there are reclaimed farms which include the former
Pienaars Nature Reserve in Ngaka Modiri Molema District, Barberspan 309 and Antwerp
farms in Ngaka Modiri Molema District and Rietfontein 464 farm in Bojanala District. These
farms are used as study sites in the use of GIS and remote sensing for land capability

evaluation in this research.

Land tenure targets are to blame for the country’s struggling land reform programme, and
25% of the national Department of Agriculture’s budget in 2012 was spent on recapitalising
595 claimed farms (Farmers weekly, 2012). In 2012, the national Minister for Agriculture
announced that this amounted to R900 million that went into rehabilitating collapsed farms
handed to claimants since 1994 (Dardagan, 2012). The government had found that almost
80% of farms handed to land claimants since 1994 were lying fallow (Dardagan, 2012).
Generally, South African soils are usually susceptible to deterioration and have low recovery
potential and it is approximated that 25% of South Africa’s soils are highly susceptible to

wind erosion (DAFF, 2014 (a)). Therefore, the slightest mistakes in land management can be
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catastrophic. This research aims to assess the land capability of redistributed land for arable
agriculture and to suggest the implementation of land capability study as part of land reform
policy prior to acquisition of land to land claimants/beneficiaries as part of post-transfer

support.
In brief, the research attempts to answer the following questions:

Question 1: What are the main issues to be considered for an effective agricultural land

capability system?

Question 2: Can a GIS based agricultural management system be established to successfully

measure the capability of agricultural land in the research areas?
Question 3: Who are the main beneficiaries of present research?

Question 4: Can a GIS based agricultural management system be implemented in a land

reform policy?

1.3 Aim and Specific Objectives

The aim of this research is to establish the potential role of remote sensing and GIS in spatial
planning for arable agriculture in a communal land use setting. This study comprises the
incorporation and analysis of geographically referenced socioeconomic and physical

attributes relating to the study areas in North West Province.
The specific objectives are as follows:

a) To develop a land information system or database of the basic land resources which
influence the production capacity of sustainable agriculture within the study areas,

b) To determine which land attributes in an agricultural setting can be discriminated on
optical remotely sensed imagery,

¢) To assess capability by incorporating multi-dimensional analysis and making use of a
geo-database in a GIS as an aid to decision making in agricultural land capability,

d) To create an agricultural land capability map for a given crop,

e) To develop policy framework that could efficiently sustain agriculture for land reform

beneficiaries.
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1.4 Expected outputs

The presentation of computer based agricultural land use tools and geographical analysis
tools help in the understanding of the features influencing the capability of agricultural land.
This study produces local soil databases and land information systems such as soil fertility,
topography and climate to end users such as Department of Agriculture and farmers. The
study generates current agricultural land capability classification maps and offer essential
solutions and external inputs to help increase land management in the study areas. The study
offers the theoretical and observed evidence connected to agricultural land capability study to
policy makers and rural development planners as a base for programme development and

policy building.
1.5 Potential contribution

This study develops a framework as a tool for agricultural land capability evaluation using
remote sensing and GIS for communal areas. The results can be duplicated in other
geographical areas with similar biophysical conditions, to improve the accuracy of capability
evaluation. Contribution is also to be made to literature for future studies when capability

classifications from different sources are compared.

1.6 Overview of the thesis

This thesis is organised into eight chapters as follows:

Chapter one presents an overview of the research objectives and aims, connection of the
different chapters, and a general introduction about the different parts of the thesis are

presented.

The background of the study areas is part of chapter two. This chapter introduces the
background of the study area including climate and land conditions, agricultural production

and several main socioeconomic characteristics.

Chapter three provides literature applicable to the land capability evaluation compiled by
other academics on limitation and potentiality of different methodological approaches of land

capability evaluation, land reform, geostatistical methods for soil mapping, etc.
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The purpose of chapter four is to describe all the datasets and methods used to answer
research objectives. Two main types of data used are: primary (e.g. climatic and soil data)

and secondary (e.g. agricultural statistics and satellite imagery).

A land information database is generated in chapter five and so are land units using the SPOT
satellite imagery. Methodology includes the following concepts: image processing,

vegetation mapping and GIS analysis.

Chapter six presents results of land capability evaluation done in previous chapters. Output of
this chapter are land capability maps depicting capability degrees and limitations involved for

each study area.

Chapter seven presents the general discussion. This chapter highlights and summarises the
major parts of the land capability evaluation and represents an overview about the knowledge

obtained from the present and a number of other studies.

Chapter eight presents a summary of the thesis, conclusions and recommendations.



Chapter Two

Background of the study area
2.1 Introduction

The main purpose of this chapter is to briefly describe the study area’s characteristics. These
will have a marked effect on the methodology that is to be used in the next chapters. The
significant information in the current chapter focuses on climate, soil type, topography,

socioeconomic factors and other issues relevant to agricultural land capability evaluation.

2.2 Study area

The province is geographically positioned between 25 - 28 degrees south (latitude) and 22 -
28 degrees east (longitude). The province occupies a total area of 116320 km? and is the sixth
largest province in South Africa (Thorn et al., 2012). Figure 2.1 shows the four study sites
found in North West Province. In the province, only the mining and agriculture sectors
provide a comparative advantage over the other provinces. Agricultural sector generates 13%
of provincial GDP and creates work for 18% of working people in the province (Sekoto and
Oladele, 2012). The population in the province is about 3.5 million people, this accounts for
9.5% of the South Africa’s total population, and 65% (of 3.5 million) of this population live
in rural areas (Sekoto and Oladele, 2012).

Four large farms serve as study sites. They were chosen for their accessibility and current
status of land use (natural vegetation). The sites are:

In Ngaka Modiri Molema District:

e Barberspan 309 1Q in Delareyville

e Antwerp 187 farm near Matloding

e The former Pienaars Nature Reserve, near Zeerust

And in Bojanala District:

¢ Rietfontein 464 farm near Lichtenburg.

T \ t to t it 108, except for the  mer
Nature Reserve (in 2011), under the Restitution of Land Rights Act 22 of 1994. The sites are

shown in Figure 2.1B.
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eastern areas and the central area by red or brown non-shifting sands with rock (De Villiers

and Mangold, 2002).

2.2.1.3 Vegetation

Large parts of the province (71%) occur within the Savannah biome (Desmet et al., 2009).
Vegetation types include sourish mixed bushveld (open savannah dominated by 4cacia caffra
and grasses of the Cymbopogon and Themeda species), turf thornveld and isolated pockets of
Kalahari thornveld and shrub bushveld (Desmet et al., 2009). The rest of the province occurs

within the grassland biome and is characterised by a variety of grasses typical of arid areas.

2.2.1.4 Geology

The north-eastern and north-central regions are characterised by igneous rock formations due
to the intrusion of the Bushveld Complex within the Earth's crust that has been slanted and
eroded (De Villiers and Mangold, 2002). Ancient igneous volcanic rocks characterise the
western, eastern and southern areas of the province while sedimentary rocks dating back to
the Quaternary period (65 million years) occur in the north-western areas (De Villiers and

Mangold, 2002).

2.2.1.5 Topography

Topography (elevation, slope, and aspect) is a vital feature which has an important influence
on the environmental factors, such as spatial patterns of vegetation and climate. Among the
topographic factors, elevation is the most influential on the ecosystem as it creates micro-
climate (Desmet et al., 2009). The province is claimed to have the most unvarying
topography in the country, with elevation ranging between 920 - 1782 metres above sea level
(Desmet et al., 2009). The central and western regions are characterised by flat or gently

undulating plains. The eastern region is of a more variable topography (Desmet et al., 2009).

2.3 Land use patterns in the province

The total potential available arable land in the province is 30.8%, cultivated land makes up
20.9% and 2.9% land is put into other uses such as housing (SOER, 2008). The Central
District municipality with an area of 8400 km? has bulk of the agricultural land and is double
the 1 e ~ T phirima T str’ in~ ‘pality at apprc * iately 4 1 km? (I ) al
Matshego, 2002). Commercially cultivated land in the province is generally found in

Central District, Southern District and Bophirima District municipalities (Masigo and
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Matshego, 2002). Semi commercial and subsistence farming in North West Province is
mainly located in the Central and Bojanala District Municipalities (Masigo and Matshego,

2002).

2.4 Socioeconomic conditions

The North West Province contributes largely to the South Africa‘s economic development,
with mining, agriculture and community services being the biggest contributors to provincial
financial growth and employment. Challenges of joblessness, poverty and disparity are still
high although there is a general positive economic development at both national and

provincial level (Koma, 2014).

2.4.1 Demography

The North West provincial population contribution to the country’s total population in 1996
was 7.2%; 6.7% in 2001 and declined further to 6.3% in 2007 (NW Provincial Treasury,
2014). The recently published census data by Stats-SA indicated a slight increase in
population share of the province from 6.3% in 2007 to 6.8% in 2011 (NW Provincial
Treasury, 2014). In terms of population size, the province is the third smallest province in
South Africa with a population size of 3509953 (3.5 million) and of the 3509953, women
constitute a total population of 1779903 (50.7%) and 1730049 (49.3%) being men (NW
Provincial Treasury, 2014).

In the province, there is a positive association among poverty and joblessness for both men
and women. The association between jobless women and poverty is marginally larger than
that of men. This could be due to a presence of large number of jobless women in the
province thereby implies that more women are trapped in poverty. Education is vital for
financial development and growth. Educational level in North West province has
demonstrated some progress. The number of people with some secondary schooling has
increased since 1996 (214927 men, 236025 women) to 2011 (353654 men, 344254 women).
However, more men still access education compared to women (NW Provincial Treasury,

2014

North W is the only province that had a1 ati  annual average growth (-0. firc
1996 to 2011 (NW Provincial Treasury, 2014). In the past, the province had experienced the
changes in municipal and provincial borders that were applied by the Municipal Demarcation

Board. The consequence was it lost a considerable amount of its population to other
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populations. Figure 2.2 displays the total population over time with projection to 2017 in
North West Province (NWP).

2.4.2 Labour and employment

Generally, employment decreased from 7853 in the 3rd Quarter to 7461 in 4th quarter of
2012 (NW Provincial Treasury, 2014). Decrease in occupation was documented in private
household and agricultural sector and this can be vindicated by the fact that its occupation is
periodic. Trade industry had also recorded a decline from 151 to 142 in 3rd to 4th quarter of
2012 respectively (NW Provincial Treasury, 2014). Utilities also recorded a decrease in
employment in the same period from 8 to 5 in Q4:2012 compared to Q3:2012, the biggest
decrease in the unemployment rate was observed in Limpopo (2.6% points), North West

(1.7% points) and Mpumalanga (1.7% points) (NW Provincial Treasury, 2014).

For both official and expanded labour force participation rate, North West remains in the
same region as Mpumalanga and Free State following Western Cape and Gauteng provinces
and various factors are likely to have contributed in the North West fairly high participation
(55.3%) which is above 50% margin (NW Provincial Treasury, 2014). There could be new
participants to the labour market such as increased employment of females or it could be that
some of the economically active residents are entering into the province. Figure 2.3 displays

the total employment (formal and informal) per sector from 1996 to 2012.

Total
employment

Year

Figure 2.3: Total employment per sector, 1996-2012 (Source: IHS Global Insight (2013))

4.3 Ho' ‘hold income

Household income is reliant on numerous sources of revenue such as employment, business,
social grants and yield on investments. Employment forms the largest source of household

income, which therefore means an increase in unemployment will result in high decrease in
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D1 to the sensitivity of the province's economy to world mineral prices, the provincial
government had planned to minimise its dependence on the mining sector, with an increased
broadening to agri-business, tourism and non-mining related manufacturing sectors, evident

in the recent year-on-year growth in this sector (NW Provincial Treasury, 2014).

Figure 2.4 clearly shows that the North West Province has been one of the lowermost
performing provinces in South Africa when considering economic activity. It remains critical
for this province to focus on developing its competitive advantage such as in agriculture and
processing; venture into manufacturing and other economic sectors that can unleash the
potential of the economy (NW Provincial Treasury, 2014). Investment in infrastructural
expansion is still one of the important features in developing the economy of the province

through attraction of investment.

2.4.4 Agriculture and Rural Development

In the province, agricultural potential extends from the lush irrigation areas of Brits and
Rustenburg, past the grain producing areas of the central and southern parts of the province
and ending in the dry and generally grazing areas of Vryburg and Molopo. Majority of the
study sites in this research occur in Ngaka Modiri Molema District which comprises of the
Local Municipalities of Ratlou, Tswaing, Mafikeng, Disobotla and Ramotshere. The District
in 2012 had a population of 842699 (413399 males and 429300 females with 75974
unemployed and 149334 employed) residents (STATSSA, 2012). The main economic
activity in the District is agriculture, mainly crops and cattle production with many
communities within the district depending on agriculture as a source of food security and

employment.

In 2009, there were only 4689 homes in the North West that depended only on subsistence
farming as a main source of food (3181 households) or non-salary income (1508 households).
72.83% of agricultural households derived more than 50% of their household income from
employment within the agricultural sector, while households involved with only subsistence
farming, comprised 9.64% (Elsenburg, 2009). As of 2011, the number of households
involved in agricultural activities accounted to 214049 while 847965 were not involved

(AT A, 2012).
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2.5 Gross value of agricultural production - Socioeconomic suitability

Infrastructure and other investments such as marketing have noticeable result on the output
and financial benefit from the crops. The proper channel for crop marketing and market
information is important to the farmers as it allows them to make an informed decision over
selection of type, time and variations of crop to be produced. The physical factors in this
study are considered very important in the agricultural land capability evaluation in multi-
criteria analysis. It is also important to integrate the socioeconomic factors especially in

developing countries like South Africa as it encourages sustainable agriculture production.

World food prices increased dramatically in 2007/08 (Chandrasekhar and Ghosh, 2012) and
this renewed the argument on the importance of agriculture in social and economic
development. Agriculture has an important role in the improvement of society as it can
induce industrial growth and a structural transformation of the economy (Byerlee et al., 2009;
Timmer and Akkus, 2008). According to Vink et al. (2008), from 2002 the return created
from agricultural production in the world had been well above the opportunity cost of the
investment and thus farming as a sector is now more profitable. Maize, sunflower and
sorghum have been chosen as promising crops in this study based on existing cropping
systems, social acceptance of crops and economic status of the society, and from farmers’

long experience.

2.5.1 Maize

Maize is the main grain crop in South Africa and is essential as a major feed grain for both
animals and humans. The gross value of maize for 2012/13 amounted to R23814 million.
North West Province contributed the second most at 14% to the national maize production
during the 2012/13 production season with 2574 tons. The average producer price of maize
during the 2012/13 season was R214414/ton. South Africa consumes majority of the maize it
produces and the domestic market is vital to the industry (DAFF. 2014 (a)).

In October 2013, the intended maize plantings of South African farmers was 2.7 million ha
for the 2013/14 production season, which was 3.5% less than the 2.8 million ha planted

it 207713 (DAFF. "114 (a)). Growers indicated that the dror 1t of 2015 in the western
] ts the country contributed to the decrease. This scenario usually courages farmers to

plant more oilseeds such as sunflower seeds at the expense of maize.



2.5.2 Sorghum

Sorghum is indigenous to Africa. During the 2013 season, North West Province produced the
fourth most sorghum with 10.1% of the national production. South Africa produces on
average 203700 tons of sorghum per annum. Like maize, sorghum also serves two markets —
for human consumption and for animal feed. Local producer prices of sorghum decreased by
1.0%, from R2675.01/t in 2012 to R2649.02/t, for the 2013 season as the area planted
decreased in the country (DAFF. 2014 (a)). In 2013, the average gross income per hectare of
sorghum was better compared to maize due to drought. Deep root penetration and high

proportion of roots in the subsoil allow sorghum to tolerate drought conditions.

The need to resort to clean and renewable fuels means using agricultural crops can be used
for the production of energy. Sorghum is a fast growing crop that can be harvested twice a
year and can produce both food (grain) and energy (bioethanol). The development of
bioethanol production could double the size of the current sorghum market and provide the

highest yields per hectare.

2.5.3 Sunflower

Maize and sunflower seed can generally be planted in the same area, so this allows farmers to
switch to sunflower if the prime time for maize production has passed. During the 2013
production season, North West produced 35% of the national crop. The contribution of
sunflower seed to the gross value of field crops during the season is approximately 5.6%,
compared to the 46.1% of maize and 1% of sorghum (DAFF, 2014 (b)). The average
producer price increased by 10.3%, from R4397/ton in 2012 to R4850/ton in 2013. In South
Africa, sunflower seed is used almost exclusively (an estimated 98% or 580000 tons in 2013)
for oil and oilcake production. The estimated domestic demand of seed for the 2013

marketing year was approximately 591300 tons (DAFF, 2014 (b)).

2.6 Summary

An introduction to the study area is necessary as it clarifies and aids in the understanding
about the methodology to be used. Furthermore, information provided in this chapter is
valuable indication for the clarification and explanation of results in the later chapters (results
and discussion). The chapter highlighted the soil conditions, topography, agricultural

production and socioeconomic characteristics of the study area. Generally, North West
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Province is still faced with various socioeconomic challenges which « ini y jui proper

resource allocation and investment to overcome.
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Chapter Three

Literature review
3.1 Introduction

Studying earlier works connected to the approaches, practices and support tools for land
evaluation is important. This chapter explains the methods and procedures used for land
evaluation and their implementation. Specific focus is on two original systems provided by
FAO and the USDA. Common standards, application measures, and land capability
classification structures are included in the chapter. Firstly, the chapter looks at land reform
programme in South Africa, as land allotted to people should have a detailed land capability
investigation carried out. The chapter discusses the common contributions of the agricultural
sector to socio-economic development of a region and country. Finally, support tools for land

capability evaluation encompassing GIS and remote sensing are discussed.

3.2 Land reform

Land reform plays an important part in the national development strategies, and is designed
to reduce rural disparity, refine agricultural efficiency, provide food security and grow
revenues and general wellbeing of the rural inhabitants. The methodology and inspiration for
land reform has differed from nation to nation and overtime. In some parts of Southern
Africa, particularly the former settler colonies of Namibia, Zimbabwe and South Africa, land
reform debates were mainly influenced by colonial histories, with the three countries sharing
a similar profile of racially skewed land distribution owing largely to dispossession of the
black rural population, which was confined to overcrowded communal lands (Maisela, 2007).
Land reform in these countries was intended to reduce over-congested areas, to encourage
reasonable distribution of agrarian land, to de-racialise commercial agriculture, and to

transfer and protect land tenure of the dispossessed.

3.2.1 South African land reform programme

Land reform is the transfer of land ownership from existing land owners to new land owners
with the aim of addressing the skewed land ownership patterns (Sekoto and Oladele, 2012).
Since 1994 in South Africa, land refi has played an important part of the rebuilding and
growth plan of the new African National Congress (ANC) administration. The South African

land reform policy intends to mainly address the ethnically slanted land ownership, which
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sprang from the 1913 Land Act and subsequent legislation. ~ ind reform aims to decrease
poverty and encourage economic growth, particularly in areas that were marginalised through
apartheid laws, and securing land and tenure rights of the marginalised people (DLA, 1997).
Thus the South African land reform programme had three main elements, namely land

redistribution, land restitution and land tenure reform.

a) Land Redistribution is a broad programme which aims to provide the disadvantaged
and the poor with land for residential and productive purposes. The government
developed a single, yet flexible, grant mechanism to embrace the wide variety of land
needs of applicants (DLA, 1997).

b) Land Restitution aims to restore land and provide other compensation to people
dispossessed by the 1913 Land Act. This is being done in such a way as to support the
process of reconciliation and development, and with regard to the over-arching
consideration of fairness and justice for individuals, communities and the country as a
whole (DLA, 1997).

c) Land tenure reform aims to provide security of tenure. In the constitution, the
administration is indebted to initiate laws which set out the types of interests in land
which were undermined by discriminatory laws and ensure that such interests in land

are legally secure (DLA, 1997).

Sekoto and Oladele (2012) analysed support service needs and constraints facing farmers
under land reform agricultural projects in the Central District Municipality (Ngaka Modiri
Molema) of the North West Province and found that the size of farms ranged from 6.6 — 1300
hectares. They suggested that the size of a farm should be dependent upon the financial goals
of the producer. The study found that the project beneficiaries were faced with severe
constraints such as lack of finance, poor building infrastructure, lack of fencing, and poor
input supply. Prominent support services needed by farmers were agricultural land planning,

funding, building infrastructure, capital funds, farming infrastructure and inputs.

3.2.2 Post-transfer support

Both the Mid-term Review (DLA, 1997) and the Review of the Land Reform Pilot
Programme (DLA, 1999) pointed out that post-transfer backing is vital for the general
achievement of land redistribution, yet it has been ignored by almost all the important role

players. Support structures, or complementary development support, specified in the White
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Paper include assistance with productive and sustainable land use, infrastructure support,

farm credit, agricultural inputs and access to markets for farm outputs (DLA, 1997).

Only 12% of the country (14.6 million ha) is suitable for the production of rain-fed crops, and
only 3% (3.6 million ha) is considered truly fertile land (World Wildlife Fund, 2009). By
under-emphasising variables such as quality of land, proximity to markets and the enormous
differences in the economic potential of land in different regions, land reform goals are

rendered essentially meaningless (DA, 2013).

The fight of land reform recipients usually continues and does not end with the reception of
land, as post-settlement backing is the next encounter to deal with. Thus for many land
reform recipients, access to the essential support is still a major problem. There has never
been a well-structured support package that is comprehensive (i.e. inclusive of training,
finance, access to production inputs, appropriate technology and extension service) either
from government or the private sector (Maisela, 2007). Support that is available is in many
instances not adequate to meet all the needs of the farmers and has not been available to all

the projects (Bradstock, 2005).

Lahiff and Li (2012) argued that failure to provide post settlement support is due to the
disjuncture between land reform policies and development intentions of government, and
failure to conceptualise land reform beyond land transfer stage. Kepe and Cousins (2002)
noted that land reform will only be effective if embedded within broader programmes to
restructure the agrarian economy, with beneficiary access to support mechanisms including
finance, markets and agricultural land planning. A similar view was put forward by Windfuhr
(2002), who argued that agrarian reform is central to land reform, which should also be

integrated into broader rural development.

It is increasingly apparent that land reform will not single-handedly realise rural development
or poverty reduction effectively, it must be accompanied with other agricultural reforms, such
as access to education, training, capital and adequate market access.

3.3 The agricultural sector’s role and agricultural land use distribution

3.3.1 Contribution to economic growth

Agriculture is a key economic component for many countries, as it prc >tes  tional

economic development, provides opportunities and an investment environment for the private






Agriculture is a major source of income and employment for more than the 70% of the
world’s poor in rural areas. It provides job opportunities for 1.3 billion small landholders and
forms a foundation for viable rural communities (World Bank, ~108). Agriculture has been
the backbone of many rural societies, providing employment for the labour force. Labour
productivity growth in agriculture impacts upon the level of employment and hence it is a
concern in agriculture-based countries. The labour force in agriculture is estimated to have
increased from 32000 in Oct-Dec of 2012 to 42000 Oct-Dec 2013 in North West province
(STATSSA, 2014). Farm crop and livestock income together with agricultural salaries
contributes between 55 and 75% to rural income in agriculture-based countries, such as those

in sub-Saharan Africa (World Bank, 2008).

In 2006, the North West Province was estimated to cover 10.6 million ha, of which 8.8
million ha (81.1%) was agricultural land, which can be further subdivided into 3.1 million ha
(34.9%) of arable land, 4.6 million ha (56.3%) of veld and 700791 ha (7.9%) of conservation
land (LCSA, 2006). North West Province has a dualistic agricultural economy, comprising a
well-developed commercial sector with approximately 7600 farms, and a predominantly
subsistence sector with approximately 147000 small-scale farmers in communal areas
(SOER, 2008). The cultivation levels in the communal regions of the province can be
approximated to be 16% of the normal cultivation potential, demonstrating extraordinary
development potentials (LCSA, 2006). Over the years this percentage has not improved
greatly and shows that there is a relatively unexploited resource base which could assist in
expanding and emerging the agricultural sector in the province. Though, many rural farmers
still encounter difficulties, from the price of transport/fuel, infrastructure and a lack of

knowledge, often due to inaccessibility or illiteracy.

Large-scale crop cultivation initiatives under dry land environments in the commercial sector
mainly involve maize, sorghum, sunflower, groundnuts and dry beans, while irrigated crops
include tobacco, paprika, citrus, wheat, pepper, cotton and sunflowers, cut flowers and
vegetables, which are cultivated on a smaller scale. The Crocodile and Vaal rivers are the
main source for irrigation and smaller irrigation schemes include Manyeding, Bodibe and
Thlaping -Thlaro rivers. Irrigation in the province is limited to areas adjoining river systems
-its, ..astenburg, Taung and Molopo), although irrigation from groundwater sources is
practiced in isolated areas such as Ventersdorp, Ottosdal, Marico and Vryburg/Louwna

(Mangold et al., 2002).
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3.3.2 Emerging sector - Bio-fuels

The North West Provincial Government in association with the Barolong Bo-Ratshidi
Development Company, Mafikeng Bio-Technologies, Clean Air Nurseries and the Mafikeng
Industrial Development Zone company, launched the Mafikeng Biodiesel pilot project in
May 2006 as an initiative aligned with the ASGISA (Accelerated and Shared Growth
Initiative for South Africa) objectives for economic growth in the agricultural sector (SOER,
2008). The purpose of the pilot venture was to develop into a full scale, R850 million
initiative, employing 10000 people to commercially cultivate oilseed trees for the production

of biofuel (Engineering News, 2007).

The North West Provincial Government had added R10 million into the initiative for the
construction of the tree nursery at the Setumo Dam outside Mafikeng with the nursery
employing people as part of learnership programme (SOER, 2008). The trial project is still in
an investigational stage and involves the growing of the Jatropha curcas and Moringa

oleifera oilseed crops, the crops are tested for viability in biofuel applications.

Maize farmers' project was abandoned when the government banned the use of maize and
wheat as feedstock for biofuels because of a possible threat of food insecurity. Thereafter,
sorghum gained favour because it is a drought-resistant crop and because it has previously
been a crop produced extensively by black farmers (Payne, 2013). Whereas 10 years ago
South Africa was producing about 700000 tonnes of sorghum a year, because of the
continuous decline in sorghum-beer consumption, that fell to about 80000 tonnes in 2013

(Payne, 2013).
3.4 Land resources

3.4.1 Land use planning

FAQO (2001) defined land as an area of the earth’s surface, including all elements of the
physical and biological environment that influences land use. Land comprises the physical
environment including climate, relief, soils, hydrology and vegetation, to the extent that these
influence potential for land use (FAO, 2001). Land is a crucial natural resource, essential for

the existence of humankind and all terrestrial ecologies.

Land and soil are two quite distinct concepts, though they are sometimes conflated in

discussion of agricultural activities. Land has a much broader meaning than soil; soil is part
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of the land and soil quality is a subset of land quality (Kavetskiy et al., 2003). Capability
primarily begins with soil while land use planning uses soil classification. Land use is
characterised by the arrangements, activities and inputs people undertake in a certain land

cover type to produce, change or maintain it (FAO, 1993).

For local, regional and macro level planning and management, land use plays an important
role. By using RS (remote sensing) and GIS it is possible to make planning and decision
process more realistic and effective (Vibhute and Gawali, 2013). Land use planning has been
defined as the systematic evaluation of land and water potential, for the purpose of selecting
and implementing land use options which are most beneficial to land users without degrading
the resources or the environment, together with the selection of measures most likely to
encourage such land uses (FAO, 2007). Agricultural land use planning is fundamental to the
process of natural resource management and sustainable development. This involves the
analysis of a large variety of spatial data and GIS and RS provide the tools for these purposes.
Agricultural land use planning should consider the sustainability, social impact and an
evaluation of what the land is capable of supporting and sustaining into the future and in the
interests of the wider community (van Gool and Vernon, 2005). While in some places the
land can only support a limited range of uses, in other areas there are many potential uses,
and balancing these competing demands can be a complex and demanding challenge. A fault
in early efforts of land-use planning was to focus too narrowly on land resources without
enough thought given to how they might be used; good agricultural land is usually capable of
other competing uses (FAO, 2001).

Land use planning can be used to assist land users, policy and decision makers to use land
sustainably, reducing current land use problems while achieving socioeconomic and
environmental aims (such as food self-reliance, revenue, ecological preservation) are attained
(Baniya, 2008). Land evaluation is a component of land use planning (FAO, 2001) and is a
necessary basis for rational land use planning (FAO, 2001). Land use decisions are not
determined solely by land capability, but the demand for products and the extent to which the

u of a particular area is critical for a particular purpose should also be conside |.

3.4.2 Description of a1 ippil  units and land qualities

A d 1 Hping unit (LMU) is a mapped area of land with s] ified ¢/ a risticsa is
defined and mapped by natural resource surveys, e.g. soil survey and forest inventory (FAO,

2007). Agricultural land capability classification starts with the land mapping units, which is
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the core of the system. A number of land evaluation studies involve physical resource
surveys, although sometimes there may be adequate information already present. The surveys
will frequently include a soil or soil-landform survey, and sometimes such work as pasture
resource or other ecological surveys, and surveys of surface-water or groundwater resources
(FAO, 2007). The objectives of such surveys are to define and determine the boundaries of
the land mapping units and to determine their land qualities (FAO, 1985). The demarcation of
LMU?’s is built in part on land features most readily mapped, common landforms, soils and
vegetation. Land is thus a wider concept than soil or terrain. Variation in soils, or soils and
landforms, is often the main distinguishing characteristic between LMU’s within a local area,
and soil surveys are sometimes the main basis for definition of LMU’s (FAO, 1985). Though,
the quality of soils for land use cannot be evaluated in isolation from other features of the
environment; it is land, and not just soil, which is the basis for capability evaluation. The
basic mapping units are the foundation for all informative groupings of soils as they provide

the information required for developing capability units.

For the purposes of this study, important datasets for LMU’s includes soils, landform, climate
and vegetation. Generally, a GIS is used to store and overlay the datasets in order to develop
LMU’s (George, 2001). A land unit must be drawn on the map outlined by a polygon of
specific area, must ensure the homogeneous characteristics of the land, and must be
supported specifically by the description of attribute data (Baniya, 2008). Land units can be
established by simple methods based on features that are found directly on the field, remote

sensing imagery and other sources.

3.5 Land capability

3.5.1 Trends of land capability evaluation

Land evaluation has usually been predominantly based on soil resource inventories,
commonly called soil surveys. They were initiated mainly as support for rural land use
decision making, in particular the matching of production systems (crops, varieties, rotations,
fertilization and other agricultural practices, conservation measures) to soil types. This
support became systematised in the land capability approach (Baniya, 2008), where soil types
were categorised by their ability to sustain general classes of land use. Starting in the 1950’s,
multi-purpose soil survey interpretations for non-agricultural uses became increasingly
important (Baniya, 2008; Bacic, 2003). In the early 1970’s, there was growing dissatisfaction

with then-existing land classification systems insofar as their ability to support rational land-
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use planning (Rossiter, 1996), as the existing land classification systems were mostly or
completely based on physical factors and ignored socioeconomic aspects of land use. To
address this shortcoming, FAO’s Land and Water Development Division, in approximately
1973, sponsored working groups, leading to publication of the Framework for Land
Evaluation in 1976, Rossiter (1997). The land evaluation method of FAO is used by many

nations and proves to be widely practical and significantly improved.

3.5.2 Concepts of land capability evaluation

Globally, several studies have been undertaken to assess land capability. Land use capability
has been studied from topography, soil, land cover and the interrelationships among
landform, soil and vegetation (Mahmoud ez al., 2009). Land evaluation is the evaluation of
land performance when used for a specified purpose, involving the execution and
interpretation of surveys and studies of land forms, soils, vegetation, climate and other
aspects of land in order to identify and make a comparison of promising kinds of land use in
terms applicable to the objectives of the evaluation, (FAO, 2001). Land capability evaluation
can also be defined as the prediction of land quality for specific use. This process includes
identification, selection and description of land use types relevant to the area under
consideration; mapping and description of the different types of land that occur in the area;
and the evaluation of the capability of the different types of land for the selected land use
types (FAO, 2001). The modern era of land evaluation began with the publication of the FAO
“Framework for Land Evaluation” in 1976 and subsequent guidelines for land evaluation of

general kinds of land use (Rossiter, 1996).

Land capability evaluation is generally done for particular varieties of land use. Land use can
be possibly defined at an overall level (such as rainfed arable cropping) or for a specific crop
at a specified level of inputs. The level of physical inputs is defined in the evaluation, as are
land enhancements such as soil management or drainage, and their general influence is taken
into account in forecasting crop outputs. Recommended land uses must not cause soil erosion
but must conserve the land for long-term production; improving the productivity of land use

systems (FAQO, 1993).

3.6 Land capability evaluation systems

Generally the method of determining the land feature from soil characteristics is largely by

evaluating and alignment of soil types in orders and classes according to their ability which
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may range from capable (that symbolises a land with a sustain. e usage) to inappropriate
(which specifies a piece of land quality not allowing the considered agricultural use), or are
not enough for sustainable outcomes. There are many kinds of land evaluation systems, of
varying precision, objectives, requirements and assumptions. Beek et al, (1998) identified
three approaches to land evaluation based on whether the evaluation is for a general or

specific purpose, physical or integral, and qualitative or quantitative.

General-purpose land evaluation is a standardised procedure for evaluating the capability to
support a given land use. The capability classification depends on the links between broadly
defined kinds of land use and qualities of the physical environment expressed in terms of
limitations or hazards (Ebrahim, 2007). This land evaluation system is relatively
straightforward because it relates to physical land variables and land use requirements only; it

is relatively unaffected by social, economic and technological changes.

Specific-purpose land evaluation, evaluates land capability for specific purposes based on
relevant physical and socio-economic data; the data requirements are not predetermined, but
must be chosen to suit the specific requirements (Ebrahim, 2007). Physical land evaluation
deals with the physical ecological aspects of land, and is used within a general socio-
economic context (Masahreh et al., 2000). This approach identifies and compares potential
land use alternatives, and therefore follows from the recognition of the need for some

changes in the use of land (FAO, 2006).

Integral land evaluation is a combination of physical land evaluation and socio-economic
analysis (Beek ef al., 1998). It addresses the critical importance of land for specific uses in
order to meet basic social goals such as economically acceptable production levels and the

need for goods and services (Masahreh et al., 2000).

Qualitative land evaluation deals with the evaluation of land capability for alternative
purposes that are expressed as highly, moderately or marginally capable or not capable for a
particular use (Dent and Young, 1981) without specific estimation of inputs and outputs such

as production costs, yields and profits (FAO, 2006).

C titative land evaluation disti iishes between capability classes that are based on
common numerical terms, which allow objective comparisons between classes that relate to

different kinds of land use (Ebrahim, 2007). It can also be categorised into physical and
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economic evaluations accordii  to whether results are expressed in y ds or in economic

terms (FAQO, 1985).

The degree of quantification in which the capability criteria are expressed depends on the
purpose and detail of land evaluation (Ebrahim, 2007). In this research, quantitative

evaluation using the USDA’s land capability classification system is used.

3.6.1 The USDA system of land capability classification

Before the adoption of the Framework for Land Evaluation formed by the FAO in 1976, the
land capability technique developed by the U. S. Department of Agriculture (USDA) founded
land evaluation activities, and this is still the main technique adopted globally, either directly
or in modified methods (Hanson et al., 2001; FAO, 2007). The latest version of the National
Soil Survey Handbook (NSSH) was restructured in 2009 by the USDA. In the NSSH, land
potential is evaluated based on soil properties using soil potential ratings related with other

resource data, as a basis for making land use decisions (USDA, 2010).

The soil potential ratings help users to make informed decision regarding the capability of
soils for a specific use as compared with other soil types in an area. They often focus on yield
or performance aspects, the comparative cost of using modern technology to reduce the
impacts of any soil limitations, and the adverse impacts of continuing restrictions, on

socioeconomic or environmental values (USDA, 2010).
Definition of soil potential rating (USDA, 2010; Tin, 2011), includes five classes:

a) Very high potential: production/performance is at or above local standards because
soil conditions are exceptionally favourable, installation or management costs are
low;

b) High potential: production/performance is at or above the level of locally established
standards, the cost of measures to overcome soil limitations are judged locally to be
favourable in relation to the expected performance or yields, and soil limitations that
continue after corrective measures are installed do not detract appreciably from
environmental quality or economic returns;

¢) M um potern * ": production/perforn is s vhat below ly  ablished

standards, the costs of measures to overcome soil limitations are high, or soil
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limitations that continue after corrective measures are installed detract from
environmental quality or economic returns;

d) Low potential: production/performance is significantly below local standards,
measures that are required to overcome soil limitations are very costly, or soil
limitations that continue after corrective measures are installed, detract appreciably
from environmental quality or economic returns, and

e) Very low potential: production/performance is much below locally established
standards, severe soil limitations exist for which economically feasible measures are
unavailable, or soil limitations that continue after corrective measures are installed

seriously detract from environmental quality or economic returns.

The USDA method measures primary land potential through consideration of physical
parameters such as soil depth, soil structure, soil texture, landform, altitude, rainfall,
temperature and growing season. The technique utilises the parametric approach to land
classification, which gathers specific physical parameters independently and then combines
them to form land capability classes (Land Capability Classification-LCC) (Hanson et al.,
2001).

Land capability classification for agriculture shows the vulnerability to soil and water
erosion, water logging, land degradation etc. These hazards limit the use of land for particular
purposes only, according to specific USDA guidelines for land capability classification
(Panhalkar, 2011). Land capability classes reflect degrees of capability. The system contains
classes of land in sequence of decreasing degrees of capability within the order from I to

VIII, as follows (FAO, 2007):

a) Class I land has slight limitations that restrict their use. They are capable of most rural
land uses and land management practices, and the few minor limitations can be very
readily managed. They may be used for a wide variety of agricultural uses that
involve regular cultivation, including vegetable and fruit production, grain and oilseed
crops, and fodder and forage crops in specific areas. No special land management
practices to control water and wind erosion are required. Some land management

practices that will preserve soil structure and chemical fertility are required.

b) <.ass II land has moderate limitations and short, gradual slopes (1-3%, less an ! |
m in length). This gently sloping land is capable of a wide variety of agrict  ral* s

that involve cultivation, such as vegetable and h«  cultural production. This land can
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be subject to sheet, rill and gully erosion as well as wind erosion and soil structure
decline. However, these limitations can be controlled by land management practices
that are readily available and easily implemented, such as conservation tillage and

conservation farming practices.

Class III land has limitations that must be managed to prevent soil and land
degradation. However, the limitations can be overcome by a range of widely
available and readily implemented land management practices. Included are sloping
lands (3—-10%) with slopes longer than 500 m that will require earthworks to control
runoff and erosion if used for regular cultivation. Land includes sloping land that is
capable of sustaining cultivation on a rotational basis. This land can be readily used

for a range of crops including cereals and oilseeds.

Class IV land has moderate to severe limitations for some land uses that need to be
consciously managed to prevent soil and land degradation. The limitations can be
overcome by specialised management practices with high levels of knowledge and
expertise. The land can be cultivated occasionally for sowing of pastures and crops,
but has a high potential as grazing land. Essential cropping practices include retaining
stubble, reducing tillage and sowing with minimum disturbance. Minor drainage
depressions with low flows are included in this class. Windbreaks and ground cover

should be retained in areas prone to wind erosion.

Class V land has severe limitations for high impact land management uses such as
cropping. There are few management practices generally available to overcome these
limitations. However, highly specialised land management practices can overcome
some limitations for high value crops or products. This land is generally more capable
for grazing with some limitations or very occasional cultivation for pasture

establishment.

Class VI land has very severe limitations for a wide range of land uses and few

management practices are available to overcome these limitations. Land generally is

capable only for grazing with limitations and is not capable for cultivation. Land

includes steeply sloping lands (20-33% slope) that can erode severely even without
1t t owilll ik e wi LW, ti

exposed. . .her limitations can include shallow soils (less than 50 cm deep), stoniness
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and rock outcrop. Rotational grazing systems with adequate recovery time for plant

regrowth are essential.

g) Class VII land has extremely severe limitations for most land uses. It is incapable for
any type of cropping or grazing because of its limitations. Use of this land for these
purposes will result in severe erosion and degradation. It may be too steep, rocky,
swampy or fragile for grazing. The land may be capable for commercial timber
plantations or for native timber on undeveloped land. Soil erosion control is difficult
because of site limitations. Fertility varies with geology, soil depth and type. These

limitations prevent most land uses.

h) Class VIII land has limitations that preclude their use for commercial plant production
and limit their use to recreation, wildlife, or water supply or for aesthetic purposes.
Land includes precipitous slopes (>50% slope) and cliffs, areas with a large
proportion of rock outcrop (>70% area), or areas subject to regular inundation and

waterlogging (swamps, lakes, lagoons, stream beds and banks).

The first four classes are appropriate for agricultural practices in which the constraint on their
usage and requirements of management methods necessitates a cautious administration rise
from I to IV. The last four classes, V to VIII, cannot be used for cultivation, but can be used

for fallow, range, woodland, foraging and wildlife purposes.

Capability subclasses are soil groups within one class. They are designated by adding a small
letter, e, w, s, or ¢, to the class numeral, for example, 2e (USDA, 1961). The letter e shows
that the main hazard is the risk of erosion unless close-growing plant cover is
maintained; w shows that water in or on the soil interferes with plant growth or cultivation (in
some soils the wetness can be partly corrected by artificial drainage); s shows that the soil is
limited mainly because it is shallow, droughty, or stony; and ¢, used in only some parts of the
United States, shows that the chief limitation is climate that is very cold or very dry (USDA,
1961).

Capability units are soil groups within a subclass. The soils in a capability unit are enough
alike to be suited to the same crops and pasture plants, to require similar management, and to

| e similar productiv _ \, 1¢ ).
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Table 3.1 Structure of land capability orders and classes (FAO, 1985)

Order Class Description
C1 (Highly capable) Land having no, or insignificant limitations
Capable .
to the given type of use
©
Land having minor limitations to the given
C2 (Moderately capable) type of use
Land having moderate limitations to the
C3 (Marginally capable) given type of use
N1 (Currently not capable) Land having severe limitations that
Not-
preclude the given type of use, but can be
capable . .
improved by specific management
™)

N2 Permanently not Land with so severe limitations which are

capable) very difficult to overcome

Further categories namely orders and classes are recognised in land capability evaluation.
Land capability orders specify whether land is evaluated as capable or not capable for use. A
Land capability order is generally symbolised in maps by the symbols C and N respectively.
Within orders, there are land capability classes. Table 3.1 presents land capability orders and

classes.

Capability units are soil groups within a subclass. The soils in a capability unit are likely to
be suited to the same crops and pasture plants, to require similar management, and to have

similar productivity (USDA, 1961).

3.6.2 The FAO method for land evaluation

An  er studies indicate that there are |  tationsto the UT™ X" dcapat " "'ya oach.
Tl studies done by Hanson et al., 2001; Moss, 1985; Rowe, 1981 and Bouma et al., 1993,
all provide similar criticisms of the method: they highlight biased assumptions about suitable

land utilisation strategies (such as undertaking permanent annual cropping on high potential
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land); inadequate identification of permanent and temporary land use constraints; and the

qualitative and often unverifiable nature of data processing methods (Tin, 2011).

The Framework for Land Evaluation was a pioneering document on land evaluation as it not
only addressed the USDA limitations but the Framework set out principles and procedures of
land evaluation. The basic principles that are fundamental to the approach and methods

employed in land evaluation are based on FAO (1976) and are as follows:

a) Land capability is assessed and classified with respect to specified kinds of use.
This principle embodies recognition of the fact that different kinds of land use have
different requirements. Thus the land itself and the land use are equally fundamental to

land capability evaluation.

b) Evaluation requires a comparison of the benefits obtained and the inputs needed on
different types of land. Land in itself, without input, rarely if ever possesses productive
potential. Capability for each use is assessed by comparing the required input, such as

labour and fertilizers, with the goods produced or other benefits obtained.

¢) A multidisciplinary approach is required. The evaluation process requires
contributions from the fields of natural science, the technology of land use, economics
and sociology. In particular, capability evaluation always incorporates economic

considerations to a greater or lesser extent.

d) Evaluation is made in terms relevant to the physical economic and social context of
the area concerned. Such factors as the regional climate, standard of living of the
population, availability and cost of labour, need for employment, the local or export
markets, systems of land tenure which are socially and politically acceptable, and

availability of capital, form the context within which evaluation takes place.

e) Capability refers to use on a sustained basis. The risk of environmental degradation is
taken into account when assessing capability. What is required is that for any proposed
form of land use, the probable consequences for the environment should be assessed as
accurately as possible and such evaluations taken into consideration in determining

capability.
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f) Evaluation involves comparison- of more than a single kind of use. This comparison
could be, for example, between agriculture and forestry, between two or more different
farming systems, or between individual crops. Often it will include comparing the
existing uses with possible changes, either to new kinds of use or modifications to the

existing uses.

The FAO method utilises ecological parameters and is focused on providing levels of
capability for predefined land use types based on complex land characteristics in terms of
land qualities, such as water availability, nutrient availability, oxygen availability, rooting
conditions and erosion hazard (FAO, 2007). Using the FAO framework to classify land on
the basis of capability for crop cultivation, Halder (2013) ranked classes in order to assess
land capability for crop cultivation by using remote sensing and GIS in West Bengal, India.
The classification scheme of land capability and their rating values had been adopted from
proposed classification system of FAO, and the results indicated that only 12.71% of
agricultural land was highly suitable for rice cultivation and 7.78% of agricultural land as
highly suitable for wheat cultivation in the study area. Messing et al. (2003) also utilised
FAO to develop criteria for land capability evaluation in a small catchment on the Loess
Plateau in China. The study incorporated land users, land evaluation and soil erosion
modelling into a united system to identify an approach for land use planning. The results of
the study showed that biophysical factors can be integrated with socio-economic factors using
a participatory method and soil erosion modelling to create settings for a more sustainable use

of the land.

For more than 25 years, the FAO method has been used in many countries. In South Africa,
many land classification studies have been conducted in Kwa-Zulu Natal (KZN), and these
were mostly ecological and agro-ecological classification. Pentz (1945) classified KZN into
three farming districts abased on their similarity in soil, climate, vegetation, topography,
crop, pasture, livestock and timber potential suitability for each farming region that was
based on the requirements of each land utilization type. Guy and Smith (1995) undertook a
land potential classification for KZN using a combination of soil and climatic land capability
classifications. Their land potential classification, classified KZN into eight climate potential
I t "l ],

APAN measurements, average mean annual rainfall and the mean June, September and



annual temperatures as indices to provide a good indication of the climatic agricultural

potential and limitations.

Today, most land evaluators favour combining advanced features of the USDA LCC and the
FAO, and offer alterations (where appropriate) associated with support tools to make a
flexible method for land evaluation appropriate for different specific sites worldwide (Tin,
2011; FAO, 2007; Hossain et al., 2007; Corona et al., 2008; Hossain et al., 2010). A case of
this flexible arrangement is the evaluation of the land capability for different crops related
with the generation of cropping patterns using quantitative land evaluation procedures. This
study combines the USDA LCC and FAO Land Evaluation Procedure for land capability

evaluation.

3.7 ..1e procedure of land capability evaluation

The methodology developed by FAO in 1976 presented two critical approaches. The two key
approaches in land capability evaluation are: for any given land, what kinds of land use are
possible; and for any specific kind of land use, which areas of the land are capable (FAO,

1976). The procedure consists of six basic steps adopted by the FAO. These are:

3.7.1 Defining the alternative land uses: land use types or farming systems

A land unit was defined by the FAO in 1976 as an area of land, possessing specified land
qualities and land characteristics, which can be demarcated on a map. The FAO (2007)
recognizes two levels of detail at which land use is defined. This is called a land utilisation

type, and is a kind of land use defined in more detail as a farming system.

According to FAO (1985), land use types (LUTs), or farming systems, comprise of the

following:
a) Single LUT: only one kind of use undertaken on an area of land (e.g. irrigated maize).

b) Multiple LUT: consists of more than one kind of use simultaneously undertaken on the
same area of land, each use having its own inputs, requirements and produce. An example is

a timber plantation used simultaneously as a recreational area

¢) Compound LUT: consists of more than one kind of use under * en on areas of land which

for purposes of evaluation are treated as a single unit. The different kinds of use may occur in
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time sequence (e.g. as in crop rotation) or simultaneously on different areas of land within the

same organizational unit.

The final result of this step is to find favourable LUTs based on specific purposes and

objectives of the land evaluation in a particular area and objectives of the study.

3.7.2 Defining land use requirements

Land use requirements are described by the land qualities needed for sustained production,
and land quality is a complex attribute of land that has a direct effect on land use (Tin, 2011).
Most land qualities are determined by the interaction of several land characteristics —

measurable attributes of the land (FAO, 1993).

This step determines the land properties needed for land quality, such as physical and
chemical soil properties, seeds and labour for each LUT. The land properties are then
classified as a range of capabilities with relevant indices corresponding to the performance of

each LUT (Beek et al., 1998).

3.7.3 Describing land mapping units

Land units are identified and form the basis for the diagnosis of problems. In this step, a
survey is conducted to map land units and to describe their characteristics — e.g. climate,

slope and soils — relevant to requirements of each land use type (FAO, 1993).

3.7.4 Matching land use requirements and land conditions

This step compares the requirements of each land use type and the land qualities of each land
unit. The comparison is done by examining the measured values of each land quality against
the class limits, and assigning each land unit to its land capability class based on the most

severe limitation.

3.7.5 Presenting the results of land capability evaluation

The results of land capability evaluation are presented and the main outputs are land
capability maps. The maps display the capability of each land unit for each land-use type, and
descriptions of these land-use types, including required techniques or nag :nt for land

orovement , ./est anc . urner, _J14).
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3.7.6 The notable points in land capability evaluation

While land is immovable and — in many ways — unchangeable asset, money, workforce,
organisational skills are moveable and can be used to improve the land capability (FAO,
1993). The land conditions that are appropriate for crop growth and LUTs differ in different
areas, and different farming systems, irrigation methods and man. ment systems have
differing requirements, and therefore the specification of land capability classes in terms of a

few universally applicable land characteristics is not a sound approach (FAO, 1985).
Hence, the following key points in land evaluation exist in most studies:

a) Land uses and LUTs differ from area to area and thus their definitions and levels of detail
do not have an identical framework. The acceptance of a suitable framework is contingent on

the goals, development strategies, and locally specific conditions of the area.

b) When developing class specifications it is more appropriate to specify the land capability
classes in terms of land use requirements and limitations rather than directly in terms of land

characteristics (FAO, 1985).

¢) The linkage between land use requirements and land qualities is important in land
evaluation. Thus the matching process, associations, connections and the importance of these
land qualities, considerably impact on the improvement of class-determining criteria (FAO,
1985). In cases where one limitation is enough to render the land incapable for the use, the
most severe limitation method is valid, and for less severe limitations, alternative methods of

combining ratings can be used (Tin, 2011).

d) Linking land use to land capability comprises a larger procedure than the simple evaluation
of land use requirements with the land qualities. If the initial comparison shows certain land
units cannot support a given land use, the specification of the land-use type can be
reconsidered and the capability of those land units can be raised (Tin, 2011). Land cannot be
graded from "best" to "worst" independently of the kind of use and management practice, as

each kind of use has special requirements (FAO, 1993).

1q it : the : [ o
another. A new LUT could be introduced, or solutions for land improvement introduced, in

order to achieve a higher overall land capability (FAO, 1993).
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3.8 Basic soil properties

The theory of soil quality considers the evaluation of soil properties and development in
terms of the capability of soil to function efficiently as an element of a healthy ecosystem.
The concept of soil resource management for supporting the productivity of crop systems is
necessary to guarantee sustainable agriculture practices and environmental protection.
Measuring soil quality, if properly characterised, should serve as an indicator of the soil’s
capacity to produce safe and nutritious food, enhance human and animal health, and

overcome degradative processes (Papendick and Parr, 1992).

3.8.1 Chemical properties as indicators of soil quality

Papendick and Parr (1992) and Schoenholtz et al. (2000), suggested pH, salinity, cation
exchange capacities (CEC) and organic matter to be included as first order soil quality
indicators. Soil organic matter (SOM) is generally acknowledged as one of the vital chemical
parameters of soil quality, yet quantitative evaluation of its contribution to soil quality is
often lacking (Kay and Grant, 1996). SOM has a role in aggregate stability and influences
soil porosity, and thus gas exchange reactions and water relations. It is a critical factor in the
carbon cycle and a repository of nutrients, and through its influence on many fundamental
biological and chemical processes it plays a pivotal role in nutrient release and availability

(Schoenholtz et al., 2000)

Several chemical reactions that impact nutrient availability such as chemical form and
adsorption are influenced by soil chemical environment and soil pH in particular. Therefore,
pH is included as a key chemical indicator, particularly since it is normally included in soil
surveys as it is easily and accurately measured. Soil pH refers to a soil’s acidity or alkalinity
and is the measure of hydrogen ions (H+) in the soil (Ali, 2010). A high amount of H+
corresponds to a low pH value and vice versa. The pH scale ranges from 0 to 14 with 7 being
neutral, below 7 acidic, and above 7 alkaline (basic). The pH of a soil is dependent on the
parent material, the climate, the native vegetation, the cropping history (for agricultural soils)

and the fertilizer or liming practices (Ali, 2010).

Cation exchange capacity (CEC) is the ability of the soil to hold onto nutrients and prevent
t fr c s vondtl r h  _m y 1 _ capac , asoil
has, the more likely the soil will have a higher fertility level (Ali, 2010). When combined

with other measures of soil fertility, CEC is a good indicator of soil quality and productivity.

39 |F=z=



The cation exchange capacity of a soil is simply a measure of the quantity of sites on soil-
particle surfaces that can retain positively charged ions by electrostatic forces. Cations
retaining electrostatically are easily exchangeable with other cations in the soil solution and
are thus readily available for plant uptake (Ali, 2010). Thus, CEC is important for
maintaining adequate quantities of plant-available calcium, magnesium and potassium in
soils. Other cations include Aluminium (when pH< 5.5) and Sodium. Cation Exchange

Capacity can be expressed in two ways:

a) The number of cation adsorption sites per unit weight of soil or,

b) The sum total of exchangeable cations that a soil can adsorb (Ali, 2010).

Soil CEC is normally expressed in units of charge per weight of soil. Two different, but
numerically equivalent, sets of units are used: meq/100 g (milliequivalents of element per 100
g of dry soil) or cmolc/kg (centimoles of charge per kilogram of dry soil). Normal CEC
ranges in soils would be from < 1 meq/100 g, for sandy soils low in OM, to >25 meq/100 g
for soils high in certain types of clay or OM (Ali, 2010). Soil organic matter will develop a
greater CEC at near-neutral pH than under acidic conditions. Additions of an organic material

will likely increase a soil's CEC. Soil CEC may also decrease with time through acidification

and OM decomposition (Ali, 2010).

3.8.2 Physical properties as indicators of soil quality

Figure 3.2: Soil texture triangle (Source: Brady, 1990)
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Productive soils have attributes that (1) promote root growth; (2) accept, hold, and supply
water; (3) hold, supply, and cycle mineral nutrients; (4) promote optimum gas exchange; (5)
promote biological activity; and (6) accept, hold, and release carbon (Burger and Kelting,

1999). All of these attributes are a function of soil physical properties and processes.

Simple soil quality indicator like soil texture is valuable for linking soil quality among soil
types and within a soil type before and after some management practice has been imposed
(Schoenholtz et al., 2000). Soil texture is the most essential qualitative soil physical property,
governing water, nutrient, and oxygen exchange, retention, and uptake. It is a chief soil
property that encourages most other properties and processes. The soil particles have the
following size ranges, sand = <2 to 0.05 mm, silt = 0.05 to 0.002 mm, clay = <0.002 mm and
for all mineral soils, the proportion of sand, silt, and clay always adds up to 100 percent
(Schoenholtz et al., 2000). These percentages are grouped into soil texture “classes”, which

have been organised into a “textural triangle” (Figure 3.2).

Indicators of water infiltration, retention, availability, drainage, and water/air balance are
generally significant for all soil purposes. Available water holding capacity and saturated
hydraulic conductivity are the two measures most frequently found in minimum data sets of
soil quality indicators (Schoenholtz et al., 2000). Existing water holding capacity measures
the relative capacity of a soil to supply water, and saturated hydraulic conductivity is an

indicator of the rate of soil drainage that can be used to judge water/air balance in soils.
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Figure 3.3: Soil structure (Source: Brady, 1990)

Soil structure refers to the size and shape of soil aggregates held together by organic matter

and other chemical precipitates. Like soil texture, it influences a myriad of soil physical,
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chemical and biological properties Aggregate stability describes the ability of the soil to
retain its arrangement of solid and void space when exposed to different stresses (Kay, 1990).
Stability characteristics are generally specific for a structural form and the type of stress
being applied. A measure of aggregate stability could serve as a surrogate for soil structure,

which is critical for development of root systems (Kay and Grant, 1996).

3.9 Identification of decisive factors

A variety of factors are considered in land capability evaluation like soil properties, landform
and climate. There are however some factors that are more dominant than others for
particular crops. According to FAO (2006) guidelines for land capability evaluation,
classification of capable land considers land characters in relation to crop requirements. The
pe{rameter method is used to classify the land for agricultural production. This is a method
that considers ranking or grading through adding points and multiplying by percentage. This
method allows the process of ranking land capability to easily identify the dominant factors.
The dominant factors are significant and fixed factors in the land such as soil type and soil
depth, while ordinary factors are soil fertility and soil texture. According to FAO (1985) and
Baniya (2008), it is necessary to classify the dominant factors in the process of ranking land
capability and these are called as class-determining factors (criteria). The criteria allow the

land capability results to be characterised as classes from high to low capability.
Classifying criteria (FAO, 1985; Baniya, 2008):

a) If a dominant factor has the highest limitation level, the capability is ranked in
accordance with that level. For example: if a dominant factor is at C3 and the other
factors are at C2 and C1, then the capability level is ranked C3.

b) If an ordinary factor has the highest limitation level while the other factors (dominant
and ordinary) are at lower ones, the capability is ranked one level higher. For
example: if an ordinary factor is at C3 and the other factors are at C2 and Cl1, then the
capability level is ranked C2.

¢) If two ordinary factors are at C3 whereas all dominant factors are at C1 and C2, the
capability level is ranked C2, or from N to C3, and from C2 to C1.

i t 1 ,

the same.
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Through literature survey (compiled by South Africa Department of Agriculture) and field
work, the study has recognised a list of land and climatic factors which are then categorised
as the dominant and ordinary factors using the classifying criteria (FAO (1985); Baniya,
2008). Relationship with crop type and degree of influence is an important consideration for

the categorisation into dominant and ordinary factors.

Table 3.2: Category of dominant and ordinary factors for crops in the study sites

Characteristics
Land quality/characteristics Unit Dominant Ordinary
WEATHER CHARACTERISTICS
1. Temperature °C _
2. Rainfall mm _
LAND CHARACTERISTICS
1. Soil type _
2. Soil depth cm B
SOIL CHARACTERISTICS

1. Soil texture

3. Soil reaction {pH)

4. Organic Matter (OM) %

Most of the land and climatic factors presented in Table 3.2 are rated as dominant factors.
Different climatic features such as temperature, precipitation and sunshine hours are
characterised as dominant. Similarly soil type and depth are also classified as dominant
factors while land aspect is not included in the ratings as this can affect climatic factors such

as temperature and sunshine durations.

Most of the land factors are rated as dominant factors, such as land use/type, soil type and
l1d_ h ~ au t ha sub: ial it | ate ely id
providing sustainable land capability. The general flat characteristics of North West Province

mean slope is an ordinary factor. Pedological factors such as soil texture and pH also carry
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more weight in land capability classification while other factors such as organic carbon and
fertility are weighted less as they can be enhanced during the cultivation. Kalogirou (2002)
suggested that the improvement of the physical evaluation by involving climate
characteristics and the development of a complete economic evaluation brings valuable
results. The dominant and ordinary factors are ranked on the basis of agronomical

requirements of the selected crops using FAO (2006) guidelines.

Most crops are seasonal as the North West Province is a summer rainfall area with hot
summers and cold winters with frost in some parts. There are some factors (such as soil type,
temperature, etc.) that limit best growth condition and improvement of the crop. These factors
reduce the production potential and are thus known as the limiting factors. Existence of one
or more of these limiting factors can affect the capability rating of the land. For crop
cultivation practices, on the basis of presence of limiting factors, physical land capability has
popularly been identified as (a) current physical land capability, and (b) potential land
capability (Sayed, 2012).

In the case of current land capability, the existing condition is considered i.e. the type of land,
prevalence of soil characteristics, diversity of crop used and ways of land preparations are
prevailing act to effect limiting factors and all of these have marked effects on the
physiological functioning of the crop (Baniya, 2008). Capability classification of the land
mapping unit with the current condition of physical factors for potential crop is known as

current physical land capability.

The current land capability evaluation is very important as it allows land users to identify the
current limitations of the land area for a given land utilisation. It provides an opportunity to
take necessary steps for the further improvement and attaining higher level of capability in
potential capability evaluation (Alebachew, 2012). The features from soil, land and climate
are the main factors of capability evaluation and are rated into high, medium and low value
for a crop while the agronomical requirements are rated on into highly capable, medium

capable, low capable and non-capable.

3.10 Remote sensing and GIS for land capability evaluation

3.10.1 GIS Application for land capability evaluation

Geographical Information Systems (GIS) includes numerous mechanisms, beginning with the

assimilation of geographical data from remote sensing sources or maps which are then
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transformed into a computer-readable form. This data can be manipulated and various data
subjects such as land cover and soil types can be overlaid for analytical processes.
Agricultural capability mapping encompasses categorising land use patterns and evaluating
whether the existing use is the most practical both economically and environmentally. The
GIS required to support such research has to integrate high functionality and a capability to
work efficiently with both raster and vector data arrangements. Tabular information from
various sources such as census and agricultural statistics, raster image data and vectorised
output field data all add supplementary features to the overall study. Crop modelling,
including soil/water requirement and geostatistical analysis, is critical at this stage to identify
and make sense of complicated spatial relationships and, ultimately, substantiate trends and
theories (Baniya, 2008). Merging GIS and Multi Criteria Decision Analysis (MCDA) on a

computer is also the dominant tool for land capability valuations.

The strength of GIS lies in its ability to integrate different types of data into a common spatial
platform. This information should present both opportunities and constraints for the decision
maker (Ghafari ef al., 2000). Some limitations to the use of GIS technology are as follows
(FAO, 2001):

a) “The inadequate analysis of real-life problems as they occur in complex land
management and sustainability issues at the household level, and as they involve the
integration of biophysical, socio-economic and political considerations in a truly
holistic manner;

b) The limitation in data availability and data quality at all scales, especially those that
require substantial ground truthing (process of verifying a satellite image with what
appears on the on the ground);

c) The lack of common data exchange formats and protocol;

d) The inadequate communication means between computer systems, data suppliers and

users due, for instance, to poor local telephone networks.”

GIS helps link a digital map with a database where features on the map are linked to records

in the database, comprising many characteristics and values and serving as a storehouse of

—<cisions on land use for crop production depend on many spatially linked features (such as
microclimate and vegetation) and location-specific characteristics (such as land areas and the

prices of inputs and outputs), combined with production technologies that relate inputs and
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outputs. In the progression of land capability evaluation, it can be said that components of
land unit, inquiries on land use for each agricultural crop are input data of this process; spatial
allocation, boundary, area and scale of each capability level for each crop are output data of

land evaluation process (Baniya, 2008).

The construction of a GIS is a chain of procedures that leads us from planning data
observation and collection, to their storage and analysis, to the use of the derived information
in some decision making process (Chuong, 2007). The integration of multi-criteria evaluation
method with GIS has considerably advanced the conventional map overlay approaches to
land-use capability analysis (Eastman, 1997). GIS-based multi-criteria evaluation can be
thought of as a process that combines and transforms spatial data (input) into a resultant

decision (output) (Malczewski, 2004).

3.10.2 Mapping land qualities using remote sensing

Over the last three decades, remote sensing has been found extremely useful for assessing
soil characteristics (Zribi et al., 2011). Diverse methods have been used for the evaluation of
soil factors, built on various remote sensing sensors and practices (passive and active). For

passive remote sensing, four principal types of sensors can be considered (Zribi et al., 2011).
These are:

a)  Optical remote sensing with a limited number of bands (e.g., SPOT, ASTER,
LANDSAT etc.) particularly adapted for ve_ ation cover description and land use
analysis.

b)  Optical remote sensing based on hyperspectral sensors, particularly adapted for soil
texture description.

c) Optical remote sensing with thermal infrared band, adapted for soil temperature
estimation.

d)  Passive microwave remote sensing adapted to soil moisture and vegetation estimation.

A variety of sensors have been launched in recent years to allow the use of various methods

for recovering surface factors. For example, Pasolli et al. (2011) proposed a technique for
u 1t it dt ir

of ancillary data, using active remote sensing (RADARSAT 2 data), while Liu et al. (2( 1),

investigated the impact of soil moisture on gross primary production (GPP), chlorophyll
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content, and canopy water content represented by remotely sensed vegetation indices (VIs) in

an open grassland and an Oak Savannah in California.

Using Landsat Enhanced Thematic Mapper (ETM) and GIS for soil mapping and capability
evaluation, Ali and Kotb (2010) evaluated the soils adjacent to El-Manzala Lake east of the
Nile Delta, Egypt. The landform units in the study were delineated from high spatial
resolution images of Landsat ETM+ enhanced through the data merge process, performed
using multi-spectral bands (28.50 m) as a low spatial resolution with panchromatic band 8 of
ETM+ satellite image as a high spatial resolution (14.25 m) resulting in multi-spectral data
with high spatial resolution (14.25 m). The Landsat ETM+ and Digital Elevation Model
(DEM) from the Shuttle Radar Topographic Mission (SRTM) image were grouped and
processed in ERDAS Imagine software to extract the different landforms of the studied area
to obtain a geomorphologic map. A soil survey was done in the study area to get more
detailed information of the soil patterns. The data obtained were imported in a GIS database;
the digital geomorphologic map was used as base map in the database. The data obtained
from the thematic layers indicated that the main limiting factors in the studied area were soil
depth, drainage conditions, soil salinity, soil texture, alkalinity and calcium carbonate

content.

In the north-western coast of Egypt, Mahmoud et al. (2009) used SPOT imagery and soil data
in combination with GIS tools for sustainable land use analysis (SLU). The SLU was
established based on various factors such as land capability, water resource availability,
economic return from water and financial return from land and water. Laboratory analysis for
soil samples and soil properties were stored as attributes in a geographical soil database
linked with the soil mapping units. Results indicated that the area lacks high capability and

moderate capability classes.

3.10.3 Landform mapping

Remote sensing can provide options for extending current soil survey data sets. The data it
offers can be used in several ways. Firstly, it may help in segmenting the landscape internally
into more or less homogeneous soil-landscape units for which soil composition can be

1.
Secondly, remotely sensed data can be analysed using physically based or empirical methods
to derive soil properties. Moreover, remotely sensed imagery can be used as a data source

supporting digital soil mapping (Ben-Dor et al., 2008; Slaymaker, 2001). Finally, remote
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sensing techniques assist mapping remote regions by reducing the need for laborious and
costly field surveys. Traditionally, landform mapping is done by visually interpreting aerial
photographs (Dent and Young, 1981). Now, with the advent of fast computers and digital
sources such as digital elevation models (DEMs) — typically acquired by remote sensing — it
can be done digitally. Typically, the surface is parameterised by attributes such as elevation,
slope, aspect, plan and profile curvature, and flow accumulation (Moore et al., 1993) to
obtain relief or surface topography units. These attributes quantify the role of topography in
redistributing water in the landscape and in modifying the amount of solar radiation received
at the surface, which may affect the pedogenesis and thereby the soil characteristics (Wilson

and Gallant, 2000).

The grouping of a DEM with spectral data can improve landform classification in difficult
landscapes. The combination of SRTM and Landsat Thematic Mapper+ (TM+) sources has
resulted in better classification of landform types which are dominated by slope processes
(Ehsani and Quiel, 2009; Martin and Franklin, 2005; Taramelli and Melelli, 2009). Other
satellites whose data have been used for landform recognition in combination with a DEM
include ASTER (Glasser et al., 2008; Saadat ef al., 2008; Schneevoigt et al., 2008) and
Satellite Pour I'Observation de la Terre (SPOT) (Hansen er al., 2009). These studies
established that spectral data improved classification because of improved distinction

between topographically related landforms.

The most widely used sources of DEM data are Light Detection and Ranging (LIDAR) and
SAR and stereo-correlation of images. Dependent on the sensor flight altitude, LIDAR allows
highly accurate and very densely sampled elevation points (Woolard and Colby, 2002).
Compared to typical LIDAR data sets, Shuttle Radar Topography Mission (SRTM) has much
poorer spatial resolution, but unlike the former, SRTM data is easily accessible and even
available for free (Farr, 2000). Recently, the ASTER Global Digital Elevation Map (GDEM),
created by stereo-correlation of ASTER imagery, has been made available for free to the
public. The ASTER GDEM has a spatial resolution of 30 m and has near global coverage
(METIERSDAC et al., 2009). ASTER is useful for an interpretation of the macro- and
meso-relief, and provides the opportunity for mapping especially at medium scales of

1: '] v ).

Schmidt and Hewitt (2004) used various satellite sensors (Landsat TM, NOAA AVHI  and

SPC  imagery) for sugarcane identification and mapping, monitoring harve g
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programmes, estimating crop production and monitoring crop condition for precision farming
in South Africa. The study found that remote sensing provides a powerful tool for integrating
information about a target land use. SPOT imagery was used to monitor areas harvested
between satellite scenes in a target area dominated by small scale farmers, while Landsat TM
was shown to be useful for sugarcane identification and mapping on a broad regional scale.
Landsat TM image were geo-referenced and classified into land use classes, and training
areas of known land use were used to identify the spectral signatures corresponding to each
land use. A farm boundary map was overlaid on the classified image in the GIS system.
Statistical analyses were performed to compare the area under sugarcane, estimated from the
classified satellite image, with the database of known area under sugarcane for each farm.
Across the 46 farms studied, the study found that the sugarcane area estimates derived from

the satellite image were within 5% of the total area recorded by growers.

3.10.4 Vegetation patterns and indices

The digital numbers (DNs) recorded in a raw image are not an accurate measure of change
over time, because they are a function not only of surface conditions but also of the diurnally
variable atmospheric conditions, the seasonally variable Earth—Sun distance, the solar zenith

angle (67), 8y, and the sensor calibration (Clark et al., 2010). It is thus essential to calibrate

the pixel values before any analysis is done on them and this process is also needed before
any assessment of pixel spectrum between several images from the same sensor. Sensor

calibration can be achieved utilizing the supplied gain and offset coefficients to convert DN
to top-of atmosphere at-satellite radiance (Lgar, in W*m™2*sr~1*um~1). It is then possible
to convert these radiances to at-satellite reflectance (pgsr), which normalizes for variations
due to the Earth—Sun distance and 8,. This then leaves the effect of the atmosphere and off-
nadir 6y to be accounted for. Removing the atmospheric effects allows for easier evaluation

of images over time, thus surface reflectance products are useful in change « ection and
monitoring applications. A variety of geospatial analyses work better with surface reflectance

products such as vegetation indexes, albedo, Leaf Area Index (LAI) and land cover change.

Vmmndntine indisnn AUTN 1--kg at the vegetation’s reflective dis ity in the - ir infrared

indices ¢ T n found to be linked to prevailing climate, ecosystem, terrain and ph- :al

soil properties (Singh et al., 2004). The Normalized Difference Vegetation Index |
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one of the most common indicators of crop growth characteristics and, indirectly, of specific
site qualities (Sommer et al., 2003; Sumfleth and Duttmann, 2008). Tucker (1979) introduced
NDVI and the Global Inventory Modelling and Mapping Studies (GIMMS) data set, the latter
of which provides a time series of NDVI data (Julien and Sobrino, 2009; Los et al., 1994).
Dobos et al. (2000) found that the use of spectral indices such as NDVI in combination with a
DEM often produced soil pattern delineations comparable to existing regional scale soil and

terrain data.

Prior to computation of NDVI values, Munyati and Mboweni (2013) converted the DN

values in bands 2 and 3 on the original 10 m-resolution SPOT HRG image to at-sensor

radiance (LA) values (expressed in W*m‘z*sr_l*um_l). The study examined NDVI values
for land cover types of savannah areas at Mafikeng, North West Province of South Africa.
Following radiometric calibration and geometric pre-processing, the 10m pixel size of the
image was aggregated to 250 m and 1000 m to simulate imagery at these pixel sizes, and then
NDVI images at the spatial resolution scales of 10 m (NDVI 10 m), 250 m (NDVI 250 m),
and 1000 m (NDVI 1000 m) derived from the respective images. The simulation of the NDVI
250 m image was validated against a concurrent 16 day MODIS NDVI composite
(MOD13Q1) image, and the accuracy derived from the validation was generalised to the
NDVI 1000 m image. The results indicated that vegetation monitoring using low spatial
resolution imagery in semi-arid savannah may only be indicative and needs to be
supplemented by higher spatial resolution imagery. The study demonstrated the importance
of high spatial resolution for vegetation mapping and showed the scales at which vegetation

can be studied, using SPOT imagery.

3.11 GIS, remote sensing and geostatistics as essential partners for spatial
analysis

Generating high precisions soil maps is essential in landscape ecology, rangeland
rehabilitation and management. Among various methods that have been used for mapping
soil features, geostatistics and remote sensing are more efficient and cost-effective (Hosseini,

2013). Geostatistics is a powerful method that considers spatial variance, location and

ysing a huge number of samples. Hence, the use of cost ti-  variables such as

elevation and satellite images is recommended as secondary data for soil mapping in large
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areas (Ell ry & Garcia, 2008). A num!  of authors (Hos ni, 2013; Isaak and Srivastava,
1989; Goovaerts, 1994) have poir | out that remote  1sing data is an ideal tool for mapping
soil properties with a reduced number of samples. GIS serves geostatistics by assisting in the
geo-registration of data, allowing spatial data analysis, offering a spatial context for
interpolation and modelling, and offering simple and functional tools for data display and
visualization. The value of ostatistics for ~ S lies in the provision of relii ¢ interpolation
methods with known errors, methods of upscaling and generalization, and for supplying
multiple realizations of spatial patterns that can be used in environmental m clling
(Burrough, 2001). The conclusion is that the connection between GIS, remote sensing and
geostatistics offers a great and complementary collection of tools for spatial analysis in the

agriculture and environmental sciences.

3.12 A comparative study of interpolation methods for mapping soil
properties

The quality, quantity and type of vegetation is usually affected by soil properties and since
soil mapping is a critical step in land capability evaluation, there is an increasing need to
measure and map soil properties in natural ecosystems. Soil properties can vary at markedly
different spatial scales within sites of interest, such as fields. The variation comprises that
over short distances of a few metres and over longer distances of tens or hundreds of metres.
For most environmental and agricultural management, it is variation over tens or hundreds of
metres that managers want to resolve, and we can regard the short-range variation as ‘noise’
or a sampling effect (Goovaerts, 1994). Many soil attributes have to be determined from
samples taken in the field, therefore there is a need to predict accurately at places where there
are no data. Geostatistics, which is based on the theory of regionalised variables (Goovaerts,
1994), is increasingly preferred because it allows one to capitalize on the spatial correlation

between neighbouring observations to predict attribute values at unsampled locations.

The interpolation techniques commonly used in agriculture include inverse distance
weighting and Kriging (Weisz et al., 1995). Kriging requires the preliminary modelling step
of a variance-distance relationship, while IDW does not require such a step and is very simple
and quick. Both methods estimate values at unsampled locations based on the measurements
from the surrounding locations with certain weights assigned to each of the measurements.
Inverse distance weighting is easier to implement, while Kriging is more time-consuming and

cumbersome; however, Kriging provides a more accurate description of the data spatial
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structure, and produces valuable information about estimation error distributions

(Kravchenko and Bullock, 1999).

The accuracy of these two procedures has been compared in a number of studies. Tabios and
Salas (1985) compared Kriging with several other interpolation techniques, including IDW,
for annual precipitation distributions, and found Kriging to be superior to IDW. In some
cases, the performance of Kriging was generally better than IDW (Kravchenko and Bullock,
1999; Kravchenko, 2003; Reinstorf et al., 2005). Warrick et al. (1998) also reported Kriging
to be better than inverse distance weighting for mapping potato yield and soil properties, such
as percent of sand, calcium content and infiltration rate. In other studies, IDW generally out-
performed Kriging (Weisz et al., 1995; Nalder and Wein, 1998). Gotway et al. (1996)
observed the best results in mapping soil organic matter contents and soil NOs™ levels for
several fields when IDW was used as an interpolation technique. Often, however, the results
have been mixed (Schloeder et al., 2001; Mueller et al., 2001; Lapen and Hayhoe, 2003).
Kriging performance can be significantly affected by variability and spatial structure of the
data (Leenares ef al., 1990) and by the choice of variogram model, search radius and the
number of the closest neighboring points used for estimation. As might be expected, the
performance of Kriging improved relative to IDW when spatial structure was known.
Comparing Kriging with inverse distance weighting revealed that Kriging with the optimal
number of neighbouring points, a carefully selected variogram model, and appropriate log-
transformation of the data produces more accurate estimations than the inverse distance

method for the majority of the data (Kravchenko and Bullock, 1999).

3.11.1 Kriging

Kriging is an optimal interpolation procedure which uses the description of soil variability
with distance as provided by the semivariogram to obtain estimates for the soil property at
non-sampled locations (Journel and Huijbregts, 1978). Kriging provides a sound basis for
prediction leading to accurate digital mapping for managing soil attributes (Goovaerts and
Kerry, 2010). This method is becoming an important tool in geostatistics because of the
availability of many covariates at high spatial resolution with the advancement in proximal
and remote-sensing with positioning technologies (Sun et al., 2012). The Kriging equations
guarantee the two main characteristics of un-biasedness and minimum errors in estimations.

To achieve the mentioned weights for this estimation, semivariogram models are required
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(Miller et al., 2007). A semivariogram is calculated for each soil prope¢ , as follows (Kerry

etal., 2010):

v

Y () =— VO () — 2 (g + )]

2N =1 (Equation 3.1)

where Z(x;) represents the measured value of the soil property at location x;, Y'(h) is the
semivariogram for a lag distance h between observations Z(x;) and Z(x; +h), and N(#) is the

number of data pairs separated by a lag distance equal to A.

To obtain reliable semivariograms, which are the main tools of geostatistics, a map of soil
properties initially requires about 100 sampling points, which is costly in developing
countries (Kerry and Oliver, 2003). However, to solve these budget limitations, some authors
have reported accurate prediction maps from sparsely sampled observations of a primary
attribute, for example rainfall erosivity (Goovaerts, 1994), rainfall distribution (Goovaerts,
2000), and evapotranspiration maps (Vanderlinden, 2001). These are complemented by the
digital elevation models as exhaustive secondary attributes are more densely sampled and

used with different interpolation techniques (Emadi et al., 2010).

Providing an approach for land capability evaluation, Emadi er al. (2010) used geostatistics,
remote sensing and GIS in arid and semiarid ecosystems. The primary data were obtained
from 85 soil samples collected from depths of 0 to 90 cm, and the secondary information was
acquired from the remotely sensed data from the linear imaging self-scanner (LISSIII)
receiver of the IRS-P6 satellite. Ordinary Kriging and simple Kriging with varying local
means (SKVLM) methods were used to identify the spatial dependency of important soil
parameters. [t was observed that using the data collected from the spectral values of band 1 of
the LISSIII receiver as the secondary variable applying the SKVLM method resulted in the
lowest mean square error for mapping the pH and electrical conductivity in the 0-30 cm
depth. On the other hand, the ordinary Kriging method resulted in a reliable accuracy for the
other soil properties with moderate to strong spatial dependency in the study area for
interpolation in the unsampled points. Overlaying the information layers of the data was used
with the GIS for preparing the final land capability evaluation. The study found that changes
in land characteristics could be ident....d in the same soil mapping units over a very short
distance. This approach was recommended for future studies when capability classifications

from different sources are compared.
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3.13 Summvary

Considering prior studies on land evaluation is necessary to provide a theoretical framework
for agricultural land capability evaluation, which is the main objective of the study. In this
chapter, the idea of land capability and the purposes of land evaluation were explained. The
chapter presented two original important systems for land evaluation — the FAO and USDA
methods. A theoretical framework for land evaluation and applicable land capability
evaluation developments, like the combination of qualitative and quantitative approaches,
incorporating scientific and local knowledge, and several disciplines of evaluation, have been

discussed.

This chapter, importantly, explained common required implementation methods,
classification systems, and synopses of earlier studies on land evaluation globally and in the
study area setting. Support tools for land evaluation like GIS and remote sensing were also
reviewed. The review discussed the importance of the agricultural sector to socio-economic
growth and human well-being, as it contributes to economic growth, jobs, food security, and

poverty reduction, especially in the rural areas of a developing country.
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Chapter Four

Materials and methods
4.1 Introduction

This chapter presents the required materials and methods used to acquire and analyse the
essential data from relevant sources. The methodological approach defines the strategy

implemented to answer the research questions.

4.2 Data sources

e The net return for each land use type figures are based on the Agricultural Statistics
2013/14. This report contains the detailed results on commercial and non-commercial
agriculture, undertaken in the Republic of South Africa.

e Soil inventory is based on the Soil and Terrain database (SOTER) for South Africa. It
was compiled from the SOTER database for Southern Africa (SOTERSAF, 1:2 M).

¢ Soil descriptions are according to the FAO guidelines while classifications are based
on the USDA system.

e The climatic data is obtained from the South African Weather Services (SAWS). The
data is based on major rainfall season for the study area which is from October to April
of the following year. The methodological approach used in this study is summarised

in Figure 4.1.

4.3 Remote sensing application
4.3.1 Selection of satellite images

SPOT 5 HRG images for the four study sites were obtained from the South African National
Space Agency (SANSA). The images have a spatial resolution of 10 m in bands 1 (green,
0.50-0.59 um), 2 (red, 0.61-0.68 pum), and 3 (near-infrared, 0.78-0.89 pum), and a spatial
resolution of 20 m in band 4 (mid-infrared, 1.58-1.75 um). An image covers an area sized
approximately 60 km x 60 km and images are taken in the rainy season. The rainy season is
chosen as natural vegetation is in prime leaf condition, which is ideal for computation of
representative NDVI values. Table 4.1 shows the detailed description of the four SPOT 5
HRG images that were obtained for use in the study.
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Table 4.1: Characteristics of satellite images

Acquisition Date Farm Row Column | Resolution
2013-03-04 Barberspan 128 403 10m
2013-03-15 Former Pienaars Nature Reserve 128 401 10m
2013-02-11 Antwerp 126 402 10m
2013-02-17 Rietfontein 129 402 10m

4.3.2 Image processing and NDVI computation

The SPOT 5 HRG images were obtained at a preprocessing level (Level 1A) at which
radiometric and geometric corrections are required. The SPOT 5 images underwent
radiometric correction by computing the reflectance at the Top of the Atmosphere (TOA) for
each image, in order to account for the variation in the relative positions between the sun, the

earth and the satellite (Updike and Comp, 2010).
DN _
Radiance (L) = v + B (Equation 4.1)

mLAd2
 Esun 1€0s 8

p (Equation 4.2)
Where p is the rel tance, LA is the spectral radiance at the sensor's serture (W m=2 sr~!
um~1), d is the date corrected earth—sun length, Esun) is the SPOT sensor- and band-specific
equivalent solar irradiance (SPOT 5 HRG 2 band 2: Esunk = 1575 W m~2 pm~1, SPOT 5
HRG 2 band 3: EsunA = 1047 W m~2 um~1), and 0 s is the solar zenith angle.
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Converting the Digital Numbers (DN) to Top of Atmosphere reflectance (p) is done using
Equation 1 and 2 (Clark et al., 2010). Radiance (LX) values (expressed as W m—2 sr—1pm—1)
were computed using Equation 4.1, with gain (G) and offset (B) values that are supplied in
the image metadata. Then reflectance (p) values were computed for the two bands using

Equation 4.2.

Geometric rectification of the imagery resamples the pixel grid; that is, it changes the pixel
grid to fit that of a map projection or another reference image. To conform the pixel and
remove any geometric distortions in the SPOT 5 imagery, the images were registered to a
UTM (Universal Transverse Mercator) map projection (zone 35 South, datum WGS84) using
a nearest neighbour resampling routine. The nearest neighbour resampling algorithm was
utilised as it does not alter the digital number (DN) values in the output image, in comparison
to resampling algorithms that utilise distance-weighted DN averages (Lillesand et al., 2014).
Based upon thirty-six ground control points collected from topographical map (1:50000) and
field work using a hand-held global positioning system (GPS) with an accuracy of 4 m, a sub-

pixel root mean square error was attained for each image.

NDVI (Normalized Difference Vegetation Index) was used to analyse the extent of

reflectance in the near infrared (NIR) and red portions of the electromagnetic spectrum.
NDVI = (NIR — Red) / (NIR + Red) (Equation 4.3)

NDVI indicates values from —1.0 (no vegetation) to +1.0 (abundant vegetation). NDVI was

computed using an in-built model within the ERDAS image processing software.

4.3.3 Subset of study area

In some cases, SPOT 5 HRG images are much larger than the study area. It is thus necessary
to decrease the area of the image and only retain the area of interest. The decrease of image
file is known as subsetting. It cuts out the preferred study area from the image scene into a

smaller more manageable file (ERDAS, 1999).

In order to subset the study area, vector files defining the boundary of the study areas with the
sar | rreferenced coordinates as the SPOT 5 HRG images (UTM zone .  South, datum
WGS84) was imported into ERDAS. The Land Redistribution for Agricultural Development
(LRAD) Department provided the vector files.
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appli ~ to each image to define land cover classes into five classes using the signatu  with

the best separability measure.

4.3.5 Post classification filtering

After classification, classified data usually has a salt-and-pepper appearance as a result of
inherent spectral instability faced by the classifier when utilised on a pixel-by-pixel basis
(Lillesand et al., 2014). Applying a majority filter helps to “smooth” the classified output and
only display the dominant classes. A majority filter involves a moving window passed
through the classified data set to determine the majority classes within the window (Lillesand
et al., 2014). If the centre pixel in the window is not the majority class, its identity is changed
to the majority class. If there is no majority class in the window, the identity of the centre
pixel is not changed (Lillesand et al., 2014). In this study, a 3*3 pixel majority filter was used

to clean the classified images to the generalisation.

4.3.6 Classification accuracy assessment

Errors usually arise after classification of images. This is due to numerous elements such as
the classification techniques used and methods of satellite data capture. Thus analysing the
classification results is a necessary step in the classification process. An error matrix was
used to evaluate the accuracy of an image classification and can also be used to refine the
classification (Lu and Weng, 2007). The error matrix works by relating two sources of
information: (i) pixels or polygons in a remote sensing-derived classification; and (ii) ground
reference test information (Jensen, 2006). ERDAS Imagine Accuracy Assessment tool was
used to conduct an accuracy assessment in this study. To assess the accuracy of each land-
cover classification, a set of reference points were generated to compare their classification in
the final thematic map. A total of 300 reference data points were generated for each year. The
ERDAS Imagine Accuracy Assessment tool was used to select stratified random reference
points; a minimum of fifty points were selected in each of the five land cover categories of
interest. More than 250 reference pixels are needed to estimate the mean accuracy of a class
to within plus or minus five percent (Congalton, 1991). Topographical map (1:50000) of
2014 and field work data using a hand-held global positioning system with an accuracy of 4
metres were used as a reference for the images. Visual interpretation of various features on

the topographical map was done based on the shade, shape, size and location of the features.
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Table 4.2: Error matrix for the classification of the Barberspan farm (2013-03-04)

REFERENCE DATA

wO \ C ! WA & B l Total | User accuracy (%)
WO 48 66.67
C 140 91.43
CLASSI;;‘[TC:TION WA 13 729
B 54 83.33
Total | 45 148 16 51 260
Producer accuracy (%) 71.11 | 86.49 | 81.25 | 88.24 Overall accuracy = 83.85%

Overall Kappa Statistics = 0.7380

Legend: WA-Water, C-Crop land, B-Bare land, WO-Woodland

Table 4.3: Error matrix for the classification of the former Pienaars Nature Reserve (2013-

03-15)
REFERENCE DATA
B ' WO | Total | User accuracy (%)
B 32 87.50
CLASSIFICATIO
N DATA wo 228 93.86
Total |42 218 260
Producer accuracy 66.67 98.17 Overall accuracy = 93.08%
(%)

Overall Kappa Statistics = 0.7173

Legend: WO-Woodland, B-Bare land,
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for the Barberspan image, 0.7173 for FPNR, 0.7195 for Antwerp and 0.8050 for the

Rietfontein image.

4.4 Field work and soil sampling

Field work was undertaken between March and May of 2014 to determine the location of
representative sites for the main land-cover types in the image scenes and to collect soil
samples. The land-cover types identified in the image scene were dense vegetation, cropland,
built-up land, water, and bare soil. The GPS positions of sample sites representative of these
land-cover types were recorded. The sites were selected so as to be widely distributed within

the image scenes.

Soil sampling in this study was done during the late summer. The best time to collect soil
samples for fall-seeded crops (e.g. cereals and grains) is when the field is idle, and in the
summer works well (FAO, 2007). Soil auger bores were drilled to 1 m depth (or to bedrock),
sampling to 1 m soil profile depth is satisfactory for most soils (Soil Survey Division Staff,
1993). Samples were taken from the auger bores to determine physical and chemical
parameters related to soil classification. The soil classification was carried out according to
the guidelines edited by FAO (2007) such as profile description, texture and parent material
information. Sample locations were on a systematic grid. Sampling on a grid is often used
because it provides an even cover of values and minimizes the maximum estimation variance
(or error) for a given grid interval and it is efficient for sample collection in the field

(Goovaerts and Kerry, 2010).

4.5 Soil sample interpolation

Geostatistical interpolation using the Kriging technique was used to estimate continuous
properties within the sampled locations using the Geostatistical extension of ArcGIS.
Kriging depends upon a semivariogram which considers spatial relationship and distance.
The semivariogram Y (h) is described in Equation 4.4 (Kerry et al., 2010).

Y () = 55 Zicy Lz () = z (xi + W)]2 (Equation 4.4)

Where Z(xi) is the computed value of the soil feature at a site xi, Y'(h) is the semivariogram
for a lag distance h between observations Z(xi) and Z(xi +h), and N(#) is the number of data

pairs divided by a lag distance equal to 4.
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The interpolation predictions from Kriging are relatively accurate compared to other
interpolation techniques like Inverse Distance Weighting (Gotway et al., 1996). Ordinary
Kriging is used in this research because it has remarkable flexibility to handle different types
of trends in the mean (Leuangthong et al, 2008). Ordinary kriging can also use either

semivariograms or covariances, use transformations and allow for measurement error.

Figure 4.4: A theoretical semivariogram and its characteristics (Source: ESRI)

Figure 4.4 shows the theoretical semivariogram and its characteristics. The range is a certain
distance where the model begins to flatten or level out and signifies a distance where there is
no autocorrelation between properties. The sill is the value on the y-axis that the
semivariogram model reaches at the range. Generally, the semivariogram value at the
beginning is zero, but if it is considerably different from zero for lags very near to zero, then
this semivariogram value is known as the nugget. For instance, if the semivariogram model
intercepts the vertical axis at 0.5, then the nugget is 0.5. The nugget effect is usually due to
miscalculations or spatial sources of variation at lengths lesser than the sampling interval or

both (Gholam et al., 2011).
4.6 Laboratory analysis of soil samples

4.6.1 Soil texture

The Wentworth grade scale is commonly used for soil particle size distribution analysis and
this is shown in ..ble 4.6, t~~~ther with the grade names and lithified equivalents (Selley,
2000). A common variation of the Wentworth scale is the phi (®) scale proposed by
Krumbein (1934): ®= -log2d - where d is the diameter.
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The particle size distribution of a soil sample can be determined by sieve analysis, in sieve

analysis the soil sample is separated by the sieves with different aperture size.

4.6.1.1 Procedure for coarse sediment analysis

Samples of sediments were first dried for 24hrs at 60°C and mass of the sample was then
recorded. The sieve stack was set up from coarsest to finest and sediments shaken gently for
an average of 10 minutes. Lastly, each sieve was removed separately and the mass of

sediment retained in each sieve recorded
The following can be obtained from the masses of sediment in each sieve:

o The percentage dry mass (of the total mass) for each sieve.
e The cumulative percentage retained in the sieves, working from coarse to fine.

¢ A line graph, plotting the cumulative percentage retained verses sieve size phi units.

In addition, the following descriptive statistics was calculated from information that can be

read from the cumulative percentage graph:

Phi median: Value which divides the distribution into two equal halves: ®50 (phi value at
50%)

Phi mean: The Phi mean (@) represents the average grain size (Table 4.6), where 75, 50, and
25 represent the size at 75, 50, and 25 percent of the sample by weight

#75 + $50 + $25
3

6= (Equation 4.5)

Phi skewness: A non-regular spreading is made by the dissimilarity between the median and

the mean. The irregularity is known as skewness.

(¢#84-¢50) (¢50-¢10)
(¢84—¢16) (990—¢10)

skewness= (Equation 4.6)

4.6.2 Soil pH

Soil pH was calculated using the potentiometric method. Soil suspension was done with
purified water in 1:1 ratio. The pH was then measured using a Lamotte 1741 pH Tracer

meter.
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The measuring tool was a voltmeter and is usually graduated in pH units and has sensitivity
such that discrimination of at least 0.05 pH units or at least 0.003 V may be achieved
(European Pharmacopoeia, ~ 102). The Tracer can be calibrated at 1, 2 or 3 points. The device

was standardised with a buffer mixture of potassium hydrogen phthalate (primary standard).

Table 4.6: Phi values

Values from To Equal

- o - Gravel

-1 00 very coarse sand
0 1o coarse sand
1 20 medium sand
2 30 fine sand

3 4d very fine sand
4 8D Silt

8 ® ¢ Clay

4.6.3 Organic Matter

Grahm colorimetric method was used to measure organic matter in the soil. The method
comprised oxidising of readily oxidisable soil organic matter using potassium dichromate
solution (K2Cr207) and measurement of reduced chromium ion calorimetrically. The

reaction between carbon and K;CrpO7 which occurs in sulphuric (HySO4) solution is

represented by equation 4.7:
3C +2Crp072-+ 16Ht  —> 3COp +4Cr  + 8H20 (Equation 4.7)

A soil sample was added in a flask to a potassium dichromate solution where it was swirled
and allowed to stand for 30 minutes for settling of soil particles. 20 ml of sulphuric id was
added, a 100 ml of tap water was also added to the flask and a measure of sodium fluoride

powder, shaken until dissolved. A pipet was used to add 10 drops of diphenylamine indicator
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and swirled until the colour changed from dark brown through blue to a deep green; the

colour was matched with organic matter endpoint colour standard.

Table 4.7: Size grades of sedimentary particles

681 =

Phis~ Milimetres (mm) Micrometres (pm) Wentworth Grade
-6.0 64 64000 Cobbles
5.5 448 44800 77
-5.0 32 32000 Coarse gravel
-4.5 22.4 22400
-40 16 t6000 7
-3.5 1.2 11200 Medium gravel
-3.0 8 8000
-2.5 5.6 5600
20 4 4000
= 78 2800 Fine gravel
-1.0 2 2000
-0.5 14 1400
0.0 1 1wu0 Coarse sand
0.5 0.71 710
1.0 0.5 0J0
1.5 0.355 355 Medium sand
2.0 0.25 250
25 0.18 180
3.0 0.125 125
G 5,090 30 Fine sand
4.0 0.063 63
4.5 0.045 45
5.0 0.032 32 Coarse silt
55 0.023 23
6.0 0.016 € 7
6.5 0.011 11.0 Medium silt
7.0 0.008 8.0
75 0.0000 56 77
T ow T uuus 4.0 Fine silt
8.5 0.00275 2.75
9.0 0.002 20 77
9.5 0.00138 1.38 Clay
10.0 0.00 1.0



Table 4.8: Conditions required for maize

Maize Capable Moderate Incapable

Texture Sandy Clay - clay loam Silty clay
pH 6.5-7.5 5t06 <4.5

Drainage Good Moderately well Imperfectly drained

Clay (%) >30 30-Oct <10
Depth (cm) >100 80100 <80
Temp (°C) 19 -25 25-32 >32
Rainfall (mm) 500 to 750 350 to 450 <350

4.7 Selection of promising crops

Promising crops were selected based on existing cropping systems, social acceptance of crops

and economic status of the society, and from farmers’ long experience.

Table 4.9: Conditions required for sorghum

Sorghum Capable Moderate Incapable
Texture Clay Loam Sandy
pH 55-75 7.5-8.5 <4.5
Drainage Well drained Moderately well Imperfectly drained
Clay (%) 10% - 20 10% - 30 >30
Depth (cm) >100 80-100 <80
ng . -30 -
Rainfall (mm) 300 - 750 200 -300 <200
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Summer field crops are better suited for the North West Province climatic conditions. Maize

has the largest crop size, followed by sunflower, sorghum and groundnuts (DAFF (a), 2010).

Table 4.10: Conditions required for sunflower

Sunflower Capable Moderate Incapable
Texture Sandy loam Clay - clay loam Silty clay
Ph 6.0-7.0 7.0-7.5 <5
Drainage Good Moderately well Imperfectly drained
Clay (%) 15-30 30-55 >55
Depth (cm) >100 80 -100 <80
Temp (°C) 23-28 14 -21 <5
Rainfall (mm) 500 - 1000 400 — 500 <400

Knowledge on the growth conditions of maize, sorghum and sunflower were obtained from
local researchers and in combination with information from the literature (Department of
Agriculture, Forestry and Fisheries, 2010). The information resulted in the construction of

climatic and soil requirements tables (Table 4.8, 4.9 and 4.10).

4.8 Evaluation of topographic features

Topographic features such as elevation, slope, aspect and orientation are important factors of
land evaluation (Ebrahim, 2007). Topographic features can also impact on soil properties and
soil erosion hazard. Evaluation of topographic features and attributes is necessary in land
evaluation, and the topographic evaluation in these study areas was based on Digital

Elevation Model (DEM).

In terms of agricultural planning, the slope is classified as 0-4%, 4-8%, 8-12%, 12-16%, 16-
20% and greater than 20% in order to determine the best slopes for agriculture (Ebrahim,
2007). Table 4.11 shows slope classification as percentages into 6 equal intervals, these are

derived from the Soil Conservation Act Recommendations (FAO, 1985). The FAO
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Framework for Land Evaluation (2006) land capability classes was used to correlate the slope

classes in Table 4.11 to the land capability of the study areas.

Table 4.11: Slope classification

Slope % Classification | Description Land Use
0-4% S1 Highly capable Crops
4-8% S2 Capable Crops
8-12% S3 Moderately capable Crops
>12% N1 Limited capability Pastures and trees

4.9 Climatic data
4.9.1 Mean

Statistical analysis is one of the approaches for presenting the data in a simplified and
understandable form. In this study the mean was used to average rainfall and temperature
data between October and April of each year from1983 to 2013. A 30 year period was used,
as it is long enough to filter out any inter-annual variation or anomalies, but also short enough
to be able to show longer climatic trends (Davenport, 2014). Basic statistical techniques used
here for computation of rainfall and temperature included mean, standard deviation and

standardisation.

The mean is usually denoted by (j(). The statistical formula used to calculate the mean is:

X = Lx_’_ (Equation 4.9)
n
Where:

X = Historical mean, x,= Individual data point, #» = Number of values

North West Province has a unimodal rainy season centred in January. Rainfall generally starts
in October and ends in April of the subsequent year. Numerous studies (Kabanda, 2004;
Makarau, 1995; Preston-Whyte and Tyson, 1988) have identified unimodal characteristics of

summer rainfall in southern Africa rainfall.
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4.9.2 __andard de mn

The standard deviation is computed using the following formula:

Z(x—xj)? .
o= T (Equation 4.10)

Where:
o = Standard deviation, % = Sum
X = Mean , x; = Individual data point

n = Number of values
4.9.3 Standardisation

Standardisation (Z) of the data was calculated using mean and standard deviation. The mean
was subtracted from every data point (x;) value to locate the distribution of data at zero mean
value (normalisation).

Standardized formula:

Z = (xix)/o (Equation 4.11)
Where:

Z = standardised anomaly index

xi= individuals data points

o = historical sample standard deviation.

X = historical sample mean

The (xi -x) values were then divided by the standard deviation (o) to obtain (Z) (Equation

4.11). Standardisation of data results in anomalies above and below the normal (zero mark).

4.10 Crop water requirement analysis (CWR)

The amount of water required to compensate for the evapotranspiration loss from the cropped
field is defined as the crop water requirements (FAO, 2006). Equation 4.12 shows the CWR
for the crop evapotranspiration under standard conditions i.e. no restrictions are placed on

crop development like lack of water or diseases.

ETere . Kex ETo _ Juation 4.12)
Where:

ETcrop = crop evapotranspiration in mm/day
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Kc = crop coefficient, dimensionless

ETo = potential crop evapotranspiration in mm/day

Calculation of the crop water requirement was carried out in the CROPWAT model that
integrates climatic datasets, soil data and crop planting dates. CROPWAT is a decision
support tool established by the Land and Water :velopment Division of FAO, and was used
in this study for calculation of crop water requirements. It can provide suggestions for
improved irrigation practices, the planning of irrigation schedules under varying water supply
conditions, and the evaluation of production under rain fed conditions or deficit irrigation
(Saravanan and Saravanan, 2014). The input climatic data required by the model includes

monthly temperature (maximum and minimum), relative humidity and sunshine hours.

The crop data input includes the length of initial, development, mid-season and late-season
crop growth stages, crop coefficient values for these four stages, and planting date. The
algorithm for the measurement of CWR in the model is based on approximation of the
probable evapotranspiration (ETo) by means of Penman Montieth equation and the crop
factors. The equation uses standard 30 years of climatological records of air temperature,
solar radiation (sunshine), humidity and wind speed for the current ETo. It was used in this
study on the basis of acceptable performance under variable conditions throughout different

locations in the world (Diakhate, 2014; Iyanda et al., 2014; Adeniran et al., 2010).

4.11 Capability evaluation procedure

The Spatial Analyst function in ArcGIS was used to generate thematic maps of textural class,
soil depth, drainage condition and clay percentage. The Weighted Sum technique was used to
overlay several thematic maps using weights (see Figure 4.5) to create a final land capability

map. The land capability classes were defined using the rating method after FAO (2006).

Each one of the classes of thematic layers for texture class, soil depth, pH and clay
percentage was categorised into (i) good, (ii) fair, (ii1) moderate, (iv) average, (v) poor and
(vi) not capable with respect to land capability for agricultural purposes. Capability weights

were given to each thematic layer after considering their characteristics.



Table 4.12: Weights assigned to factors for so wm.
Factors Classes Ratings Agricultural land capability
Water 2 Not capable
Land use/land cover Agriculture land 10 Good
(weight=0.2) Bare land 8 Fair
Wood land 10 Good
0-4% 10 Good
C 4-8% 8 Fair
Slope (weight=0.1) 8-12% 4 Poor
>12% 2 Not capable
>100 cm 10 Good
Depth (weight=0.2) 80-100 cm 8 Fair
<80 4 Poor
5.5-7.5 10 Good
pH (weight=0.2) 7.5-8.5 8 Fair
<4.5 4 Poor
Clay loam 10 Good
Sandy loam 2 Not capable
Texture (weight=0.2) Clay (light) 10 Good
Sandy clay loam 4 Poor
Sandy 2 Not capable
10-20% 10 Good
Clay (weight=0.05) 20-30% 8 Fair
>30% 6 Moderate
Well drained 10 Good
Dra (v 1.05) | Mo y d l 8 Ir
Imperfectly drained 4 Poor
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Below is the equation used in a GIS for the evaluation of agricultural land capability:

LSP = 0.2(LU)i=1-4 + 0.1(SL)i=1-4 + 0.2(D)i=1-3 + 0.2(T)i=1-5 + 0.2(pH)i=1-312 +
0.05(C)i=1-2  J.05(DR)i=1-3 (Equation 4.13)

Where: LSP is the numerical index of the land capability, LU is the land use/land cover
variable (with classes 1-4), SL indicates slope on (with classes 1-4), D indicates depth factor
(with classes 1-3), pH indicates soil pH (with classes 1-3), T indicates texture (with classes

1-5), C indicates clay percentage (classes 1-3) and DR indicates drainage (with classes 1-3).

Weight allocation was determined with reference to expert opinion and the Department of
Agriculture literature. The Weighted Sum technique in ArcGIS was used to carry out the
overlay of all the factors. In this technique, the total weights of the final integrated polygons
are derived as sums or products of the weights assigned to the different layers, according to
their capability. Input factors favouring agriculture were changed from descriptive form into
agricultural land capability ratings to allow for the calculation and other mathematical
processes in GIS analysis. Also because these factors have different value scales and not all

of them are equally important.

The influence of factors on agricultural land capability was arranged in the following order:
pH, soil depth, soil texture, clay percentage, drainage, land use/land cover and slope. The
different classes within the factors were given capability ratings where a greater rating
specifies that the effect of the factor was great for agriculture. Various classes of each factor
were placed into any one of the categories, and suitable weights were assigned based on the
relative importance and shortcomings with respect to land capability for agriculture, shown in

Table 4.12. An agriculture land capability map is then finally generated.

4.12 Summary

This chapter outlined the materials and equipment used and gave a detailed explanation of the
various steps used to execute the land capability study. It discussed the software ArcGIS and
E  AS used for image processing and for producing thematic maps. Laboratory analysis of
soil samples used in this study was discussed, as soil testing is an excellent way to assess soil
productivity, and it offers valuable inforr ion for developii a comprehensive fertility
database. Lastly, a capability evaluation procedure was discussed that helps to finally produce

an agricultural land capability maps for each study area.

75§ z2¢=






Chapter Five
Spatial analysis on land capability for agriculture

5.1 Introduction

This chapter describes the development of a database that could be produced in similar
geographic areas of South Africa. A database of spatial and non- spatial data helps to

reproduce thematic layers to be overlaid and develop a land capability map for agriculture.

The land information database for communal areas in North West Province to be used for
land evaluation is important as it can be used by a variety of participants such as farmers and
environmental officials. Due to the complexity and time consuming of land capability studies,
reliable land information to all its users need to be supplied at an affordable cost and at real

time. This chapter considered the first three objectives of the study.

5.2 Preparation of land information (LI) database

Well-structured land information is necessary to deliver informed decisions on land use.
Building a LI database for an area allows for tracking of progress and essential conservation
goals. A LI system is an in-built component of a GIS. This has a tremendous impact on result
output. LI system requires gathering, storing, managing and examining the land data. Spatial
and non-spatial data are critical in LI system; GIS allows for easier interaction of spatial and
non-spatial data (Dale and McLaren, 2005). Incorporating data from a variety of fields such

as physical, social and economic of a region in a capability study allows for better results.

Comprehensive, relevant and accurate information should be provided by the land
information database (Manakos and Braun, 2014), and its development is essential to
evaluate accurately the evolution of environment over time. This can be done through
prediction and analysis in models to encourage sustainable land use through better resource
management. The database should be dependable and allow for retrieving and updating of
figures. Examples of spatial data in this study include land use, soil properties and climate,
while non | tial data include agricultural statistics. The spatial data can either be in a vector
or raster format and involves ident..,ing the projection, co-ordinates and map scale to be

consistent.
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A vector data model represents features of the world such as land parcels using points, lines,
and polygons. Raster data model symbolizes real-world phenomena as a set of cells arranged
in rows and columns, with each cell storing a single value. Values can be continuous such as
elevation models, discrete such as land use types or null, if no data is available. A land
information database makes it possible to build an immediate, accurate, easy-to-use model for

land evaluation (Baniya, 2008).

5.2.1 Generation of land mapping units

The present study used both raster and vector data models for land mapping units as physical
features to produce a final land capability thematic map. A thematic map is made up of data
distributed spatially in the units of the map itself and these units make up the land mapping
unit (LMU). A land mapping unit is a mapped area of land with specified characteristics
(Baniya, 2008; FAO, 2006; Loveland et al., 1995). From the farming perspective, each LMU
is re appropriate for particular varieties of crops in the current land management
circumstance (Baniya, 2008). Soil features such as soil type, texture, depth and fertility are
examples of individual entities of an area within each LMU. A land unit survey allows

effective survey of land features for land evaluation.

25°32'0"E 25°34'0"E 25°36'0'E 24°55'0'E 24°5T'0"E 24°590"E 25°00"E
Barberspan Farm Former Pienaars Nature Reserve
26°34'0"S 25°50'0"S
26°35'0"S
25°51'0"S
26°36'0"S
25°52'0"S
26°37'0"S
25°563'0"S
26°38'0"S
26°39'0"S 25°54'0"S
26°40'0"S 25°55'0"S
. Landform Landform
26°410°¢ Aedium-gradient hill P
Aedium-gradient hill 25°56'0"S
falley floor N

Figure 5.1: Landform classes of Barberspan farm and Former Pienaars Nature Reserve
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As land features are the foundation of the evaluation process, landform and soil type carry

more weight in LMU.

Factors considered in demarcating LMU (Baniya, 2008; FAO, 2006):

a. LMUs should be drawn with precise boundaries.

b. LMUs should be based on characteristics important for the type of crops to be considered.

¢. LMUs should be established on characteristics and considering the land’s capacity.

d. LMUs should be constant, so that they can be used for an extensive period for the

evaluation of land capability.

Table 5.1: Legend of the physiographic characteristics of the studied areas

Landscape Lithology Relief vrand forms Vegetation iviap unit
FPNR Plain (LP) Shale (1) Flat to Mounaimous Grassland to LP11:
gently hightand (1) Thornveld
undulating
) Medium- LP112
. 3 ] gradient hill (2)
Anaesite, Medium- LP212
trachyte gradient hill (2)
phonolite (2)
Rietfontein | riam (pP) ANUCSLLE, riat to Medium- Grassland LP111
trachyte gently gradient hill (1)
phonolite (1) | undulating
1
o Low-gradient LP113
footslope (2)
Water
bodies
Barberspan | Plain (LP) Andesite, Flat (1) Medium- Grassland LPI11
trachyte gradient hill (1)
phonolite (1)
Valley floor | Andesite, Flat (1) Dried lake bed Grassland LV111
Lv) trachyte (1)
phonolite (1)
Water
bodies
I Lp) |1 | veld LP111
unconsolidat gradient hill (1)
ed rock (1)
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Demarcation of the land mapping units within each study site is very important before
conducting a soil survey. After classification (chapter 4), the rectified SPOT imagery was
used as the primary base for the compilation of vegetation cover map. Topographical maps
and the SOTER database also assisted in delineating land units based on topography,

landforms and vegetation cover type.

Using Figure 5.1 and Table 1, LMU’s were visited to conduct soil survey based on prominent
biophysical features in the area. The quality of the land mapping unit is heavily reliant on the
data available to be used to build a map. LMU method allows substantial liberty in the way in
which the many land features are combined. Table 5.1 shows the physiographic

characteristics of the studied areas.

The current study gathered up digital information from sources such as CROPWAT and
SOTERSAF (Soil and Terrain Digital Database for Southern Africa). SOTER provides
supplementary data on grander soil group diversity and land units. Combining the different
land units with their identical attribute characteristics was performed and all the data
produced eventually used to generate thematic maps. Topography is also very significant in
demarcating land units within the study sites as most of the land attributes such as soil are
influenced by the topographic element through the amount and intensity of solar radiation to
which a location is exposed and consequently the temperature regime. Thus the
physiographic detail of a study area is a controlling process of land unit building and this
study recognised agro-ecological sub-areas as these are relatively consistent in natural and

ecological conditions especially for cultivation, forestry, etc. (FAO, 2006).

5.3 Geostatistical analysis

In many instances it may be necessary to model a feature as a continuous surface but due to
availability of only finite number of data values, it becomes necessary to interpolate (i.e.
estimate) the values using the dominant points. Most interpolation methods are divided into
global and local. Global interpolation method apply a single function to all the points in a
study area, while local interpolation techniques apply the same function repeatedly to a small
portion of the total set of sample points and then construct a surface by linking these regios

observations together (Markus, 2010). Kriging is a certainty  of local interpolation that uses
advanced geostatistical techniques. Geostatistical interpolation using the Kriging technique is

used to estimate continuous properties within the sampled locations in the study area using
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actually zero (Samal, 2007). Soil properties show strong spatial variability, which highlights
the need for soil sampling in every region of a site. Longstanding field management histories
should be known, as even the same farming practices affect both spatial distribution and the
level of spatial dependency of soil properties (Emadi et al., 2010). Strong spatial dependency
of soil variables may be caused by intrinsic variations in the soil characteristics (Cambardella
et al., 1994). The results in Barberspan farm suggest that extrinsic factors such as the grass
cover and drainage are important factors affecting the strong spatial dependency of soil

properties.

5.4 Land information database
5.4.1 Accuracy assessment

Evaluation of classification outcomes is necessary after classification procedure. An error
matrix was used to assess the classification outcomes as it is widely used for evaluating per-
pixel classification (Congalton and Green, 1999). The accuracy was assessed with cross-
examining against reference data such digital aerial photo maps, topographic maps and
Google Earth images to create confusion matrices (Tables 4.2, 4.3, 4.4 and 4.5) for the four
study sites. The resulting SPOT 5 land use/cover maps of the four sites had an overall map
accuracy of 88.46% (Rietfontein), 87.69% (Antwerp), 93.08% (Former Pienaars Nature
Reserve) and 83.85% (Barberspan farm). User’s accuracy of individual classes ranged from
66% to 94% and producer’s accuracy ranged from 63% to 100%. Kappa statistics were
calculated for each classified map to calculate the accuracy of the results. Kappa values are
categorised into three classes: a value higher than 0.80 signifies strong agreement, a value
between 0.40 and 0.80 (40% to 80%) signifies moderate agreement and a value below 0.40
(40%) signifies poor agreement (Congalton, 1991). The overall Kappa Statistics were 0.80
(Rietfontein), 0.72 (Antwerp), 0.72 (Former Pienaars Nature Reserve) and 0.74 (Barberspan
farm), showing strong agreement between the classified map and the ground reference

information.

Crop land had good producer accuracy with values of 91.3 (Barberspan farm) and 75.0
(Rietfontein). This is possibly due to images being acquired during the v  season
(February/March), eliminating spectral confusion predominantly between crop land and bare

land.
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Most of the surrounding farms are cultivated for summer crops, such as maize, sunflowers
and groundnuts. The area is characterised by open savannah vegetation, prominently of
Acacia species. The former Pienaars Nature Reserve (FPNR) covers an area of 29.8 km?; the
landscape is dominated by vegetation cover (92.7%) whilst bare land makes up 7.4%. The
FPNR remains largely uninhabited, and a 2011 census recorded just three households,
although surrounding communities do graze their livestock within FPNR (STATSA, 2012).
Rietfontein farm covers an area of 53 km?, with woodland accounting for 65.1% of the farm.
Bare land covers 23.5% whilst cropland and water account for 5.3% and 6.2% respectively.
Rietfontein farm is located in Lichtenburg, which forms the western corner of South Africa’s
‘maize triangle’ and is the country’s main maize growing region (FAO, 2012). The area also
produces vast amounts of crops such as groundnuts and sunflower seeds. Antwerp farm

consists of 88.4% of woodland and 11.6% is bare land (Figure 5.5).

5.5 Physical properties
5.5.1 Soil types

Soils in the study sites were classified according to soil classification methods from the FAO
(2006) classification system. The study sites accounts for six major soil groups (Table 5.2).
Distribution patterns of the soil groups are associated with the physiography of the valley and

they are radially distributed.

Table 5.2: Soil types in the study areas

Soil Types Count % of land
Eutric Leptosols 1 72.8
Haplic Lixisols 1 27.2
Haplic Arenosols 1 58.8
Petric Calcisols 1 41.2
Haplic Arenosols 1 100
Lithic Leptosols 1 11.8
kerric Luvisols 1 67.3
Rhoaic ~usols 1 20.9

Leptosols are by far the most extensive group of soils in the world. They are very shallow

soils with minimal development, formed typically on hard rock or highly calcareous materials
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Table 5.3: Soil properties in the study areas

Soil texture Drainage Area (km2) Y% Study site
Former Pienaars
Clay loam Imperfectly 3.49 11.75
Nature Reserve
Sandy loam Moderately Well 19.99 67.33
Clay (light) Moderately Well 6.21 20.92
Barberspan Farm
Sand Somewhat Excessive 21.69 58.8
Sandy clay
Moderately Well 15.2 41.2
loam
Loam Imperfectly 38.7 72.83
Sandy clay Rietfontein Farm
Moderately Well 14.44 27.17
loam
Sand Somewhat Excessive 22 100 Antwerp Farm

Most of the physical characteristics of the soil depend upon texture class. The texture class of

the soil is produced when the proportions of sand, silt and clay are compared and result in a

texture triangle. Table 5.3 shows soil properties in the four study sites.

Soil texture shows the amount of the different size groups of individual soil particles and

provides information regarding water holding capacity, porousness and irrigation requirement

of soil. Growth and development of crops is heavily dependent on the soil texture type and

root penetration and nutrition absorption of crops depends on characteristics of different

texture type of soil particles. Farmers mostly prefers loamy to sandy loam soil as such soil are

easier to work with and need moderate irrigation (FAO, 2007). Soils of the former Pienaars
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like layer spread of not less than one centimetre thick, which can improve water storage,
biological activity, nutrient status and increase yields (FAO, 2006). Due to the high
percentage of sandy soils in Barberspan farm, high proportion of clay fraction is less than

13% as seen in Figure 5.16.

25°31'0"E 25°33'0"E 25°35'0"E 25°37'0"E 26°29'0"E 26°31'0"E 26°33'0"E
26°340"S Barberspan Farm Rietfontein Farm 2671007
26°35'0"S 26°11'0"S
26°36'0"S 26°12'0"S
26°37'0"S 26°13'0"S
26°38'0"S
26°14'0"S
26°39'0"S
26°15'0"S
26°40'0"S
26°16'0"S
Top soil clay fraction (%) Top soil clay fraction (%)
26°41'0"¢
54-79 11.0-14.4 19.2-20¢ 23.7-270 26°17'0"S
- - 20.9-23.7 27.0-293
26420 79-11C 14.4-18.1
N
0 8501700 3400 5100 6 800 0 9001800 3600 5 400 7 200
o i A i im

Figure 5.16: Clay fraction in Barberspan and Rietfontein farm

5.5.3 Soil drainage

Moderately well drained soil covers 88.25% of former Pienaars Nature Reserve (FPNR),
15.2% of Barberspan farm (Figure 5.13) and 14.44% of Rietfontein farm (Figure 5.14). In
moderately well drained soil, water is removed from the soil at a lower rate and thus the soil
is wet for longer periods. Periodically, the soil can be wet enough that mesophytic crops
(examples are maize and many fruit trees and vegetables) are affected as wetness markedly
restricts the growth of mesophytic crops, unless artificial drainage is provided (Belt ef al.,
2007). Sand texture class in Barberspan and Antwerp farm have somewhat excessive
drain. : class. Water is rapidly lost as the soil is pervious and can be susceptible to runoff,
the soils are however free from mottlir~ related to wetness (Fletcher and Veteman, 114).

tly drained soils are a result of slow removal of water from the soil in relation to

supply. Excess water moves slowly if the source is precipitation and varies if groundwater is

the source, but the soil generally remains wet during the growing season (Friske et al., 2010).
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The slow movement of precipitation is due to the general downward movement through the
soil when available soil water storage capacity is high. Imperfectly drained soils make up
11.75% of FPNR and 72.83% in Rietfontein farm. As evidenced in the FPNR, when

steepness in the area increases, land possesses less soil depth (Baniya, 2008).

5.6 Chemical properties

Agricultural productivity depends on the quality and capacity of soil to support crop growth.
Soil fertility is the ability of soil to provide chemical elements in quantities and proportions
for plant growth (Vodppl, 2015). Soil fertility is thus a decisive factor for the development of

soil and for crops to grow.

5.6.1 Soil pH

Soil pH plays a role in the life and growth of crops and can affect the availability of nutrients
and support microbial activity which influences fertility in turn (Baniya 2008). The pH of
Haplic Arenosols soils ranges from 5.1 to 6.7 while Pertic Calcisols (CLp) soils from 7.5 to
8.1 within Barberspan farm respectively (Figure 5.17). CLp soils are common in calcareous
parent materials and widespread in arid and semi-arid environments, as a result this explains
the high base saturation (FAO, 2007). Fodder crops such as sorghum are tolerant of high
calcium levels. Soil pH is less varied in Rietfontein farm with ranges from 6.3 to 6.5. Haplic
Lixisols soils generally have low cation exchange capacity and thus a higher pH, in
Rietfontein farm the pH is slightly acidic at 6.3 to 6.4. Eutric Leptosols (LPe) also display
slightly acidic characteristic with a range from 6.4 to 6.5, LPe are generally basic because of

the presence of calcium carbonate.

The soil pH ranging from 7.2 to 7.5 in FPNR (Figure 5.18) is due to the characteristics of
Lithic Leptosols, where continuous hard rock between 10 and 25 cm is directly overlaid with
a calcium carbonate equivalent of more than 40% (Chesworth, 2008). As a result less than

10% from the soil surface down to a depth of 100 cm by weight is soil material.

The pH range of 6.8 to 7.2 in FPNR is due to Ferric Luvisols soils, these have high cati

exchange capacity (Chesworth, 2008). Cation exchange capacity (CEC) is dependent on soil
pH, thus a high CEC means the soil is acidic as more cations are available. The Rhodic
Nitisols soils with a pH range of 5.6 to 6.5 have the same characteristics as Ferric Luvisols,

where a high cation exchange capacity means the soil is slightly acidic in nature.
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The months of October to April are generally used as growing periods of crops in North West
province because these months have above normal departures (i.e. positive values indicating
rainfall period) as seen in Figure 5.23. Thus, many parts of North West Province receive a
unimodal rainy season centred on January, where rainfall start in October and end in April of
the following year. The temperatures also follow the same pattern, where warmer months are

from October to April with highest temperatures experienced during the month of January.

The Barberspan farm situated in Delareyville receives an annual amount of 489 mm in
rainfall with the highest peak in January and experiences an average of 26.4°C in
temperature. Rietfontein farm is situated near Lichtenburg and receives an annual amount of
512 mm in rainfall with the highest peak in December and experiences an average of 26.7°C
in temperature. . ’NR is located near Zeerust and receives an annual amount of 522 mm in
rainfall with the highest peak in January and experiences an average of 30.1°C in
temperature. Antwerp farm is located near Matloding and receives an annual amount of 365
mm in rainfall with the highest peak in January and experiences an average of 27.3°C in

temperature. Figure 5.23 shows the average annual rainfall in the four study sites.

Temperature is vital and plays a role in the growth and development after germination of
seeds. A general temperature range from 27°C to 30°C is required for optimum growth and
development of crops, although this can be as low as 21°C, without a dramatic effect on

growth and yield of crops (Du Plessis, 2003).

Rainfall in the study sites is highly variable with annual coefficient of variability (CV%) of
31% calculated using Equation 5.1 from the mean annual rainfall value of the areas, which is
500 mm. This indicates uncertainty of rainfall in the study areas as in two out of every three
years the rainfall may fluctuate from 500 mm to around 700 mm. Rainfall in the study areas
is also characterised by high seasonality, in which 75 - 85% of the total mean annual rainfall

falls in the period October to April.
CV% = 640/ VMAP*100 w~juation 5.1)

Where: CV% is coefficient of variability of the rainfall; MAP is mean annual precipitation in

mm

101|7as>=



120 )elareyville ichtenburg eerust Aatloding
100
80

60

Rainfall (mm)

40

20

oCT NOV DEC JAN FEB MAR APR
Month

Figure 5.24: Average monthly rainfall in the study sites
5.8.2 Evapotranspiration

Large percentage of rainfall available in arid and semi-arid areas is lost through
evapotranspiration to the atmosphere. This is particularly true in South Africa, where 91% of
the mean annual precipitation (MAP) is lost by evaporation, which is considerably higher

than the worldwide 65% of the MAP (Schulze, 1997).

Production of agricultural crops will then require greater amount of rainfall for optimum
growth and exceed threshold value at which moisture deficit occurs due to
evapotranspiration. In southern Africa this threshold is considered to be one-third of the
evapotranspiration (Schulze, 1997). According to Figure 5.23 the threshold at which

precipitation is greater than the one-third of the evapotranspiration starts in October and ends

in April.
p=>OJ3Er (Equation 5.2)
W. ithly i Er hly I L n)

102|Page






5.9.2 Sorghum

Sorghum needs high temperatures for good germination (minimum of 7°C to 10°C) and
growth. 80% of seed sprouts within 10 to 12 days and is usually cultivated when there is
sufficient water in the soil and the soil temperature is 15°C (Du Plessis (a), 2003). A
temperature of 27°C to 30°C is required for optimum growth and development, but the
temperature can be as low as 21°C without a dramatic effect on growth and yield (DAFF(c),
2010). Unusually high temperatures result in the decrease of yield. Flower initiation and the
development of flower primordial are delayed with increased day and night temperatures

(DAFF(c), 2010).

Sorghum is grown in a variety of soils in South Africa and under changing rainfall
conditions. Sorghum can survive with an annual rainfall of about 400 mm in the drier western
parts and is able to endure drought better than most other grain crops (DAFF(c), 2010). This

is due to:
e An unusually strong and finely branched root system is effective in absorbing water.

e The leaves collapse better during warm environments than that of maize.

5.9.3 Sunflower

It can endure both low and high temperatures, but is more tolerant to low temperatures.
Sunflower seedlings are very sensitive to high soil temperatures during germination and this
is aggravated in the sandy soils of the North West (DAFF (a), 2010). Sunflower seeds will
germinate at 5°C, though temperatures of at least 14°C to 21°C are necessary for better
germination and the best temperatures for growth is between 23°C to 34°C (DAFF (a), 2010).

Exceedingly high temperatures can reduce oil percentage and seed fill.

Approximately 500 mm to 1000 mm of annual rainfall is required for growth as it is an
ineffective user of water, as measured by the volume of water transpired per gram of plant
above-ground dry matter (DAFF (a), 2010). Sunflower does reasonably well under drought
conditions but is not regarded as highly drought tolerant (DAFF (a), 2010). Its broadly
branched taproot, penetrating to 2 m, allows the crop to endure periods of water stress and a
critical time for water stress is the period 20 days before and 20 days after flowering (DAFF
(a), 2010).
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5.10 Summary

Development of the land information database in communal areas of North West was
necessary to delineate lands for agricultural crops and provide sufficient and accurate
information on land and soil characteristics. The information of soil and land parameters was
converted into thematic map layer using a GIS application. The thematic layers are to be
overlaid using the weight analysis to produce an agricultural land capability map in the next
chapter. Database information included information related to biophysical resource and

environmental.

3
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Chapter Six

Findings from the land capability analysis
6.1 Introduction

Land capability evaluation study is an evaluation of the ability of a given type of land to
support a defined land use. The capability map includes a capability degree and limitations
involved. Crop water requirement of each crop within each study site is also investigated for

sustainable land use.

6.2 Evaluation of natural land resource

The planning of appropriate agricultural crops begins with the selection of the appropriate
crop type based on the ecological condition of the areas. Usually, local crop cultivars are
selected for the production as the crop genetic has acclimatised over centuries to the local

environment.

Improving the footprint of agriculture while increasing production needs a concerted effort in
two areas: firstly by closing the uptake gap of existing best practices and technologies by
focusing on knowledge sharing and creating supportive extension services networks; and
secondly by investing in innovation and research to provide the solutions for tomorrow and
ensure agricultural policies are science-based (Tasie et al,, 2015). The relationship among
different influencii factors like physical environment, climatic, social conditions, economic
infrastructure and agricultural input availability should be judged properly for selection of the
land area (Baniya, 2008). All these ‘:asures are taken into ac Int in the order of
importance i.e. ratings in this study (explained in Chapter 4). Therefore, evaluation of rated
elements produces land area which is capable for growing specific type of crop with degree
of difficulty and limitations. Capability evaluation was done by assessing each component

separately i.e. physical land capability, environmental sustainability and economic capability.

Crop water requirement for sustainable land use was also considered. Calculation of the crop

water requirement was carried out using the CROPWAT model. The model integrates the
P : in r with t [

planting dates. It is used in this study due to satisfactory performance elsewhere throughout

the world (Adeniran et al., 2010; Al-Najar, 2011; Lassche, 2013). The four study sites

generally allow for the cultivation of summer crops with regard to climatic requirements as
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6.4 Land capability evaluation in Barberspan

6.4.1 Maize cultivation

The Barberspan farm allows for the cultivation of maize crop, as 62.4% falls under highly to
moderately capable (Figure 6.4). The soil in these areas has favourable physical properties
such as the absence of restrictive layers (hardpan) and a good effective depth of 100 cm. The
soils also have sufficient and balanced quantities of plant nutrients and chemical properties.
Marginal capability accounts for 19.2% of the farm. The land has limitations that can be
severe if used without soil management, as sustained application can reduce productivity.
Marginally not capable (N1) and permanently not capable (N2) land accounts for 18.3% and
0.1% respectively. The soils in N1 and N2 have low clay content (20% to 22%) for maize

production.
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Figure 6.4: Land capability classified map for maize

\

Sorghum usually grows poorly on sandy soils, thus almost 55.5% of farm is marginally not

capable for cultivation. Areas of high (C1) and moderate capability (C2) make up 44.5% as
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seen in Figure 6.5. The clay content of Cl and C2 soils ranges from 15.1% to 18.1% and

although the pH is almost alkaline, sorghum is more tolerant of alkaline salts than other grain

Crops.
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Figure 6.5: Land capability classified map for sorghum

6.4.3 Sunflower cultivation

High and moderate capability for sunflower cultivation accounts for 41.5%. The region
within which the farm is located has a sandy clay loam texture and a clay fraction ranging
from 12.5% to 18.1%. Traditionally, sunflower cultivation in South Africa has been limited
to soils where the clay percentage varies between 15% and 55%, but at present the major
planting areas are in soils with a clay content of less than 20% (DAFF (a), 2010). Marginal
capability for sunflower covers 55.8%. The excessive drainage condition due to sandy
textural type is not ideal but can be corrected by adding organic matter to improve the water
holding capacity of the soil. Figure 6.6 shows the land capability classified map for

sunflower.
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6.7 Summary

This chapter presented the land capability results of each study site for agricultural
production. Analysis of results showed that the land capability varies greatly between areas
for sorghum and areas for both maize and sunflower. This chapter showed the advantage of
GIS, the ability to generate output maps in a moderately short time with less effort and lower

cost than from traditional methods and conventional map updating.
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Chapter Seven

General discussion
7.1 Introduction

This chapter discusses the research findings and their relationship to the existing relevant
theories described in the literature review (Chapter 3). The previous chapter incorporated
spatial data and related attributes such as soil properties and climate data into a database to

analyse agricultural land capability.

7.2 Result of land capability evaluation
7.2.1 Physical land capability

The importance of components or factors in the framework in contributing to the agricultural
land capability is indicated by their weighting. The weight of components varies between
every administrative scale as well as between farming systems. Therefore, a component, or
factor can be very significant at the district scale, but insignificant, or not considered at all at
the commune and farm scales. Likewise, a factor may have a significant impact on the land
capability for vegetables production, but may contribute less to the land capability for maize

cultivation.

The main components of physical capability (soil, land and climate) in this study were ranked
into high, medium, low and very low value for each crop group. Factors restricting crop
growth and development may be reduced by making use of external factors such organic
fertilizers to ameliorate organic matter deficiency. The ability to transform land from one
capability level to another means all land is potentially fertile. This provides an opportunity
for the farmers to take measures and improve the agricultural land production to enhance

output.

Soil depth was generally not a problem as only 13% of all study sites was below 100 cm.
Data analysis showed that only 21% of drainage was imperfect, and all crops had almost ideal
drainage conditions. Sorghum, though, can better tolerate short periods of waterlogging
compared to maize. ~~ % of the study areas ©  the high ay content ideal for sorghum. The

remaining areas are capable for maize and sunflower production. The climatic factors during
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the growing period are not a constraint to crop production. Most of the study areas average

500 mm of annual rainfall and temperature ranges from 27°C to 30°C.

Soils in the study areas do not generally suffer from fertility deficiency. The soils can be
termed “permanent” soils, as they can generally tolerate permanent crops over an extended
period of time, or can recover fertility after a break period not much longer than the period of
cultivation (if not overly extended). This of course is reliant on irrigation availability.
Increase in organic matter through humus can massively elevate fertility ratings and improve
capability levels for sorghum and benefit maize and sunflower crop. The ability of sunflower
to perform well under dry conditions is perhaps the reason for the crop’s popularity in the
marginal production areas of South Africa. Sunflower and maize can be grown in the same
area and as a result, farmers can simply change to sunflower if the optimum time for maize
planting has elapsed. The two crops can be intercropped. Intercropping consists of cultivating
more than one crop in the same area concurrently and the crops may be seeded concurrently
(mixed intercropping) or they may be seeded at different times (relay intercropping)

(UMANITOBA, 2004).
7.2.2 Crop water requirements

The type of crop can determine the everyday water needs of a mature crop, that is, the peak
daily water needs of a fully grown crop (FAO, 2006). The crop type also influences the
period of the total growing season of the crop. Maize generally has a lower daily water need
than sorghum or sunflower, but it also has a longer growing period (up to 180 days, compared
to 130 for sorghum and sunflower), leading to a higher seasonal water requirement and
irrigation demand. The results showed that reference and crop evapotranspiration (ETo and
ETc) were higher for crops with longer growing season than for those with shorter ones.
Also, a study by FAO (2006), reported that crops grown in the summer season need more
water than those grown during the winter season. Stress on water resources due to rising
demand by competing users like mining is already leading to water scarcity in many places.
Generally though, the crops chosen in this study can be grown solely on rainfall received
during the rainy season (October to April). There is however a need for better management
and planni~- of water resources to optimise water use and balance competii ~ nands. T'

main purpose of irrigation for agriculture is to sustain crop evapotranspiration (ETc) when
there is not enough rainféll. Hess (2005) defined CWR for a crop as the total water required

for evapotranspiration, from cultivation to harvest in a specific climate environment. Fertile
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soil provides crops with nutrients and appropriate quantity of aeration and soil moisture. To
maintain and improve fertility, soil management plays a very important role. Soil
management is the entirety of all processes such as cropping practices, lime, fertilizer, and

other managements to the soil for the cultivation of a crop (Eash ez al., 2008).

7.3.3 Natural and socioeconomic capability

Land capability analysis is a multi-dimensional approach and thus various factors are
considered. Integration of non-spatial data allows factors such as cultivation attitude of the
community, net irrigation requirement and gross value of agricultural production to be
considered. Natural and socioeconomic capability affects the potential yield and thus the

economic benefits of a crop.

The multi-criteria analysis that has made use of factors such as physical land and
socioeconomic features can only proceed if the site is physically capable. The agricultural
land capability framework provided in this study can be generalised and used in areas with

similar geographic characteristics.

One of the main contributors to rural poverty is probably the shortage of access to
agricultural land, but the poor condition of land in communal areas is a huge problem and a
hindrance to agricultural development and lessening of impoverishment. Land deterioration
intensifies poverty and poor farming methods can also induce poverty and create a sinking
spiral of human and environmental collapse (UNCCD, 2012). Change from agricultural land
to non-agricultural uses is an increasing worry in North West Province. The agricultural land
is mostly converted to built-up land due to development pressure or left bare (DAFF, 2011).
The result of this study could be useful to the stakeholder, state and community to recognise
the agricultural capability of the land for better land use and management. The National Land
Care Programme (NLP) had set importance on soil fertility studies mainly by incorporating
crop nutrient organisation systems that include both organic and inorganic fertilisers (DAFF,
2011). Therefore management must come from the policy statements, which should inform

working plans that aid the execution of land management activities.

Geospatial information technology is an essential tool for planning communal agricultural
practices, yet it receives insufficient attention ~ » plan. s and policymakers. It is also not
attaining sufficient consideration of planners and policy creators for agricultural land

management in communal areas. The current research work has showed the necessity of all-
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round information examination for the expansion and improvement of agricultural farming at
the community level. The result of this research can help improve the management of natural
resources. Hence socioeconomic aspects should, along with land properties, be integrated as
intl current study to provide valuable, broad and easy-to-update information systems. Due
to the continual deterioration of natural resources, applicable natural resource management
policy decisions are of utmost significance amid numerous policies employed in emerging
nations (Babu and Roe, 2000). Soil fertility and nutrient availability in soils of the study sites
requires reasonable external input. To preserve the soil productivity and sustain agriculture
over an extensive period, fertilizer nutrient applications are essential although any over-
application of external input can be wasteful and detrimental to the crop. Excessive use of
fertilizer reduces fertility of soil and can also increase soil degradation through nutrient

mining (Baniya, 2008).

7.4 Feedback from the land capability study implementation

The results of the land capability analysis presented in Chapter 5 showed that the theoretical
framework is well accustomed and works well in the study sites. Land evaluation in this
study involved a multi-sector approach to analysis using various components. This reflects
the present trend in land evaluation (Tin, 2011). In the development of the framework for
land capability evaluation, the land capability is simultaneously examined and balanced
between land characteristics as in this method the outcomes of land evaluation are more

dependable and applicable.

Table 4.12 shows that relationships and interactions exist within and between components
and factors in the framework. Thus the impact of a certain component, or factor, on the land
capability is always linked to, and relates with, the influence of other components, and
factors, in the framework. This is the characteristics of the framework in that it uses

interrelationships between components in the system to achieve a common purpose.

Weighting components and factors in the agricultural land capability framework are
important as it shows which factors in the framework need to be enhanced to increase the
land capability. This is one of the satisfactions and advantages of using visual input such as
maps and tables when evaluating the agricultural land capability assessment through a
framework. The land capability analysis not only examines the impact of the individual land

characteristics, it also considers the impact of relationships and interactions between different
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land characteristics on the land capability. Founded on the land features that are stored in the
agricultural land capability database, the land capability can effortlessly be determined and
forecasted over an extended period. When data on land quality is accessible, it is placed into
the land capability framework to generate a superior land capability output. The output can be

stored in a GIS and used for prospective land management.

Together with the physical land capability evaluation, consideration of the socioeconomic
parameters and environmental features in land evaluation is necessary. This multi-
dimensional land evaluation method provides alternatives for land administrators to release
stresses on land use as a result of agriculture production according to market positioning,
varying farming structures, environmental pollution, and land degradation. Specifically, the
strong point of such a method is that a GIS-founded agricultural management system can
successfully measure and forecast the capability of agricultural land as well as map and

observe agricultural production.

Also, the land capability in the study sites recognised the following points which need to be

considered:

(1) Many features chosen in a database are not usually obligatory as often only very
important features are necessary. If all features are incorporated then that means its impacts
on the land capability will have less significance and this will produce a weak capability
framework (Tin, 2011). Land development and land capability modelling cannot be
completed when considering insignificant features for the reason that it reduces the results
and the outputs from the framework resulting in the framework not being important and
valued. This agrees with the theory on the hierarchy technique (Saaty and Vargas, 2001,
Bhushan and Rai, 2004) where the number of features in the hierarchical order for weighting

should be less than fifteen;

(2) To function efficiently, the framework needs a precise and reliable database structure i.e.
quality data. The database consisting of primary and secondary data, which requires to be
updated to the period when the land evaluation study is started as a lack of accessible and

current data will result in imprecise outcomes in the land evaluation;

(3) Information provided into the database to determine the land capability at the community

and farm levels are symbolic data for the whole community or farm. Thus, in some
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circumstances the outcomes of the land capability evaluation are marginally different i.e. at

district level, commune or on specific selected farms.

7.5 Land capability as part of land reform policy

The four study sites in this research are all redistributed land under the land reform
programme. A number of articles, assisted by statements from prominent policy makers, have
shown that land reform recipients are encountering several difficulties with access to
amenities, such as credit, training, technology extension, transport, ploughing services, and
marketing services (Lahiff and Li, 2012; HSRC, 2003; Hall, 2004; Wegerif, 2004; and
Bradstock, 2005) and thus most new farmers are failing either to produce or realise positive
use of the land. Land reform recipients and other small-scale farmers are then generally left

to look out for themselves, resulting in land being used inadequately or not at all.

Most amenities that are offered to land reform beneficiaries are provided by the local
provincial departments of agriculture and other small NGOs, but there are strong indications
that suggest that these reach only a few claimants. In research conducted on LRAD projects
in three provinces, the Human Sciences Research Council noted that “in numerous
circumstances there is still no institutionalised alternative to laying the whole burden of
training, mentoring and general capacitation on the provincial agricultural departments”
(Byamugisha, 2014). Using nine LRAD projects as case studies in the Eastern Cape Province,
Hall (2004) detected that no one had acquired any backing from the private sector and that
the majority of claimants never interacted with the Department of Land Affairs after transfer
of their land while, only two claimants had received any infrastructure support from the

Department of Agriculture, and none was receiving any form of extension service.

In November 2005, the minister for agriculture and land affairs acknowledged that 70% of
land reform projects in Limpopo Province were dysfunctional, and the minister attributes this
to generally a lack of post-settlement support (Farmers Weekly, 2005). In 2010/11, 411 farms
were served with ‘functional agricultural infrastructure’ under the Recapitalization and

Development Programme, a low percentage of the total attained since 1994 (DRDLR, 2011).

At one point the state organisations approved an initiative that was meant to solve the
commonly encountered difficulties experienced by newly resettled farmers, such as lack of
investment, probably of skills and suitable support services, particularly in the context of

PLAS (Proactive Land Acquisition Strategy). Under PLAS, beneficiaries are supposed to
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demonstrate their farming ability in the early period of leasehold; thereafter they are allowed
possession of the land at the discretion of state official and reliant on access to redistribution
grants and other investment (Lahiff and Li, 2012). There are, however, concerns that have
been raised, as rejection of land title can affect the access to financial support especially
during the preliminary settlement phase as there could still be indecision about long-term
ownership of the land (Lahiff and Li, 2012). Also, this prerequisite that new agriculturalists
exhibit profitability inside the given three to five years is thus generally understood as
impractical for a farming start-up. Consequently, there are severe uncertainties that continue
as the set circumstances enforced under PLAS will truly be able to provide more sustainable

and productive land use.

There is generally no comprehensive policy that is intended to provide support for
agricultural development to land claimants after land transfer. Also, the organisations that are
assigned with this role have hardly made an impact in this respect. Over the recent years,
huge attention has been concentrated on the formal aspects of property rights and little on
land use. This study suggests the implementation of Agricultural Impact Assessments (AIA)
as part of land reform policy prior to acquisition of land to land claimants. With the
claimants, this would comprise building on current agricultural approaches and identifying

farmer’s requirements such as the provision of correct sized holdings.

AlA is based on a land capability study in the format as prescribed by DAFF (2010):
(a) The topography and hydrology of the site.

(b) The type and characteristics of the soil.

(c¢) Water availability: The quantity and quality of water for purposes of irrigation.

(d) Size: Tracts of high value agricultural land are considered to be agriculturally viable
regardless of their size. Applications for the development of such land need to be

accompanied by AIA reports that demonstrate the extent of the land concerned.

(e) Classification of neighbouring land use: Tracts of h 1 value agricultural land adjacent to
tracts of land with a different land use classification are considered agriculturally viable,

unless demonstrated otherwise through the AIA.
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Land capability study as part of post-settlement support is necessary for long-term success of
beneficiaries, as post-settlement support is possibly the weakest feature of the South African
land reform programme to date. The authorities will have available information on the
physical aspects of the various soils and their distribution in the land as well as a
classification of their relative capability for agriculture. Also, the risk of land degradation and
the necessity to manage land within its capability should be acknowledged at the state level,
the more that land is used within its capability, the more sustainable will be the land

management practices.

Anecdotal evidence suggests that for a new farming start-up to be prosperous, individual
relations between land recipients and local agricultural officials is important. It will offer
recipients with extension services such as regular farm visits, setting up relations of trust, and
assistance that is suitable to the level of skills and resources of the farmers concerned (Lahiff

and Li, 2012).

Land reform is a vital issue of socio-economic revolution in South Africa, as a means both of
rectifying historical injustice and of lessening the pressing problems of poverty and inequality
in the rural areas (Binswanger-Mkhize, 2009). Land reform programme in the country is
established on the country’s laws and has the potential for far-reaching change through
compensation, tenure reform, and redistribution (Binswanger-Mkhize, 2009). The land
reform policies and other applications, though, have not produced anticipated outcomes and
have fallen far short of their delivery objectives (Lahiff and Li, 2012). Even in instances
where land has been handed over, it seems to have had insignificant influence on the living
standards of recipients, mainly due to unsuitable project plan, absence of essential provision
services, and lack of working funds, leading to widespread underutilization of land. There is
no indication to show that land reform has led to developments in agricultural proficiency,

income, occupation or profitability.

The indication of the last 18 years shows that the present method - founded on attainment of
land through the open market, minimal backing to new farmers, and administrative burden of
production models roughly founded on present commercial operators - is unconvincing to
change the rural economy and lift people out of poverty (Lahiff and Li, 2012). A key feature
which is noticeably absent from the governance practice is the continuous emphasis on

resource utilisation and timely policy adjustment. Much more will be necessary if the land-
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based economy is to play-a-part in economic growth and to the restructuring of wealth and

opportunities to the majority of the population (Binswanger-Mkhize, 2009).

7.6 Summary

A large part of this study was tied to the development of a framework intended to determine
agricultural land capability. Capability standards were established for the research area, based

on information from the literature and from local land specialists and land administrators.

Weighting components and features in the database exposes connections and interactions
amongst principles for land evaluation, especially the inter-relationships within a component
and between factors in the database in contributing to the land capability (Tin, 2011). The
hierarchy process and GIS are two valuable tools in land evaluation. The latter was used to
plan, display, and monitor the land capability while the former supported the identification of
the importance of every feature in the database. Moreover, this study offers a methodical
approach to agricultural production management in the study areas. The study also offers
feedback about the restrictions and important issues related to applying the framework to the
real surroundings in the study areas. The significance of the output from the operating
framework is influenced by the quality of the data, such as accessibility, dependability,
accuracy, capability, currency and consistency, which is entered into the system. The next

chapter will conclude the thesis with recommendations for further study.
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Chapter ..ght

Conclusions, summary and recommendations
8.1 Conclusion

The accomplishment of land reform in South Africa is exceedingly  iant on sound pre-and
post-transfer arrangement that will see manageable use of land after transfer. Land reform
programme in South Africa is also important in diminishing rural disparity, enhancing
nourishment, security and general welfare of rural population. To make land reform projects
realise their agricultural potential, this study developed a methodology for land capability
evaluation that uses GIS, remote sensing and geostatistics to improve the accuracy of land
evaluation. Land capability evaluation as part of post-settlement support is necessary for
long-term success of beneficiaries. It is thus extremely fundamental to comprehend land

capability to support crop cultivation.

An important outcome of this research is the development of land information database for
any land parcel to be assessed for crop cultivation. The land information database requires
consistent information update to examine current status, to foresee changing patterns,
deterioration and to assess land capability evaluation for crops accurately. The study has
demonstrated GIS, remote sensing and geostatistics can be integrated to evaluate land
capability of communal lands more accurately with supporting databases for individual crops.
The results of this research could help the state in its desire to see new land beneficiaries add
to the mainstream agricultural economy being met. Without immediate intercessions, the
targets of changing the farming sector and enhancing rural populations through land reform

are unlikely to be realised.

8.2 Summary of the thesis

This work incorporates various factors in an agricultural organisational system to determine
the capability of agricultural land. Appropriate for various land use types, the land capability
system is multi-dimensional, allowing interactions and connections between features

affecting land capability to be determined and examined.

The general objective of the study was to develop an agricultural land capability management
system (framework), appropriate for capability analysis. Results were based on modifying

and testing the framework in the four study sites.
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Some of the fundamental questions in this study were:

e What are the main components and features essential for an operational agricultural
land capability evaluation and how are these components and features significant to
the agricultural land capability?

e Can a GIS founded agricultural management system be established to successfully

measure the capability of agricultural land?

Prior to this research there was no incorporation of the biophysical, technical, environmental,
and socioeconomic features into an amalgamated structure to consider the land capability in
communal areas of North West Province. There was a comparable absence of awareness and
studies centred on the agricultural land capability in the study area. Agricultural production,
organisation, and land use all depend on the agricultural land capability. Therefore, before the
methodologies and the theoretical structure for land evaluation are offered, matters connected

to the agricultural sector are reviewed.

Chapter two introduced briefly the study area characteristics. Information and attributes
connected to agricultural organisation and production, agricultural land use, soil properties,
land capability, climate, and socio-economic, were particularly highlighted. This chapter set

out the basic facts to be included for the data analysis and interpretation of the results.

Chapter three began with a discussion on the part that agricultural sector plays in
socioeconomic improvement. Agriculture contributes to national economic development and
offers investment opportunities for both state and private sectors. It is a way of life for many
in the world, as approximately 2.5 billion of 3 billion rural people are associated with
agricultural activities such as food production. Agriculture provides employment, income and
food security, and is a way of life for many, with approximately 2.5 billion of the 3 billion
world rural population being involved with agricultural activities such as food production.
The chapter also provided an introduction to agricultural land distribution at numerous levels,

at the worldwide, national and down to the local study area setting.

The chapter also discussed concepts, methods, structures, and studies relating to land
evaluation. The FAO and USDA are two essential methods normally used to determine the
land capability. Improved versions have been created and used in many parts of the world,
and we described and evaluated many examples of land evaluation studies globally.

Specifically, many examples of land evaluation studies globally were summarised and
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evaluated. The use of common support tools in land evaluation, such as the hierarchy process
and GIS, were also described in this chapter. The chapter discussed the importance to
organise an agricultural management system, which encompasses multi-dimensional land

features to determine the land capability.

Chapter four related to the structure and establishment of the framework development. The
framework was built upon the information obtained from the literature review in Chapter 2.
The chapter provided essential materials and methods applied to obtain the required data
from various sources, and the research design described a procedural plan to answer the
research questions. Calculating the percentage of vegetation cover in a given study area using
NDVI method is a good indicator for identifying appropriate areas for soil sampling. In this
study, ordinary Kriging as a geostatistical approach was used for mapping the soil properties.
The aim was to increase the estimation accuracy by considering the spatial variability of soil

properties and also the estimation uncertainty for these soil parameters.

Chapter five described the development of the land information system. The database must
be consistent and suitable for retrieving and updating figures and transferring to the
associated and dedicated software. The database included biophysical resource,
environmental and socioeconomic data. The chapter described the use of geostatistical
analysis, specifically Kriging, to model soil sample sites as a continuous surface by
interpolating (from) a (finite) set of sample points. Geostatistical analysis of sampled soil
properties showed variability with increased distance. Thematic layers of all soil properties
showed fairly good soil quality across the study sites, with a moderate diversity of soil
groups. The four sites had climatic conditions - hot wet summers - favourable for the
cultivation of summer crops. Topographically, the study area is capable for agriculture, as it

falls within the requirements of the arable slope classes.

In Chapter six the discussion was based around the general research findings and their
relationship to the research objectives and existing relevant theories described in the literature
review (Chapters 3). The chapter bi  n with a discussion of the physical land capability
evaluation in the four study sites. Soils within the study areas generally do not suffer from
fertility deficiency, although an increase in organic matter through humus could massively
elevate fertility ratings and improve capability levels for sorghum and benefit maize and
sunflower crop. The chapter also discussed crop water requirement for sustainable land use.

The results showed that crops with a longer growing season had a higher seasonal water need,
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with higher reference and crop evapotranspiration (ETo and ETc). The crops (maize,

sunflower and sorghum) considered in this study are generally

Chapter seven began with a discussion of the selection of capable farming systems and
consideration of the land capability in land evaluation. An examination into the choice of
effective components and factors used in the land capability database followed. A discussion
of feedback from the case study application was also done. Beside advantages provided, the
study also commented on the limitations and related matters to contemplate when using the
framework to practical environments. It was noted that the yields from the use of the
framework depend entirely on the quality of data and are concerned with such variables as
accessibility, updating, precision and reliability in the system. The chapter ended with a
critical discussion of land capability as part of land reform policy. The discussion concluded
that land capability study as part of post-settlement support is necessary to long-term success
for beneficiaries, as post-settlement support is possibly the weakest feature of the South

African land reform programme to date.

Chapter eight, the important deductions based on the findings and discussions above are
presented. This chapter emphasises the contributions that the current study made to the
appropriate fields of knowledge, and notes limitations in the theoretical framework
application. Finally, the chapter gives recommendations for specialists in the field of land

evaluation and guidelines for further research.

8.3 Answering the research questions

The primary output from this research is a framework for agricultural land capability
determination. The framework provides a rational and methodical determination of how the
land capability is measured based on attribute data sets organised within a spatial database
that incorporates not only the biophysical features, but also land development and
environmental and socio-economic factors. The principal output from the framework is a map
that specifies the land capability classes for many agricultural types. The framework was
effectively created, and put together on a sound theoretical base. The framework was
efficiently applied in the four study sites, in North West Province. Conclusions in this section

are presented in relation to the major research questions expressed at the start of the thesis.
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In brief, the research attempted to answer the following questions:

Question 1: What are the main factors necessary for an effective agricultural land capability

system?

Current trend in the field of land evaluation demonstrates that land capability evaluation must
be a multi-disciplinary method. The agricultural land evaluation procedure necessitates not
only the contribution from land specialists; it also needs involvement from other participants
such as environmentalists and policy makers. Background information offered in Chapter 3
showed that land capability is connected to many features. Thus in this research, various
comprehensive components were assembled into the framework for land capability

evaluation, with each component comprising of numerous corresponding factors.

Question 2: Can a GIS be used efficiently to map and observe agricultural production in the

research area?

As discussed in Chapter 3, the purpose of land evaluation is to increase long-term agricultural
productivity and water quality use. Land capability evaluation in this study delivers data
(results) on the foundation of which such decisions can be made through inspecting other
potential forms of use created for each area of land. Such investigation comprises
significances, benefits and the adverse impacts of such decisions. By this means the results of
the land evaluation in the research permitted agricultural production patterns in the study
areas to be planned and mapped using function of the GIS. Attributes and the spatial
information, of the agricultural production systems were used and kept in the GIS, which can

effortlessly be updated, altered and retrieved for future uses.
Question 3: Can an agricultural land capability study form part of land reform programmes?

Key features which are noticeably missing from land reform are the continuous emphasis on
practical application of policy, resource utilisation, and timely policy adjustment. There is
generally no comprehensive policy that is intended to provide support for agricultural
development to land claimants after land transfer. The evidence of the last 18 years suggests
that after the acquisition of land by be: iciaries, the is minimal support to new farmers.
Land capability study as part of post-settlement support is necessary to long-term success for

beneficiaries as the authorities can have available information on the physical aspects of the
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various soils and their distribution in the land as well as a classification of their relative

capability for agriculture.
Question 4: Who are the main beneficiaries of the present research?

Farmers and governmental officers are important users of the current study output. The
research methodology could be used as an additional resource to the land planners and
agricultural extension workers. Consequently, the current study contains dimension from all
the areas, of society and environment, capability evaluation can greatly assist farmers. At the
same time, governmental officers associated with land reform can view the result so that
agricultural land with high degree of capability is known and not left fallow. Results of
agriculture capability evaluation can help the greater extent of land management and planning
process for a particular area and thus all participants are supposed to use the results of the

current study.

8.4 Contributions of the study

In modern times, food production structure has to meet three main necessities: (1) effectively
provide safe, nutritive, and adequate food for the increasing global population, (2) help to
alleviate rural poverty by increasing the rural household profits, and (3) lessen and mitigate
natural resource depletion, particularly that of land (World Bank, 2008). Agricultural land use
generally, face many challenges such as climate change, inundations, drought, land
degradation, soil erosion, water and soil pollution, land desertification, and collapse of natural

resources (Tilman et al., 2002; Qosterberg et al., 2005, Tin, 2014).

Land reform programmes have been subjected to poor planning, coordination and
implementation of projects. Projects are generally arranged without the consideration of
beneficiaries and the relevant stakeholders and are then imposed on farmers for
implementation. These projects are not sustainable and it is almost impossible for farmers to

succeed.

Land capability evaluation provides extremely powerful tools for analysing such issues, and
is thus enormously significant for sustainable use of land resource. The current study applied
a holistic  :thod established after using a literature review, to develop a framework that
incorporates various land features connected to land quality to define the capability of

agriculture land. The study uses theoretical perspectives from system principles as defined by
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the FAO (1993; Haaf, 2002; Baniya, 2008) resulting in t ommendations that (1) a
regional land information database should be organised, designed, and developed; (2) factors
in the database, which contribute to the capability of agriculture land will be defined,
comprising of bio-physical, land development, environmental, policy and socio-economic
factors; (3) roles and purposes of every factor in the database should be determined and
examined; (4) modelling should include the best projected scenarios of the capability of
agriculture land; (6) the processed outcomes of the database yields a capability of agriculture

land and the prosperity of farms is demonstrated.

Hence, the purpose of this study was to design a theoretical framework for agricultural land
capability. The framework could be capable of being used in areas of similar geographic
characteristics. The framework could be sufficiently flexible to be able to adapt to various
conditions. The framework permits the evaluation of multidisciplinary capabilities for
agriculture land, and the connections among land features can be considered. This permits the

capability of agriculture land to be determined accurately and efficiently.

This method allows agricultural officers and administrators to benefit from the huge potential
for improving the livelihoods of the land beneficiaries. The research defines the important
features that influence upon the prosperity and capability of agricultural land, and the
connections between those important features. The outcomes of the research offer theoretical
and experimental indication which can be used by policy creators and rural development
planners as a source for programme improvement and policy design as it relates to

agriculture.

The study presented limitations connected with land features and discussed essential
management methods to improve agriculture land capability. Lastly, the most significant
result of this research is that it designs a framework for agriculture land capability
determination. This was done by incorporating the results of the evaluation and analysis of

related features in the database.

. € land reform programme needs to place less emphasis on land acquisition and possession

and more on land use. A better approach would involve strengthening societies’ involvement.
the b side, th v d ‘lude building rp ot

responding to visibly recognised needs, establishment of suitably sized holdings (created by
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portioning of large farms) and better flexibility on land use (e.g. cooperating both

‘commercial’ and ‘subsistence’ farming).

8.5 Recommendations

It is recommended to distribute that the outcomes of this study to land reform policy makers
as identification of very capable and promising crop growing areas might be protected from
incapable land use type or land degradation. It is also important that the result of agricultural
land capability evaluation is brought into the reach of crop growers. Multidimensional

method of present study has provided recommendations for stakeholders as follows:

1. It is necessary to produce the soil databases and land information system, containing soil
types and fertility, present land use, climate, slope, vegetation cover, and land unit maps. The
database system should be generated within a GIS that will permit editing, updating, overlay
and analysis to generate a new thematic map which meets the requirements of the study
problem. Use of additional sources such as satellite imagery and Global Positioning System

(GPS) will help to provide real time change in land use and management strategy.

2. Additional research should be conducted to build a comprehensive database with close
links among various data sources of natural environment, financial settings, infrastructure,

and the society.

3. The framework of current research work must be used to determine land evaluation for
other agricultural crops as well as other geographical places. In addition to land evaluation,

feasibility studies and bankable business plans should also be developed.

4. Agricultural extension services offered in places like Mafikeng and Lichtenburg in North
West Province should offer marketing skills, organic farming skills and knowledge on the
potential of the land to land beneficiaries. Without this support, farmers are unable to increase

food production and make a living out of farming.

5. Input funding policy, better irrigation amenities, quality agricultural inputs, improvement
of market support structure, are essential steps to be employed. These improvements should

be imp” it ‘ona’ Hiliy  raluat”

6. Lastly, the result of the study has to be distributed among local crop farmers so that they

are aware of the capacity and limitation in range of capability of their farm holding. Land use
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potential and hindrances should be provided to land users, so that the actual usage of research

results will be realised.

The research has been effective, as it is founded on past research knowledge, and using
practical experience the framework has been developed to suit the local area. It is with this

declaration that the author recommends further studies be built on this work.

143 | 7= =



References

Agidew, A. A. 2015. Land suitability evaluation for sorghum and barley crops in South
Wollo Zone, Ethiopia. Journal of Economics and Sustainable Development, Vol. 6.

Akin, W.E. 1991. Global patterns. climate, vegetation, and soils. University of Oklahoma
Press, Norman.

Aksoy, A., Dowell, D. C and Snyder, C. 2009. A multicase comparative assessment of the
ensemble Kalman filter for assimilation of radar observations. Part I: Storm-scale
analyses. Mon. Wea. Rev. Vol. 137: 1805-1824.

Ali, M. H. 2010. Fundamentals of Irrigation and On-farm Water Management: Springer
Science & Business Media pp. 536.

Ali, R.R and Kotb, M.M. 2010. Use of Satellite Data and GIS for Soil Mapping and
Capability Assessment. Nature and Science, Vol. 8(8).

Al-Mashreki, M.H., Akhir, J.B.M., Rahim, S.A., Desa, K.M., Lihan, T and Haider, A.R.
2011. Land suitability evaluation for sorghum crop in the Ibb Governorate, Republic
of Yemen using remote sensing and GIS techniques. Australian Journal of Basic
and Applied Sciences, Vol. 5: 359-368.

Al-Najar, H. 2011. The integration of FAO-CropWat model and GIS techniques for
estimating irrigation water requirement and its application in the Gaza Strip. Natural
Resources, Vol. 2: 146-154.

Adeniran, K.A. Amodu, M.F, Amodu, M and Adeniji, F.A. 2010. Water requirements of
some selected crops in Kampe dam irrigation project, American Journal of
Agricultural Economics, Vol. 1: 119-125.

Alebachew, A. 2012. GIS assisted Qualitative Land Suitability Evaluation: Qualitative
Land Suitability Evaluation for Rain fed upland rice (Oryza sativa) and castor bean
(Ricinus communis). LAP Lambert Academic Publishing, 3659313181.

Babu, S and Roe, V. 2000. Capacity Strengthening in Environmental and Natural Resource
Policy Analysis: Meeting the Changing Needs. Journal of Environmental
Management, Vol. 58: 4.

Bacic, 1. L. 2003. Demand-driven land evaluation: with case studies in Santa Cataring,
Brazil. Thesis to fulfill the requirements for the degree of doctor on the authority of

' 1 M:_ us 'V ening 1 University, .. <, waischede.

144 | 7 a g =



Baja, S., _.aapman, M. D, Dragonvich, D. 2001. Fuzzy modelling of environmental
suitability index for rural land use systems: an assessment using a GIS.
http://www.geocomputation.org/2001 (2006-1-16).

Beek, K.J., Bie, K.D and Driessen, P. 1998. Land Evaluation for Sustainable Land
Management. International Institute for Aerospace Survey and Earth Sciences
(ITC). PO Box 6, 7.500 AA Enschede, The Netherlands.

Belt, S.V., M. van der Grinten, G. Malone, P. Patterson and R. Shockey. 2007. Windbreak
Plant Species for Odour Management around Poultry Production Facilities.
Maryland Plant Materials Technical Note No. 1. USDA-NRCS National Plant
Materials Center, Beltsville, MD. 21p.

Ben-Dor, E., Patkin, K., Banin, A and Karnieli, A. 2002. Mapping of several soil properties
using DAIS-7915 hyperspectral scanner data — a case study over clayey soil in
Israel. International Journal of Remote Sensing, Vol. 23 (6): 20.

Bhushan, N and Rai, K. 2004. Strategic decision making: Applying the analytic hierarchy
process. London, New York: Springer.

Bibby, J. S., Douglas, H. A., Thomasson, A. J. and Robertson, 1. S. 1991. Land capability
classification for agriculture: Development of soil survey interpretations-Soil survey
horizons. Macaulay Land Use Research Institute, Aberdeen.

Binswanger-Mkhize, H. P., Bourguignon, C and Brink, R. 2009. Agricultural Land
Redistribution: Toward Greater Consensus. International Bank for Reconstruction
and Development / The World Bank. 1818 H Street NW, Washington DC 20433.

Baniya, N. 2008. Land suitability evaluation using GIS for vegetable crops in Kathmandu
valley, Nepal. Ph.D. thesis submitted to Humboldt University of Berlin.

Bouma, J., Wagnet, R., Hoosbeek, M and Hutson, J. 1993. Using expert systems and
simulation modelling for land evaluation at farm level: a case study from New York
State. Journal of Soil Use and Management, Vol. 9: 131-139.

Bourne, S. G and Graves, M. R. 2001. Classification of Land-Cover Types for the Fort
Benning Ecoregion Using Enhanced Thematic Mapper Data. ERDC/EL TN-ECMI-
01-1, U.S. Army Engineer Research and Development Center, Vicksburg, MS.

Bradstock, A. 2005. Key Experiences of Land Reform in the Northern Cape Province of
. ¢ mn: F [-¢

Brady, N.C. 1990. The Nature and Properties of Soils. NY: Macmillan Publishing
Company.

145 - = ¢ =



Brubaker, S.C., Jones, A.J., Lewis, D.T and Frank, K. 1993. Soil properties associated with
landscape position. Soil Science Society of America Journal, 57 (1): 235-239.
Burger, J.A and Kelting, D.L. 1999. Using soil quality indictors to assess forest stand

management. Forest Ecology and Management Vol. 122: 155-166.

Burrough, P.A. 2001. GIS and geostatistics: Essential partners for spatial analysis. Journal
Environmental and Ecological Statistics, Vol.8 (4): 361-377.

Butzen, S.J and Jeschke, M. 2014. Agronomy research sciences summary. DuPont Pioneer
Agronomy Sciences Staff. Accessed: 2014-12-18, Available:
http://www.langfritzseed.com/webres/File/agronomy/2014-Agronomy-brochure.pdf.

Byamugisha, F. K. 2014. Agricultural Land Redistribution and Land Administration in Sub-
Saharan Africa: Case Studies of Recent Reforms. International Bank for
Reconstruction and Development / The World Bank. 1818 H Street NW,
Washington DC 20433.

Bydekerke L., Van Ranst, E., Vanmechelen, L., and Groenemans, R. 1998. Land suitability
assessment for cherimoya in southern Ecuador using expert knowledge and GIS,
ELSEVIER, Agriculture, Ecosystems and Environment, Vol.68: 89-98.

Byerlee, D., de Janvry, A and Sadoulet, E. 2009. Agriculture for development: Toward a
new paradigm. Annual Review of Resource Economics, Vol.1 (1): 1-1.20.

Cambardella, C. A., Moorman, T. B., Novak, J.M., Parkin, T. B., Karlen, D. L., Turco, R.
F., et al. 1994. Fieldscale variability of soil properties in central lowa soils. Soil
Science Society of America Journal, Vol. 58: 1501-1511.

Chandrasekhar, C.P and Ghosh, J. 2012. Addressing the global food crisis: Causes,
implications, and policy options, Review of Agrarian Studies, Vol. 2: 44-70.
Chesworth, W. 2008. Encyclopaedia Of Soil Science (Encyclopaedia Of Earth Sciences).

Springer 2008, XXVI, 902 p.

Chuong, M. 2007. Multi-criteria Land Suitability evaluation for selected fruit crops in Hilly
Region of Central Vietnam. PhD dissertation submitted to Humboldt University of
Berlin, Germany.

Clark, B., Suomalainen, J and Pellika, P. 2010. A Comparison of Methods for the Retrieval
of Surface Reflectance Factor from Multitemporal SPOT HRV, HRVIR, and HRG
M Tis v cllitelm  y. Ca A ising, Vol. 36: 397-
411.

Congalton, R.G. 1991. A review of assessing the accuracy of classifications of remotely

sensed data. Remote Sensing of Environment, Vol .37 (1): 35-46.

146 .-



Congalton, R.G and Green, K. 1999. Assessing the accuracy of remotely sensed data:
principles and practices. Lewis Publishers: Boca Raton, Florida.

Corona, P., Salvati, R., Barbati, A and Chirici, G. 2008. Land Suitability for Short Rotation
Coppices Assessed through Fuzzy Membership Functions. In Lafortezza, R. et al.
(eds.).“Patterns and Processes in Forest Landscapes”. Springer Science Business
Media B.V. 2008.

DA (Democratic Allience). 2013. DA policy on land reform. Accessed 14-05-2015,
Available: http://www.da.org.za/wp-content/uploads/2014/01/Land-Reform1.pdf.

DAFF (a). 2010. Sunflower— Production guideline. Directorate Plant Production, Private
Bag X250, Pretoria 0001. ARC-Grain Crops Institute, Pretoria, South Africa.

DAFF (b). 2010. Maize— Production guideline. Directorate Plant Production, Private Bag
X250, Pretoria 0001. ARC-Grain Crops Institute, Pretoria, South Africa.

DAFF (c). 2010. Sorghum— Production guideline. Directorate Plant Production, Private
Bag X250, Pretoria 0001. ARC-Grain Crops Institute, Pretoria, South Africa.

DAFF. 2011. Strategic plan 2011/12 to 2014/15. Directorate Agricultural Information
Services Private Bag X144, Pretoria 0001.

DAFF. 2014 (a). Trends in the Agricultural Sector 2013. Department of Agriculture,
Forestry and Fisheries Resource Centre Directorate: Knowledge and Information
Management Private Bag X144 Pretoria 0001.

DAFF. 2014 (b). Economic Review of the South African Agriculture 2013. Department of
Agriculture, Forestry and Fisheries Resource Centre Directorate: Knowledge and
Information Management Private Bag X144 Pretoria 0001.

Dale, P. F and McLaren, R. A., 2005. GIS in land administration. In: Harlow & Longman,
eds. Geographical Information Systems: Principles, Techniques, Management and
Applications. Abridged Edition ed. New York: John Wiley & Sons, Inc., pp. 859-
875.

Dardagan, C. 2012. Land reform a failure. Accessed 2015-02-03, Available:
http://www.plaas.org.za/news-categories/land-reform?page=58

Tavenport, J. L. 2014. Climate change and river flow in partially-glacierised Hima an

catchment. Submitted in partial fulfilment of the requirements of the ee of
" ool of Environn 1 " L ! of
Technology University of Salford, Salford, UK.

Davis, S.  2015.  Sustainable  Development -  North  West  Province.

http://sharondavis.co.za/content/view/64/33/. Accessed 2015-03-16.

147 | "0 =



De Villiers, B and Mangold, S. 2002. Chapter 2: The biophysical environment. (In
Mangold, S., Kalule-Sabiti, M. & Walmsley, J.J., ed. State of the environment:
report 2002, North-West Province, South Africa)

Dent, D and Young, A. 1981. Soil survey and land evaluation. London: George Allen &
Unwin

Desmet, K., Ortuiio Ortin, [ and Weber, S. 2009. Linguistic diversity and redistribution.
Journal of the European Economic Association, Vol. 7 (6): 1291-1318.

Diakhate, D. 2014. Net irrigation requirements for maize and sorgum in Isra-Nioro,
Province of Kaolack, Senegal. International Journal of Humanities and Social
Science. Vol. 4.

DLA (Department of Land Affairs). 1997. White Paper on South African Land Policy.
Pretoria: DLA.

DLA (Department of Land Affairs). 1999. Review of the Land Reform Support Programme.
Pretoria: DLA.

Dlamini, S. 2014. Taking land reform seriously: From willing seller-willing buyer to
expropriation. Master of Laws (LLM) in Human Rights Law. University of Cape
Town.

Dobos, E., Micheli, E., Baumgardner, M.F., Biehl, L andHelt, T. 2000. Use of combined
digital elevation model and satellite radiometric data for regional soil mapping.
Global journal of soil science, Vol. 97 (3—4): 367-391.

DRDLR (Department of Rural Development and Land Reform). 2011. Annual Report
2010/11. Pretoria

Du Plessis (a), J. 2003. Sorghum Production. Department of Agriculture (1989- ), ARC-
Grain Crops Institute (South Africa).

Du Plessis (b). J. 2003. Maize Production. Department of Agriculture (1989- ), ARC-Grain
Crops Institute (South Africa).

Eash, N., Green, C.J.,, Razvi, A., Bennett, W and Bratz, M.C. 2008. Soil Science Simplified,
Sth Edition. Blackwell Publishing, Iowa, USA.

Eastman, J. R. 1997. IDRISI for Windows, version 2.0 (Tutorial Exercises): Graduate
School of Geography-Clark University, Worcester, MA.

A
Using GIS: The Case Study of Nkw  la, Kw.  du-Natal, South Africa. Submitted in

fulfilment of the academic requirements for the degree of Master of Science in

148 |7z ;-



Applied Environmental Sciences School of Environmental Sciences University of
KwaZulu-Natal, Pietermaritzburg.

Ehsani, A.H and Quiel, F. 2009. A semi-automatic method for analysis of landscape
elements using Shuttle Radar Topography Mission and Landsat ETM-+data.
Computers and Geosciences Journal. Vol.35 (2): 373-389.

Eldeiry, A., Garcia, L. A., 2008. Detecting soil salinity in alfalfa fields using spatial
modeling and remote sensing. Soil Science Society of America Journal, 72(1), 201-
211.

Elsenburg. 2009. 4 Profile of the North West Province: Demographics, Poverty, Income,
Inequality and Unemployment. Available from
http://www.elsenburg.com/provide/reports/backgroundp/BP2009 1 6 %20NW%20
Demographics.pdf. Accessed 2014-04-07.

Emadi, M., Baghernejad, M., Pakparvar, M and Kowsar, S.A. 2010. An approach for land
suitability evaluation using geostatistics, remote sensing, and geographic
information system in arid and semiarid ecosystems. Environmental Monitoring and
Assessment, Vol. 164: 501-511.

Engineering  News.  2007. Growing Diesel. 22  June 2007. Website:
www.engineeringnews.co.za. Accessed 2014-12-03.

ERDAS Field guide. 2005. Leica Geosystems Geospatial Imaging, LLC. Norcross, Georgia,
USA.

European Pharmacopoeia. 2002. Methods of analysis - Fourth Edition. European
Pharmacopoeia Commission Council of Europe European Department for the
Quality of Medicines. Strasbourg, France.

FAO. 1985. Guidelines. Land evaluation for irrigated agriculture. FAO soils bulletin 55.
ISBN 92-5-102243-7. Rome, Food and Agriculture Organization of the United
Nations (FAO).

FAO. 1993. Guidelines for land-use planning. FAO development series 1 ISSN 1020-0819.
Rome, Food and Agriculture Organization of the United Nations (FAO).

FAOQO. 2001. Lecture notes on the major soils of the world. FAO, Viale delle Terme di
Caracalla, 00100 Rome, Italy.

Fem "w " T« eoff ture ﬁ \Y " on o did
00100 Rome, Italy.

FAQ. 2007. The state of food and agriculture 2007. FAQO, Viale delle Terme di Caracalla,
00100 Rome, Italy.

149 | " .- =



FAO. 2012. GIEWS Update - Southern Africa: A review of the 2011/12 cropping season.
Available:www.southernafricareliefweb.int/sites/reliefweb.int/files/resources/Southe
rnAfrical4052012.pdf. Accessed 18-11-2014.

Farmers weekly. 2012. Land reform a failure, says minister. Accessed 2015-03-13,
Available: http://alibuye.co.za/?p=165.

Farr, T.G. 2000. The shuttle radar topography mission. IEEE Aerospace Conference
Proceedings, p. 63.

Fletcher, P.C and Veteman P. 2014. Soil Morphology as an Indicator of Seasonal High
Water Tables. Accessed November 13, 2014, from
http://nesoil.com/properties/eshwt.htm.

Forkuor, G and Maathuis, B. 2012. Comparison of SRTM and ASTER Derived Digital
Elevation Models over Two Regions in Ghana — Implications for Hydrological and
Environmental Modeling. Studies on Environmental and Applied Geomorphology,
p. 220 - 240.

Friske, P.W.B., Ford, K.L., Kettles, .M., McCurdy, M.W., McNeil, R.J and Harvey, B.A.
2010. North American Soil Geochemical Landscapes Project: Canadian field
protocols for collecting mineral soils and measuring soil gas radon and natural
radioactivity. Geological Survey of Canada, Open File 6282,175pp.

Gabara, N. 2012. Small-scale farmers encouraged to drive economy. South African
government news agency. http://www.sanews.gov.za/business/small-scale-farmers-
encouraged-drive-economy. Accessed 16-03-2015.

George, H. 2001. An overview of land evaluation and land use planning at FAO: Land and
Plant Nutrition Management Service. AGLL, FAO, Rome, [taly: 3.

Ghafari, A., Cook, H. F and Lee H. C. 2000. Integrating climate, soil and crop information:
a land suitability study using GIS. 4th International Conference on Integrating GIS
and Environmental Modeling (GIS/EM4). Problems, Prospects and Research Needs,
Banf, Alberta.

Gholami, S., Hosseini, S.M., Mohammadi, T and Mahini, A.S. 2011. Evaluation of Spatial
variability of soil quality in Wildlife Refuge of Karkhe in southwestern Iran.
International journal of environmental sciences, Vol.1: 1806-1812.

Glasser, N.F., Janss K.N., I ri “and K J 0™ T /
and Pleistocene history of South America between 38°S and 56°S. ( wernary
Science Reviews, Vol. 27 (3-4): 365-390.

150 | 7 25 =



Goovaerts, P. 1994. Study of spatial relationships between two sets of variables using
multivariate geostatistics. Global journal of soil science, Vol. 62: 93-107.

Goovaerts, P. 2000. Geostatistical approaches for incorporating elevation into the spatial
interpolation of rainfall. Journal of Hydrology (Amsterdam), Vol. 228: 113-129.

Goovaerts, P and Kerry, R. 2010. Using ancillary data to improve prediction of soil and
crop attributes in precision agriculture, in: Oliver M.A. (ed.) Geostatistical
Applications for Precision Agriculture, Springer, p. 167-194.

Gongalves, L. S. 2011. 4 hybrid approach classification of remote sensing images. 31st
EARSeL Symposium and 35th General Assembly 201 1. Prague, Czech Republic.

Gotway, C.A, Ferguson, R.B., Hergert, G.W and Peterson, T.A. 1996. Comparison of
kriging and inverse distance methods for mapping soil parameters. Soil Science
Society of America Journal, Vol. 60: 1237-1247.

Gruhn, P., Goletti, F and Udelman, M. 1995. Fertilizer, Plant nutrient Management and
sustainable agriculture: Usage, problems and challenges. Proceedings of the
[FPRI/FAO workshop on plant nutrient management, food security and sustainable
agriculture, Italy. 1995.

Guillem, L and Berta, R. 2007. Health and Economic Growth: Findings and Policy
Implications. The World Economy, Vol. 30: 533-534.

Haack, B. 2007. 4 Comparison of Land Use/Cover Mapping with Varied Radar Incident
Angles and Seasons. GlScience & Remote Sensing. Bellwether Publishing, Ltd.
p.305-319.

Haaf, W. T., Bikker, H and Adriaanse, D.J (eds). 2002. Introduction to the system
approach. In: Fundamentals of business engineering and management: A systems
approach to people and organisations. Delft University Press. The Netherlands.
p49-81.

Halder, J.C. 2013. Land Suitability Assessment for Crop Cultivation by Using Remote
Sensing and GIS. Journal of Geography and Geology, Vol. 5 (3).

Hall, R. 2004. LRAD Rapid Systematic Assessment Survey: Nine Case Studies in the
Eastern Cape. Unpublished manuscript. Programme for Land and Agrarian Studies,
University of the Western Cape, Cape Town, South Africa.

s, M, Bre 1, T, In , F7 {
Inductively mapping expert-derived soil-landscape units within dambo wetland
catenae using multispectral and topographic data. Global journal of soil science,

Vol. 150 (1-2): 72-84.

1517 -



son, L.W., Bourke, R. M., Allen, B.J and McCarthy, T.J. 2001. Mapping land resource
potential and agricultural pressure in Papua New Guinea: an outline of new
methods to assist rural planning. ACIAR Technical Reports No. 50, 52 pp.

Hebinck, P and Shackleton, C.M. 2011. Livelihoods, resources and land reform. In:
Hebinck, P. and Shackleton, C.M. (eds). Reforming land and resource use in South
Africa: impact on livelihoods. Routledge, London. pp. 1-32.

Hess, T. 2005. Crop Water Requirements, Water and Agriculture, Water for Agriculture.
WCA infoNET.

Hossain, M. S. S. R. Chowdhury, N. Gopal, D and Rahaman, M. M. 2007. Multi-criteria
evaluation approach to GIS-based land-suitability classification for tilapia farming
in Bangladesh. Journal of the European Aquaculture Society Springer Science
Business Media B.V.

Hossain, M. S and Das, N. G. 2010. GIS-based multi-criteria evaluation to land suitability
modelling for giant prawn (Macrobrachium rosenbergii) farming in Companigonj
Upazila of Noakhali, Bangladesh. Computers and Electronics in Agriculture Vol.
70: 172-186.

Hosseini, S. Z., 2013. The application of remote sensing, GIS, geostatistics, and ecological
modeling in rangelands assessment and improvement. Ph.D Thesis, University of
Gottingen, Gottingen, 132 Pages.

HSRC (Human Sciences Research Council). 2003. Land Redistribution for Agricultural
Development: Case Studies in Three Provinces. Unpublished manuscript. Integrated
Rural and Regional Development Division, Pretoria, South Africa.

Igbal, J., Read, J.J., Thomasson A.J and Jenkins J.N. 2004. Relationships between soil-
landscape and dryland cotton lint yield. Soil Science Society America Journal, Vol.
69: 1-11.

Isaaks, E. H., Srivastava, R. M., 1989. 4n Introduction to Applied Geostatistics. New York:
Oxford UP, Print.

Iyanda, R. A., Pranuthi, G., Dubey, S.K and Tripathi, S.K. 2014. Use of dssat ceres maize
model as a tool of identifying potential zones for maize production in Nigeria.
International Journal of Agricultural Policy and Research Vol. 2: 069-075.

i, A. ) I S bl
Thesis in Petroleum Engineering. Submitted to the Gradua Faculty of Texas =ch
University in Partial Fulfilment of the Requirements for the Degree of Master of

Science in petroleum engineering.

152 “az =



Jensen, J.R. 2006. Remote Sensing of the Environment: An Earth Resource Perspective. 2nd
Edn, Pearson Prentice Hall, New Jersey.

Journel, A.G and Huijbregts, C.H. 1978. Mining geostatistics. Academic Press, New York.

Julien, Y and Sobrino, J.A. 2009. The Yearly Land Cover Dynamics (YLCD) method: an
analysis of global vegetation from NDVI and LST parameters. Remote Sensing of
Environment, Vol.113 (2): 329-334.

Kabanda, T. A. 2004. Climatology of long term drought in the northern region of the
Limpopo Province of South Africa. Unpublished PhD thesis, school of
environmental Siences, University of Venda, South Africa.

Kalogiroua S. 2002. Expert systems and GIS: an application of land suitability evaluation.
Computers, Environment and Urban Systems, Vol. 26: 89—112.

Kavetskiy, S., Kraynyuk, M., Hofman, G., Boehme, M and Cleemput, O. V. 2003. Soil
quality and fertilization. Joint European Project, Tempus Tacis, Kyiv: 5-9 (243p).

Kay, B.D. 1990. Rates of change of soil structure under different cropping systems.
Advances in Soil Sciences, Vol.12: 1-52.

Kay, B.D and Grant, C.D. 1996. Structural aspects of soil quality. In. MACEWAN, R.J,,
CARTER, M.R. (Eds.). - Soil quality is in the Hands of Land Manager. - Centre for
Environmental Management, University of Ballarat, Victoria, Australia, pp. 37-41.

Klingebiel, A. A and Montgomery, P.H. 1961. Land capability classification. Agriculture
handbook no 210. Soil conservation service, Washington D.C. US Department of
Agriculture (USDA).

Koma, S. B. 2014. Developmental Local Government with reference to the implementation
of Local Economic Develoment Policy. Submitted in fulfilment of the requirements
for the degree of doctor of administration at University of Pretoria.

Kravchenko, A. N and Bullock, D.G. 1999. A comparative study of interpolation methods
for mapping soil properties. Agronomy Journal, Vol. 91: 393-400.

Lahiff, E and Li, G. 2012. Land redistribution in South Africa: A critical review.
Agricultural Land Redistribution and Land Administration in Sub-Saharan Africa,
27.

Lapen, D.R and Hayhoe, H.N. 2003. Spatial analysis of seasonal and annual temperature

i 2 ic normals in " on o, ( y

Research, Vol. 29: 529-544,

153'."3';:



Lassche, T. 2013. Effect of differing detail in dataset 4 model on estimation of water
Sootprints of crops. Bachelors Final Project Report, University of Twente, The
Netherlands.

LCSA (Landcare South Africa). 2006. Land Care. Civil Society Mobilisation Project. 2006.
Website: http://www.sangoconorthwest.org.za/LLandCare _new book2%20 -
%20final.pdf. Accessed 2014-02-03.

Leenares, H., Okx, J.P and Burrough, P.A. 1990. Comparison of spatial prediction methods
for mapping floodplain soil pollution. An Interdisciplinary Journal of Soil Science -
Hydrology - Geomorphology, Vol.17: 535-550.

Leuangthong, O., Khan, D and Deutsch, C. V. 2008. Solved Problems in Geostatistics. John
Wiley and Sons Ltd. United States.

Lillesand T.M., Kiefer R.W and Chipman J.W. 2014. Remote Sensing and Image
Interpretation. Ed. 5. John Wiley & Sons Ltd.

Liu, S., Oliver, A. C., Dar, A. R and Chris J. S. 2011. Relationships between GPP, Satellite
Measures of Greenness and Canopy Water Content with Soil Moisture in
Mediterranean-Climate Grassland and Oak Savanna. Applied and Environmental
Soil Science, Vol. 2011(2011). Article ID 839028, 14 pages.

Los, S.0., Justice, C.O and Tucker, C.J. 1994. A global 1° by 1° NDVI data set for climate
studies derived from the GIMMS continental NDVI data. International Journal of
Remote Sensing, Vol. 15 (17): 3493-3518.

Loveland, T. R., Merchant, J. W., Reed, B. C,, Brown, J. F., Ohlen, D. O., Olson, P and
Hutchinson, J. 1995. Seasonal land cover regions of the United States. Annals of the
Association of American Geographers, Vol. 85: 339-355.

Lu, D and Q. Weng, 2007. A survey of image classification methods and techniques for
improving classification performance. International Journal of Remote Sensing,
Vol. 28(5): 823-870.

Madrau, M.A., Piscopo, A., Sanguinetti, A.M., Caro, A.D., Poiana, M., Romeo, F.V and
Piga, A. 2009. Effect of drying temperature on polyphenolic content and antioxidant
activity of apricots. European Food Research and Technology, Vol. 228: 441-448.

Mahmoud, A., Shendi, M., Pradhan, B and Attia, F. 2009. Utilization of remote sensing

G ili 1
area, Egypt. Central Europ.  Journal of Geosciences, Vol.1 (3): 347-367.
Maisela, R. 2007. Realizing agricultural potential in land reform: the case of Vaalharts

irrigation scheme in the Northern Cape Province. A thesis submitted in partial

154 | 7 a2 -



fulfilment of the requirements for the degree of Magister Philosophiae in Land and
Agrarian Studies. University of the Western Cape (UWC).

Makarau, A. 1995. Intra seasonal oscillatory modes of Southern African summer
circulation. Doctoral thesis in Oceanography, University of Cape Town, South
Africa.

Malczewski, J. 2004. GIS-based land-use suitability analysis: a critical overview. Progress
in Planning, Vol. 62: 3-65.

Manakos, I and Braun, M. 2014. Land Use and Land Cover Mapping in Europe: Practices
& Trends (Remote Sensing and Digital Image Processing), Edition: Vol. 18,
Chapter: 15, Publisher: Springer Verlag, Editors: loannis Manakos, Matthias Braun,
pp.237-255.

Mangold, S., Kalule-sabiti, M and Walmsley, J. 2002: State of the environment report 2002,
North West Province, South Africa. North West Department of Agriculture,
Conservation and Environment: Mmabatho.

Markus, B. 2010. Spatial Analysis first. University of West Hungary, Faculty of
Geoinformatics. Funded by the European Union and the Hungarian Government.

Martin, Y. E and Franklin, S.E. 2005. Classification of soil- and bedrock-dominated
landslides in British Columbia using segmentation of satellite imagery and DEM
data. International Journal of Remote Sensing, Vol. 26 (7): 1505-1509.

Masahreh, S. Taimeh, A and Hattar, B. 2000. Evaluation and Planning of Resource
Utilization in Dry Regions Using GIS and Remote Sensing. (Available from:
http:/www.inrm.cgiar.org/Workshop2000/abstract/fullTamiech.htm) University of
Jordan. Accessed 2015-11-19.

Masigo, A and Matshego, C. 2002. Provincial report on education and training for
agriculture and rural development\ in North-West Province. North-West
Department of Agriculture, Conservation and Environment.

Meghdadi, N., Kamkar, B., 2011. Land suitability analysis for cumin production in the
North Khorasan province (Iran) using geographical information system.
International Journal of Agriculture and Crop Science, Vol. 3(4): 105-110.

Meintjies, C. J. 2001. Guidelines to Regional Socio-economic Analysis, DBSA.

A L, ] I" H H, ) 1 lity

-aluation  a il catc  :nt on the Loess Plateau in _ai isciplinary

Journal of Soil Science - Hydrology - Geomorphology, Vol. 54: 215-234.

155 |7 a2 -



METI/ERSDAC, N.L., USGS/EROS. 2009. ASTER Global DEM Validation summary
report.

Moore, [.D., Gessler, P.E., Nielsen, G.A and Peterson, G.A. 1993. Soil attribute prediction
using terrain analysis. Soil Science Society of America Journal, Vol. 57 (2): 443—
452.

Moss, M. R. 1985. Land processes and land classification. Journal of Environmental
Management, Vol. 20: 295-319.

Mousavi, S. R., Pirasteh, S., Pradhan, B., Mansor, S and Mahmud. A. R. 2011. The ASTER
DEM Generation for Geomorphometric Analysis of the Central Alborz Mountains,
Iran, Pertanika. The Journal of Science and Technology, Vol. 19: 115-124.

Mulder, V.L., Bruin, S. De, Schaepman, M.E and Mayr, T.R. 2011. The use of remote
sensing in soil and terrain mapping -— a review. Global journal of soil science,
Vol.162: 1-19.

Mueller, T.G., Pierce, E.J., Schaben, O and Warncke, D.D. 2001. Map quality for site-
specific fertility management. Soil Science Society of America Journal, Vol. 65:
1547-1558.

Munyati, C and Mboweni, G. 2013. Variation in NDVI values with change in spatial
resolution for semi-arid savanna vegetation: a case study in northwestern South
Africa. International Journal of Remote Sensing, Vol. 34: 2253-2267.

Nalder, I.A and Wein, R.W. 1998. Spatial interpolation of climatic normals: Test of a new
method in the Canadian boreal forest. Agricultural Forecasting and Meteorology,
Vol. 92: 211-430.

Nguyen, N. C. 2004. Some primary results of participatory poverty assessment of binh
thanh commune,huong tra district, thua thien hue province: Science Journal of Hue
University, Vol. 23: 88-94.

NW Provincial Treasury. 2014. 2014/15 Estimate of Provincial Revenue and Expenditure.
North West Provincial Government, Ga-Rona Building Private Bag X2060
Mmabatho 2735.

Obeng-bio, E. 2010. Selection and ranking of local and exotic maize (zea mays )
genotypes to drought stress in Ghana. A dissertation submitted to the department of

f fu
for the award of MSc. plant breeding (agronomy). Kwame Nkrumah University of

science and technology Kumasi, Ghana.

156 | 7 = - =



OECD (Organisation for Economic Co-operation and Development). 2006. OECD Review
of Agricultural Policies: South Africa. Paris.

Qosterberg, W., Drimmelen, C. V and Vlist, M. V. D. 2005. Strategies to harmonize
urbanization and flood risk management in Delta's. Water Affairs (DGW) of the
Dutch Ministry of Transport, Public Works and Water Management (V&W),
Holand. Accessed on 05/05/2015. Available from http://www-sre.wu-
wien.ac.at/ersa/ersaconfs/ersa05/papers/174.pdf.

Otieno, A.G. 2013. Design of a water treatment plant for Wanguru town, Mwea
constituency, KENYA. A Fifth Year Design Project Report submitted in fulfilment of
the partial requirements for the Degree of Bachelor of Science in Environmental and
Biosystems Engineering, University of Nairobi-Kenya.

Panhalkar, P. 2011. Land capability classification for integrated watershed development by
applying remote sensing and GIS techniques. Journal of Agricultural and Biological
Science, Vol. 6: 46-55.

Papendick, R. 1. and Parr, J. F. 1992. Soil quality: The key to a sustainable agriculture.
American Journal of Alternative Agriculture, Vol.7 (1): 2-3.

Pasolli, L., Notarnicola, C., Bruzzone, L., Bertoldi, G., Della, S. C., Hell, V and Niedrist, G.
2011. Estimation of Soil Moisture in an Alpine catchment with RADARSAT2
Images. Applied and Environmental Soil Science, Vol. 2011 (2011), Article 1D
175473, 12 pages.

Payne, T. 2013. Biofue!l firms' perseverance set to pay off. Available -
http://mg.co.za/article/2013-04-05-00-biofuel-firms-perseverence-set-to-pay-off/.

Pentz, J. L. 1945. An Agro-ecological Survey of Natal. Department of Agriculture and
Forestry, Pretoria.

Pluske, W., Murphy, D and Sheppard, J. 2007. Organic Carbon. Total organic carbon.
Available:http:/www.soilquality.org.au/factsheets/organic-carbon. Accessed 18-11-
2014.

Potgieter, R. 2014. A review of land reform in the Matzikama Municipal area. Thesis
presented in fulfilment of the requirements for the degree of Master of Arts in the
Faculty of Arts and Social Sciences at Stellenbosch University.

Africa. Oxford Universty Press, Cape Town, 374 pp.

t
Il

157 | P sz

1]



Reinstorf, E., Binder, M.‘, Schirmer, Grimm-Strele, J and Walther, W. 2005. Comparative
assessment of regionalization methods of monitored atmospheric deposition loads.
Atmospheric Environment, Vol. 39: 3661-3674.

Rossiter, D.G. 1996. A theoretical framework for land evaluation (with Discussion): Global
journal of soil science, Vol. 72: 165-202.

Rossiter, D.G and Van Wambeke, A. R. 1997. Automated Land Evaluation System ALES
Version 4.65 User’s Manual. Department of Soil, Crop & Atmospheric Sciences,
Cornell University, Ithaca, New York.

Rowe, J.S. 1981. Ecological Land Classification: A Survey Approach. Environmental
Management, Vol. 5: 451-464.

Russo, G.L. 2007. Mapping and Comparing Oils. Sixth framework programme priority 5.
Food quality and safety priority, call 4-c, specific support action. Roma 64 83100
Avellino, Italy.

Saadat, H., Bonnella, R., Sharifib, F., Mehuysa, G., Namdarb, M and Ale-Ebrahimb, S.
2008. Landform classification from a digital elevation model and satellite imagery.
Geomorphology, Vol. 100 (3—4): 453—-464.

SAMAL. 2007. Basics of Variogram Analysis. Pincock Perspectives, Issue No. 84, May
2007, Pincock, Allen & Holt, Lakewood, Colorado.

Saravanan, K and Saravanan, R. 2014. Determination of Water Requirements of Main crops
in the Tank Irrigation Command area using CROPWAT 8.0. International Journal
of Interdisciplinary and Multidisciplinary Studies (1s11S), Vol. 1: 266-272.

Saaty, T. L and Vargas, L. G. 2001. Models, methods, concepts & applications of the
analytic hierarchy process. Boston: Kluwer Academic Publishers.

Sathish, A and Niranjana K.V. 2010. Land suitability studies for major crops in Pavagada
Taluk, Karnataka using remote sensing and GIS techniques. Journal of the Indian
Society of Remote Sensing, Vol. 38:143-151.

Sauer, T.J., Cambardella, C.A., Meek, D. W., 2006. Spatial variation of soil properties
relating to vegetation changes. Plant and Soil, Vol. 280 (1-5).

Sayed, A. A. " 12. Evaluation of the Land Resources for Agricultural Development - Case
Study: El-hammam canal and its Extension, NW Coast of Egypt. Ph.D. Thesis, der

I

Schaetzl, R. J and Anderson, S. N. 2005. Soils Genesis and Geomorphology. Cambridge,

UK: Cambridge University Press.

158 | 7 a7 =



Schloeder, C. A., Zimmermen, N. E and Jacobs, M. J. 2001. Comparison of methods for
interpolating soil properties using limited data. Soil Science Society of America
Journal, Vol. 65: 470-479.

Schmidt, J and Hewitt, A. 2004. Fuzzy land element classification from DTMs based on
geometry and terrain position. Global journal of soil science, Vol. 121 (3-4): 243—
256.

Schoenholtz, S.H., Van Miegroet, H and Burger, J.A. 2000. A review of chemical and
physical properties as indicators of forest soil quality: challenges and opportunities.
Forest Ecology and Management, Vol.138: 335-356.

Schneevoigt, N.J., van der Lini 1, S., Thamm, H.P and Schrott, I.. 2008. Detecting Alpine
landforms from remotely sensed imagery. pilot study Bavarian Alps.
Geomorphology, Vol. 93 (1-2): 104-119.

Seibert, J., Stendahl, J and Serensen, R. 2007.Topographical influences on soil properties in
boreal forests. Global journal of soil science, Vol. 141: 139-148.

Sekoto, K. S and Oladele, O. 1. 2012. Analysis of Support Service Needs and Constraints
facing Farmers Under Land Reform Agricultural Projects in North West Province,
South Africa. Life Science Journal, Vol. 9(4).

Selley, R. 2000. Applied Sedimentology, Second Edition. Academic Press, 525 B Street,
Suite 1900, San Diego, CA 92101-4495; 523 pages.

Simbi, T. 1998. Agricultural policy in South Africa - a discussion document. Ministry for
Agriculture and Land Affairs, Private Bag X116, PRETORIA 0001.

Singh, D., Herlin, L., Berroir, J.P., Silva, E.F and Simoes M. M. 2004. An approach to
correlate NDVI with soil colour for erosion process using NOAA/AVHRR data.
Advances in Space Research, Vol. 33 (3): 328-332.

Slaymaker, O. 2001. The role of remote sensing in geomorphology and terrain analysis in
the Canadian Cordillera. International Journal of Applied Earth Observation and
Geoinformation, Vol. 3 (1): 7.

Smith, J. M. B. 1995. Maize Yield Estimation. In Parsons, M. J. (ed.). Maize in Natal:
Agricultural Guidelines for Natal. Natal Region of Agriculture and Water Supply,
South Africa.

t
Outlook A report on the state of the environment. North West Department of
Agriculture, Conservation and Environment. Private Bag X2039, Mmabatho, 2735,

159|n:2:



South Africa 4 - icentre, Cnr Dr. James Maroka and Stadir  Roads, Mmabatho,
South Africa.

Soil Survey Division Staff. 1993. Soil Survey Manual. USDA-SCS Agric. Handb. 18. US
Gov. Print. Office, Washington, DC.

Sommer, M., Wehrhan, M., Zipprich, M., Weller, U., zu Castell, W., Ehrich, S., Tandler, B
and Selige, T. 2003. Hierarchical data fusion for mapping soil units at field scale.
Global journal of soil science, Vol. 112 (3—-4): 179-196.

STATSSA (Statistics South Africa). 2012. Census 2011 Statistical release. Published by
Statistics South Africa, Private Bag X44, Pretoria 0001. Available:
www.statssa.gov.za.

STATSSA (Statistics South Africa). 2014. Quarterly Labour Force Survey. Statistical
release PO211. Pretoria. Accessed 18-11-2014. Available -
http://beta2.statssa.gov.za/publications/P0211/P02112ndQuarter2014.pdf

Stefanova, V., Arnaudova, Z., Haytova, D and Bileva, T. 2014. Multi-criteria evaluation for
sustainable horticulture. Turkish Journal of Agricultural and Natural Sciences
Special Issue: 2.

Sumfleth, K and Duttmann, R. 2008. Prediction of soil property distribution in paddy soil
landscapes using terrain data and satellite information as indicators. Ecological
Indicators, Vol. 8 (5): 485-501.

Sun, W., Minasny, B and McBratney, A.B. 2012. Analysis and prediction of soil properties
using local regression-kriging. Global journal of soil science, Vol. 171-172:16-23.

Taramelli, A and Melelli, L. 2009. Map of deep seated gravitational slope deformations
susceptibility in central Italy derived from SRTM DEM and spectral mixing analysis
of the Landsat ETM data. International Journal of Remote Sensing, Vol. 30 (2):
357-387.

Tasie, C.M, Nwosu, C.S and Orebiyi, J.S. 2015. Green Economy and Agriculture in
Nigeria: A Synthesis from Literature. New York Science Journal, Vol. 8(2).

Thorn, M., Green, M., Dalerum, F., Bateman, P.W and Scott, D.M. 2012. What drives
human—carnivore conflict in the North West Province of South Africa? Biological
Conservetion, Vol. 150: 23-32.

-.n , i, : s
sustainability and intensive production practices. Insight review articles. Nature,

Vol. 418: 671-677.

+
)

160 | P aze

u
q



Timmer, C. P and Akkus, S. 2008. The structural transformation as a pathway out of
poverty.: Analytics, empirics and politics. _.nter for Global Development Working
Paper, 150.

Tin, N.H. 2011. An Agricultural Management System Designed to Determine the Capability
of Farm Land at the District, Commune, Hamlet, and Farm level in the An Giang
Province, Viet Nam. A thesis submitted in total fulfilment of the requirements for
the degree of Doctor of Philosophy. School of Mathematical and Geospatial
Sciences College of Science, Engineering and Health RMIT University, Australia.

Tucker, C.J. 1979. Red and photographic infrared linear combinations for monitoring
vegetation. Remote Sensing of Environment, Vol. 8 (2): 127-150.

Tuladhar A.N, Krishna, R. B and Budhathoki, N. A. 2004. Towards Strategic Planning For
Building Land Information System (Lis) In Nepal, International Institute for Geo-
Information Science and Earth Observation (ITC), Enschede The Netherlands.

Turner, B and Sabloftb, J A. 2012. Classic Period collapse of the Central Maya Lowlands:
Insights about human—environment relationships for sustainability. Proceedings of
the National Academy of Sciences of the United States of America, Vol. 109: 13908~
13914.

UMANITOBA (University of Manitoba). 2004. Agronomic Benefits of Intercropping
Annual Crops in Manitoba. Accessed 14-04-2014, Available,
http://www.umanitoba.ca/outreach/naturalagriculture/articles/intercrop.html

UNCCD (United Nations Convention to Combat Desertification). 2012. Zero Net Land
Degradation. A Sustainable Development Goal for Rio20, to secure the contribution
of our planet’s land and soil to sustainable development, including food security
and poverty eradication. Second edition: May 2012, ISBN 978-92-95043-62-6.
UCCD in Bonn, Germany.

USDA. 1961. Land-capability classification. Agriculture Handbook No. 210. Soil
conservation service United States Department of Agriculture. Washington 25, D.C.

USDA. 2010. National Soil Survey Handbook, title 430-VI. U.S. Department of Agriculture
(USDA), Natural Resources Conservation Service. Available online at:
http://soils.usda.gov/technical/handbook/. Accessed on 04-01-2015.

enin dtural I
use suitability: Wheat. Resource Man: :ment Technical Report 295. Department of
Agriculture Western Australia, South Perth.

161 72 - ¢



Vanderlinden, K. 2001. An’alisis de procesos hidrol’ogicos a diferentes escalas espacio-
temporales (p. 65—125). Thesis Doctoral. Spain: Universidad de C’ordoba.

Vibhute, A. D and Gawali, B. W. 2013. Analysis and modeling of agricultural land use
using remote sensing and geographic information system: a review. International
Journal of Engineering Research and Applications, Vol. 3(3):081-091.

Vink, N., Tregurtha, N and Kirsten, J. 2008. Presidency fifteen year review report - review
of agricultural policies and support. Pretoria, South Africa: ComMark Trust

Vo, Q.M and Yamada, L. 2003. Delineation and incorporation of socio infrastructure
database into GIS for land use planning in .un Phu Thanh village, ChauThanh
District, Cantho Province. Land use analysis, Map Asia Conference 2003: 14-16.

Vodppl. 2015. Introduction soil fertility management. Accessed: April 12 2015, Avilable:
http://www.vodppl.upm.edu.my/uploads/docs/PJJ%20%20SST3603%20Module%2
012-3-13%20Pdf.pdf

Warrick, A.W. 1998. Spatial Variability in Environmental Soil Physics. In: Hillel, D.
(Eds.). Academic Press, USA. pp.655-675.

Wegerif, M. 2004. A Critical Appraisal of South Africa's Market-Based Land Reform
Policy: The Case of the Land Redistribution for Agricultural Development (LRAD)
Program in Limpopo. Research Report 19. Programme for Land and Agrarian
Studies, University of the Western Cape, Cape Town, South Africa.

Weiss, J.L., Gutzler, D.S., Coonrod, J.E.A and Dahm, C.N. 2004. Long-term vegetation
monitoring with NDVI in a diverse semi-arid setting, central New Mexico, USA.
Journal of Arid Environments, Vol. 58: 249-272

Weisz, R., Fleischer, S and Smilowitz, Z. 1995. Map generation in high-value horticultural
integrated pest management: Appropriate interpolation methods for site-specific pest
management of Colorado potato beetle (Coleoptera: Chrysomelidae). Journal of
Economic Entomology, Vol. 88:1650-1657.

West, G.G and Turner, J.A. 2014. MyLand: A web-based and meta-model decision support
system framework for spatial and temporal evaluation of integrated land
use. Scandinavian Journal of Forest Research, Vol. 29: 108-120.

Woolard, J.W and Colby, J.D. 2002. Spatial characterization, resolution, and volumetric

x i

e R R R A L VT

162|723 -



Wortmann, C. S., Liska, A. J., Ferguson, R. B., Lyon, D. J., Klein, R. M and Dweikat 1.
2010. Dryland performance of sweet sorghum and grain crops for biofuel. Agron
Journal, Vol. 102: 319 326.

World Bank. 2008. Agriculture for Development 2008. World Development Report 2008.
Washington, D. C., World Bank. 352  pages. Available at
http://siteresources.worldbank.org/INTWDR2008/Resources/WDR_00_book.pdf.

Zhang, L.Y. H. 2002. ammodendron and H. Persicum in Xinjiang Desert. Journal of Plants
in China, Vol. 5: 4-5.

Zribi, M., Baghdadi, N. and Nolin, M. 2011. Remote Sensing of Soil, Applied and
Environmental Soil Science. Vol. 2. Hindawi Publishing Corporation

Zech, W and Hintermaier-Erhard, G. 2008. Soils of the world. Heiderberg, Berlin: Springer-
Verlag. 130 pp.

163 | 7 . =




Appendix

Table 1: Weights and ratings assigned to factors and classes for agricultural land capability

modelling for sunflower.

SUNFLOWER
Variables Classes Ratings Land capability
Land use/land cover Water 2 Not suitable
(weight=0.2) Agriculture land 10 Good
Bare land 8 Fair
Woodland 10 Good
Slope (weight=0.1) 0-4% 10 Good
4-8% 8 Fair
8-12% 4 Poor
>12% 2 Not suitable
Depth (weight=0.2) >100cm 10 Good
80-100cm 8 Fair
<80 8 Fair
pH (weight=0.2) 5.5-7.5 10 Good
7.5-8.5 6 Moderate
<4.5 4 Poor
Texture (weight=0.2) Clay loam 10 Good
Sandy loam 8 Fair
Clay (light) 10 Good
Sandy clay loam 10 Good
Sandy 8 Fair
Clay (weight=0.05) 10-20% 10 Good
20-30% 10 Good
>30% 8 Fair
Drainage (weight=0.05) Well drained 10 Good
Moderately drained 8 Fair
Imperfectly drained 6 Moderate
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Table 2: Weights and ratings assigned to factors and classes for agricultural land capability

modelling for maize.

MAIZE
Variables
Land use/land cover
{weight=0.2)

Slope (weight=0.1)

Depth (weight=0.2)

pH (weight=0.2)

Texture (weight=0.2)

Clay (weight=0.05)

Drainage (weight=0.05)
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Classes
Water
Agriculture land
Bare land
Wood land
0-4%
4-8%
8-12%
>12%
>100 cm
80-100 cm
<80
5.5-7.5
7.5-8.5
<4.5
Clay loam
Sandy loam
Clay {light)
Sandy clay loam
Sandy
10-20%
20-30%
>30%

Well drained
Moderately drained
Imperfectly drained

Ratings
2
10
8
10
10

Land capability
Not suitable
Good
Fair
Good
Good
Fair
Poor
Not suitable
Good
Fair
Poor
Good
Moderate
Poor
Good
Fair
Good
Good
Good
Good
Good
Fair
Good
Fair
Poor



Table 3: Semivariograms paramaters in Barberspan farm

Lag size

Variable Major range Partial sill nNugget lype
Organic carbon | 0.052 0.015 0.008 0.004 Ordinary
Clay 0.065 40.17 0.008 35.86 Ordinary
pH U.U51 u.ULS U.uusB v.uv4 Ordinary
Depth 0.143 0 0.011 2619 Ordinary
Table 4: Semivariograms paramaters in Rietfontein farm

Variable Major range Partial sill Lag size Nugget Type
Organic carbon | 0.129 0.008 0.013 8.249 Ordinary
Clay 0.087 26.47 0.013 4.722 Ordinary
pH 0.087 0.013 0.013 0.002 Ordinary
Depth 0.087 1601 0.013 285.6 Ordinary
Table 5: Semivariograms paramaters in the former Pienaars Nature Reserve

Variable Major range Partial sill Lag size Nugget Type
Clay 0.042 276.6 0.010 0.276 Ordinary
pH 0.121 0.599 0.010 0.127 Ordinary
Depth 0.121 985.7 0.010 1073 Ordinary
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