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Abstract
Background
In Laikipia, Kenya, livestock production is one of the most crucial food-related activities for habitants and for
the condition of the land. Over 2/3 of Laikipia’s land is used for livestock keeping under either privately owned
large-scale ranching or pastoralist grazing use on non-arable semi-arid and arid rangelands (King et al. 2013).
With Laikipia’s current economic structure of 80 % of people relying on livestock production, habitants largely
depend on natural resources for their livelihood (CAS 2013, Butynski and De Jong 2014). Especially, pastoralists whose subsistence is often solely based on livestock keeping, rely heavily on large and intact rangelands.
Thus environmental performance of livestock production is of major importance to enable food sustainability.
Laikipia, however, like many other vast land areas in sub-Saharan Africa, is struggling with degraded land. The
rangelands of Laikipia experience an increase in bare land and bush since many years (King et al. 2013). Its
consequences are far-reaching; threatening the lives of people and livestock (ibid.). Climate change and everincreasing population aggravate the challenges faced. Moreover, livestock numbers are increasing dramatically
(they have doubled between 1985-2016), while wildlife is declining recently (Kinnaird et al. 2012). Laikipia’s
rangelands represent a complex, still poorly understood ecological system that is influenced by past and current
social, economic, and environmental dynamics—and by livestock production systems. This study aims at gaining insights into these systems and their environmental impacts to assist in a better management and sustainable
use of these vital rangelands.
Goals and methods
Under these premises, this Master thesis is comparing two major livestock value chains, namely private ranches
and Masai group ranches (pastoralists) and their impacts on natural resources and eventually on food sustainability. To tackle the research question, a mixed methods approach was followed. Four ranches - with two different
settings of case studies - were characterized, and their value chains of livestock production was reconstructed.
For assessing rangeland health, differences in vegetation (species, composition, cover), soil properties (in situ:
soil structure, aggregate stability, compaction, edaphon, humus content; in the laboratory: particle size, total soil
organic carbon, total nitrogen, total phosphorus, total potassium, total magnesium, total manganese, total copper,
pH), and erosion features were measured.
Results
Results show that livestock production has a decisive impact on the land. The higher the pressure on land, in
particular stocking rates, the higher the environmental degradation. Heavy grazing leads to reduced and changed
vegetation cover, and thus bare ground, erosion features, and physical and chemical soil degradation. Taking
wildlife numbers into account, all ranches exceed carrying capacity. Impact on natural resources mainly takes
place in the production step of the value chain. In this step, livestock graze on the vast rangelands. Whereas this
only takes place on the ranches for the privately owned type, group ranches (pastoralists) also trek their animals
to forest glades for legal and illegal grazing. In Laikipia, major identified ecological problems (partly) caused by
livestock production are: bare ground, low contents of soil organic carbon and plant-available nutrients, soil
erosion (sealing, crusting, rills and gullies, water flow patterns, sheet erosion, pedestals), poor soil properties,
undesirable species, and (increasing) woody and invasive species. These ecological problems are an expression
of the environmental performance of livestock production and worsen food sustainability. However, soil organic
carbon was clearly above the threshold for healthy plant growth of 5 g kg-1 by the United Nations Convention to
Combat Desertification and thus in contrast to other studies (compare Vågen and Winowiecki 2014) not found to
be alarming low. This fact, and the mostly good recovery of grasses after rains show that rehabilitation potential
is still high. This suggests that environmental degradation is not in an irreversible state. Results also show that
management and foremost stocking rates largely influence the state of rangeland. The environmental performance of group ranches is for all assessed indicators worse than of private ranches. A representative indicator is
bare ground, showing during the dry season on average alarmingly high 50 % of bare ground for group ranches
and 13 % for private ranches. Soil organic carbon, another representative indicator, resulted in on average 65 %
higher content for private ranches compared to group ranches. These results, of course, have dramatic implications for what the land provides and how it is protected against erosion. However, results need to be put in context. The integrative design of this study showed that sustainable land management for pastoralists is difficult for
many reasons. As the follow-up question is obviously where this high pressure on land on group ranches is coming from. The high pressure on land can be explained by political factors like limiting pastoralist’s mobility and
available area, cultural and economic reasons such as the risk-averting strategy of livestock keeping and the
many thousand livelihoods they support (approximately 8’000 per group ranch), as well as poverty and
marginalization issues.
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1 Introduction
This introducing chapter sets the context and the relevance underlying this Master thesis. Derived
from the problem statement, objectives and research questions of this work are presented.

1.1 Problem Statement
Food-related activities have far-reaching impacts on our natural environment. Particularly livestock
production profoundly affects natural resources and accounts for a range of environmental problems.
The major environmental impacts of meat production are on land degradation, water depletion, pollution, and biodiversity (Scollan et al. 2010). But above all, livestock agriculture is the world’s largest
use of land resources. 26 % of land worldwide is used for grazing livestock, while further 33 % is used
for growing livestock feed (Steinfeld et al. 2006). Moreover, meat production goes along with largescale land use changes such as wetlands being converted into pastures (Sigua et al. 2003). Also, it is
one of the major driving forces behind deforestation (Steinfeld et al. 2006). Even more infamous is
livestock’s contribution to climate change; it accounts according to the FAO for 18 % of the global
human-made greenhouse gas emissions, principally from methane and nitrous oxide (ibid.).
Furthermore, livestock production is strongly associated with soil erosion. Worldwide, 10-20 % of
arid and semi-arid lands are severely degraded (UNCCD 1994, MEA 2005). In sub-Saharan Africa,
even 70 % of rangelands are considered moderately to severely degraded (UNCCD 1994, Kimiti et al.
2017). Grazing mismanagement, which includes besides the infamous overgrazing also the likely
underrated undergrazing, is widely blamed as root cause of land degradation and is currently converting grasslands into bushlands in many regions of the world (FAO 2013, Davies et al. 2015). This can
lead to a one-sided composition of woody species that reduce forage availability and biodiversity (de
Queiroz 1993). Considering the vast landmasses rangelands occupy and their important role in numerous global processes, degradation signs are alarming. Namely, rangelands cover up to 50 % of the
worldwide land mass and provide a wide range of goods and services (Davies et al. 2015). Rangelands
also play a major role in current debates about climate change and global loss of biodiversity.
Throughout the value chain of meat, the livestock sector has, in addition, an enormous impact on water use, water quality, and aquatic ecosystems with a very significant water footprint (Steinfeld et al.
2006). Agriculture uses 70 % of the earths available fresh water of which 1/3 of that is used to produce
grain fed to livestock (FAO 2014). The production of 1 kilogram of beef consumes depending on the
study up to 15‘000 l (virtual) water (Mekonnen and Hoekstra 2012).
Besides environmental impacts, livestock production has obviously socioeconomic impacts. Worldwide livestock production supports the livelihoods and food security of almost one billion people
(FAO 2009). However, many are among the poor (FAO 2009). Livestock production is still a growing
sector. While the worldwide demand for food is increasing, the worldwide meat production has tripled
in the last four decades (The Worldwatch Institute 2011). It has been estimated by the FAO (2006)
that global meat consumption may double from 2000-2050 and is therefore very likely to further increase. Consequently, this leaves no doubt that livestock production has a significant impact on natural
resources and livelihoods and will continue to be a major source of nutrition in human dietary in the
future.
The importance of livestock production and rangelands was realized by the United Nations who put
mitigating of a further deterioration of rangeland as well as its rehabilitation high on the Sustainable
Development Goals (SDG) agenda. Goal number 15.3 on land pursuits the following goal: By 2020,
combat desertification, and restore degraded land and soil, including land affected by desertification,
drought, and floods, and strive to achieve a land-degradation neutral world (UN-DESA). It is moreover closely linked to the SDG goals of poverty and hunger, gender equality, and climate change.
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In Laikipia, Kenya, livestock production has traditionally a very high importance. Most of the nonarable semi-arid and arid land of Laikipia is used for livestock keeping. 37 % of the total land area is
under privately owned large-scale ranching and 32 % is under pastoralist grazing use (King et al.
2013). Therefore, livestock keeping is of major importance for people and the condition of the land.
With Laikipia’s current economic structure of 80 % of people relying on livestock production, inhabitants largely depend on natural resources for their livelihood (CAS 2013, Butynski and De Jong 2014).
Especially, pastoralists whose subsistence is often solely based on livestock keeping rely heavily on
large and intact rangelands. Thus environmental performance of livestock production is of major importance to enable food sustainability. Laikipia, however, like many other vast land areas in sub-Saharan Africa, is struggling with degraded land. The rangelands of Laikipia experience an increase in
bare land and bush since many years, both on community-owned lands and private ranches (King et al.
2013). Historical overgrazing, erratic rainfalls, and drought cycles left the land marked with bare
patches often covered with physical crusts resulting in reduced water infiltration rates (Kimiti et al.
2016, Kimiti et al. 2017). Its consequences are far-reaching; threatening the lives of people and livestock (King et al 2013). Group ranches (pastoralists) have compared to private owned ranches often
more degraded land, which is according to different researchers due to higher stocking rates and
continuous grazing (Livingstone 1991, Shackleton 1993, Georgiadis et al. 2007, Okello 1996, Todd
and Hoffman 1999, Yayneshet and Treydte 2015, Magut et al. 2013, King et al. 2013).
Climate change and ever-increasing population aggravate the challenges faced. Moreover, livestock
numbers are increasing dramatically, while wildlife is declining recently (Kinnaird et al. 2012). Laikipia’s rangelands represent a complex, still poorly understood, ecological system that is influenced by
past and current social, economic, and environmental dynamics—and by livestock production systems. This study aims at gaining insights into these systems to assist in the better management and
sustainable use of these vital rangelands. This, in turn, requires solid data on rangeland health and
current grazing systems while measuring vegetation and soil indicators is of major importance
(Yayneshet and Treydte 2015). Additionally, McGahey et al. (2014) remark that there is no general
framework for comparing different livestock production systems and their impact on natural resources.

1.2 Objectives
The general goal of this Master thesis is to assess and quantify environmental impacts of different
livestock value chains on natural resources (soil and vegetation) in Laikipia, Kenya. However, to interpret results of environmental impacts reasonably they need to be put in context to characteristics and
the value chain of the respective systems, as well as the ecological disposition. Hence another important goal is to elaborate this context, which in turn then allows comparing ranches and livestock
production systems in an integrative manner.
This study is carried out within the R4D (Research for Development) project: “Towards food
sustainability: Reshaping the coexistence of different food systems in South America and Africa” and
is therefore also a contribution to the broader goals of this project (for more information consult the
R4D project proposal and working papers, Rist et al. 2015, Rist and Jacobi (2016 a,b). This study is
part of the work package “environmental performance”, whereby the general goal is to assess
environmental impacts of food systems and therefore to identify and provide evidence-based scientific
knowledge for improvement and formulation of policy recommendations in order to improve food
systems’ sustainability (see chapter 3). Detecting and mitigating negative environmental impacts of
food production can at best improve food security, combat climate change, reduce biodiversity loss
and mitigate poverty. The societal relevance of the study is therefore clearly given.
The specific objectives of this Master thesis are (all related to the study area in Laikipia):
-

Understand livestock production systems and the value chains of group ranches (Masai
pastoralists) and private ranches (private ranching)
Quantify impacts of livestock value chains on natural resources (vegetation, soil)
Therefore, compare two different settings of group ranches (Masai pastoralists) and private
ranches (private ranching) under similar ecological conditions regarding characteristics, value
chains, rangeland health, and eventually their impact on food sustainability
2
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o Makurian (Masai group ranch) vs. Lolldaiga (private ranch)
o Il Ngwesi (Masai group ranch) vs. Borana (private ranch)
Understand the ecological systems where the livestock production takes place
Put the rangeland health results in context to livestock production regarding characteristics
and value chains

1.3 Research Questions
The general question of the relevant work package “environmental performance” of the R4D project
on “food sustainability” is as follows:
-

What is the state of food systems’ environmental performance in the Mount Kenya region?

This very broad question is specified according to the contribution of this Master thesis to the project.
To meet the introduced objectives (see 1.2), the value chains of four red meat producing ranches
within two different livestock production systems are looked at until livestock sales. Along the value
chains, environmental impacts regarding the condition of natural resources (soil and vegetation) are
assessed. Thus the research question is as follows:
What are environmental impacts of red meat production on soil and vegetation
in two different livestock value chains in Laikipia, Kenya?
Specific questions (all related to the case studies (see 1.2) and the study area in Laikipia (see 4.1.1):
-

-

How are the four examined ranches characterized?
What characteristics are typical for the two distinguished livestock production systems of
group ranches (Masai, pastoralists) and private ranches (private ranching)?
What are the relevant steps along the value chain of livestock production of all ranches (from
natural breeding until sales)?
What are the activities, governance issues and rents, and who are the actors in these steps?
How and where do these different steps affect the quality of natural resources?
What is the condition of natural recourses (rangeland health) of the ranches along the value
chains regarding
o Vegetation (incl. biodiversity)
o Erosion features
o Soil quality
What are impacts of bomas (livestock corrals) on soil in different time periods?
How can the rangeland health results be interpreted in context of characteristics and value
chain analyses?
What conclusions can be drawn for livestock production systems (group ranches vs. private
ranches)?
What conclusions can be drawn for food sustainability?
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2 State of Research in the Field
This chapter presents the current state of relevant research in the context of this Master thesis.
Whereas first the compared livestock production systems are introduced, later the livestock and rangeland relevant basics and the thematic integration are elaborated, then the current state of research
regarding impacts of livestock production on natural resources is presented, and finally, the current
state of research regarding livestock production and condition of rangelands in Laikipia is summarized.

2.1 Livestock Production Systems
This chapter introduces livestock production systems in general and the two in this study compared
systems - pastoralism (group ranches) and private ranches (private ranching) - in detail.
Livestock production means raising of domesticated animals to produce livestock products such as
meat, milk, skins, hides, and wool. However, livestock production in this Master study is limited to
red meat production (see 4.2). Livestock production includes breeding, maintenance, and slaughtering
of animals. Thus livestock production is in this thesis used synonymously with the examined livestock
value chain, since the analysis goes in this study until livestock sales. Peculiar value chain features are
presented in chapter 4.3.2 and 5.4. Livestock farming systems or livestock production systems (subsequently used as the same) are classified as subsets of farming systems. Farming systems are defined
as: groups of farms that have a similar structure and function and can be expected to produce on similar production functions (FAO 1995, Ruthenberg 1980). Based on that the FAO (1995) defines the
following livestock production systems:

Figure 1: Livestock Production Systems. FAO (1995). Mixed-farming systems: L (sic)
4
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Solely livestock production systems (L)
Livestock systems in which more than 90 % of dry matter fed to animals comes from rangelands, pastures, annual forages, and purchased feeds and less than 10 % of the total value of production comes from non-livestock
farming activities.
Landless livestock production systems (LL). Subset of the solely livestock production systems in which less
than 10 % of the dry matter fed to animals is farm-produced and in which annual average stocking rates are
above ten livestock units (LU) per hectare of agricultural land.
Grassland-based systems (LG). Subset of solely livestock production systems in which more than 10 % of the
dry matter fed to animals is farm-produced and in which annual average stocking rates are less than ten LU per
hectare of agricultural land.
Mixed-farming systems (M)
Livestock systems in which more than 10 % of the dry matter fed to animals comes from crop by-products or
stubble or more than 10 % of the total value of production comes from non-livestock farming activities.
Rain-fed mixed-farming systems (MR). A subset of the mixed systems in which more than 90 % of the value of
non-livestock farm production comes from rain-fed land use.
Irrigated mixed-farming systems (MI). A subset of the mixed systems in which more than 10 % of the value of
non-livestock farm production comes from irrigated land use.
FAO 1995

Whereas worldwide “landless” and intensive livestock farming (factory farming) has largely replaced
traditional “grassland-based” extensive and unfenced animal husbandry, in the semi-arid and arid
lands of sub-Saharan Africa extensive open grazing is still by far the most important system. Most
common livestock are cattle, camels, sheep, and goats, whereby cattle is the biggest production system, but goats and sheep are gaining ground. For sub-Saharan Africa Otte and Chilonda (2002)
differentiate between two main types of livestock production systems on rangelands: Traditional
(pastoral, agro-pastoral and mixed) and non-traditional (ranching and dairy). They differ mainly
regarding livestock densities, supporting number of people per land area, production objectives, degree of intensification, and productivity. In this study, the “pastoral” system out of the traditional category and “ranching” out of the non-traditional category are compared. They belong to the category
“Grassland based, solely livestock production systems in arid and semi-arid tropics” (LGA) of the
FAO classification (Figure 1). Both systems are extensive livestock production systems with little
input (labor, mechanization) on vast semi-arid and arid land areas too dry and high for cropping. The
“pastoral” category is hereinafter referred as “pastoralism”, even though the current form is rather
partly pastoral (transhumant pastoralism) thus pastoralists in the study area live semi-sedentarily in socalled “group ranches”. The category “ranching” on the other hand is subsequently called “private
ranching”, in order not to mix it up with the term “group ranches” of pastoralists. Both categories will
be described in further detail in the following chapters.
A third, even though not solely rangeland based, important livestock production system in sub-Saharan Africa is the smallholder farmer or peasant system. In the FAO classification described as
“Rain-fed mixed-farming systems in the arid/semi-arid Tropics” (MRA). This intensive livestock
production approach is contrasting the other extensive production systems. It is characterized by high
input on a small area size. This system is not considered in this study due to its heterogeneity of
management types and lacking comparable ecological conditions to the other systems (different agroecological zones). These settled smallholder farmers often run mixed crop-livestock farms. They keep
very few livestock units. During daytime they tie them up close to their farm, often feeding them
Grevillea leaves from their agroforestry systems and then put them in stables overnight. Thus they
usually do not grow crops for fodder, but use the harvest residues. Rarely, livestock are sent for a few
5
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hours to graze on the villages’ common land. An ago-industrial livestock production with feedlotting
has so far not become economic in Laikipia (Bergevoet & van Engelen 2014).

2.1.1

Pastoralism (group ranches)

The traditional way of meat production in Kenya is pastoralism. In Laikipia, Masai pastoralists are
nowadays organized in group ranches with clearly defined boundaries. Some few thousand pastoralists
almost exclusively engaged in livestock production inhabit such an unfenced large-scale ranch. The
Laikipia Wildlife Forum (2011) defines group ranches as community-owned private companies that
allow people to maintain a form of their traditional lifestyle – a semi-nomadic system of rearing cattle,
sheep, and goats.
2.1.1.1

History and attributes

Worldwide, pastoralists are estimated at 500 million (McGahey et al. 2014) and account for 10 % of
the world’s meat production (Schrepfer and Caterina 2014). Pastoral systems in East Africa have
evolved over the last three to four thousand years (FAO 2005). Pastoralism is a major cultural heritage
of Africa. Today, the arid and semiarid rangelands of sub-Saharan Africa are home to 80 million rural
pastoralists, of which are about 7 million Kenyans (Notenbaert et al. 2009). In Kenya’s arid and semiarid lands (88% of the landmass), pastoralists make up 90 % of the employment and 95 % of the family incomes, contributing to roughly 10 % of Kenya’s GDP and 50 % of the agricultural GDP (Huho et
al. 2011). Traditional pastoralist systems are tightly coupled human-environment systems, in which
human livelihoods are derived substantially or wholly from livestock that forage on naturally occurring rangelands (Kaye and King 2014). Historically and ecologically, livestock are deeply embedded
in the structure and function of African rangeland ecosystems, and the nutritional, economic, and cultural benefits can be seen as actively managed ecosystem services (Kaye and King 2014).
Traditionally, this form of livestock farming is a subsistence-level production system, with families
relying more on milk than meat for nutrition, selling animals to get cash for other economic needs, and
building herd sizes to accrue social status, wealth, and risk buffering. Pastoralism is therefore more
than just a means of production, but also a way of life linked to the identity of the individuals and
communities that practice it (Schrepfer and Caterina 2014). Thus pastoralist people‘s lives are closely
tied to livestock numbers for cultural as much as economic reasons. Sale and commoditization of livestock only became popular rather recently during colonialism (Hodgson 2000). Pastoralists rely heavily on strategic mobility in order to ensure access to grazing land and water. Kenya’s pastoralists consist of the following different tribes: Turkana, Samburu, Pokot, Boran, Somali, Gabra, Burji, Rendille,
and Garre. Some still do not consider themselves as Kenyans (Schrepfer and Caterina 2014). Pastoralists are diverse in their lifestyles but they share some key institutional and cultural customs. Firstly,
they manage rangeland as common pool resources through customary, polycentric governance systems, and social networks (Agrawal 2007). This means there are multiple interacting governing bodies
with decision-making powers based on tradition and historically developed rules in place in order to
manage communal resources. The land is managed by a complex bottom-up decision-making system
(committees, elders, grazing manager, board, chairman, chief, government appointed delegate).
Pastoralist’s property rights can be understood as overlapping rights, often interconnected, also between different areas, authorities, and functions, and ruled by principles of flexibility and reciprocity
(FAO 2016). Moreover, social networks are characterized by complex social system with exchange
networks and strong social ties enabling pastoralist’s social security. In Masai culture young men are
subordinated to the old, and women to both (ibid.). Secondly, mobility is their buffer against varying
environmental conditions and to access resources that are spatially distributed. Thirdly, their culture is
based on reciprocity and sharing, which are strong social norms among most pastoralists (Kaye and
King 2014). And fourthly, pastoralists still live very traditionally in many cases. However, nowadays
they are often organized via mobile phones to relocate their cattle according to the latest information
about water points and new pastures to graze. Another attribute of pastoral livestock production is that
they tend to slaughter their animals opportunistically in times of need. Strategic fattening and selling is
still seldom. Armed conflicts over water and grazing are sadly another characteristic of many pastoral
societies (Catley et al. 2013).
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Historically, pastoralists have been marginalized and squeezed into smaller and smaller areas (Letai
and Lind 2013). In East Africa, three major caesuras have limited their mobility and diminished their
land: the drawing of national borders, the settlement of foreigners during the colonial era and the
establishment of national parks. Pastoralism had to adapt and is still dynamically changing. However,
increased livestock losses and more constraints on mobility have weakened pastoralist’s ability to
adapt (Letai and Lind 2013). According to Catley et al. (2013), the failure of development projects
over decades is nowhere better exemplified as for pastoralism - the aid industry failed to understand
the complex system or higher-level political interference undermined implementations. According to
Niamir-Fuller (1999) projects sought to intensify livestock production (focusing on sedentarization,
destocking, and water development), instead of enhancing livelihoods. National politicians have always struggled to figure out how to deal with a pastoral economy. Many issues of pastoralism at the
margins are namely of political nature. Pastoralists are thereby clearly politically, economically and
socially marginalized (Devereux and Tibbo 2013). The delivery of public services is weak (ibid.).
Kenya’s government has many times underrated the economic value of the livestock industry and in
particular the pastoral economy. Also in FAO’s (2016) guide on improving governance of pastoral
lands, pastoralists are identified as a marginalized group. The guide also blames governments for their
shortcomings in securing pastoral tenure. The highly adaptable livelihood strategies of pastoralists
often do not go along with notions of property rights of policy makers. The guide moreover notes that
overgrazing is often a symptom of flawed governance, and evidence for degradation attributed to
overgrazing is often weak and might be politically motivated. Niamir-Fuller (1999) encourages this
point of view. She observed that rangeland degradation is scarce where mobility and customary
institutions for local governance remain effective.
An additional issue in the context of marginalized pastoralists is raised by Little (2013) who argues
that pastoralism has suffered a great deal from biased language and narratives. Pastoralism is often
equated with degradation, inefficiency, violence, and poverty. However, the picture in the rationale of
many politicians and development agencies of the conservative herder, limited by a primitive cultural
mindset of keeping livestock for cultural reputation, and selling only few livestock seems to be outdated. Neither is pastoralism representing one form of livelihood (Catley et al. 2013).
2.1.1.2

Pastoralism (group ranches) in Laikipia

In Laikipia, pastoralists inhabit the drier northeast of the County and receive on average 500 mm
precipitation per year (Huho et al. 2009). Given the non-arable lands they occupy, livestock production is probably the most appropriate land use (King et al. 2013). Pastoralists occupy 32 % of Laikipia’s land (see Figure 9) and supply a lot of food to local people and support many thousand livelihoods. Pastoralists in Laikipia produce food for mainly local and subsistence use of 1 to 20 million
USD per year (King et al. 2013). Costs are estimated at 6 to 14 million USD (supplies, inputs, labor)
(ibid.). Around 30’000 people depend on pastoralism (ibid.). Traditionally, children and especially
young men are the herders. Today, more and more children are sent to school and do not work anymore. Thus about 1/3 of pastoralists employ herders (ibid.). It is estimated that ecosystem services
other than food generate approximately 5.1 million USD per year (ibid.).
Historically, Laikipia was home to Masai pastoralists and hunter-gatherers. However, during the British colonial rule, Laikipiak Masai were dislocated to southern Kenya, while only traditional huntergatherers remained in the area. Social changes and influences from Samburu pastoralists made these
hunter-gatherers change to a pastoral lifestyle. Consequently, they self-labeled themselves as Masai
(Cronk 2002).
Since the mid-1960’s and early 1970’s, Kenya government tried to overcome problems related to sharing land resources and introduced the group ranch concept in various districts (Ng’ethe 1993). Kenyan
government was with the introduction of group ranches also reacting to science. Hardin (1968) stated
in one of the most cited and influential papers of science “The tragedy of the commons” that degradation due to overstocking is arising from communally managed lands where incentives are lacking to
manage the land sustainably. People exploit the commons for their own good, but do not feel responsible to manage it properly. And since everybody does that, the land gets degraded in the long run. This
applies according to Kenyan government – even though research has in the meantime also found many
examples that commons can be governed properly without property rights (Ostrom 1990) – for East
Africa. This tragedy of the commons has been used as an argument for handing out deeds to group
ranches and privatization of land. However, an improvement of rangeland conditions could not be
7
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reached so far and the concept of group ranches remains highly controversial (Catley et al. 2013).
Actually, most pastoral land was never the decried unregulated, free land, rather governed by customary rights and traditional rules designed to sustain grassland functions for the use of all (FAO 2005).
A group ranch is defined by the Kenyan Ministry of Agriculture (1968) as a livestock production system or enterprise where a group of people jointly own freehold title to land, maintain agreed stocking
levels and herd their livestock collectively which they own individually. It was designed to meet the
following objectives (Ng’ethe 1993):
-

increase the productivity of pastoral lands through increased off-take
to improve the earning capacity of pastoralists
to avoid possible landlessness among pastoralists in case tracts of land were allocated to
individual ranchers
to avoid environmental degradation due to overstocking on communal lands
to establish a livestock production system that would allow modernization or modification
of livestock husbandry and still preserve many of the traditional ways of life without causing social friction

Land for pastoralists in the Mukogodo Division of northern Laikipia is divided into 11 group ranches
with a total area of 540 km2. Some have similar to the private ranches set up conservancies.
Pastoralists in Mukogodo Division have recently adopted a semi-sedentary lifestyle. Their current
form of pastoralism can be described as transhumant pastoralism, which is based on more or less regular seasonal migrations from a permanent homestead (Otte 2002). This is in comparison to the pure
pastoral system of nomadic pastoralism, which is characterized by high mobility of people and animals in search of grazing and water (Otte 2002). This shift towards sedentarization and declining
mobility has been driven by a multitude of factors, such as droughts, increased individualization and
disruption of governance structures within pastoral societies; growing economic vulnerability, increased competition and conflicts over land, and increased land ownership by investors outside the
pastoral sector (Niamir-Fuller 1999).
Laikia is also affected by recurrent conflicts. In 2016 and 2017, armed pastoralists from northern tribes
like the Samburu have forcefully moved their livestock herds onto private and group ranch territory in
Laikipia. They have damaged properties, killed wildlife and people, and even tourists were affected.
The harsh conditions during the drought led them to act recklessly – often in the struggle for sheer
survival of livestock and people. Additionally, there are also persistent conflicts between private
ranches and pastoralists. Land tenure issues remain unsolved. It seems all conflicts are over resources
during hard times after all, first and foremost the land itself. But they are also linked to inequalities
and corrupt politicians, where cattle raids are used as a political tool for votes in exchange for water
and pasture (Bond 2014).
2.1.1.3

Challenges

But pastoralism, both in general and in Laikipa, is threatened. Today, most pastoralists face manifold
problems such as displacement, failing to meet household’s livelihood needs and maintain ecological
resources (Kaye and King 2014). Continuing land degradation, droughts, food insecurity, and decreasing yields question the system. According to Little (2013) problems such as land appropriation and
restrictions on mobility leading to increased human and livestock densities are responsible for land
degradation. Not surprisingly, today many pastoralist systems are adapting and changing, especially in
land management practices (Kaye and King 2014). For instance, the herd owner themselves are often
absent, hiring herders for their cattle. Among them are also the wealthy livestock owners. However,
these rapid processes of changing societies can also lead to the erosion of customary safety nets (Catley et al. 2013).
Two of the most challenging issues for pastoralists are the more frequent and severe droughts, as well
as unsecure land tenure. Howden (2009) states that while droughts occurred in the 1970’s once in 10
years, they now happen since the 1990’s every 2-3 years. From 1993 to date, the government of Kenya
has declared six national disasters in 1992-1993, 1995-1996, 1999-2001, 2004-2006, 2008-2009 and
2016-2017 (Huho and Mugalavai 2010, GOK 2017). For Mukogodo Division Huho et al. (2009)
found that the probability of longer droughts than one year increased in the last decades dramatically
to three and four consecutive years. In 2009, Masai in Kenya lost 70-90 % of their livestock (Huho et
al. 2011). Besides the high livestock mortality, prices for livestock got very low and parts of the range8

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

land vegetation changed sustainably (Huho et al. 2011). Non-palatable species such as Sansavellia
have come on the scene. But pastoralists have come up with adaptive strategies. According to Huho et
al. (2011) they established conservation areas and feed reserves, concluded deals with their neighbors
(smallholder farmers and private ranches), split their animals into productive and less productive
herds, migrated, hired pasture and fed tree twigs and branches. Huho et al. (2011) also found out, that
pastoralists let their livestock graze very early in the morning when foliage is soaked with morning
dew, what resulted in less need of watering the livestock. Letai and Lind (2013) describe similar
customary coping practices to cope with deteriorating situations on the basis of several drought years
in Laikipia. Adaptive strategies consisted of keeping weakened stock back at homesteads, slaughtering
calves to reduce stress on their mothers, collecting branches of trees to feed livestock, widely avoiding
to bleed healthy grazers for nutrition, expanding livestock trekking routes for these spared grazers to
NgareNdare, Mukogodo Forest, Mount Kenya, as well as towards the Aberdares Range, invading private ranches for grazing (“night grazing”) and later negotiating with private owners for access,
negotiating agreements with farmers, intensifying non-livestock tasks such as burning charcoal or
seeking casual work, selling livestock in order to buy drugs to treat sick livestock (ibid.) They also
concluded that wealth was important of how pastoralists could cope with droughts. Better-off livestock owners paid smallholder farmers or the Kenyan Air Force a fee to gain access to pastures on
their ground.
For the long run, pastoralists change the herd composition towards more smallstock, and keep more
females for reproduction and more resistant indigenous breeds. What looks surprising from the outside
perspective, also seems to be an adaptive strategy: they increase their herd size immediately after
droughts, even though they know the major part is condemned to die in the next drought. But livestock
as a risk-averting strategy is very important – thus they need to restock their risk buffer. Some
pastoralists even go one step further and change their lifestyle and livelihood completely. Pastoralists
whose space has become too restricted turn to agriculture. They also cultivate their marginal lands,
although clearly better suited for livestock keeping than agriculture. According to Niamir-Fuller
(1999) colonial and post-colonial policies favored crop cultivation over livestock keeping anyway.

2.1.2

Private Ranching (private ranches)

Since the colonial era, private ranching is besides pastoralism the other major livestock production
system in Laikipia.
2.1.2.1

History and attributes

Private ranches are labor-extensive commercial companies, strategically specializing in one or more
livestock species. Private ranches can further be distinguished between pure ranching and mixed
ranching. Pure ranching has become very seldom because most ranches have diversified from solely
livestock production to further activities such as conservation and tourism (mixed ranching). Tourism
and wildlife conservation have become important sources of income and especially tourism can make
up for any insufficient revenues in cattle ranching (Sundaresan & Riginos 2010). The commercial
companies are fenced ranches and mainly produce live animals for slaughter, but also wool and milk.
Cattle ranching for meat is the most common form (Otte 2002). Grazing management is highly organized and extensive grazing only takes place within their boundaries. Livestock production is primarily for cash income generation. Private commercial ranches were acquired or leased during the colonial era by private landholders (mostly foreign settlers). In Kenya, a part formerly belonging to such
ranchers were partly subdivided in small plots and redistributed to small-scale farmers by the government in 1963. But a considerable portion still consists of large commercial private ranches. In early
days, hunting and poaching was big, hence all that threatened cattle ranching was suppressed (Georgiadis et al. 2007). In 1977, Kenya banned the consumptive use of wildlife. Soon after, an enthusiastic
conservation movement started. Private ranchers continued with livestock production, but with fewer
livestock, in order to conserve wildlife. Still today, most private ranches are pursuing wildlife
conservation often combined with tourism activities and support some of the highest densities of
wildlife in Kenya. Wildlife conservation is today often pursued due to a belief in the inherent value of
wildlife and land, rather than profit making, since only few gain a net profit (Sundaresan & Riginos
2010).
9
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Private ranching (private ranches) in Laikipia

In Laikipia, land under private ranching receives on average 500-750 mm precipitation per year (Franz
et al. 2010). Given the non-arable lands they occupy, livestock production is probably the most
appropriate land use (King et al. 2013). Private ranches occupy 37 % of Laikipia’s land (see Figure 9)
and supply food and provide occupation for local people. However, a major part of their production is
nationally distributed or exported. Private ranches in Laikipia produce food and tourism value for at
least 20 million USD per year (King et al. 2013). Costs are estimated at 13 million USD (supplies,
inputs, labor) (King et al. 2013). They employ largely locally (up to 90 %). It is estimated that ecosystem services other than food generate approximately 97 million USD per year (ibid.). They usually get
their supply and inputs in Laikipia and pay corporate tax, catering levies, CESS, and county taxes of
about 1.8 million USD per year (King et al. 2013). Their management and revenues contribute to the
local economy, environment, and livelihoods through development projects, jobs for the local population, supporting community ranching, conservation activities, taxes, and promotion of tourism.
According to King et al. (2013) private ranches perform and maintain very crucial ecosystem services
(e.g. water supply, soil erosion regulation, pollination). Additional ecosystem service values are estimated to be 15 times higher on private ranches compared to group ranches (ibid.). Due to management
principles and lower stocking rates, they most often have better basal cover and rangeland health than
group ranches (Livingstone 1991, Shackleton 1993, Georgiadis et al. 2007, Okello 1996, Todd and
Hoffman 1999, Yayneshet and Treydte 2015, Magut et al. 2013, King et al. 2013). It is important to
note that in addition to livestock production, much management of the large-scale ranches is related to
wildlife, biodiversity, and watershed conservation, to the promotion of tourism, and to assist neighboring communities.

2.2 Rangelands
Rangeland or grazing land is defined as land that supports indigenous or introduced vegetation that is
either grazed or could be grazed (FAO 2005). In comparison to fenced pasture, it is open land. Rangelands cover up to 50 % of the worldwide land mass and provide a wide range of goods and services
(Davies et al. 2015). About three-quarters of rangelands are drylands with their complex and challenging ecology (ibid.). Globally, conditions of rangelands are worsening - and due to climate change and
ever-increasing population growth at a faster pace than ever (ibid.). Rangelands also play a major role
in current debates about climate change and global loss of biodiversity. Considering the vast land
masses and its important role in so many global processes, increasing degradation is alarming.
Rangeland is managed as a natural ecosystem and provides a lot of valuable functions for both the
livestock industry as well as the general public. It generates a wide range of goods and ecosystem
services such as carbon sequestration, biodiversity, and water cycling (MA 2005). However, carbon
sequestration capability of rangelands is still a matter of controversy. According to the FAO (2005)
the extensive rangelands can sequester large amounts of carbon, second most after tropical forests.
Poor rangeland health can cause 50 % loss of carbon sequestration (FAO 2005, Reid et al. 2003).
Rangeland ecology respectively rangeland health can be described with the key attributes soil and site
stability, hydrological function, and biotic integrity (Herrick et al. 2005). These key attributes serve as
foundation for sustaining and providing ecosystem services and land uses (see Figure 2). Indicators of
these key attributes can be found in chapter 4.3.3.
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Figure 2: “Ecosystem services”. Key attributes for rangeland health serve as foundation for sustaining and providing ecosystems services and land uses. Adapted from Herrick et al. 2005.

For providing its ecosystem services, rangelands need to have good conditions of their natural resources such as soil, vegetation and water, respectively soil and site stability, biotic integrity, and
hydrological function. Healthy rangelands, in turn, can forage livestock and wildlife, provide habitat
for biodiversity, and reduce climate change impacts. The natural conditions are largely influenced by
herbivores inhabiting the land, but also the prevailing ecological conditions and human activities.
Disregarding the ecological predisposition and human activities, rangeland health can be seen as the
cumulative effects of a certain number of grazers with the respective timing, intensity, and frequency
of grazing – (Holecheck et al. 1998). Short-term maximizing of livestock productivity inherently conflicts with appropriate timing, frequency, and intensity. However, the ecological predisposition, foremost climate and its precipitation regime, as well as past land use history and other influences on land
(e.g., human activities, wildlife) should always be taken into account when talking about rangeland
health. Different types of land have different potential to produce forage and also respond differently
to management. In general, rangelands are considered as resilient systems and are able to recover well
with sufficient precipitation and appropriate use of the resources (FAO 2005).
On rangelands mainly three basic biochemical cycles are crucial: the nutrient, energy, and water cycle.
The basic nutrient cycle of rangelands describes the movement of nutrients such as phosphorus, potassium, and nitrogen from animal dung and urine, minerals and decomposed organic material into the
soil, moving through plants, from plants to animals and from animals eventually back into the soil.
These recycling processes mainly maintain soil fertility and productivity (Grant et al. 1995). Also
mineralization and soil formation are part of this cycle. The water cycle is closely linked to the nutrient cycle. It mainly describes the water uptake and transpiration by primary producers. And finally,
photosynthesis processes drive the energy cycle.
By evaluating rangeland health, livestock producers can manage their grazing lands for optimal,
sustainable forage production. However, in many countries monitoring of rangeland health is weak,
leading to inappropriate investments and policies exacerbating advancing desertification (Davies et al.
2015). Monitoring rangeland health has many advantages. It can be evaluated if the current management is affecting the land in the desired way, as well as assessed how the condition of the land is compared to others and optimally, early signs of degradation can be noticed and action can be initiated
accordingly.
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2.3 Grazing Systems
A grazing system describes the general decisions regarding main principles for managing rangelands,
and thus the interactions between plants, soils, and grazing animals. Three of the most relevant ones
are briefly introduced:
Continuous Grazing
In continuous grazing systems, pasture or rangeland is not divided and livestock can access the whole
area at any time. It does not require much labor or material, but comes with disadvantages such as
uneven grazing patterns and uneven distribution of manure as well as changes in vegetation composition (livestock eat best forage first) (FAO 2005).
Rotational Grazing
Rotational grazing systems subdivide pasture or rangeland into blocks. Livestock are rotationally
moved from one block to the next and allow the remaining land to rest for regrowth. With this system,
it can be controlled which plants are grazed when and in what frequency and intensity (FAO 2005).
Seasonal Grazing
In seasonal grazing, the grazing area changes between the seasons. During one season a whole area is
at rest, allowing the land to regrow.

2.4 Rangeland and Grazing Management
Rangeland management is still a very much contested field. Generally, rangeland respectively grazing
management aims at sustainably balancing grazing for livestock production while maintaining
ecosystem services and securing animal health (Jefferson et al. 2014). Management consists of planning (grazing plans), utilization of a grazing system, and applying principles and techniques (e.g. controlled burning). Basically, it regulates the grazing frequency, intensity, and timing for efficient use of
the pasture resource. Two primary tools can be distinguished: disturbance (e.g. grazing, fire) and rest.
For rangeland management in semi-arid and arid lands with erratic rainfalls and very high evaporation,
water is usually the limiting resource. Vegetation largely determines distribution of water in space and
time. Key for management systems is water retention to provide the system with water and to reduce
erosion impacts by water. Basal cover holds back the water and allows it to infiltrate. Roots open
pores in the ground for water to pass through. The more water is retained, the more resilient is the
system.
Rangeland management is by Petz et al. (2014) described by four main ecosystem services: forage
utilization by livestock, erosion prevention, biodiversity, and carbon sequestration (see Figure 3).
Depending the pursued objectives, respectively the grazing intensity, the outcomes are largely different and trade-offs cannot be avoided. For instance, if grazing intensity is high, indeed the forage
production is high, but biodiversity, erosion prevention, and carbon sequestration are low. However, in
contrast to Petz et al. (2014), other studies have shown that biodiversity is higher with moderate grazing than with low grazing intensity and clearly higher than on ungrazed rangelands (Holecheck 1998,
Tadesse and Peden 2002, see chapter 2.5).
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Figure 3: Trade-offs and synergies between grazing intensity and ecosystem services in rangelands (Petz et al. 2014). The
larger the color spots, the more pronounced the effect. For instance, with a low grazing intensity, carbon sequestration and
biodiversity are very high, erosion prevention is also higher than in the other managements, but forage utilization by livestock is very low

2.4.1

Stocking Rates

One of the main tools of rangeland management is the stocking rate. The stocking rate indicates the
actual number of stock - in other words, how many livestock units - are kept on a particular area expressed through the number of tropical livestock units (TLU) per hectare land. The standardized tropical livestock unit (TLU) equals an animal of 250 kg life-weight (FAO 1991). The higher the stocking
rate, the higher is the grazing pressure and thus the pressure on land. Grazing pressure is defined as the
demand and supply ratio of required forage of livestock and the quantity of forage available (FAO
1991). The higher the demand in relation to the supply, the higher is the grazing pressure. Related to
the stocking rate is the carrying capacity setting a biological limit to the stocking rate according to the
ecological predisposition of the land. Wildlife has also to be taken into account, thus carrying capacity
means the total numbers of animals in general that a habitat can support (Jahnke 1982). In other
words, it is the potential for livestock production. For areas with annual rainfall between 200 to 600
mm as in the research area, the sustainable carrying capacity number is 7-20 TLU/km2 respectively 514 ha/TLU (Jahnke 1982, Otte 2002).

2.4.2

Holistic Management

Besides the rather conventional grazing management utilizing the grazing systems explained in chapter 2.3, the alternative model of Holistic Management has been implemented by many land users in the
Americas, Africa, and elsewhere. Since it has also been introduced in the research area of this study, it
will be discussed in the following.
Holistic Management (HM), by Allan Savory, is a method that integrates decision-making, planning,
and livestock keeping (Savory 1999). According to Savory (1999) it encourages land users to think
and act in wholes regarding the livestock production. HM aims at sustainably managing high numbers
of livestock and restore degraded land. In Laikipia, Kenya, HM was implemented in 2007 by the Laikipia Wildlife Forum for their “Rangeland Rehabilitation Programme”. It is applied as well for private
ranches as for group ranches, though not all ranches took part. HM is more common among the private
ranches. Savory’s main idea is to mimic nature, for instance frequently moving native ungulates in
herds reacting to predators. Thus on the land, Holistic Management basically means bunching of all
livestock close together in order to act as a "bulldozer" and break the soil to allow seeds and nutrients
to incorporate, and water to infiltrate, resulting in better soil cover and plant growth. Also, HM consists of moving the animals together from block to block (by planned and rotational grazing with resting periods). For pastoralists, this means big herds are managed and moved together, and overseen by
few herders and supervisors, instead of individual livestock-owning families herding and trekking
their animals themselves. This allows grazing in distant areas, while resting the remaining land, instead of continuously grazing everywhere. Whilst the livestock are bunched together, big bomas are
constructed for the herds, in which animals are kept closely bunched together in corrals overnight.
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Bomas are put on bare land in order to recover the land (dung accumulation and breaking of the soil
by hooves, see chapter 2.8). This Boma technology is originally a traditional technique of pastoralists
in East Africa. The rehabilitation potential of these Bomas has been proven manifold (e.g. Veblen and
Porensky 2015). HM basically tries to apply this model to the whole rangeland. However, Holistic
Management principles are still a matter of controversy. Allan Savory does not see the usual suspects foremost overstocking - as the root cause of degradation, but solely blames human management decisions. If managed properly, very high numbers of livestock are according to HM even favorable for
the land. While advocates of these management principles do not limit herd sizes, opponents see the
root cause of degradation exactly in too high stocking rates. Criticism is plentiful and reviews of the
method state that there are no peer-reviewed studies that prove that Holistic Management is superior to
conventional grazing systems in outcomes (Carter et al. 2014, Briske et al. 2014).

2.5 Impact of Livestock Production on Natural Resources
Surprisingly, after decades of research about impact of livestock on rangelands in an arid and semiarid environment, dynamics of rangelands and sustainable grazing management, much has remained
poorly understood. Due to the complexity of a rangeland ecosystem and its management, the role of
livestock in the ecology of a rangeland is still very much controversial. Ngatia et al. (2015) state that
whereby rainfall is known as a key determinant of productivity on African rangelands, about the impact of nutrients and grazing is still little known. Generally, environmental impacts can be either positive or negative. It can help to conserve biodiversity, sequester carbon, improve soil fertility and retention and protect catchments (FAO 2005). On the other hand, it can have reverse effects. Such negative
effects can be increased soil erosion and negative impacts on water and soil quality, as well as loss of
biodiversity.
While grazing with too high stocking rates (overstocking) is seen by most scientists as mainly destructive for rangeland health, others consider it as overall favorable for biomass production, biodiversity
and, soil fertility (Yayneshet et al. 2015, Habtemicael et al. 2014, see 2.4.2). However, overstocking
and mismanagement are still most commonly held responsible for environmental degradation in
rangelands (Kimiti et al. 2016, Kimiti et al. 2017, King et al. 2013, Stern et al. 2002, Okello 1996,
Magut et al. 2013, Briske et al. 2008, Mureithi et al. 2014). Representatives of this argument agree that
livestock production profoundly affects natural resources. Foremost, grazing in natural ecosystems
changes vegetation structure and composition. Moreover, it is said to alter almost every aspect of soil
structure and function, including soil porosity, chemistry, microbiology, nutrient cycles, productivity,
and erosion rates (Karlen et al. 1997, Tisdale et al. 1985). However, the impact depends largely on the
ecological environment, human activities, and the prevalent livestock production system - whereby
especially traditional communal systems are blamed for degraded areas (McGahey et al. 2014).
Briske et al. (2008) hold mainly stocking rates and weather variations responsible for most impacts on
rangeland health. When stocking rates are low, biomass production is higher, also because fresh leafs
are not eaten up. Also, a part of the biomass decomposes naturally, first covering the soil and then
returning nutrients to the soil. However, economic potential is not fully realized. Moreover, it can lead
to reduced biodiversity of species that thrive under moderate grazing including desirable forage
crowded out by taller growing species. Often patchy grazing occurs with patches consisting of little
used plants. These effects can result in reduced overall productivity of the land. With higher stocking
rates, on the other hand, standing biomass reduces and its production is hindered. If stocking rates are
exceeding the carrying capacity, rangeland is prone to take damage, resulting in less vegetation,
changed vegetation (with undesirable species), reduced soil fertility, soil water content, and erosion
features. Still, stocking rates are a matter of controversy, like the implementation of Holistic Management in Laikipia has shown (see 2.4.2).
However, there are also scientists advocating to move away from these debates on carrying capacities.
This “non-equilibrium paradigm” or “new rangeland paradigm” has gained ground and nuanced
understandings of degradation processes in dryland areas (Scoones 1995). Advocates claim that pastoral mobility is highly appropriate in this variable and unpredictable environment driven by external
controls (e.g. droughts). They argue that grazing influence was always dramatically overvalued and
does not have the proclaimed impact in this kind of environment. They see confirmation in failed
rangeland rehabilitation attempts (Oba et al. 2000). Niamir-Fuller (1999) states that climate has –
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especially in semi-arid and arid areas - overall a much higher impact than grazing activities. If mobility is ensured, pastoralism is clearly benefiting rangeland health. Moreover, she argues that mobile
pastoralism is more economically efficient than sedentary counterparts or commercial ranching.
Also, other research has shown that in arid areas abiotic factors, independent of livestock densities,
have a bigger impact than grazing alone (Oba et al. 2000). Foremost stochastic climatic events determine the condition of the land. They strongly argue that pastoralists have all too long been wrongly
blamed for land degradation. Furthermore, they argue against an equilibrium understanding of ecosystems and stress the spatial and temporal inhomogeneity of rangelands. Oba et al. (2000) introduced in
this context a climate-plant-herbivore interaction model, focusing on the crucial interplay of these
variables and stating that absence of grazing rather than continuous grazing is the cause of degradation.
Another argument is that rangeland health is more impacted by the frequency of grazing than the number of herbivores. However, the effects of grazing intensity, frequency, and timing have been much
discussed with various recommendation outcomes (Holecheck 1998). The same accounts for the question what degree of intensity and frequency promote biodiversity. It seems moderate grazing is
recommendable for rangeland productivity, because plant production and species diversity are highest
(ibid.). Heavy grazing can lead to reduced vegetation cover and standing biomass, and thus more bare
ground. Also overgrazing and trampling by livestock and wildlife can result in physical and chemical
soil degradation (Bilotta et al. 2007). These factors, in turn, increase the risk of soil erosion (ibid.).
Yayneshet et al. (2015) applied a meta-analysis on inconsistent study outcomes relating effects of
different livestock grazing systems on vegetation and soil in sub-Saharan Africa. Effects of different
grazing regimes onto natural resources were largely specific across ecological conditions (vegetation,
soil, rainfall, and elevation) and thus not generalizable. Every site had its own potential and thus specific impacts. However, they found that herbaceous layer cover was lower in communal grazing systems compared to private systems. Also, influence of rainfall on vegetation cover was significantly
important in areas receiving less than 600 mm of precipitation per year with a bimodal pattern, which
is also the case for this research area.
Mureithi et al. (2015) state that grazing alone does not determine the overall vegetation structure in
semi-arid rangelands, however, poor management can have significant impacts. Another issue is the
coexistence of livestock and wildlife, making it difficult to differentiate between the respective impacts on the land. More than half of Kenya’s wildlife does not live in formally protected areas like
national parks, but on communal lands alongside with pastoralists and their livestock (Mizutani et al.
2005). Wildlife movements are mostly guaranteed between the properties. This further complicates
interpretation of their contribution. Furthermore, impacts on plants are also not only caused by mammal herbivores, but also by invertebrates and pathogens herbivores.
Today, cultivation and settlement have a paramount impact on pastoral ecosystems as well. Recent
studies suggest that cultivation – mainly due to land degradation through converting rangeland into
cropland – has more impact on vegetation, soils, and biodiversity than livestock (FAO 2005, NiamirFuller 1999). However, in the research area converting of rangeland into cropland is widely impossible and only rarely happening. But settlement areas clearly also affect natural resources.

2.5.1

Impact on Soils

Soils are an essential resource in both managed and natural systems, and maintaining soil quality is
critical to human activities, in particular for agriculture and food production (Garrigues 2012). To
maintain the ecosystem services of soils is therefore fundamental for food sustainability. The Society
for Range Management (1995) emphasizes the importance of soil in rangeland ecosystems: “The most
important and most basic physical resource on rangeland is the soil. If excessive soil is lost, the
potential of the site is changed. (..) Avoidance of accelerated erosion due to land management should
be the underlying goal." When measuring the “quality of soils” the term is understood as “fitness to
use” (Larson and Pierce 1991) and “the capacity of a soil to function” (Karlen et al. 1997). Soil quality
integrates the physical, chemical, and biological components of soil and their interactions. A more
detailed definition comes from America’s Ad Hoc Committee on Soil Quality: “the capacity of a specific kind of soil to function, within natural or managed ecosystem boundaries, to sustain plant and
animal productivity, maintain or enhance water and air quality, and support human health and habita15
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tion” (Karlen et al. 1997). On rangeland, herbivores profoundly affect soils. Grazing has been found to
alter almost every aspect of soil structure and function, including soil porosity, chemistry, microbiology, nutrient cycles, productivity, and erosion rates (Karlen et al. 1997, Tisdale et al. 1985). Impacts
on soils can generally be differentiated in physical impacts (e.g., compacting soil structure and
destroying vegetation due to moving around of the cattle and selective grazing) and chemical and
biological impact (e.g., feces and urine that the cattle deposits to soil or toxic substances from slaughter waste). Bilotta et al. (2007) have concluded that environmental effects of grazing can be positive or
negative, depending on the quality of management. Also effects can be different on different soils, on
different plant communities (Greenwood et al. 2001), and under different climate. Most studies have
shown that frequent livestock grazing increases soil compaction, erosion, and short-term nutrient
availability, while long-term soil nutrient and organic matter levels are reduced (Society for Range
Management 1995). According to Garrigues (2012) the soil bulk density and soil erosion are increased
with livestock grazing. However, the erosion rate depends largely on the type of soil and geoecological disposition. Primarily, grazing alters the soil structure by compaction due to the heavy weight of
cattle. Compaction reduces water and air infiltration into the soil as well as plant growth (Tisdale et al.
1985). Soil compaction has also the consequence that more water runs off and water is gathering and
damaging soil on another location. These effects of soil compaction are confirmed by a study by Bell
et al. (2011), who review three important compaction related features in soil surface physical properties due to livestock grazing. Namely increased soil strength and bulk density (increases in soil
penetration resistance between ungrazed and grazed soils typically range from 20 to 50 %), reduced
soil macro-porosity (decreases in wet conditions by as much as 60 %, but typically reductions range
between 10 and 40 %), and reduced soil hydraulic conductivity and infiltration rate (infiltration rates
of bare soils can be reduced by 20-50 %). However, these effects are typically shallow and can be
short-lived due to subsequent tillage or recovery induced by natural soil or biological processes (e.g.
wetting/drying cycles or plant root activity) (Bell et al. 2011). Far greater detrimental effects on soil
physical properties have been observed when livestock are grazing during periods of high surface soil
moisture (Proffitt et al. 1995). But livestock stomping can have advantages too, it can help to break
open the soil for reseeding and water infiltration (Savory 1999). Moreover, pasture production is only
made possible through seed transportation, recycling nutrients (through eating grass and returning it
via dung and urine), and suppressing the growth and spread of shrubs by ungulates (Frank et al. 1998).
Garrigues (2012) and Laurenroth et al. (1994) confirm grazing effects on both soil fertility and soil
chemistry. Grazing animals, through herbivores digestion and excretion dramatically increase the
decomposition rate of vegetation and soil organic, and directly alter the nutrient content stored in the
soil, the spatial distribution of nutrients, and the availability for plants. However, there are controversial studies about the impact on the total amount of nutrients, but direct comparison of grazed and
ungrazed soils generally indicate that grazing reduces the nutrient content (Garrigues 2012). Many
nutrients are removed as livestock consumes plants, or via possible erosion, through leaching, and
compaction (Garrigues 2012). However, some nutrients are returned in feces and urine. Nutrient
limitation to plant productivity is varying across African rangelands. N:P ratios have regularly been
used as indicators for plant limitations. According to Gusewell (2004) an N:P ratio of >16 shows P
limitation to plant growth, <14 N limitation, and between 14-16 both can be limiting. However, there
have been contrasting studies and Ngatia et al. (2015) suggest that nutrient limitation is case specific
and more research is needed. Jewell et al. (2007) have shown that nutrient content of heavily grazed
soils decreases through export of nutrients, in particular phosphorus. Moreover, according to He et al.
(2011) heavy grazed areas show lower soil carbon and nitrogen contents than low and moderately
grazed zones. Furthermore, pH is significantly lower in grazed areas than in ungrazed areas (Firestone
1995). Grazed areas also tend to have lower litter levels, and consequently lower soil organic matter
content than ungrazed land (Garrigues 2012). However, generally before the soil is damaged, soil
cover respectively vegetation is affected and is thus one of the most important parameters too.
Moreover, one has also to take into account that different animals within the red meat production have
different impacts on soils. Cattle hooves exert greater pressures and have a larger area of impact than
smallstock, but in the absence of any direct comparison there seems little evidence to suggest that they
have more severe impacts on soil properties (Bell et al. 2011).
A study from Laikipia itself comes from Kironchi, Liniger, and Mbuvi (2000), who have studied soil
physical properties in overgrazed Mukogodo rangelands in Laikipia and looked at infiltration rate,
bulk density, saturated hydraulic conductivity, organic carbon content, particle size distribution, and
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water content, for bush cover, grass cover, and bare ground sites within four representative soil types.
They found out that all properties, except particle size distribution, differed significantly among cover
types, but rarely among soil types. The site with vegetation, namely with grass and bush cover retained
three to four times higher infiltration rates and also more plant-available water than bare ground. The
results indicate according to the authors that depletion of soil cover due to overgrazing had adversely
affected the soil physical properties important for soil water intake, storage, and availability to plants.
One important feature of soils is that it has no gradual resilience capacity. Once soil degradation has
crossed a certain threshold, recovery through resting is not simply possible and restoring the land requires a long time and huge efforts (Bestelmeyer et al. 2015). Often mechanical intervention is the
only solution left; input of organic matter, reseeding, ripping up compacted soils, and structural erosion control (Kinyua et al. 2009).
Consequently, soil quality is crucial to consider for environmental performance – especially of a food
system. According to Garrigues (2012) the appropriate level of complexity and comprehensiveness for
assessing impacts on soil quality should be a compromise between oversimplified and overcomplicated descriptions of the multiple functions and properties of soils. There is an on-going debate about
how to measure soil quality appropriately. Certainly, it is not possible to measure soil quality with one
single indicator comprehensively. Therefore different authors propose “minimum data sets” (MDS)
covering the parameters that have the greatest influence on soil quality. Among the most important
ones are soil organic matter (SOM), texture and density (Masto et al. 2007). Indicators used for soil
assessment in this Master thesis are found in chapter 4.3.3 and 4.3.5 (in situ soil assessment and
laboratory soil assessment).

2.5.2

Impact on Vegetation

Impact of livestock on vegetation is apparent because it serves as forage for herbivores. The state of
vegetation on rangelands goes hand in hand with soil and water conditions and first step erosion usually occurs on vegetation. The close link between vegetation and soil was for instance shown by the
study in Laikipia County by Kironchi, Liniger, and Mbuvi (2000) summarized in chapter 2.5.1.
Vegetation and soil cover are very important for several soil processes and are still the best protection
against erosion. However, if rangelands are overgrazed, vegetation composition shifts and decreased
primary production are the results (MEA 2005). For instance, palatable perennial grasses are replaced
by less palatable forbs or other undesirable plants, such as invasive species, which results in reduced
forage availability (Kimiti et al. 2017).
While plants during dormant seasons do not get damaged much by grazing, they are very vulnerable
during flowering season when temperature and moisture conditions are favorable. If animals graze a
plant heavily, the leafy material is defoliated and thus the plant is unable to absorb the sunlight it
needs to grow through leafs. Thus, the plant gets rid off a part of its roots to mobilize energy to produce leafs. If these newly produced leafs are grazed again, the plant is overgrazed. This shows that
resting periods after grazing are paramount and grazing during flowering season should be restricted.
High stocking rates are said to correlate with bare ground respectively vegetation cover. Thus it depends largely on the livestock production system. A study conducted in South Africa (Todd and Hoffman 1999) found much higher annual and perennial grass cover on private ranches compared to
communal ranches. Similar studies on vegetation cover conducted in Laikipia, especially in a comparison between communal and private ranches, are presented in chapter 2.7.
Bare ground is the most undesirable state. It comes with a lot of repercussions and positive feedback
effects leads to even worse conditions. Firstly, bare ground is heated up by the sun much more than
vegetation, leading to more evaporation of scarce water. Secondly, lichen often populates the bare
ground, leading to sealing and crusting of the soil, hindering water to infiltrate and seeds to incorporate. Rather undesired water runoff is the consequence, leading to erosion features. A study by Mutunga (1994) conducted on Mukogodo rangelands, Laikipia, showed that bare plots lost over 50 % of
rainfall as runoff, but vegetation plots only half the runoff from bare plots. Also, bare plots had high
values of soil loss compared to perennial plots. This is concurring to a study by Liniger (1992) in the
same area where runoff rates reduced to less than 1/3 and erosion rates to less than 1/30 compared
with bare patches (vegetation <10 %). Thirdly, soil structure is negatively altered (e.g. compaction,
also because edaphic animals are reduced). Mutunga (1994) found for instance much lower soil water
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capacities in bare plots compared to vegetation plots. Fourthly, soil nutrients are not replenished because neither dead plants nor animal feces are available. Thus soil fertility is low. Fifthly, the soil is
unprotected and prone to erosion (e.g. wind and water erosion) and invasion of undesirable,
opportunistic species (Kimiti 2017). From bare ground, many implications can arise, for instance,
another undesirable state: bush encroachment reducing downgrade grazing quality and water cycle, as
well as other ecosystem services (Davies et al. 2015).
However, grazing activities can also have advantages for rangelands. Cattle reduce the amount of
moribund grasses, disperse seeds, promote biodiversity, and reduce the risk of bushfires. The amount
of lost vegetation, botanical composition of plant species, and productivity of the pasture are highly
influenced by animal species, intensity of grazing and edaphic factors (Tadesse and Peden 2002). It is
clear that under comparable conditions grazed lands have much fewer biomass yields than ungrazed
lands. More interestingly, Tadesse and Peden (2002) found out in a study in the Ethiopian highland
that in medium-grazed pressure annual species coverage has improved significantly, whereas grazing
pressure in general increased the percentage cover of annual plant species and composition. In medium grazed plots, the species richness was high compared with the other treatments. High richness,
respectively biodiversity, makes the land more resilient to disturbances. Thus undergrazing can be
more than a waste of resources; it may increase woody species and patches due to selective grazing,
and diametric changes in species richness (Okello 1996). Indicators used for vegetation assessment in
this Master thesis are found in chapter 4.3.3.

2.5.3

Impact on Water

Lastly, impacts of livestock production on the water balance are here briefly discussed. Livestock
farming is in the FAO report “Livestock’s long shadow – Environmental issues and options” held
responsible for water depletion and pollution (Steinfield 2006). Throughout the production chain of
meat, the livestock sector has an enormous impact on water use, water quality, hydrology, and aquatic
ecosystems (Steinfield 2006). The water need for fodder production is the main factor behind the water footprint of animal products (Hoekstra 2012). Animals can negatively influence water quality
where they are able to deposit waste in a water body or when it infiltrates water sources on the field
during heavy rainfalls and enters water sources. The same can occur with manure and fertilizers.
On rangelands, water issues in livestock farming are closely related to soil and vegetation. There are
many water-soil-plant feedbacks that maintain the productive capacity of the landscape (explained in
2.5.1 and 2.5.2). Most crucially is the type and amount of vegetative cover altering surface runoff and
water intake rates. Livestock grazing effects infiltration, runoff, water erosion, on-site water use, and
consequent downstream impact (Tadesse and Peden 2002). When vegetation cover declines, soil bulk
density increases, rate of water infiltration decreases, and sediment production increases (ibid.).

2.6 Livestock in Laikipia
Almost 70 % of Laikipia’s land is used for livestock keeping. Extensive ranches cover much of Laikipia, on many of them livestock production is combined with conservation and tourism activities
(LWF 2011). The vast areas for livestock keeping hold very high numbers of livestock and wildlife
and often exceed carrying capacities easily. And they are ever-increasing; an aerial count from 1985
compared to the most recent one in 2016 shows cattle and shoats numbers have almost doubled. Today
Laikipia counts around 250’000 cattle (increased 66 % since 2012 and 137 % since 2001 and 95 %
since 1985) and 560’000 goats and sheep (called shoats) (increased 44 %, 126 % since 2012, since
2001 and 93 % since 1985) (Hillman Smith et al. 2016). Due to cultural and risk-averting reasons,
population growth means also more livestock. Whereas livestock numbers on private ranches have
remained more or less stable over the last couple of decades, the growth of livestock numbers originates from bigger herd sizes of group ranches and illegally immigrated cattle from outside Laikipia.
Most recently Laikipia has unwillingly hosted incredible amounts of livestock. According to Peter
Hetz, Executive Director of Laikipia Wildlife Forum, in 2016, over half of Laikipia’s Livestock consisted of illegally immigrated cattle. During the peak of the most recent drought end of 2016 and early
2017, partly taking place in the study period, they estimated that around 250’000 illegal cattle and at
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least 350’000 shoats were seeking for pasture in Laikipia. Outsiders mainly from Samburu, Turkana,
and Pokot invaded the land by force with deadly conflicts as a sad result. Pastoralists were driven out
with their livestock and had to seek for pastures in the colder areas of Mount Kenya and the Aberdares. This trend of dramatically increasing livestock numbers usually comes with a loss in wildlife
numbers. However, while in all of Kenya rangelands wildlife numbers have declined on average by 68
% between 1977 and 2016 (Ogutu et al. 2016), wildlife numbers in Laikipia are even slightly higher
than when counts began in 1981 (Kinnaird et al. 2012). But this is about to change. Within the last
decade, there has been a clear downward trend in wildlife numbers (Kinnaird et al. 2012). Livestock
has long ago outnumbered wildlife. In 2012, livestock numbers were 13 times higher than wildlife
across Laikipia County (Kinnaird et al. 2012). However, Georgiadis et al. (2007) show that high diverse and abundant wildlife very well can thrive on rangelands with livestock production, even when
biomass density of livestock is higher than of wildlife. This is the case for most wildlife favored private ranches. However, on group ranches livestock has clearly largely displaced wild animals (Georgiadis et al. 2007). But wildlife conservation is also catching up on many group ranches (Sundaresan &
Riginos 2010). A study by Mureithi et al. (2014) has shown that introduced community conservation
in Laikipia resulted in higher foliage cover, biodiversity, a lower percentage of bare ground, higher
total organic carbon, total organic nitrogen, and improved nutrient status compared to continuously
grazed areas. They see good potential for gradual recovery of Laikipia’s rangelands under minimal or
no grazing pressure
Another clear trend, probably also contributing to the fall of wildlife numbers, are much higher densities of smallstock. Increasing smallstock numbers are strongly correlating with recent declining wildlife numbers (Kinnaird & O’brien 2012). In 2012, shoats outnumbered cattle by 2:1 (Kinnaird et al.
2012). Pastoralists have changed their herd composition towards more shoats, which is also a longterm adaptation strategy to droughts and climate change in general. This for mainly four reasons:
Firstly, the composition of the whole herd is diversified and thus they are no longer mainly relying on
cattle. It is advisable having a diverse animal composition to make use of all the available resources
(cattle and sheep act as grazers and goats and camels act as browsers). Secondly, shoats are more
drought-resistant. Goats are like browsers not relying on grasses and sheep can rely on low quality
forbs and even browse. Sheep may prefer forbs over grasses. Thirdly, shoats have higher reproductive
rates. And fourthly, smallstock is also easier to transfer into cash when needed, what occurs for instance when school fees for their children are due, but is also important during droughts. Most sales
are need-driven when money is urgently needed or livestock cannot survive. But smallstock has also
considerable disadvantages. In high densities, smallstock can cause severe land degradation (Kinnaird
& O’brien 2012). Especially sheep - commonly referred as “ATM” because they can generate fast
money - are in the long run and in large numbers very destructive for rangelands, since they eat grass
down to the tufts, making fast regrowth impossible.

2.7 Rangeland Condition of Laikipia
Mukogodo rangelands in northeast Laikipia are in many areas severely degraded. They experience an
increase in bare land and bush since many years, both on community owned lands and private ranches
(King et al. 2013). Mureithi et al. (2015) state that vegetation composition shows that the rangeland
has been under stress from grazing for a long time. According to Kimiti et al. (2016, 2017), historical
overgrazing, erratic rainfalls, and drought cycles left the land marked with bare patches often covered
with physical crusts resulting in reduced water infiltration rates. The Laikipia Wildlife Forum (LWF)
(2013) states that degradation in Laikipia is characterized by increasing bare ground, topsoil loss,
gully formation, and incoming invasive species. The report „State of Environment Laikipia County
2013“ also mentions a loss of biodiversity, siltation of rivers due to soil erosion, and gully erosion
arising from vegetation clearing as consequences of livestock keeping (Magut et al. 2013). Consequences of rangeland degradation are far-reaching; threatening the lives of people and livestock (King
et al 2013). Climate change and ever-increasing population aggravate the challenges faced.
Group ranches (pastoralists) have compared to private owned ranches often more degraded land,
which is according to different researchers due to higher stocking rates and continuous grazing
(Livingstone 1991, Shackleton 1993, Georgiadis et al. 2007, Okello 1996, Todd and Hoffman 1999,
Yayneshet and Treydte 2015, Magut et al. 2013, King et al. 2013). Okello (1996), who has also exam19
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ined Mukogodo rangelands including Lolldaiga and Makurian, has found significantly higher herb
layer cover, standing biomass, perennial grass cover, biomass production, and productivity in the private ranches compared to communal group ranches. However, even though he found many signs of
decreased biomass production, erosion, and bush encroachment on group ranches, he suggested that
they still have inherent potential for rehabilitation. Studies by Okello (1996) and also Kinyua (1996)
were also comparing open land and under tree situations. Both found consistently more cover under
the canopy range than in the open. Kinyua (1996) found two times higher biomass production under
tree canopies than in the open and suggest considering these results for conservation and management.
But in Okello’s comparison of livestock production systems, he did neither consider the historical or
socioeconomic context, nor management decisions of group ranches or private ranches in his work.
Letai and Lind (2013), however, point out how important such considerations are; namely pastoralists
in Laikipia were historically marginalized and squeezed into smaller rangeland areas. Today, in response to accusations of unsustainable rangeland management, more and more group ranches are
implementing grazing management principles and conservation areas and it remains to be seen how
livestock production and rangelands develop.
A study conducted in Laikipia by Ngatia et al. (2015) on effects of herbivory and nutrients observed
decreased aboveground grass biomass (45 %), but improved biomass quality (in term of foliar P) under grazing. They have found total C of 2.1 % (21g kg-1), 0.2 % total N (2.0 g kg-1), 139 ppm total P
(139 mg kg-1), on grazed Mpala ranch private rangeland. In another study, Mganga et al. (2011) have
found 0.75 % total C, 0.32 % total N and 15.38 ppm total P on pastoral grazing land in Kibwezi,
Kenya. Even though ecological conditions are not comparable, one can assume that nutrient and organic carbon contents for privately used rangelands are higher than on communal ranches.
Indeed, rangeland conditions of group ranches are in many places in an alarming state. A study using
remote sensing conducted by Northern Rangeland Trust (NRT), the International Center for Tropical
Agriculture (CIAT) and World Agroforestry Centre (ICRAF) by Vågen and Winowiecki (2014) on
group ranches in Laikipia showed with up to 70 % very high amounts of bare ground. They observed
severely degraded land and classified over 50 % of the land as heavily eroded. According to this study,
erosion rates have increased over the past decades. Moreover, measured soil organic carbon content,
which is considered a crucial indicator of soil health and regeneration potential, was found to be critically low. They blame ever-increasing population, invasive species, increasing climate variability,
unplanned water development and settlings, and grazing patterns as main causes of degradation.
And yet King et al. (2013) suggest Mukogodo group ranches as a priority area for investment in terms
of soil fertility in Laikipia. They state that the group ranches are in fact severely degraded, but potential for rehabilitation is high. Many thousand livelihoods rely on livestock keeping. Food security is
generally low in Laikipia, but particularly among pastoralists and marginal farmers (King et al. 2013).
The Laikipia Wildlife Forum (2013) declares soil fertility and soil water retention for the two most
important factors determining Laikipia’s future wealth. In 2007, the Laikipia Wildlife Forum has
launched a rangeland rehabilitation programme. Its core is Holistic Management (Savory 1999) aiming at sustainably managing high numbers of livestock and restore degraded land (see 2.4.2). However, Holistic Management principles are still a matter of controversy (see 2.4.2). Undisputed is; the
semi-arid rangelands of Laikipia are in urgent need of sustainable management.

2.8 Boma Management
For land rehabilitation and protection of their livestock at night, pastoralists are using so-called bomas,
in which livestock are kept closely bunched together in enclosures overnight. Bomas are put on bare
land in order to recover the land through dung accumulation and breaking of the soil by hooves.
Traditionally, these are thorn-fence corrals used for months or years, but today exist also metal-fence
mobile bomas used only days or few weeks (Porensky and Veblen 2015). Land restores through localized nutrient enrichment, altering soil texture, grass recovery, and attraction of wildlife (Porensky and
Veblen 2015, Veblen 2012). This positive effect has been proven to be long lasting because these
emerging grassy areas attract both livestock and wildlife also after boma use (Augustine et al. 2009).
This means that the concentrated supply of dung is continued through this preferential grazing also
after the technology was applied. Out of this reason, these areas remain as savanna glades for many
decades or even centuries. Thus old bomas of former pastoral presence in the areas can today still be
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detected as tree and shrub free vegetation patches with rich grasses - often surrounded by bare ground.
Another specific characteristic is that Cynodon plectostachyus grass grows on the sites of old bomas.
Nowadays also some private ranches have adopted this technology on their ranches. In Laikipia, this
land management practice is frequently used. Most group ranches (pastoralists) and some private
ranches use the technology. For the examined ranches Lolldaiga, Makurian, and Il Ngwesi apply this
technology. Well-researched livestock management practices such as this one are important in order to
maximize rangeland productivity (Porensky and Veblen 2015).
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3 Conceptual Framework
In this chapter, basic conceptual terms and frameworks used to conduct research are presented. As in
chapter 1.2 introduced, this Master thesis is embedded in an R4D project on food sustainability taking
place in Kenya and Bolivia. First of all, concepts of this project related to this thesis are presented. For
more detailed information please consult the R4D project proposal and working papers (Rist et al.
2015, Rist and Jacobi 2016 a,b). Then the applied conceptual framework for rangelands and a selfcreated conceptual framework integrating all components are illustrated and explained.

3.1 Food Sustainability
The major underlying concept of the R4D project is “food sustainability”. For this thesis food
sustainability is seen as the overarching goal of red meat production. Livestock production is among
the most critical components for sustainable livelihoods and food security in Laikipa – and thus also
food sustainability. Food sustainability is by the research team within the project understood in a
broad sense, which leads to different dimensions needing to be tackled within the concept. The research project has defined a holistic interpretation of food sustainability as the right to food and food
security with an economic dimension – understood as a “reduction of poverty and inequality”, an
environmental dimension – understood as “environmental performance” and a resilience dimension –
understood as “social-ecological resilience”. Food sustainability is therefore not understood as mere
“food security”, but rather an inclusion of how and under which conditions food is produced, processed and distributed, and consumed (Rist et al. 2015). Food security itself is related to food supply
and defined by FAO (1996) in the Rome Declaration on World Food Security as a state in which “all
people at all times have access to sufficient, safe, nutritious food to maintain a healthy and active life.”
Right to food as the other associated concept on the other hand, is related to a political right: “The
right to food is the right of every individual, alone or in community with others, to have physical and
economic access at all times to sufficient, adequate and culturally acceptable food that is produced and
consumed sustainably, preserving access to food for future generations (De Schutter 2014: 3).” All
mentioned concepts and dimensions define food sustainability and can serve as indicators for assessing food systems (Rist and Jacobi 2016b): Food Security, Right to Food, Poverty and Inequality,
Environmental Performance and Social-Ecological Resilience. Food sustainability can also be defined
as food systems (see 3.2) sustainability.

3.2 Food Systems
Food-related activities take place in so-called food systems. A food system is according to Rist et al.
(2015) and based on Colonna et al. (2013) interpreted as entire food chains encompassing production,
packaging, distribution, retailing, and consumption - embedded in political, natural and information
and services subsystems (see Figure 4). This means, it is much more than merely the production of
food. Rastoin & Ghersi (2010) define a food system as follows: “The interactions and outcomes
among actor networks that generate or are related to flows of foods, goods and services linking all the
steps within the value chain with production, processing and packaging as well as transport with
consumption within local, regional, or global contexts.”
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Figure 4: Operationalization of a Food system (Rist & Jacobi 2016b, based on Colonna et al. 2013 and Rastoin & Ghersi
2010)

Food systems can be distinguished according to their spatial context, orientation, levels of inputs, and
degree of mechanization. The R4D project selected in Kenya three distinguishable food systems based
on five ideal types by Colonna et al. (2013):
-

-

-

The first is an agro-industrial food system, based on horticulture. It is defined by food production for mass markets while reducing costs and maximizing profits (economies of scale). Further characteristics are: based in large monocultures, use high levels of external inputs, are
highly mechanized and capital-intensive, often produced far away from the places of
consumption, are part of global value chains, food is highly processed, heavily packaged, and
distributed through highly specialized retails networks (Rist et al. 2015).
The second is a national-regional food system comprising milk, wheat, barley and beef value
chains. It involves mainly small and medium-scale landholders. Markets are local to regional,
living in rural food producing areas in Laikipia or Meru. Processing, retailing and consuming
mainly take place in peri-urban and urban sites including capitals of Laikipia County and
bordering countries as well as Nairobi (Rist & Jacobi 2016b).
The third is a local food system compromising smallholder farmers. It is defined by short food
chains with few intermediaries. Such systems can be highly diversified, partly subsistence-oriented and partly market-oriented food production, mainly family-related labor input, low levels of external inputs, and low level of mechanization (Rist et al. 2015).

Within these food systems different types of livestock production systems and management exist,
which largely affect the environmental performance (see 3.3). Regarding this thesis livestock production is seen as one food-related activity in these food systems. Livestock in these case studies is produced in a rural context in Laikipia and either processed and (self-)consumed locally or nationally
(mainly Nairobi) and abroad. Pastoralism can mainly be subordinated to the second food systems,
namely the regional food system. Markets are local and sometimes regional and livestock are raised
and maintained in the rural semi-arid and arid part of Laikipia. Processing and retailing take place on
local markets and slaughterhouses (e.g. Nanyuki). However, levels of input and mechanization consist
well with the third food system, namely the local food system. The subsistence part of their production
and the rather short value chain with few intermediaries do also fit in this food system. However, clear
distinctions are unfeasible within the food systems. The private ranches are also mainly related to the
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second food system, namely the regional food system. They also produce in the semi-arid and arid
rural context of Laikipia. Processing and retailing mainly take place in Nairobi, but also in local centers like Nanyuki. Consumption is local, national (mainly Nairobi), and in foreign countries. However,
some aspects of private ranches are associated with the first food system, namely the agro-industrial
food system. Though production is not like in an agro-industrial food system, they do also export
some of their meat through global value chains with high levels of specialized processing, packaging,
and distribution (see 5.4.1, 5.4.2, 5.4.4). This means that livestock production of group ranches and
private ranches in Laikipia is mainly based in the regional food system, but affects all three food systems. The focus within this framework lies in my case on the value chain of livestock production (although only limited) and on the natural resources subsystem. Within the value chain the primary focus
is on the production step, because most natural resources-relevant (soil, vegetation) processes take
place there.

3.3 Environmental Performance
In the relevant work package and for this thesis is “environmental performance” the underlying concept and relevant pillar of food sustainability. Environmental performance means sustaining of ecosystem services in harmony with the well being of plant and animal life (Rist et al. 2015). In regard to
food systems it indicates: “Effects of food systems on the quality of the resource base of food systems
and the wider environment” (Rist and Jacobi 2016b). This implicates for this study that environmental
performance must be in a state to ensure ecosystem services in order to enable food sustainability. As
the literature review has revealed, environmental impacts mainly take place in the production step on
the rangelands. Thus environmental performance means in this study the condition of natural resources along livestock value chains in regard to soil and vegetation (respectively land and biodiversity – see below). The concept is suitable to assess biophysical sustainability of food systems (Rist et
al. 2015). There are various assessment methods, whereby SAFA (Sustainability Assessment of Food
and Agriculture Systems) of FAO (2003) serves as reference for the methodological design of the R4D
project. It suggests six indicators in order to measure environmental performance:
-

Atmosphere (greenhouse gases, air quality)
Water (withdrawal and quality)
Land (soil quality and degradation)
Biodiversity (diversity of ecosystems, species, and genes)
Materials and energy (use and waste management)
Animal welfare (health and freedom of stress)

These indicators are capable of quantifying the biophysical impact of food systems. The focus of this
thesis in this classification is on land (soil quality and degradation) and biodiversity (diversity of
ecosystems, species, and genes). However, environmental performance of livestock production regarding land and biodiversity indicators was in this study assessed according to methods explained in
chapter 4.3.3.

3.4 Rangeland Conceptual Framework
Besides the project-relevant conceptual frameworks of food sustainability, food systems, and
environmental performance, this Master thesis deals with complex rangeland systems in need of
conceptualization as well. Figure 5 shows a typical “evolution cycle” of a rangeland from responses
(e.g. management practices) leading to a certain state (e.g. rangeland health) and resulting impacts
(e.g. changes in ecosystem services). Various drivers, values, and pressures (e.g. policies) keep the
cycle going and lead to management practice changes, where the cycle starts anew. Rangelands and
degradation are mainly driven by population growth, growing demand for food, changes in management and technologies, and by numerous policy and institutional factors. It illustrates very well how
management practices are linked to rangeland health. Also, it shows clearly the importance of the
integrative approach of this thesis, combining biophysical and socioeconomic factors. That is to say
that rangeland health and management are embedded in the context of many different drivers from
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economic, ecological, political, and social dimensions. These implications are directly linked to the
cycle and thus need attention.

Figure 5: Rangeland Conceptual Framework proposed by Liniger & Mekdashi Studer (2017) based on DPSIR (OECD, EEA
1993). Own modifications.

3.4.1

Rangeland Health

Rangeland health is the underlying concept for the assessment of natural resources on rangelands
called “rangeland health assessment”. It represents the environmental performance in regard to vegetation and soil quality for livestock value chains. For providing its ecosystem services rangelands need
to have good conditions of their natural resources such as soil, vegetation, and water. This is expressed
in soil and site stability, biotic integrity, and hydrological function (see chapter 2.2).

3.4.2

Rangeland Degradation

Impacts of rangeland management practices can lead to rangeland degradation - a possible state of
environmental performance. Rangeland degradation is a complex concept that integrates different
aspects, such as deterioration of the environment through depletion of ecosystems and resources such
as soil, air, water, and vegetation. It is defined as any change or disturbance to the environment perceived to be deleterious or undesirable (Johnson et al. 1997). According to IFAD (2003) rangeland
degradation in specific can be described as a reduction in the quantity and/or nutritional quality of the
vegetation available, and resulting higher soil and water losses (Kröpfl et al. 2011). Degradation is in
this thesis not defined as irreversible change. Rangeland degradation assessment is usually done
comparing rangeland under grazing use to a reference state (Andrade et al. 2015). In this study there
was no reference site for the rangeland health assessment chosen since the thesis mainly aims at
comparing ranches and management systems. Statements regarding general conditions of rangeland
are based in relation to other studies done in the area.
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3.5 Combined Conceptual Framework
The following illustration (Figure 6) shows the self-created conceptual framework for this Master
thesis. It aims at embedding the relevant concepts of “Food Sustainability” and “Environmental
Performance” and parts of the “Rangeland Conceptual Framework”. The overarching goal on top is
food sustainability as defined in 3.1. Livestock production is moreover embedded in the economic,
ecological, political, and social context as seen in the rangeland framework. Out of this context
underlying values, drivers, and pressures arise. They are directly linked to management practices of
livestock production and thus also rangeland health. The two examined livestock production systems
are the heart of the system. The condition of the rangeland at the bottom is impacted by the context,
and of course the management (characteristics and value chains). This is where environmental performance, respectively rangeland health in this case, is assessed. The actual condition of the land has
then, in turn, feedback leading up the very same cycle.

Figure 6: Conceptual Framework for this Master thesis based on the Rangeland Conceptual Framework (Liniger & Mekdashi
2017 in prep.), and Food Sustainability and Environmental Performance concepts from the R4D project on Food Sustainability by Rist et al. 2015.
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4 Methodology
This chapter presents the research setting and design, as well as all applied methods to answer the
research questions, and ends with some ethical considerations related to research conducted in the
context of a country in the Global South.

4.1 Research Setting
The research setting introduces Laikipia as the research area with its biophysical and socio-economic
context, and shows where the conducted ranches and compared livestock production systems are located.

4.1.1

Research Area

Research took place in Laikipia County, Kenya (see Figure 7). Livestock is produced on group
ranches and private ranches all over Laikipia (see Figure 9). The examined ranches for this study are
on Mukogodo rangeland in the northeast of the County. Conducted ranches include the private ranches
Lolldaiga Hills Ltd. and Borana Ranch Ltd. (green), as well as the group ranches Il Ngwesi company
Ltd. and Makurian (yellow) (Figure 8). Additional to the transects on the ranches, two transects for
rangeland health assessment (see 4.3.3) are located in Mukogodo forest (grazing glades) north of
Borana and one in Ngare Ndare forest south of Borana. On the bottom of Figure 8 Mount Kenya is
mapped. The location of examined ranches and transects is further illustrated and described in 4.1.3
and 5.5.2.

Figure 7: Research area large-scale: Mukogodo rangelands in Laikipia County, Kenya. Own illustration
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Figure 8: Research area small-scale. Examined ranches and transects in northeast Laikipia. GIS: CETRAD, Kenya. Authors:
Michael Herger, Elizah Peter

4.1.2

Biophysical Context of Laikipia

Laikipia County is situated on a high-plateau in the Rift Valley Province in central Kenya. It is located
in the Mount Kenya region straddling the equator and covers an area of 9’732 km2. The relief has
considerable variation, ranging from 1260 to 2400 m a.s.l. The different altitudinal levels are reflected
in contrasting landscapes, such as the cool high plateau and the much warmer semi-arid lowlands with
only half as much precipitation and a harsh environment. The latter is the ecological environment
where the Mukogodo rangelands – the research area - are situated. While the Great Rift is located at
the west boundary, Mount Kenya with its agricultural districts Nyeri and Nyandarua lays in the south.
Northern and eastern Laikipia grades into lowlands and the pastoralist district Samburu (GLOPP
2007). There are two major ecological systems distinguishable in northeast Laikipia: volcanic and
basement zones. These are stemming from ancient metamorphic rocks (gneisses) and by much more
recent volcanic rocks (mostly basalts) (Laikipia Wildlife Forum 2011). The volcanic zones in the north
and south are characterized by potentially high fertile soils. Because of different rainfall patterns, the
soils differ from each other. Whereas the constantly moist soils in the southeast area are deep, the rather dry soils in the northeast are characterized by pouring and shrinking of the clay minerals which
leads to water logging during the wet season and crack formation during the dry season. Generally,
surface runoff is high for significant amounts of precipitation. “Black cotton” soil (pellic vertisols) of
recent volcanic origin is the most common soil type, followed by “red sand” soil (ferric and chromic
luvisols), derived from a mixture of metamorphic basement rocks (Augustine & McNaughton 2006).
There are also intermediate soils, thus soil particle size is often more informative than soil type
classification. The local climate is significantly influenced by Mount Kenya, making it comparatively
dry despite its location at the equator. Also, Mount Kenya is together with the Ndarua range responsible for the spatial and temporal highly variable distribution of rainfall. The east side of Mount Kenya
has due to their exposition 2-3 times the higher precipitation rate than the west side. The further away
from the mountain, the more the precipitation rates reduce. Nanyuki at the foot of Mount Kenya has an
average annual precipitation of 750 mm (GLOPP 2007). However, rainfall is erratic and unreliable.
The main wet season (so-called “long rains”) occurs during March until May, while a second, much
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less wet rain season (“short rains”) takes place from October to December. A precipitation trend
analysis of Schmocker et al. (2014) with rainfall data from 1979-2011 has shown that “long rains”
precipitation amounts from Mount Kenya region have decreased, but “short rains” increased. Total
amount of precipitation has contrary to people’s perception over this time even slightly increased. This
misperception is probably due to more indicated heavy rainfall events (Schmocker et al. 2014). Data
by the Kenya Meteorological Department confirms that average annual precipitation has not declined
in recent years, but rains tend to fall in more intense bursts, with extended and more intense dry periods in between (Ojwang et al. 2010) Models based on IPCC climate scenarios predict to even exacerbate this trend (IPCC 2007). Nota bene, in an area, where water is clearly the limiting factor. Due to
climatic, geological, and topographical conditions surface water is scarce on the plateau and only few
rivers exist (GLOPP 2007). Evaporation is extremely high and moisture deficits are very common.
Laikipia is dependent on two main water catchments; the Aberdares range and Mount Kenya (King et
al. 2013). Laikipia forms the upper catchment for the Ewaso Ng’iro River, which is the main water
source for the semi-arid and arid low lands (GLOPP 2007). During the dry season, the only contributors are the perennial rivers flowing through Laikipia.
There are several altitude-related agro-ecological zones, of which 90 % of the land is in semi-arid and
arid zones (King et al. 2013). Therefore, most of Laikipia’s land is too “high and dry” for cultivation.
The County is mainly classified as “Highland Ranching zone”, “Livestock-Sorghum zone” and “Midland Ranching zone” (Magut et al. 2013). Apart from livestock production, rangeland also supports
high numbers of wildlife. Laikipia’s protected areas consist of eight forest reserves, the largest of
which are Mukogodo forest, a small national park and a national reserve (Butynski & De Jong 2014).
The main vegetation of Laikipia is savannah; a mixture of grassland and open woodland. But Laikipia
covers a great diversity of vegetation, from agricultural and urban vegetation complexes, through
plantation forest and different categories of leafy bushland and grassland, to upland dry forest and
various marshy wetlands (GLOPP 2007). The vegetation patterns can be explained by precipitation
regimes, soils types, and human activity (Liniger et al. 1998). The County is rich in biodiversity and
renowned for its success in conservation (Sundaresan & Riginos 2010). Biodiversity conservation is
successful even though only 2 % of the total land is under formal protection (ibid.). Laikipia is widely
hailed for its manifold conservancies and considered to have the second highest wildlife density in
Kenya. Besides a high diversity in plants, large mammals, reptiles, amphibians, there are around 500
different bird species, which is about 50 % of Kenya’s total number of bird species (Butynski & De
Jong 2014). Moreover, it holds many endangered species such as Grevy zebras, black rhinoceros, and
African wild dogs. Figure 9 shows the agro-ecological zones (AEZ) of Laikipia: Upper midlands
(UM, annual mean temperature, 18-21°C, M.min 11-14°C), lower highlands (LH, annual mean
temperature, 15-18°C, M.min 8-11°C, normal, no frost) and upper highlands (UH, annual mean
temperature, 10-15°C, occasional night frost). Transects on Makurian and Lolldaiga are in agroecological zone “lower highlands” and Borana and Il Ngwesi in “upper highlands”. Figure 9 also
shows land use in Laikipia. It illustrates where, and under what land use type, the in this thesis compared livestock production systems are located. Pastoralist grazing (group ranches) area is illustrated
in yellow and private ranching (private ranches) in orange and light purple (ranching and ranching &
wildlife, for term explanations see 2.1.2). Pastoral grazing area consists additionally to the group
ranches also of “abandoned land”. It is land that was bought from land buying companies in the
1970’s, but abandonded soon after since it turned out to be unsuitable for agriculture (King et al.
2013).
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Figure 9: Land use in Laikipia County by Laikipia Wildlife Forum (King et al. 2013). Agro-ecological zones are based on
Jaetzold and Schmidt (1983). Own modifications are showing locations of examined ranches in agro-ecological zones

4.1.3

Socio-economic Context of Laikipia

Laikipa has a rapidly increasing population of currently around 400’000 people (1999-2009 +2.17 %/
year), of which 76 % live in rural areas (King et al. 2013, Butynski & De Jong 2014). As in general in
Kenya, agriculture is the backbone of Laikipia’s economy. Laikipia’s economy is essentially based on
horticulture, farming activities, livestock production (mainly ranching and pastoralism), and increasingly on tourism (King et al. 2013). Livestock production is thereby the primary economic activity.
Over 80 % of people are depending on it (CAS 2013, Butynski and De Jong 2014). Similar to Kenya
in general, 90 % of Laikipia’s land is semi-arid to arid, and 2/3 of the total land mass is used for livestock production (FAO 2006, King et al. 2013). Cultivation farming in Laikipia is rather marginal,
even though it supports many people (King et al. 2013). It is generating 20 times more food value than
private ranching, however, it is mostly considered as unsustainable land use (ibid.). Compared to
horticulture, ranching, tourism, and partly pastoralism it is not cost-effective. However, it is clear that
smallholder farmers and pastoralists produce the bulk of Laikipia’s food value (King et al. 2013).
Consequently, the great importance of livestock production is evident. So it is on a national level. But
even though Kenya is occupying vast lands for livestock production, it is not self-sufficient in meat
production and prices are higher than in surrounding countries. Often further complicating for business is the bureaucratic and corrupt nature of Kenya’s economy (Catley et al. 2013).
The industry in Laikipia, on the other hand, is still a small sector (Magut et al. 2013). Since the 1990’s
commercial horticulture farms have become a big player in Laikipia’s economy (compare Lanari
2014). For Kenya as a whole, it has become a crucial subsector and is today after the tea sector the
second most important economic activity (Lanari 2014). The Kenyan horticultural industry produces
and exports a great variety of products, grouped in the three main categories of vegetables, flowers,
and fruits. Kenya is one of the top five flower-exporting countries worldwide and the second largest
vegetable exporter in sub-Saharan Africa after South Africa (Lanari 2014). The horticultural industry
is largely agro-industrial dominated. Thus, smallholders contribute for instance only 18 % of vegetable
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export production against an aggregated 82 % from large commercial farms, whereby five to nine
major export companies control 85 % of the Kenyan vegetable sector (Lanari 2014). However,
horticulture occupies only 0.1 % of Laikipia’s land (King et al. 2013).
An additional economic source of income is the in Laikipia based British Army. Their presence is with
estimated 100 million USD spendings in Laikipia County per year boosting the local economy (King
et al. 2013). Tourism is since the 1980’s becoming more and more important and was 2009 14 times
higher than 1996 (King et al. 2013). While livestock keeping and farming are major sources of income, casual labor with an average daily wage of little more than 2 USD is according to the National
Drought Monitoring (2012) still one of the most important incomes. In 2005 35-40 % of Laikipia’s
population lived below the poverty line (GOK 2005) and most people were requiring food assistance
(King et al. 2013). Additionally, insecurity of land tenure and conflicts dominate Laikipia, and political instabilities within Kenya endanger tourism activities and security. Land tenure has long been the
bone of contention in Laikipia. Today, there are three types of land ownership in Laikipia; private,
communal and government land. Whereas private ranches are held on freehold titles, although technically leased from the government, the communal land is held under group ranches (although in theory
private land) (Sundaresan & Riginos 2010). Government land includes inter alia forests, swamps, rivers, public institutions land, and all leased land in urban centers and ranches (Magut et al. 2013).

4.1.4

Mukogodo rangelands

This study was conducted on Mukogodo rangelands in Laikipia County. These rangelands in the
northeast of Laikipia consist of private and group ranches in non-arable semi-arid and arid lands, as
well as forests. The group ranches Makurian and Il Ngwesi are part of Mukogodo Division, a pastoral
grazing area, and the private ranches Lolldaiga and Borana are bordering them. The term “Mukogodo
rangelands” is adopted from Okello (1996) since it includes all four examined ranches. The lands have
only little, unreliable and poorly distributed rainfall. Thus the area is suitable for pastoral farming and
ranching. In 1936 they established a reserve in this area and later in the 1960’s and 70’s group
ranches, restricting the traditional migratory patterns of the Masai people. This has led to high stocking rates and overused ecological resources (Okello 1996). The area receives on average 500 mm rainfall per year with bimodal precipitation patterns (Huho et al. 2009). Mukogodo Division is with up to
50 % of its people in need of food assistance among the least food secure areas in Laikipia (King et al.
2013).

4.1.5

Private ranches vs. group ranches

As already introduced, Laikipia’s semi-arid and arid lands are largely occupied by livestock producing
private and group ranches. 37 % of the total land area of Laikipia is under privately owned large-scale
ranching and 32 % is under pastoralist grazing use (King et al. 2013). Because of the spatial importance and the apparent differences between these two livestock production systems, these systems
are in this thesis compared regarding their value chains and impacts on rangeland health (see 1.3).
Group ranches consist in Laikipa of Masai pastoralists. Thus the terms “group ranches” and “pastoralism” are in this thesis used synonymously. This livestock production system was introduced in chapter
2.1.1. Private ranches are sometimes only referred as “ranching” but in this thesis the terms “private
ranching” or “private ranches” are used in order to distinguish them properly from group ranches. This
livestock production system was introduced in chapter 2.1.2. Figure 9 shows where these livestock
production systems are located in Laikipia. Generally, ecological conditions are better on private
rangelands compared to the drier group ranch territories - especially group ranches in Mukogodo
division in northeast Laikipia (compare Frank et al. 1998). Group ranches (pastoralists) have compared to private owned ranches often more degraded land, which is according to different researchers
due to higher stocking rates and continuous grazing (Livingstone 1991, Shackleton 1993, Georgiadis
et al. 2007, Okello 1996, Todd and Hoffman 1999, Yayneshet and Treydte 2015, Magut et al. 2013,
King et al. 2013). The relationship between Masai pastoralists and private ranchers is widely strained.
Droughts, poverty, and historical resentments of Masai toward wealthy landowners who settled on
their former land have led to conflicts between them in the past and still reoccur today (Sundaresan &
Riginos 2010).
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4.2 Research Design
To meet the introduced objectives (see 1.2), the value chains of four red meat producing ranches
within two different livestock production systems are looked at until livestock sales. Along the livestock value chains, environmental impacts regarding the condition of natural resources (soil and
vegetation) are assessed. Thus this Master thesis aims at answering the following research question
(see 1.3):
What are environmental impacts of red meat production on soil and vegetation
in two different livestock value chains in Laikipia, Kenya?
Namely these two of the main livestock production systems, respectively livestock value chains, are
distinguished:
-

Pastoralism (group ranches, see 2.1.1)
Private ranching (private ranches, see 2.1.2)

Livestock production in this Master study is limited to red meat production. It encompasses production
and processing of beef cattle, camels, sheep, and goats. Talking of livestock production is in this thesis
used synonymous for red meat production and livestock value chain. The livestock value chain is followed until livestock sales. Processing and consumption were not further investigated due to the scope
of this study and the explained focus on vegetation and soil, which is most pronounced in the first
steps of the value chain.
In order to tackle the research question, a mixed method approach with case studies is applied. The
integrative approach of combining biophysical and socioeconomic aspects aims at holistically
considering different factors affecting the research question. To examine and compare the different
livestock production systems and value chains, case studies in the following settings are conducted:
-

Setting 1: Makurian (Masai group ranch) vs. Lolldaiga (private ranch)
Setting 2: Il Ngwesi (Masai group ranch) vs. Borana (private ranch)

The ranches within a setting are located spatially close to each other and have comparable conditions
in terms of soil, climate, topography, and water (see 5.5.3). The definite sites were chosen under the
advice of Dr. Hanspeter Liniger, supervisor of this study, Peter Hetz, executive director of Laikipia
Wildlife Forum, and Dr. Yvonne de Jong, co-leader of the Eastern Africa Primate Diversity &
Conservation Program.

4.3 Methods
In the following, the above mentioned mixed-method approach, combining qualitative as well as
quantitative methods, is presented.
The methodological framework consists of six steps:
I.
II.
III.
IV.
V.
VI.

Characterization & typology of the ranches
Reconstruction of the livestock value chains
Quantification of impacts on natural resources in the field
Comparison of boma sites
Soil analysis in the laboratory
Comparison of the sites. Interpretation of the results

The methodology of this study aims at starting from an outline with the characterization and
reconstruction of the value chain of the four ranches and then progressing into more detail with
measuring the impacts of these systems on natural resources (soil, vegetation). This procedure allows
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a systemic view and an integrated understanding of the on-going processes. Whereas in the first two
steps a mainly qualitative approach is used, in the later biophysical stage, both quantitative and
qualitative methods are applied. Finally, interpretation of results is again qualitatively oriented – a
conscious decision was taken not to standardize results in order to keep absolute values. Standardization bears due to the many variables the risk of rather distorting outcomes than order them meaningfully. Used methods were adjusted to the different situations and kept open to adapt. Hereafter, the
individual steps and used methods are introduced.

4.3.1

Step I: Characterization & Typology of the Ranches

In a first step, the livestock production systems of the two group ranches and two private ranches are
characterized. Therefore interviews were undertaken with land users of the ranches (grazing managers,
owners, general managers, conservation managers, elders, chiefs, and a botanist), managers of
Mukogodo forest and Ngare Ndare forest (additional grazing areas are located there) and rangeland
experts (at MPALA Research Centre, Laikipia Wildlife Forum, Northern Rangeland Trust, independent specialists). Later on, land users of the four ranches were also interviewed with the WOCAT
questionnaire “SLM Technology” (see wocat.net). The documented livestock production systems
enter in this way the “Global Database on Sustainable Land Management” and are processed in a detailed and comparable manner. The four ranches are described according a number of criteria, the
main ones being: grazing system and principles, management, objectives, products, ecological
environment, livestock figures (e.g. numbers, composition, fluctuations), pressure on land, costs and
income, productivity, markets, distribution, and the historical, economic, and social context. Based on
the four documented sites – each two of the livestock production systems “pastoralism” (group
ranches) and “private ranching” (private ranches) – a typology of the main characteristics of the distinguished livestock production systems is then created. Subsequently, differences between the systems
are worked out and allow for comparison. Based on these characteristics, influences on the examined
rangeland health (see 4.3.3) are evaluated. Besides the formal and informal interviews with land users
and experts, the data is based on literature, field visits, and photo documentation. The fieldwork is
supported by a driver as well as resource people from the ranches. These resource people were mediated by the co-supervisor of this thesis, the Laikipia Wildlife Forum, CETRAD, and the ranches.

4.3.2

Step II: Reconstruction of the Livestock Value Chains

Based on the mentioned conducted interviews and literature, the value chains of livestock production
for the four ranches, as well as one basic value chain of livestock production in Laikipia are (partly)
reconstructed. A value chain describes the full range of value-adding activities and interdependent
processes involved in the different phases of production, including input supply (or design), production itself, marketing, processing, and consumption (Kaplinsky and Morris 2000). A value chain is
transformed from a descriptive construct (heuristic device) to an analytical tool through adding some
degree of governance, dynamic rents, and different types of value chains (ibid.). Kaplinsky and Morris
(2000) state that there is no single right and correct way to conduct a value chain analysis, but rather
depends on the particular question. The point of entry for this value chain is in comparison to regular
analyses (e.g. distribution of income) the identification of natural resources-relevant area used for livestock production. The total affected area by livestock production is detected and quantified. Additional
grazing areas of pastoralists outside their territory are taken into account and will also be assessed
regarding their quality of natural resources in the next step (see 4.3.3). The value chains of the four
individual ranches also allow drawing consequences on the two distinguished livestock production
systems. The value chain analysis is conducted from input supply to marketing, meaning for livestock
production from natural breeding until livestock sales. This value chain analysis is not aiming to be
comprehensive, but seeks to determine the major steps, actors, activities, rents, and governance structure along the value chain. Rents are mainly discussed in financial regard. The term governance includes the formal and informal rules in a system. Both power relations as well as institutions regulating this power should be considered (Kaplinsky and Morris 2000). In the context of value chain
governance, power asymmetry is key (ibid.). These aspects are elaborated by qualitatively interpreting
the data generated by the above-mentioned methods and consulting scientific literature.
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Step III: Quantifying Impacts on Natural Resources in the Field

This step aims at assessing and comparing the rangeland health of the four main sites, as well as the
detected additional grazing sites outside the ranches. Rangelands should sustain biotic integrity, soil
and site stability, and hydrological function (see chapter 2.2). The rangeland health assessment evaluates these basic functions (although restricted to soil and vegetation in this study) in order to assess if
environmental performance ensures ecosystem services. To determine the quality of natural resources
for each site, at least three main geomorphological types (flat, slope, depression) are covered by transects of 100 meters. This assures to take various ecological conditions of the landscape into account.
The selected transects are chosen to be representative for bigger areas. However, the large areas of up
to 200 km2 make it impossible to cover all landscape features and gradients of ecological conditions.
But most importantly, it is ensured that compared ranches have comparable transects in close proximity. Moreover, to get a good representation of the whole area, sites are selected where topography, soil,
and vegetation is representative for the area. Furthermore, it is avoided to put transects close to rivers,
water points, settlements, bomas, and roads.
The measurements are performed for all chosen settings during the wet season and the dry season
(twice in dry season, once in wet season). This means, transects are undertaken three times (see
5.5.3.2), in which also soil samples for later laboratory analysis are collected (see 4.3.5). The three
repetitions over time are merged into “mixed samples” in the end. However, this assessment can only
show the condition of the land at three points in time. Even though it shows both the wet season and
the dry season conditions, it lacks the long-term perspective. Monitoring over longer time periods is of
great importance and thus a further regular assessment with the same or similar indicators as used here
is highly desirable. Over time changes (e.g. in vegetation structure) are extremely helpful to evaluate
the trend of development and if need be to adjust management.
The fieldwork is supported by a driver, a botanist, as well as sometimes a ranger and an assistant.
These resource people were mediated by the co-supervisor of this thesis, the Laikipia Wildlife Forum,
CETRAD and the ranches. Assessment in the field is conducted by looking at simple indicators of soil
properties, erosions features, and the vegetation state. The in situ rangeland health assessment is selfdeveloped in cooperation with the co-supervisor of this work. The created field sheets are shown in the
annex (8.1). However, the procedure is to large extents based on the following field guides: “Monitoring Rangeland Health – A Guide for Pastoralist Communities and Other Land Managers in Eastern
Africa” by Corinna Riginos and Jeffrey Herrick, the “Monitoring Manual for Grassland, Shrubland
and Savanna Ecosystems” by Jeffrey E. Herrick et al. (2005), the manual “Interpreting Indicators of
Rangeland Health” by Mike Pellant et al. (2005), and also the “Impact Monitoring Tool” by Benedikt
Ziegler (2012), currently further developed by Hanspeter Liniger, Benedikt Ziegler, Tatenda Lemann,
and Bettina Wolfgramm.
Figure 10 shows in a summary how data was collected on individual transects. The procedure consists
of collecting basic site information (e.g. grazing intensity, water availability, wildlife abundance) and
then assessing soil, erosion, and vegetation parameters along the 100 m transects. Differences in
vegetation (species, composition, cover), soil properties (in situ: soil structure, aggregate stability,
compaction, edaphon), and erosion features (e.g. compaction, sealing/crusting,) are evaluated on all
sites. Additionally, due to their different ecology there are always two situations distinguished: open
land and under tree. Topsoil is assessed, respectively samples are taken, at 10 cm and subsoil at 30 cm.
In total there are 21 transects selected:
-

7 on Lolldaiga (PR)
5 on Makurian (GR)
3 on Borana (PR)
3 on Il Ngwesi (GR)
1 on Mukogodo forest glade, additional grazing area for Makurian (GR)
1 on Mukogodo forest glade, additional grazing area for ll Ngwesi (GR)
1 on Ngare Ndare forest glade, additional grazing area for mixed use (Makurian and Il
Ngwesi, GR)

Every transect consists of ten vegetation and erosion assessment points, three in situ soil assessment
points (0 m, 50 m, 100 m) with 12 soil assessments (for each point topsoil and subsoil, and both under
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tree and open land), as well as 12 collected soil samples. These transects are conducted three times
within the research period (see 5.5.3.2).

Figure 10: Sampling design for transects in the field

All steps are recorded by photo documentation. Collected soil samples are later analyzed in the laboratory (see 4.3.5).
In the following, the used indicators, methods, and compiled information on the field sheets are explained in detail. Basic information is collected for every transect once per field trip (total three field
trips). Information on vegetation and erosion features is collected every 10 m along the 100 m transect
and soil properties assessment is done at 0 m, 50 m, and 100 m.
Basic Information
Indicator/Information

Description

Method

Geomorphological
feature

Flat/Slope/Depression. All types have to be
considered at least once per ranch. It represents the diversity of the landscape. For
comparison purpose between the sites, the
same geomorphological features are selected on compared ranches

Own appraisal. Field trip with
co-supervisor

Inclination

Determination of percent slope. Influences
erosion and soil properties.

Smartphone app
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Must be along the geomorphological feature (with the same inclination)

Compass

Precise location, for later GIS use

GPS device

Elevation

Compared transects have to be at the same
elevation for comparable ecological conditions. Part of the ecological disposition

GPS device

Season

Dry season vs. wet season (and short rains
vs. long rains)

Time, rainfall data

Weather (currently
and past few days)

Influence on the condition of the land (e.g.
wet soil)

For past few days: Rain data
(see next point). Asking local
people, co-workers/assistants

Influence on condition of the land, especially the state of vegetation. Part of the
ecological disposition

Rainfall gauges from two
ranches

Shows the pressure on land

Own appraisal – signs of grazing

Dominant grazing
species

Shows whether livestock or wildlife is
dominant and what type

Own appraisal – spotting animals, signs of dung and footprints

Browsing intensity
(shrubs and trees)

Shows the pressure on land and the share of
browsers (e.g. camels and goats)

Own appraisal – signs of browsing, e.g. nibbled twigs

Dominant browsing
species

Shows whether livestock or wildlife is
dominant and what type

Own appraisal – spotting animals, signs of dung and footprints

Knowing wildlife species and their influence in the area

Own appraisal – spotting animals, signs of dung and footprints, asking local people, coworkers/assistants

Distance to water
(temporary and permanent)

Shows proximity to water availability and
facilities. Pressure on land close to water is
higher. Transect locations were selected not
to close to water

Own appraisal, asking local
people, co-workers/assistants

Distance to
boma/settlement

Shows proximity to bomas and settlements
(used within the past year and used more
than a year ago). Pressure on land close to
settlements and bomas is higher and influenced by people. (Former) bomas can show
signs of dung accumulation and grass
rehabilitation. Transects locations were
selected not to close to (former) bomas and
settlements

Own appraisal, asking local
people, co-workers/assistants

GPS Position

Rainfall data

Grazing intensity
(grass; not protected
by shrubs/trees)

Wildlife species
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Animals visible
while at site

Biodiversity, knowing species in the area
with influence on the land (see wildlife,
dominant species)

Own appraisal – spotting animals

Surface temperature
on bare ground vs.
on vegetation and
under tree vs. open
land

Aims at showing temperature differences
between the assessed situations and thus
influence of e.g. evaporation

Field infrared thermometer

Table 1: Rangeland Health Assessment: Basic Information

This basic information serves to describe the ecological potential and general conditions of the sites.
Also it can be checked that compared sites of ranches have similar ecological conditions. It provides
first data of impact of livestock and other influences on rangeland health, such as wildlife abundance.
Pressure on land can be evaluated.
Vegetation
Indicator/Information

Description

Method

Bare soil

Bare soil is a very crucial indicator in assessing rangeland health. More bare soil
means more erosion and nutrient loss as
well as less forage for livestock and wildlife (Riginos & Herrick 2010)

Estimation of bare ground and
photo documentation (in some
cases drone pictures). Is crosschecked with estimation of
vegetation type coverage below
(total 100 %) and gaps between
plant bases method. The area
looked at is the 100 m transect,
respectively 100 square meters

Species and cover in
% of

Coverage and composition of vegetation
(between and within the different types)
show forage availability and trends in e.g.
bush encroachment. Identifying species
helps to distinguish between desirable and
undesirable species, especially invasive
species. Dominant species allow to draw
conclusions on rangeland health. Grasses
are distinguished between annual and
perennial species

Estimation and photo
documentation. Collaboration
with a botanist. Estimation (total of all vegetation types and
bare ground have to be 100 %
and total of all species within a
vegetation type have to be 100
%). The area looked at is the
100 m transect, respectively 100
square meters

Shows forage availability on different
heights. Can indicate changes in vegetation
structure over time. Also has effects on
wildlife abundance and types

Every 10 m along the transect
with a measuring bar. In
comparison to the estimation of
trees, shrubs, and grasses for the
whole areas, this method allows
to cross-check the results and
differentiate between different
grass heights

-

Grass
Shrubs
Trees
Forbs, herbs,
weeds
- Litter, lichen
rocks
Plant height
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Gaps between plant
bases

Additional to the estimate of bare soil,
because it is crucial how the bare soil is
scattered in the landscape. Areas without
gaps are less exposed to wind and water
erosion. Plant bases also slow the flow of
water. Also has effects on wildlife abundance and types

Every 10 m a measuring bar of
one meter is put down. It is
checked whether there is a basal
gap (the stick is not touching
any plant bases)

Gaps between tree
canopies

Tree canopies can create an own microecology and slow wind erosion. Also has
effects on wildlife abundance and types

Every 10 m a measuring bar of
one meter is put down. It is
checked whether there is a tree
canopy gap (the stick is not
under any tree canopy)

Table 2: Rangeland Health Assessment: Vegetation Assessment

This vegetation assessment results in various comparable data, allowing drawing conclusions on
rangeland health. It allows statements about the availability of forage, good or bad species, biodiversity, vulnerability to erosion, and implications on soil features. Most importantly, total bare ground
and foliage cover in the wet and the dry season can be compared between the sites. Moreover, vegetation composition (grass, shrubs, trees, forbs/weeds/herbs) and the species composition within the
vegetation types show differences between the ranches. In contrast to most other indicators, species
composition is interpreted in a qualitative way (e.g. what are the invasive species). Further indicators
allow comparing sites regarding plant height, gaps between tree canopies, and plant bases.
Erosion features
Indicator/Information

Description

Method

Rills

Small gullies; small water channels (10-50 cm) with steep
sides (Riginos & Herrick 2010)

Gullies

Deep water channels (>50 cm) with steep sides through
which water usually flows during rains (Riginos & Herrick
2010)

For all: On a list
of possible erosion features the
number of
occurring
erosion features
is counted.

Litter Dams

Litter accumulated along water flow patterns building
banks/dams

Pedestals

Plants that are higher and “standing up” compared to the
soil surface because the soil around them has been eroded
away (Riginos & Herrick 2010)

Soil Deposition

Soil that was eroded from one area and has now been
deposited in a new area by either water or wind (Riginos &
Herrick 2010)

Water Flow Patterns

Superficial water channels (< 10 cm)

Sealing

Bare soil is compacted and infiltration is inhibited. Soil
capping

Crusting

Next level after sealing. Forms of lichen are covering the
bare soil, making it even harder. Resulting in low infiltration rates
38

Own appraisal
every 10 m
along transect

Environmental Impacts of Red Meat Production

Sheet Erosion

Quartz/stones
deposition on surface

University of Bern

MSc Thesis | Michael Herger

Carries away layers of soil without forming channels. It
leaves behind signs such as exposed bedrock, accumulation
of sand and small “steps” (teracettes) (Riginos & Herrick
2010)
Similar to sheet erosion, but large amounts of quartz and
stone accumulation

Table 3: Rangeland Health Assessment: Erosion Features Assessment

Erosion features indicate degradation of rangeland health very explicitly. With the collected data the
frequency of erosion can be compared between the sites.
Soil properties
Indicator/Information

Description

Method

Type of soil

Influences soil indicators, e.g. water retention capacity. Part of the ecological
disposition

Own appraisal, soil maps, later
laboratory analysis

Aggregate stability*

Aggregate decomposition and dissolution
are tested. It shows the soils stability and
resistance to erosion. It is less sensitive to
short-term changes (e.g. droughts) than
other indicators like bare soil (Riginos &
Herrick 2010). Affected by soil texture and
organic matter

Excavated soil is dropped from
1 m. Thus soil breaks into natural aggregates. A small soil
aggregate (about 10 mm in
diameter, always one topsoil
and one subsoil aggregate at the
same time) is gently put in a
bowl filled with water (separate
bowl for topsoil and subsoil). It
is observed how long the aggregate stays stable before it dissolves or disintegrates. It is
checked after 1 min, 5 min, and
after swirling the bowl

Soil moisture

Shows water infiltration and retention
capacity. Especially difference between
topsoil and subsoil is of interest. Depends
on recent rains

Is the soil deformable when
kneaded? If possible, also note
to what depth the water infiltrates

Compaction*

Shows how compacted the soil is. Soil
compaction is a serious form of degradation, because the particles are compressed
into smaller volume resulting in less air and
water supply. Livestock can due to their
weight compact a soil

Knife test with medium pressure. Note to what depth the
blade infiltrates on the surface,
at 10 cm and 30 cm (each one
on several spots)

Shows the dark organic matter of decayed
animal and plant residues, containing important nutrients

Own estimation. The darker the
color of the soil the more humus
content (other influences like
moisture and clay have to be
taken into account)

Humus content*
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Shows how many roots there are and how
deep they penetrate the soil. Favor water
and nutrient flow and hinder soil compaction. Depending on soil texture

Own estimation. Roots/dm2.
And difference between topsoil
and subsoil

Stones

Can show geological predisposition. Stones
in soil can help to drain well, but cause loss
of nutrients

Own estimation. Stones/dm2.
And difference between topsoil
and subsoil

Edaphon*

Organisms decomposing organic matter.
Important for many soil characteristics, e.g.
soil structure and organic matter. In Laikipia, several insects are crucial to soil and
grassland health. By burying the dung of
mammals, dung beetles provide seeds and
nutrients for the soil and hinder flies to
settle and spread diseases. Termites on the
other hand are responsible for replenishing
soil nutrients and Harvester Ants disperse
seeds on the ground

Own estimation. Number of
found, visible organisms in
excavated soil.

Soil structure*

Arrangement of soil aggregates. Aggregates influence bulk density, porosity and
pore size. Thus soil structure affects air and
water flow

Excavated soil is dropped from
1 m. Thus soil breaks into natural aggregates. Visual assessment – small crumbs, subpolyeders or big, clustered lumps?

Table 4: Rangeland Health Assessment: In Situ Soil Assessment

The soil properties marked with an asterisk are rated with a mark from 1-5 and each site gets then a
comparable final mark (rating see below) for topsoil and subsoil properties in an open land and an
under tree situation which allows comparison.
Rating
5 indicators (*) get a mark from 1-5.
End scores:
21-25 points: Very good
16-20 points: Good
11-15 points: Satisfactory
6-10 points: Bad
0-5 points: Very bad

4.3.4

Step IV: Comparison of Boma Sites

This step is rather considered as a side experiment than required for analyzing the ranches. However, it
shows the impact of livestock on the land from a different angle and very straightforward. Moreover,
it shows for once positive effects of livestock on land. The boma technology explained in chapter 2.8
was examined in an experimental design on Lolldaiga ranch. Whilst livestock are moving on Lolldaiga
ranch, bomas (corrals) are constructed for the herds, in which animals are kept in enclosures closely
bunched together overnight. Bomas are put on bare land according to a plan in order to recover the
land (dung accumulation and breaking of the soil by hooves). Currently there are 20 bomas covering
an area of 0.02 km2 (0.01 % of the total land), which can be seen as area that can be restored per year.
Boma sites are steadily but slightly shifted. On average, one boma is at the same bare patch only one
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to two weeks during the dry season and one week during the wet season. In one boma of a size of ¼
acre, 400 cows are corralled. Former bare patches with bomas recovered well after a few years. The
boma management practice is also applied on the group ranches Il Ngwesi and Makurian. However,
this additional experiment shall not compare ranches, but examine effects of the technology. Bomas
are one very straightforward way to research impacts of livestock (and wildlife) on natural resources,
especially on soil and vegetation, which is also the focus of this study. Land users of Lolldaiga initiated the investigation since they are interested in soil nutrient differences between former boma sites
and areas right next to them (reference sites) themselves. The fact that the technology works is already
well visible in the field, but quantified effects were unknown. Moreover, one of their boma sites is not
working as expected (camel boma site) and they are wondering why. The sampling design aims at
comparing the areas of former corral places regarding their soil quality. Three of those are located in
the same area and were used 1, 5, or 9 years ago as bomas. A fourth site used as a boma 1 year ago
was examined at another location. Whereas the first three bomas were used by cattle, the fourth was
used by camels. The camel boma is also the one that is not showing the expected results. Figure 11
below shows how the sampling is done. On all four boma sites, three repetitions of each topsoil and
subsoil are collected inside the bomas. For comparison, four repetitions outside the bomas are collected as reference sites. Soil samples are analyzed for pH, soil organic carbon, and macro- and
micronutrients. Besides expected nutrient and organic carbon enrichment on former boma sites compared to reference sites, an influence of the chronology of bomas is expected. Soil analysis is explained in the next chapter 4.3.5.

Figure 11: Sampling design for Boma site analysis in the field

4.3.5

Step V: Soil Analysis in the Laboratory

Collected soil samples from the rangeland health assessment (transects, 4.3.3) and the boma comparison (4.3.4) are analyzed in the laboratory regarding pH, particle size, total soil organic carbon (SOC),
total nitrogen (N), total phosphorus (P), total potassium (K), total magnesium (Mg), total Manganese
(Mn), and total copper (Cu). Due to the importance of soil organic carbon as indicator for soil quality,
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all 250 rangeland and all 32 boma samples are analyzed. For the remaining indicators, representative
samples for rangeland are selected. Hereafter, the chosen soil indicators and measuring methods are
described. Table 5 summarizes the conducted soil analyses, number of samples, and used methods.
Soil parameter

Rangeland

Bomas

Methods

(250 samples)

(32 samples)

pH

42 representative samples

All 32 samples

pH electrode

Particle Size

15 representative samples

Not possible

Mastersizer

Total SOC

All 250 samples

All 32 samples

CNS & IR-Spectroscopy

Macro Nutrients

42 representative samples

All 32 samples

Mehlich-3 Extraction

N, P, K, Mg

N for 78 samples

Micro Nutrients

42 representative samples

AAS (K), ICP-MS (remaining nutrients)
All 32 samples

Mehlich-3 Extraction

Cu, Mn

ICP-MS

AAS: Atomic Absorption Spectroscopy, ICP-MS: Inductively Coupled Plasma Mass Spectrometry
Table 5: Laboratory Soil Analysis: Parameters, samples, and methods

Indicators
The soil indicators measured in the laboratory allow to reliably stating in what condition the soil of the
rangelands is. Several of the most important soil indicators included in this thesis, give a comprehensive picture of the soil. In combination with the in situ soil assessment all three categories, namely the
chemical indicators (e.g. pH), physical indicators (e.g. aggregate stability), and biological indicators
(e.g. SOC), are covered. However, whereas these results make many interpretations possible, this
study focuses on the comparison between the ranches, rather than rating the soil and e.g. stating what
plants on what nutrient levels are available. In the following, the indicators are very briefly explained
regarding their importance for a soil assessment. The short descriptions of the indicators are by no
means comprehensive.
Soil pH refers to the degree of soil acidity or alkalinity. It affects physical, chemical, and biological
processes in the soil. The pH value determines the availability of nutrients and minerals in the soil and
thus represents an important indicator of plant availability.
The particle size or soil texture represents the distribution of sand (2-0.063 mm), silt (0.063-0.002
mm) and clay (< 0.002 mm) in the soil. It is one of the most important physical indicators of a soil.
The resulting total amount of pore space greatly affects soil water movement, nutrient cycling, and soil
erosion. Fine soils with high amounts of clay can retain more nutrients and water, have higher
aggregation, sequester more organic matter, but drainage less water, get less air supply, and have less
root penetration than coarser soils with high sand content. Even though these physical attributes play
an important role, they cannot be rated a priori as good or bad, but they show the specific site potential, and other results have to be interpreted in the light of these attributes.
Soil organic carbon (SOC) is one of the most important components of the soil and has the most
widely recognized influence on soil quality. It is interconnected with all soil functions (chemical,
physical, and biological) and thus affects many other indicators, such as aggregate stability and nutrient cycling. SOC is capable of affecting plant growth as both a source of energy and a trigger for nutrient availability through mineralization (Scheffer et al. 2010). It affects nutrient holding capacity,
turnover and stability, which in turn affect soil water, air and structure (ibid.). Total organic carbon is
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the carbon (C) stored in soil organic matter (SOM). SOM is strongly interlinked with soil nutrients and
vegetation, because it stems mainly from decomposed plant and animal residues. Organic matter is
acting like glue and holding soil particles together and thus crucial to resist erosion.
Plant available nutrients are another important indicator of soil health and plant availability. Plants
need of course nutrients for living, namely 13 elements respectively nutrients. They contain of macro
nutrients: N, P, K, Mg, Ca, S and micro nutrients Fe, Mn, Cu, Zn, B, Mo, Cl. If they occur in the right
amount and ratio it allows healthy plant growth. An analysis can show if soil nutrients are available to
supply plant needs. Whereas all elements are necessary for plant growth and health, N and P are usually the limiting nutrients for plant primary production (Augustine et al. 2003).
The ratio C:N of carbon (C) and nitrogen (N) indicates composting rates (decomposability of organic
matter through e.g. microbial activity) in the soil. Higher rates mean higher composting rates.
Methods
Preparations
First of all, repetitions of soil samples over time collected from the same transect position are merged
into mixed samples. This results in 250 soil samples from rangeland transects and 32 soil samples out
of the boma sampling. Sample preparing and analysis in the laboratory are here only briefly explained.
For further details the protocols of the methods can be found in the literature as well as the script for
laboratory work of the University of Bern (University of Bern 2015).
After sample collection, all samples are air-dried. Mpala Research Centre provided their facilities to
further prepare the samples for laboratory analysis. For guaranteeing that no moisture is left in the
samples they are put in outdoor ovens. In a next step the samples are sieved through a 2 mm mesh
sieve as an international standard procedure. Then, each sample is weighed and reduced to 50 g weight
in order to transport soil back to Switzerland. Soil analysis is then conducted at the laboratory at GIUB
(Geographical Institute at the University of Bern) with the support of the laboratory team in planning
and conducting of the lab work. At first, samples were negatively tested on calcium carbonate content
(CaCO3) with pouring hydrochloric acid (HCl) on them. For further sample preparation, roots and
other undesired material are picked out from the soil by hand. For CNS analysis one third of the total
weight of each sample is finely ground mechanically.
CNS
Total Nitrogen, Carbon and Sulfur are analyzed by CNS methodology. For preparations 8-50 mg of
ground soil (depending on the expected SOC content) are encapsulated in tin. The CNS device is
based on the transformation of solids into the gas phase by rapid and complete flash combustion of the
material. This means the solid sample materials are converted into N2, CO2 and SO2. Calibration and
device performance are controlled. For quality tests, standards (sulfanilic acid, glutamic acid, blanks)
and sample repetitions (triplets) are used. Results of the quality tests can be found in annex 8.4. Boma
samples are all measured by CNS, rangeland samples only partly.
IR-Spectroscopy
For identifying soil organic carbon (SOC), rangeland samples are mainly analyzed with IR-spectroscopy (infrared-spectroscopy). However, about 30 % (42 samples) of the total rangeland samples are
conventionally chemically measured at the CNS. For the remaining 208 samples, IR-spectroscopy is
conducted. This means, conventional CNS measurements serve as calibration, while the remaining
samples are predicted and validated. IR-spectroscopy has less workload and fewer costs than conventional analysis, especially with a large number of samples. At the same time it has manifold been
proven to accurately predict soil organic matter content, as well as other physical, chemical and
biological soil properties according to their reflectance in the wavelength range 350 to 2500 nm
(Chang and Laird 2002, Ben-Dor and Banin 1995, Gomez et al. 2008). The method is based on reflectance signals produced by vibrations in bonds between C, N, H, O, P and S atoms (Gomez et al. 2008).
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Soil organic matter significantly affects the nature of a soil reflectance spectrum (ibid.). Measurements
are conducted with the FieldSpec infrared spectrometer from the University of Zurich in a dark room
environment at the laboratory of the Geographical Institute in Bern. Soil samples are placed on Petridishes and measured three times when showing stable reflectance curves, rotating the Petri-dish by
90°. Quality checking is done by performing a “White Reference” sample on a muglight every 10
samples. To convert the wavelength results into SOC values a model for SOC prediction is created
with PLSR (partial least-squares regression) with leave one-out cross-validation in ParLes software
according to Viscarra Rossel (2008). The coefficient of determination (R2) is used to evaluate the
performance of the SOC prediction model.
pH
pH is measured by a pH-electrode. 10 g of each soil sample is mixed with a 25 ml 0.01 M CaCl2 solution, stirred and after allowing it to rest and pH-electrode calibration, measured. pH values are taken
after one minute for each sample.
Mastersizer
Particle sizes of sand (2- 0.063 mm), silt (0.063-0.002) mm and clay (< 0.002 mm) are measured with
the Mastersizer 2000. The method is based on a laser-diffraction-analysis. Organic substance was due
to low contents not oxidized prior the measurements. For processing, 2 g of each sample are mixed
with a sodium hexametaphosphate (NaPO3)6 and sodium carbonate Na2CO3 dispersion solution (for 25
samples 500 ml). The samples are dispersed in the shaker overnight. The next day, samples are measured at the Mastersizer. For detailed analysis reports see annex 8.2.
Mehlich-3 Extraction, IPC-MS, AAS
Mehlich-3 is a standard extraction method used for nutrient analysis in Kenya. It is used for
determination of P, K, Ca, B, Mg, Na, Mn, Cu, and Zn in soil samples. With preferring this method
over standard methods applied in Switzerland, comparability to other studies conducted in the same
research area is assured. Extraction is performed according to Mehlich (1984). The Mehlich-3 extract
is composed of 0.2 N acetic acid, 0.25 N NH4NO3, 0.015 N NH4F, 0.013 N HNO3, and 0.001 M
EDTA. For processing, 20 ml of Mehlich-3 extract is dispensed into each 2 g sample tube and put in
the shaker for 5 minutes. The extraction time has been found to be crucial and was limited to 7
minutes (time factor was calculated). Therefore extractions are conducted in batches of 12 samples.
Afterwards, samples are filtered with syringe filters. Syringes and filters are prewashed with Mehlich3 extract and only one per sample is used. For ICP-MS and AAS measurements, all samples are diluted 1:200 with 1%-HNO3. Samples have to be well whirled up. Also, analysis has to be conducted
within 24 hours via ICP analysis (Inductively Coupled Plasma Mass Spectrometry). ICP-MS is a mass
spectrometer, capable of detecting and quantifying chemical elements at great sensitivity through
ionizing the sample with inductively coupled plasma. Potassium (K) of boma samples turned out to be
too high for ICP analysis and had to be measured by AAS (Atomic Absorption Spectroscopy). AAS is
a spectrometer capable of detecting and quantifying chemical elements through absorption of optical
radiation by free atoms in the gaseous state. Calibration and device performance are controlled. For
quality tests, standards (Multi-Element, blanks) and sample repetitions (triplets, repetition of one sample in every run) are used. Results of the quality tests can be found in annex 8.4.
Statistical tests
All results of laboratory analyses are statistically tested using univariate ANOVAs for all direct
comparisons of results. This includes F-tests to determine the ratio of systematic variance and T-tests
for checking significance of comparisons. Tests are run only within comparable ecological conditions
(e.g. “soil organic carbon, Lolldaiga flat, topsoil, under tree” is solely compared with “soil organic
carbon, Lolldaiga flat, topsoil, open land”). Parametric tests are chosen for the same reason; because
of varying ecological conditions of individual geomorphological features and thus a different spread of
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each group. However, for most analyses only low numbers of samples can be analyzed and thus values
have to be interpreted with caution. Possible outliers are weighted strongly.

4.3.6

Step VI: Comparison of the Sites. Interpretation of the Results

The ranches have by now been characterized, the value chain has been reconstructed, and all necessary
data on grazing management and additional factors influencing rangeland health has been collected
(methodological step I, II). The rangeland health has been assessed, and now consists of basic site
information, ecological disposition, vegetation assessment, erosion feature assessment, in situ soil
assessment (methodological step III), and the laboratory soil assessment (methodological step V).
Now, all separately calculated indicators can be merged and compared. For interpretation purposes the
rangeland health results are put in context to examined characteristics and value chains of the ranches.
Finally, the research questions can be answered.

4.4 Ethics
The participation in a “Research for Development” project with a field trip to Kenya poses a lot of
ethical questions such as: Is it morally acceptable to conduct research in and on a different culture?
What impact do I have with the questions and research itself on locals and the local structures? Am I
trying to impose Eurocentric thoughts on different forms of life? Is the development intention of my or
my superior project conducted in a neo-colonial style or is it legitimate to assess systems and give
policy recommendations in such a different country? What was the role of science during the colonial
times in Africa and what does it have today? What role do I personally have in the field – what position do I adopt to locals? These ethical considerations were tackled before the field trip, but were still
accompanying me through the whole work process and were discussed with co-workers and fellowstudents.
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5 Results
This chapter presents results for all examined ranches. It is organized like the chronology of research
questions predefines and like methods in chapter 4 were introduced. Firstly, an overview of key
characteristics of all ranches is given and then derived general characteristics for the overarching
livestock production systems are presented. In a next step, characteristics of the ranches and their
value chains are described in detail. After that, results of the rangeland health assessment are presented. Then, outcomes of the boma site comparison are explained and interpreted. Finally, all results
are interpreted and research questions are answered in the last part of the chapter. Used methods are
described in chapter 4.

5.1 Typology of Examined Ranches
Fist of all a typology of the examined ranches is presented. Table 6 shows a summary of the main
characteristics of all ranches in a comparable manner. Characterization and value chain analyses are
interlinked and are both integrated. Summarized results here are in chapter 5.3 and 5.4 described in
detail. Lolldaiga and Makurian represent the first compared setting under comparable ecological
conditions and Borana and Il Ngwesi the second compared setting (see 4.2). Lolldaiga and Borana are
private ranches and Makurian and Il Ngwesi group ranches (pastoralists). The two compared livestock
production systems (private ranches vs. group ranches) differ mainly regarding livestock densities and
composition, available land area, supporting number of people per land area, production objectives,
grazing principles, facilities, marketing, and productivity. However, there are also major differences
within the same systems, especially between the more traditional group ranch Makurian and the rather
progressive, commercialized group ranch Il Ngwesi. Results are interpreted in chapter 5.7. Main
differences between the livestock production systems are worked out and described in chapter 5.2. The
ecological disposition of the ranches can be found in chapter 5.5.3.
Name of locality

Lolldaiga

Makurian

Borana

Il Ngwesi

Livestock
production category

Non-traditional
grassland-based
system

Traditional grassland-based system

Non-traditional
grassland-based
system

Traditional grassland-based system

Private commercial
ranch

Group ranch

Private commercial
ranch

Group ranch

Entity

Lolldaiga Hills Ltd.

Borana Ranch Ltd.
Borana Conservancy Ltd.

Il Ngwesi Company Ltd.

Land use

Livestock production, conservation,
tourism, training
ground British
Army

Residential area,
livestock production, conservation
(little), tourism
(little), sand harvesting

Livestock production, conservation,
tourism, organic
farming (little)

Residential area,
livestock production, conservation,
tourism, farming
(little)

Objectives

Income generation,
conservation

Livestock for subsistence and as a
lifestyle, averting
risks, asset value

Income generation,
conservation

Livestock for subsistence and as a
lifestyle, averting
risks, asset value.
Conservation
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National-regional
food system (and
partly agro-industrial food system)

National-regional
food system (and
partly local food
system)

National-regional
food system (and
partly agro-industrial food system)

National-regional
food system (and
partly local food
system)

Products

Meat (cattle,
sheep), milk (cattle,
camels), wool
(sheep)

Meat (cattle,
shoats, camels),
milk (cattle, shoats,
camels), and blood
(cattle), manure
(dung market)

Meat (cattle, sheep,
very few chicken
and pigs), milk
(cattle, sheep), few
herbs and vegetables

Meat (cattle,
shoats, camels),
milk (cattle, shoats,
camels), and blood
(cattle), manure
(dung market)

Area size

200 km2

68 km2

130 km2

87 km2

Area size affected
by livestock production

200 km2

78 km2

130 km2

157 km2

Good, e.g. dams
and water pipes

Traditional, poor

Good, e.g. dams
and water pipes

Traditional, poor

Population size

Only owning family, employees

8’000 (Masai people), although also
settlement areas
outside Makurian

Only owning family, employees

8’000 (Masai people), although also
settlement areas
outside Il Ngwesi

Livestock

Cattle, sheep, camels

Cattle, sheep,
goats, camels, donkeys

Cattle, sheep

Cattle, sheep, goats,
camels, donkeys

3’920 TLU

13’500 TLU

1’780 TLU

4’800 TLU

5’200 cattle, 1’800
sheep, 140 camels

15'000 cattle,
30'000 shoats (ratio
goats – sheep 2:1),
few donkeys and
camels

2’400 cattle, 1’000
sheep

6’000 cattle, 27'000
shoats, 100 donkeys, 100 camels

+/- same numbers
kept

High

+/- same numbers
kept

High

Facilities

Livestock numbers (1 tropical
livestock unit
(TLU) equals an
animal of 250 kg
life-weight (FAO
1991)
Livestock
fluctuations p.a.

Loss due to
drought/diseases: 20 cattle, -50 sheep,
Natural breeding:
+1000 cattle, +600
sheep, +30 camels
Additional 10002000 livestock
units from neighboring community
farms during
droughts

Loss due to
drought/diseases: 750 cattle, -1500
shoats. Slaughtered: -3500 shoats
Natural breeding:
+6’000 cattle, +
15’000 shoats
2000+ livestock
units on private
ranches for fattening purpose and
during droughts
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Additional 10002000+ livestock
units from neighboring community
farms during
droughts and for
fattening purpose.

Loss due to
drought/diseases: 300 cattle, -1300
shoats. Slaughtered: -300 cattle, 1300 shoats.
Natural breeding:
+1800 cattle, +
8'100 shoats
2000+ livestock
units on private
ranches for fattening purpose and
during droughts
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Livestock prices

USD 650/ cow
(450kg average life
weight), USD 600/
heifer, (150kg
average life
weight), USD 700/
steer (170kg average life weight)
USD 50/ Merino
sheep (40kg average life weight),
USD 85/ Doper
sheep (50kg average life weight)

University of Bern

USD 500/ cow
(300kg average life
weight), USD
USD 40/ small
sheep (13kg average life weight),
USD up to 150/big
sheep (20kg life
weight), USD 30/
small goat (12kg
average life
weight), USD up to
170/big goat (18kg
life weight)
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USD 600/ cow
(400kg average life
weight), USD 550/
heifer, (150kg
average life
weight), USD 650/
steer (170kg average life weight)

Similar to Makurian group ranch

USD 100/ sheep
(60kg average life
weight),

USD 650/ camel
(no weighing)

USD 600/ camel
(500kg average life
weight)

Livestock sales
p.a.

800 cattle, 300
sheep, 15 camels

500 cattle, 4000
shoats

250 cattle, 250
sheep

600 cattle, 2’700
shoats, 10 donkeys,
10 camels

Livestock
production income p.a.

USD 550’000

USD 510’000

USD 175’000

USD 600’000

Costs p.a.

(incl. USD 130’000
subsistence use)

(incl. USD 200’000
subsistence use)

Animal treatments:
USD 45’000

Animal treatments:
USD 50’000

Animal treatments:
USD 20’000

Animal treatments:
USD 40’000

Labor:
USD 160’000

Labor:
USD 390’000

Labor:
USD 65’000

Labor:
USD 140’000

Population involved: USD
3’600’000
Profit p.a.

Population involved: USD
3’600’000

USD 345’000

Loss if population
is considered as
labor. If not: USD
70’000

USD 90’000

Loss if population
is considered as
labor. If not: USD
420’000

Livestock
production income p.a. and p.
km2

USD 2’750

USD 6’500

USD 1’300

USD 3’800

Profit p.a. and p.
km2

USD 1’700

Loss if population
is considered as
labor. If not: USD
900

USD 700

Loss if population
is considered as
labor. If not: USD
2’700

Productivity
(total output / total
input
sold+slaughtered
animals/ stock)

Cattle: 0.15

Cattle: 0.03

Cattle: 0.10

Cattle: 0.15

Sheep: 0.17

Shoats: 0.25

Sheep: 0.25

Shoats: 0.15

(incl. USD 1700
subsistence use)

Camels: 0.11
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Markets used

Strategic sales.
Farmer’s Choice,
Nairobi, for cattle.
Local Somali
butchers for camel.
East African Seafood, Nairobi, for
sheep (no export,
distributed in Nairobi)

Need driven sales.
Dol Dol, Nanyuki.
Owning families
sell individually

Strategic sales.
Butchers in Nairobi
and Nanyuki

Need driven and
strategic sales.
NRT livestock
market, direct sales
to local butcheries
(mainly Meru,
Isiolo, Nanyuki,
Timau), and direct
market from
Borana (for steers)

Distribution

Domestic (80 %,
Nairobi and highend hotels in the
country) and international distribution (20 %, neighboring countries
and Middle East)

10-15 % subsistence use and 85-90
% local distribution

Local (30 %), national and partly
international distribution (70 %, highend consumers)

10 % subsistence
use and 90 % local
distribution

Stocking rates

5.1 ha/TLU

0.6 ha/TLU

7.3 ha/TLU

3.3 ha/TLU

Pressure on land
(wildlife & livestock)

3.7 ha/TLU

0.6 ha/TLU

4.8 ha/TLU

3.3 ha/TLU

Grazing system

Extensive. Rotational grazing

Extensive, transhumance pastoralism.
Rotational and
continuous grazing

Extensive. Rotational grazing

Extensive, transhumance pastoralism.
Rotational and
continuous grazing

Grazing principles

Highly organized.
Resting periods

Little organized.
During the dry
season, families
seek for pasture and
water individually.
Wet season grazing
with bunching and
block system with
resting periods

Highly organized.
Bunching, resting
periods

Well organized.
Wet season grazing
in settlement areas
(with grazing
plans). Dry season
grazing with
bunching and block
system with resting
periods

Within ranch
boundaries

Within group ranch
and outside grazing
(e.g. in Mukogodo
and NgareNdare
forest, Mount
Kenya and on private ranches), only
partly legal

Within ranch
boundaries

Within group ranch
and outside grazing
(e.g. in Mukogodo
and NgareNdare
forest, Mount
Kenya and on private ranches), only
partly legal

No

No

Yes

Yes

Grazing area

Holistic Management principles
(see 2.4.2)
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Statutory law, local
institutions

Statutory law, state
interventions, local
institutions and
customary institutions. The latter are
eroding. Traditionally based on relationships, reciprocity, kinship,
communal pooling,
sharing, and legal
pluralism (FAO
2016). Informal
grazing. Sanction
mechanism for
disobeying resting
periods

Statutory law, local
institutions

Statutory law, state
interventions, local
institutions and
customary institutions. The latter are
eroding. Traditionally based on relationships, reciprocity, kinship,
communal pooling,
sharing, and legal
pluralism (FAO
2016). Informal
grazing.

Rather weak
cooperation

Rather weak
cooperation

Well established
cooperation

Well established
cooperation

Table 6: Typology of examined ranches. Data is based on interviews and interpolated numbers. Figures are not reconfirmed
data.

5.2 Typology of Livestock Production Systems
The typology of the examined ranches in the previous chapter 5.1 and literature-based description of
the livestock production systems (chapter 2.1.1 and 2.1.2) allow summarizing characteristics specific
to the livestock production systems in Laikipia in the following Table 7. The two livestock production
systems vary a lot regarding purpose of livestock keeping, degree of organization and strategy, applied
grazing principles, livestock composition and fluctuation, value chain, and pressure on land. But also
within the livestock production systems exist major differences, of which the most prominent one is
whether Holistic Management (HM, see 2.4.2) principles are applied or not (mainly bunching of animals and rotational grazing, with the message; “the more livestock, the better for the land”). Together
these systems occupy 2/3 of Laikipia’s area. Total area with private ranches is with 37 % a bit more
prevalent than group ranches (pastoralists) with 32 %. Both types of ranches are large-scale, however,
private ranches are usually larger (around 200 km2 vs. 100 km2). Private ranches were mostly established during colonial era. The leasing of the land has led to conflicts and tensions to this date, although tensions have decreased and cooperation is growing. That is to say that land area of pastoralists
has historically decreased drastically. In Laikipia, private ranches supply at least 20 million USD food
per year (livestock production, tourism), what is equal or more than group ranches with 10 to 20 million USD of food per year. Costs, on the other hand, are estimated at 13 million USD for private
ranches and 6 to 14 million USD for group ranches. Thus group ranches have probably fewer costs.
Private ranches provide ecosystem services other than food in value of 97 million USD, what is much
more than the 5 million USD by pastoralists. This is mainly due to a higher engagement in conservation from private ranches. Further differences are interpreted in chapter 5.7.
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Private Ranching

Pastoralism

Livestock production
category

Non-traditional grassland-based system

Traditional grassland-based system

Agro-ecological zone

Semi-arid and arid lands

Semi-arid and arid lands

37 % of Laikipia

32 % of Laikipia

Entity

Private commercial ranches

Group ranches

Scale

Large-scale (around 200 km2)

Large-scale (around 100 km2)

Ownership

Private

Communal

Land tenure

Leasing, freehold title. Land claims of
Masai. Led to conflicts

Communal. Claim larger areas as their
traditional land

Inhabitants

Mostly owning family of foreign origin
(few)

Masai people (several thousand)

Governance

Statutory law and local institutions

Statutory law, state interventions, local
institutions and customary institutions.
The latter are eroding. Traditionally
based on relationships, reciprocity,
kinship, communal pooling, sharing,
and legal pluralism (FAO 2016). Informal grazing. Sanction mechanism for
disobeying resting periods

History

Mostly leasing during colonial era

Very ancient, traditional way of life.
Historically squeezed into smaller
areas

Extensive, rotational grazing

Extensive, transhumance pastoralism,
continuous and rotational grazing

Within ranch boundaries

Within group ranch and outside grazing, partly informal (e.g. in Mukogodo
and NgareNdare forest, Mount Kenya
and on private ranches)

Highly organized, grazing blocks,
bunching (some)

Varying, overall less organized. In
some cases families seek for pasture
and water individually, bunching
(some)

Some

Some

Objectives

Income generation, conservation

Subsistence, lifestyle, averting risk,
asset value, (conservation)

Livestock

Cattle, sheep, camels

Cattle, sheep, goats, camels, donkeys

Mainly cattle

Cattle and a lot of smallstock (still
increasing)

Owner of the ranch

Individual households on group ranch

Prevalence

Grazing system

Grazing area

Grazing principles

Holistic Management
principles (see 2.4.2)

Livestock composition
Livestock ownership
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Livestock fluctuations

Low

High

Livestock mortality
rate

Low

High (especially among young small
ruminant stock)

Moderate

Very high

Meat, milk, wool, skins and hides

Meat, milk, blood, skins and hides

High

Low

Conservation, tourism

Residential area, conservation (few),
tourism (few), sand harvesting, dung
market

Low (if necessary higher through extra
fodder and water supply)

Low

Low-input, high-output

Low-input, low-high output

Production/Food supply

Production of at least 20 m USD overall (livestock production, tourism, in
Laikipia)

Production of 1 to 20 m USD of food
per year (in Laikipia, subsistence use
included

Costs

Costs for livestock production are estimated at 13 m USD (for Laikipia)

Costs for livestock production are
estimated at 6 to 14 m USD (for Laikipia)

97 m USD (in Laikipia)

5 m USD (in Laikipia)

Good, also dams and water pipes

Traditional, poor

Breeding, on-farm grazing, strategic
fattening and selling, national and international distribution

Breeding, migrative grazing, individual need driven sales, subsistence and
local use

Markets

International companies and high-end
butchers as customers

Nearby local markets

Access to markets

Good. Livestock mostly trucked, big
companies collect livestock

Varying, moderate. Livestock mostly
trekked (sometimes over long distances)

Food Systems (see 3.2)

National-regional food system (and
partly agro-ind. food system)

National-regional food system (and
partly local food system)

Levels of decision-making

Few (general manager, grazing manager, owner) and fast

Complex bottom-up (committees,
elders, grazing manager, board, chairman, chief, government appointed
delegate) and slow

Resilience (to droughts)

High

Low

Stocking rate
Products
Product segment
Other land use

Level of intensification
Input-output

Ecosystem services
other than food
Facilities
Value chain
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Supporting communal grazing to reduce conflicts

Highly adaptive: E.g. changes in grazing principles (e.g. grazing early in the
morning), animal composition (more
smallstock, more females and indigenous breeds), bigger herds, other nutrition for animals (hay, tree twigs),
migration, herder-farmer and herderrancher agreements

Biodiversity

High

Low-medium

Wildlife

High

Low-medium

Rangeland health

Mostly good with some degraded areas

Mostly severely degraded (lots of
erosion, bare ground, invasive species)

Land rehabilitation

Boma technology (some, corralling of
animals overnight)

Boma technology (corralling of animals overnight), reseeding

Few (approx. 50)

Many (approx. 8’000)

Socio-economic

Contributions to the local economy,
environment and livelihoods (development projects, jobs for local population,
supporting community ranching,
conservation activities, taxes and
promotion of tourism, stability). Land
tenure conflicts. Most financially stable

Occupation and livelihood for many.
Most food insecure and poor. Only
partly cost effective. Youth drain,
more and more children go to school
(missing as herders) but still widely
uneducated, low stability, increasing
tourism and conservation activities,
changing lifestyle, marginalized,
health-, tenure-, environment-, conflict- and market-oriented risks

Development, future

Land tenure insecure. Conflicts in area.
Livestock production can have a positive cost-/benefit ratio. Conservation
and tourism with high potential. Challenging climate change effects. More
frequent droughts expected

Pastoralism is threatened and changing. Today, partly sedentary, more
schooling and changing lifestyle. Livestock production endangered; land is
degraded and productivity is low.
Conservation and tourism with high
potential. Challenging climate change
effects. More frequent droughts expected

Supporting livelihoods

Table 7: Typology of livestock production systems in Laikipia. Based on interviews and literature
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5.3 Characterization of Examined Ranches
Hereafter results of a general characterization regarding key figures and activites of the examined
ranches are presented. First of all, an overview and a description of all ranches are given. A typology
with the summarized main characteristics was shown in Table 6. Finally, the additional grazing areas
of group ranches are briefly introduced.

5.3.1

Lolldaiga

Figure 12: Lolldaiga Hills Ranch

Figure 13: Cattle on Lolldaiga Hills Ranch

Lolldaiga Hills Ranch is a 200 km2 private ranch and conservancy with livestock production and tourism. They apply rotational grazing to deal with livestock on the semi-arid Mukogodo rangelands with
very limited water resources. Livestock production on Lolldaiga Hills ranch is under an extensive
grazing system for dairy, wool, sheep, camel, and beef production with strategic fattening and selling
in harmony with conservation principles. The conservancy is dedicated to the sustainable conservation
of critical habitat and wildlife. The ranch serves also as a training ground for the British Army. Bare
land is recovered by a "Boma-Technology" (corralling of animals overnight, see 2.8). Whilst the livestock are moving, big bomas (corrals) are constructed for the herds, in which animals are kept in
enclosures closely bunched together overnight. Bomas are put on bare land according to a plan in
order to recover the land (dung accumulation and breaking of the soil by hooves). Currently, there are
20 bomas covering an area of 0.02 km2 (0.01% of their land), which can be seen as area that can be
restored per year. Boma sites are steadily but slightly shifted. On average, one boma is at the same
bare patch only one to two weeks during the dry season and one week during the wet season. In one
boma of a size of 1/4 acre, 400 cows are corralled. Former bare patches with bomas recovered well
after a few years. Due to lack of rains they had to buy fodder supplements in 2016. However, usually
water and not pasture is the limiting factor on their rangeland.
Lolldaiga also assists community grazing. They help neighboring group ranches with access to their
land for fattening purpose as well as acting as a grass bank during droughts (sometimes charging a
small fee, sometimes without). During dry spells, they host on average 500-1000 livestock units from
other communities. Along their fence illegal grazing of goats and sheep is tolerated.
Advantages of their grazing system according to the land user:
• Ability to allow the land to recover
• Drought resilience
Livestock-related characteristics are explained in the value chain analysis (5.4.2). All characteristics
are summarized in the typology of all examined ranches under point 5.1.
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Makurian

Figure 14: Smallstock on Makurian Group Ranch

Figure 15: Landscape of Makurian Group Ranch with the
invasive species Opuntia stricta

Makurian is a 68 km2 Masai group ranch dealing with high numbers of livestock on the semi-arid
Mukogodo rangelands with very limited water resources. Makurian group ranch has abandoned the
implemented Holistic Management principles (see 2.4.2) and applies today a rather traditional
management practice accompanied by some newly introduced management principles. Livestock
production is used for subsistence and local distribution and livestock have a very high cultural value.
The principles consist of a grazing plan for the wet season, but during the dry season, everybody seeks
for water and pasture individually. Bare land is recovered by a "Boma-Technology" (corralling of
animals overnight, see 2.8) and reseeding. Bomas (corrals) for the livestock are constructed in traditional style, in which animals are kept closely bunched together in enclosures overnight. Bomas are
put on bare land according to a plan in order to recover the land (dung accumulation and breaking of
the soil by hooves). Every homestead has one boma (approximately 1500 in total in the whole Group
Ranch). When herders are moving with livestock, mobile bomas are constructed. Makurian is also part
of the "Dung Market" in Mukogodo Division, where dung of livestock is sold as manure for crop
producers. Moreover, Makurian makes additional income by harvesting sand and selling it for
construction.
Advantages of their grazing system according to the land user:
• Everybody makes their own decision about their livestock. Owning families stay in charge
• Grazing principles and plans lead to community control
• Traditional knowledge
• Fewer costs than others
• Less of effort (during the dry season no bunching of animals)
• Fewer trees cut. During Holistic Management times many trees had to be cut to create two big
bomas a month
• Can enrich land, livestock are tilling ground (seeds do not go away - kept in ground due to
"tilling")
Disadvantages of their grazing system according to the land user:
• Brings in conflicts. If you start to protect and maintain your grass, thieves come in
• Spread of diseases. Livestock comes from different directions
Livestock-related characteristics are explained in the value chain analysis (5.4.3). All characteristics
are summarized in the typology of all examined ranches under point 5.1.
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Borana

Figure 16: Entrance to Borana Ranch

Figure 17: Cattle on Borana Ranch

Borana is a 130 km2 private ranch and conservancy with livestock production, tourism, and little organic farming. They apply Holistic Management as grazing and management principles (see 2.4.2) to
deal with livestock on semi-arid Mukogodo rangelands with limited water resources. The grazing
principles consist of bunching and rotational moving of all animals in herds. Livestock production on
Borana ranch is under an extensive grazing system for dairy, sheep, and beef production (as well as
very few chicken and pigs) with strategic fattening and selling in harmony with conservation principles. The Borana Conservancy is a non-profit organization dedicated to the sustainable conservation of
critical habitat and wildlife. Ranching also contributes financially to the running of the conservancy.
Borana helps neighbors (group ranches) with improved genetics and access to their land for fattening
purpose as well as acting as a grass bank during droughts. According to Borana, boundaries between
Borana and community ranches, which once clearly defined the difference between managed and
overgrazed lands, get blurry.
Advantages of their grazing system according to the land user:
• Method leaves grass time to grow/rest
• One can manage resources properly (water, pasture)
• All animals in once place (easier for e.g. vaccinations)
• Plow effect by the concentrated / bunched animals in one herd (new grasses, not only old ones
coming up again)
• Tick population kept under control
• In general for whole area if a lot of Group Ranches implement Holistic Management: More
secure financial future and less stress during times of drought for pastoralists’ livestock
• Enhance the quality of grazing. Cattle grazing reduces the moribund grass biomass, promotes
seed dispersal, increases the nutritional value of the grass, and decreases the risk of bush fires
Disadvantages of their grazing system according to the land user:
• More work (a lot of supervision, monitoring etc.)
• More costs (a lot of supervision, monitoring etc.)
• Danger of disease outbreak in a big herd
Livestock-related characteristics are explained in the value chain analysis (5.4.4). All characteristics
are summarized in the typology of all examined ranches under point 5.1.
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Il Ngwesi

Figure 18: Smallstock on Il Ngwesi Group Ranch

Figure 19: Thorn-bush-fenced Masai settlement (Manyata)
on Il Ngwesi, Sanga

Il Ngwesi is an 87 km2 Masai group ranch dealing with high numbers of livestock on semi-arid
Mukogodo rangelands with very limited water resources. They apply Holistic Management (HM)
principles (see 2.4.2). Grazing management consists of separate, but planned grazing in villages during
the wet season and bunching and moving of all animals in herds during the dry season. On Il Ngwesi,
livestock production management is a combination of traditional livestock keeping and introduced
holistic grazing management principles in 2007 (HM). Livestock production has a very high cultural
value. Grazing principles affect mainly livestock movement, but also livelihoods. 80 % of their land is
used for conservation, where wildlife and its habitat are protected (no settlement in this area, they receive a conservation fee for their monitoring and security mission). Their vision is to integrate
community development and sustainable environmental management.
Bare land is recovered by a "Boma-Technology" (corralling of animals overnight, see 2.8) and reseeding. Whilst livestock are bunched together, big bomas are constructed for the herds, in which animals
are kept closely bunched together in enclosures overnight. Bomas are put on bare land according to a
plan in order to recover the land (dung accumulation and breaking of the soil by hooves). In the
conservation area, seven big bomas and three small bomas are installed at a time. Every year, the
boma sites are shifted slightly according to a plan. They cover an area of approximately 0.7 km2 (total
area size of Il Ngwesi is 87 km2), which can be seen as total area that can be restored per year (=0.8
%). Since individual families within the group ranch also use this technique during the wet season, this
area might be considerably larger. Il Ngwesi is also part of the "Dung Market" in Mukogodo Division,
where dung of livestock is sold as manure. Il Ngwesi does not make additional income by harvesting
sand and selling it for construction.
Advantages of their grazing system according to the land user:
• Proper utilization of pasture – controlled usage/grazing
• Land recovery (more cover, more water, more fodder, less erosion)
• Carrying capacity increased
• Traditional knowledge is implemented and is still used
• More dialogue in community: Brings everyone in community together – they have a common
point – everyone has the same interest
• Improving breeds is easier (because all are bunched together)
• Easy vaccination of all livestock at once
• Approving cultural lifestyle of Masai: The higher the livestock numbers – the better for the
land
• Better for disadvantaged community members: for instance for the ones who could not afford
to move their livestock to Mt Kenya on their own before
•
Disadvantages of their grazing system according to the land user:
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Higher costs. Above 20 % more than normal costs. Northern Rangeland Trust, Laikipia Wildlife Forum and Lewa conservancy as main funders for applying the holistic management
principles. Since 2007, they covered about 50 % of all costs
More labor intensive. 20-30 % above normal (supervision, watchmen, moving big bomas)
Challenge to bring people together (respectively their livestock) and agree on a joint management
Some families still prefer to manage their livestock on their own and make their own decisions. There are no individual decisions anymore: Applying principles for everyone.
Breeding can also be a problem – those with good breeds may loose and those with bad may
win by mixing them (since members with good breeds can end up with poor breeds, they do
not like to bring them together with poor breeds, the other way around those with poor breeds
can benefit)
Conflicts among animals; bulls are fighting a lot. No separation of heifers, cows, steers, and
bulls
Management of high numbers of big herds is a challenge
Diseases are easily transmitted
Once livestock are collected to big herds, individual families lose their nutritional basis (milk,
blood). However, some also keep a few livestock units back
Sometimes trees are cut for bomas

Livestock-related characteristics are explained in the value chain analysis (5.4.5). All characteristics
are summarized in the typology of all examined ranches under point 5.1.

5.3.5

Additional Grazing Areas

Additional to their group ranch territory, group ranches use formally and informally forest glades in
Mukogodo forest and Ngare Ndare forest, as well as pasture in Mount Kenya forest as grazing areas
(see 5.4.1).
5.3.5.1

Mukogodo Forest glades

Mukogodo forest is a 302 km2 size forest reserve. Mukogodo forest is not solely an additional grazing
area for group ranches, but also settlement area for them. Members of both, Il Ngwesi and Makurian,
live there. Besides these group ranches, Lekuruki and Kurikuri people settled also in the forest. Because of the good and long-lasting pasture, more livestock of the group ranches are brought to these
areas during the dry seasons for grazing purpose (see grazing plans of group ranches under 5.4.3 and
5.4.5). Both, Il Ngwesi and Makurian, have authority to live and graze in Mukogodo forest. In contrast
to Makurian, Il Ngwesi has also a grazing plan with grazing blocks. The forest gets better rainfalls
than group ranches. There is no official rain gauge, though according to the forest manager 500-800
mm are usual, in good seasons even up to 1000 mm. The Mukogodo Forest Reserve is managed by
CFA (Community Forest Association) and frequent meetings with grazing committees of the group
ranches take place. Pursued goals are conservation and protection: to prevent poaching and cutting of
trees a lot of monitoring and securing have to be done. There is not much wildlife living in the forest.
However, it is an important wildlife-corridor (e.g. for elephants). Resting periods for grazing are set
for three months to full recovery. The forest reserve has been ecologically damaged in recent years,
yet there is no limitation for livestock numbers. Moreover, pastoralists from Isiolo and Samburu are
invading the area leading to conflicts.
5.3.5.2

Ngare Ndare Forest glades

Ngare Ndare forest is a 55 km2 size government owned forest reserve. The forest is managed by six
surrounding communities. The area is fenced to maintain resources, inhibit human wildlife conflicts,
and logging. There are different forest user groups: grazing group, water group, fuel wood collectors,
honey keepers, herbals medicine interest group, seed collectors, and youth group. According to the
manager, the biggest threat to the ecosystem is overgrazing. Already today, they struggle with
overstocking, mainly due to informal grazing. Many group ranches bring in their livestock illegally.
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Also Makurian and Il Ngwesi graze informally in Ngare Ndare forest. However, it is largely tolerated
because on one hand, they have relatives living in the area and on the other hand, they in turn report
stock theft in the forest. Ngare Ndare forest is also used as a corridor to trek to Mount Kenya forest
(example: distance from Il Ngwesi to Mount Kenya is estimated at 100 km). It is connected via an
elephant corridor to the Mount Kenya Forest Reserve.
5.3.5.3

Mount Kenya Forest

There are two protected areas, namely Mount Kenya National Park, managed by the Kenya Wildlife
Service (KWS), and the Mount Kenya Forest Reserve by the Kenya Forest Service (KFS). Most of the
grazing is occurring outside these properties in a so-called ‘buffer zone’. Even though grazing is
illegal, it is during daytime mostly tolerated. In 2000, Kenyan government reduced tensions during the
drought by permitting pastoralists to access grazing inside the Mount Kenya Forest reserve. Today, it
has remained an informal grazing area. However, due to colder temperatures and long distances to
trek, livestock deaths are not uncommon.

5.4 Value Chain
Hereafter value chains of all ranches are presented. At first, a basic value chain of livestock production
in the examined production systems in Laikipia shows core functions, activities, and actors along the
value chain. Main actors and governance structures are introduced. Then, the specific value chains for
all ranches are presented. Additionally to the descriptive elements, financial rents are discussed. Methods were described in chapter 4.3.2.

5.4.1

Basic Value Chain

Figure 20 shows the core functions, activities, governance, and actors along the value chain of a livestock production value chain. Each of the core functions is briefly introduced below.

Figure 20: Basic value chain of livestock production in Laikipia. On top, the steps of the value chain are illustrated, below
activities, then governance, and at the bottom, involved actors. Own illustration. Based on Kaplinsky and Morris (2000)
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Input Supply
This represents the first step along the value chain of livestock production of group ranches and private ranches. It describes all necessary inputs for production. The main input is livestock, gained
through natural breeding of an existing stock. Since there is no fodder grown on other fields as input
supply, this step is already taking place on the rangelands and no other natural resources regarding
vegetation and soil are affected. Sometimes livestock are also purchased at markets (seldom, but more
often the case for group ranches than private ranches). Group ranches keep compared to private
ranches much more smallstock. Another recent shift on many group ranches is from a breeding herd to
a trading herd. Value-addition to livestock instead of rearing animals over several years becomes more
and more important. Main actors are of course pastoralists and ranchers themselves. Private ranches
manage their vast lands within the legal boundaries (e.g. Wildlife Conservation and Management Act
against wildlife trafficking and poaching) autonomously. Pastoralists are since the Group Ranch Act
of 1996 also empowered to manage natural resources autonomously. “Rules of participation” (Kaplinsky and Morris 2000) for pastoralists are mainly related to their origin. Born into a pastoralist family
usually automatically means a future of livestock keeping. Though this is more and more changing
since they more often go to school and more possibilities are opening up. However, outsiders from
different tribes are usually not participating. Standards regarding their business are usually self-set.
“Rules of participation” for private ranches are exclusive, mostly staying within the same well-off
family. Other actors are carefully selected (marketing) and consumption is often reserved for certain
customers (e.g. high-end hotels). International companies as customers, however, can set standards for
quality (animals treatments, weight of animals, minimum quantity). All ranches are not protected areas
by the government, conservation efforts is a management decision. Management decisions on group
ranches independent of livestock sales run through a complex bottom-up decision-making system
(committees, elders, grazing manager, board, chairman, chief, government appointed delegate). They
are usually organized in local organs and committees. Il Ngwesi, for instance, has different local
committees for governance of resources consisting of representatives of each constituent locality. For
the ranch as a whole there exist a supreme group ranch committee and two other committees with
delegated members (community trust) governing natural resources. Authority over governance lies
formally in a legally mandated group ranch committee (defined by the Group Ranch Act 1968). But
every village has also village forum committees to coordinate livestock grazing widely autonomously.
Governance of pastoralists is traditionally based on relationships, reciprocity, kinship, communal
pooling, sharing, and legal pluralism (FAO 2016). However, the importance of governmental institutions was evident during invasions of armed Samburu herders in Il Ngwesi during the study time. National and County governments security agencies were needed to ease the conflict. On private ranches,
however, decision-making is fast and done by very few people (grazing manager, general manager,
owner). For moving the livestock, both livestock production types usually hire herders, supervisors,
and watchmen nowadays. The other important input of grazing management is animal treatment.
Veterinary drugs for vaccination, spraying (e.g. against ticks), and injections are developed at research
centers and obtained from vet clinics and pharmacies. Livestock are grazing on rangeland, but in rare
cases (e.g. Lolldaiga) fodder supply is bought (smallholder farmers are the major producers). For all
these investments credits and money have to be raised.

Figure 21: Cattle as breeding stock on Lolldaiga Ranch

Figure 22: Cattle as breeding stock on Il Ngwesi Ranch
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Production
Livestock are usually produced through natural breeding of an existing breeding stock. Livestock are
then held on the ranch for grazing purpose and pastoralists move in addition with their animals in
search of pasture and water outside the ranch. While some of the area is legal grazing land belonging
to their territory, pastoralists also graze illegally. In most of the informal grazing areas this is tolerated
under a mutual agreement. Mainly because of relatives living in the area or pastoralists provide help in
return (e.g. reporting of livestock theft), but also due to forced access to the territories. Some pastoralists still claim that as pastoralists they are entitled to grass, regardless the land rights (Bond 2014).
Territories of Masai were registered and formalized as group ranches based on traditional customary
land tenure. However, their mobility was restricted drastically in comparison to times before the
Group Ranch Act or even more so in pre-colonial times. Kenyan law permits pastoral migration onto
communal and trust land, often meeting the needs for pasture and water during the wet season, but for
the dry season exist no provisions for moving outside these areas (Lengoiboni et al. 2010). Bond
(2014) argues that much behind the argument of rangeland degradation is tied to resource accessibility. According to her, the narrative of environmental degradation is used to legitimize the exclusion of
certain groups from resources. This all shows that land tenure is still a major governance issue for
pastoralists.
On private ranches, a strategic fattening takes place before they sell their livestock. Pastoralists on the
other hand use livestock rather for milk production than selling and slaughtering it as a first priority.
However, some group ranches get more and more commercialized. For pastoralists, livestock has a
high cultural value and serves as a value asset and risk buffer, thus productivity is usually lower than
on private ranches. Applied grazing principles and used territory varies between the livestock production systems. Private ranches apply grazing principles in general more strictly. Sometimes pastoralists
have sanction mechanisms if resting periods on their ranch are not respected – in the case of Makurian,
one livestock unit of the owner gets killed if the rules are disobeyed. Pastoralists also use private
ranches for fattening purpose of their livestock or as a grass bank during droughts. Collaboration between private and group ranches has increased over the years and agreements aim to benefit both. It
reaches back to the agreement reached in 2000, allowing 2000 head of breeding stock to graze inside
private ranches for the time of the drought. However, during droughts there is usually a power asymmetry in favor of private ranches since pastoralists fight for bare survival of their livestock. But some
private ranches, like Lolldaiga and Borana, charge only very little, almost a symbolic amount of
money for assisting the group ranches. However, benefitting pastoralists are according to Heath (2001)
the better-off only. Local institutions such as Laikipia Wildlife Forum (LWF) play a crucial role in
rangeland management. For instance, they introduced Holistic Management under their rangeland
programme and altered applied grazing principles. Opponents of such interventions see new institutions with undefined relationships as root cause of a breakdown of customary governance in pastoral
societies (e.g. limited mobility). Another mentionable institution is Northern Rangeland Trust (NRT),
aiming to improve community conservation. For this very reason they are also involved in buying and
selling of livestock (see next step). However, legislative governance, such as environmental standards
or child labor standards, was not detected for the pastoralists. Solely institutions like LWF and maybe
NGO’s monitor environmental and labor standards. On the other hand, specialized firms or customers
can monitor private ranches performance in meeting standards. There are a number of policies that
affect livestock production such as Public Health Act 1921, National Livestock Policy, Legal and
Regulatory Framework-Meat Value Chain, Kenya Meat Commission Act, Meat Control Act 1972,
Animal Diseases Act 1965, Prevention of Cruelty to Animals Act 1962 (Ministry of Industrialization
and Enterprise Development 2015).
Traditional pastoralism is due to restricted mobility and eroding customary institutions changing.
Power relations seem historically evident to be to the disadvantage of pastoralists. Interventions by the
state (e.g. settlement programmes), local institutions, and development agencies are far-reaching and
pastoralists role in participation and decision-making often marginal (FAO 2016). Also elites are gaining power over customary institutions – mainly due to wealthy absentee herd owners (e.g. elite capture, ibid.). According to Letai (2011) 40 % of Laikipia’s total land is under control of 50 individuals,
consisting of government officials and other elites – often foreigners.
The importance of power and wealth in the institutional framework was shown during droughts, where
wealthier pastoralists could cope better with the situation. Better-off livestock owners paid smallholder
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farmers or the Kenyan Air Force a fee to gain access to pastures on their ground (Letai and Lind
2013).
Production represents the main phase of investigations on all ranches of this thesis. This is because the
major natural resources-relevant (soil, vegetation) activities take place here (within the limited value
chain of this study). Additional grazing areas of group ranches were detected and the total affected
area by livestock production was quantified (see value chains of the individual ranches).

Figure 23: Camel browsing on a tree on Il Ngwesi Ranch

Figure 24: Herder with cattle

Figure 25: Goats browsing on shrubs on Makurian Ranch

Figure 26: Cattle are moved on Borana Ranch

Marketing
Livestock are either used for self-consumption or sold to local butcheries, slaughterhouses, local markets, and international companies in Nairobi. At the same time, livestock are either collected at the
ranch and trucked to the customers or trekked to markets or customers. While private ranches let their
livestock usually collect from international companies at the ranch, pastoralists trek their livestock
sometimes over long distances at significant risk in order to sell it. Collectors for pastoralists are often
producers themselves, but do have good social ties with other producers. They usually do not have any
contracts, but perform orders based on trust. They either work alone or work on commission for traders. Once at a market, pastoralists must often accept inequitable prices from an entrenched network of
middlemen and brokers. Traders and middlemen, usually private men, play a crucial role there, though
this was not further investigated. However, land users confirmed the crucial role of such middlemen
and there seems to be a power asymmetry, especially if pastoralists are in urgent need to sell. It can be
seen as a rent-rich (Kaplinsky and Morris 2000) activity. In primary markets, meat goes after
slaughtering directly to the butcheries. In case it goes to another market, it is called a secondary market. Middlemen heavily influence this interface between primary and secondary market. At livestock
markets, buyers do not have any contractual agreement with producers and usually there are no customer-relationships, rather producers sell to different traders each time. Stock traders are under the
Stock Traders Licensing Act. Local institutions do also play a role here. NRT, for instance, has created
an alternative to ordinary markets. Members of NRT (like Il Ngwesi) can sell livestock to an NRT
market. They in turn bring livestock to private ranches for fattening purpose before they sell them to
international companies in Nairobi (Kenya Meat Commission and Farmer’s Choice). Prioritization is
pegged to a ranking on performance towards conservation achievements across the NRT conservan62
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cies. Important and relevant organizations on a national level are the Ministry of Agriculture, Livestock and Fisheries for policies and capacity building, the Kenya Bureau of Standards (KEBS) for
quality standardization, the Kenya Plant Health Inspectorate Services (KEPHIS), assuring plant health,
and the Kenya Meat Commission for marketing (Ministry of Industrialization and Enterprise Development 2015). Both production systems are based on economies of scale.

Figure 27: Smallstock and cattle are trekked to a market

Figure 28: Young goats for sale at Dol Dol livestock market

Figure 29: Cattle for sale at Dol Dol livestock market

Figure 30: Donkeys for sale at Dol Dol livestock market

Processing
Meat is slaughtered at slaughterhouses (e.g. local slaughterhouse in Nanyuki or at an international
company in Nairobi) and further processed (e.g. chilling, wrapping). If the meat is not yet at the final
destination it is further distributed to butcheries, supermarkets, restaurants, and hotels. This step can
cause environmental pollution due to animal waste products and transport. Poor slaughter facilities can
lead to contaminated surface and groundwater sources.
However, processing was not further investigated due to the scope of this study and the explained focus on vegetation and soil, which is most pronounced in the first steps of the value chain.

Figure 31: Slaughtering process in Nanyuki slaughterhouse

Figure 32: Butchery in Nanyuki
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Consumption
Meat is released for sale to the customer. Consumers are either local, domestic, or international. In
Kenya, there are huge local markets as many Kenyans like their delicacy of “nyama choma” (meaning
roasted meat). However, Kenya has also opened up for export, especially in the Middle East. Facilities, e.g. from Kenya’s Meat Commission, need to be certified for Food Safety to export meat.
Pastoralists use a part of their production also for subsistence. However, this meat was consumed right
after production and did not go through further steps.
However, consumption was not further investigated due to the scope of this study and the explained
focus on vegetation and soil, which is most pronounced in the first steps of the value chain.

Figure 33: Meat is ordered at a local pub in Nanyuki

5.4.2

Figure 34: Nyama choma is served at a local pub in Nanyuki

Lolldaiga

Figure 35 shows the value chain of livestock production for the private ranch Lolldaiga. The individual steps are in the following specified.

Figure 35: Value Chain: Lolldaiga Livestock Production
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Input Supply
Main input supply on Lolldaiga ranch is breeding stock, animal treatments, credit, and labor. They
keep 5’200 cattle, 1’800 sheep, and 140 camels, whereby the suitable animals are serving as a breeding stock. Fluctuations are not very high. They lose on average 20 cattle and 50 sheep due to droughts
and diseases per year and obtain due to natural breeding 1000 cattle, 600 sheep, and 30 camels. Animal treatments (vaccination, spraying, injections) are estimated at USD 45’000 per year. Animal treatment costs are estimated according to other ranches in the area since figures for Lolldaiga are missing.
Labor (mainly herders) costs amount to USD 160’000 per year.
Production
Regarding red meat production, they produce cattle, sheep, and camels. Rotational grazing is taking
place on their ranch. The affected area by livestock is thus the area size of the ranch (200 km2). The
stocking rate is at 5.1 ha/TLU. The map in Figure 36 shows grazing on Lolldaiga. Grazing is managed
without fixed blocks. Grazing areas vary a lot depending on rainfall and location within the farm.
Similarly, grazing duration in one area also varies a lot (between two weeks to eight months). Starting
after the long rains (April to May) livestock are moved slowly from north to south (always until completely grazed). They stay about four months north and eight months south (due to better grass in the
southern part). Some of the dry season grazing is set aside. They use for instance the highland forests
in the west where zebra and other livestock do not go much. During the wet season, grazing takes
place on a much smaller area than during the dry season, where water (transport) can be a major challenge. Livestock are kept together (steers/heifers/breeding cows/resting bulls separated) in herds (90150 units per herd), but not bunched as in other ranches in the area applying Holistic Management
principles. According to their grazing manager bunching is not appropriate due to strong wind erosion
on their land. Due to that there is more damage if livestock are kept close together (dust).

Figure 36: Lolldaiga: Grazing Management. Own illustration, design mainly based on Liniger and Mekdashi (2017, in prep).
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Marketing
Whereas cattle are sold to the leading meat producer Farmer's Choice (80 % domestic distribution, 20
% export to neighboring countries and the Middle East), sheep are sold to East African Seafood (Nairobi), and camels to Somalis in town and local butcheries. Cattle are collected by trucks at the ranch.
On average 800 cattle, 300 sheep, and 15 camels are sold generating an estimated value of USD
550’000 (prices for livestock according to the land user, see 5.1). The productivity rate (total output
vs. total input) for cattle is high (0.15) and medium (respectively low vs. group ranches) for sheep
(0.17). However, livestock are also used for milk and wool production, what is not considered here.
Calculated profit (cost-benefit) for meat production only is USD 345’000. However, figures are based
on interviews and interpolated numbers. Also, figures are not reconfirmed data.
Processing
Processing was not further investigated due to the scope of this study and the explained focus on
vegetation and soil, which is most pronounced in the first steps of the value chain.
Consumption
Cattle are consumed by 20 % foreign and 80 % domestic consumers. Red meat is in the high-quality
segment. Domestic use is mainly in Nairobi and high-end hotels in the country. Camel is mainly consumed locally (county-level) and sheep domestically. However, consumption was not further investigated due to the scope of this study and the explained focus on vegetation and soil, which is most pronounced in the first steps of the value chain.

5.4.3

Makurian

Figure 37 shows the value chain of livestock production for the group ranch Makurian. The individual
steps are in the following specified.

Figure 37: Makurian: Value Chain Livestock Production
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Input Supply
Main input supply on Makurian is breeding stock, purchases of livestock at markets, animal treatments, credit, and labor. Pastoralists of Makurian seldom purchase livestock at local markets (e.g. Dol
Dol, Kimanjo, and Oldonyiro). They keep 15’000 cattle, 30’000 goats and sheep (ratio 2:1), 140 camels, and few donkeys. The suitable animals are serving as a breeding stock. Smallstock numbers are
getting higher and higher. They have the advantage that they can give more frequently birth than cattle, are more drought resistant, and easier to convert into money. Fluctuations of livestock are usually
high. Losses due to droughts and diseases are on average 750 cattle and 1500 shoats (can be much
higher during droughts) per year. Through natural breeding, they obtain yearly 6’000 cattle and
15’000 shoats. Animal treatments (vaccination, spraying, injections) are estimated at USD 50’000 per
year. Labor (mainly herders) costs amount to USD 390’000 per year. If Makurian population (entirely
engaged in livestock production) is also counted as labor, costs rise up to USD 3’600’000.
Production
Regarding red meat production, they produce cattle, goats, sheep, and camels. The affected area by
livestock is the area size of the ranch (68 km2), and the additional grazing areas in the forests. This
includes forest glades in Mukogodo forest (approx. 2.5 km2) and Ngare Ndare forest (approx. 2.5
km2), as well as Mount Kenya forest (not definable). Also, they have on average about 2000 cattle on
private ranches for fattening purpose or during droughts what is estimated at an area size of 5 km2.
Trekking ways outside these territories are not considered. The stocking rate is at 0.6 ha/TLU. The
map in Figure 38 shows grazing management on Makurian.
During the wet season, they bunch livestock in their villages together and apply rotational grazing in
blocks. They group livestock per village (16 villages) and each village uses the block next to their
village. Livestock are hardly separated (cows, heifers, steers, bulls). The used blocks and average
grazing periods are:
Block 1: Lower Makurian - 1 month
Block 2: Makurian Loruko - 2 weeks (next to Lolldaiga Northern Gate)
Block 3: Munishoi Noosidan - 2-3 months
Block 4: Mukogodo Forest - 1-2 months
Block 5: Orieteti Conservation Area - 3 weeks. Soft grass. Runs out quickly.
Block 6: Ol Kinyei Mulango – 2 weeks. Next to Olenaisho
They usually apply resting periods of three months after usage - an owner gets punished by one killed
livestock unit for disobeying. When it gets dry, everyone is responsible for his or her own livestock.
Owners of livestock want to maintain and decide about their livestock individually, this is why Holistic Management and grazing plans for the dry season did not work. In comparison to earlier days when
the whole family moved, respectively livestock were herded by morans (young warriors), nowadays
they hire external herders (overall 800 herders). Herders seek remaining water and pasture on the
group ranch, later in Ngare Ndare forest (1’000 cattle and 1’000 shoats per year on average, 1-2
months, less than 2.5 km2), Mukogodo forest (3’000 cattle and 4’000 shoats per year on average, 3-4
weeks, 2.5 km2) and on Mount Kenya (12'000 cattle and 5’000 shoats on average per year, 1-2
months, area undefined, mixed use with others). In Mukogodo forest, Makurian Masai have also officially settled, in Ngare Ndare forest, on the other hand, they graze on basis of an informal agreement
(they in turn report stock theft in the forest and have relatives living in communities next to the forest).
Also the Mount Kenya grazing area is no official grazing pasture but tolerated. In 2000, Kenyan
government reduced tensions during the drought by permitting pastoralists to access grazing inside the
Mount Kenya Forest reserve. Today, it has remained an informal grazing area. However, due to colder
temperatures and long distances to trek, livestock deaths are not uncommon. Pastoralists also get
assisted by private ranches to let their livestock graze on their land during droughts (Lolldaiga and
Borana; each 1’000 units, usually they pay 1.5 USD per cow per month, which is a very small, almost
symbolic, amount). On one private ranch (Borana) they also have steers and cows for fattening and
selling.
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Figure 38: Makurian: Grazing Management. Own illustration, design mainly based on Liniger and Mekdashi (2017, in prep).

Marketing
On average 500 cattle and 4’000 shoats (ratio 2 goats: 1 sheep) are sold, and 3’500 shoats and very
few cattle are slaughtered for subsistence use, totally generating an estimated value of USD 510’000
(prices for livestock according to the land user, see 5.1). The proportion of subsistence is USD
130’000. However, besides the considered produced meat, they mainly produce milk and blood for
subsistence, what is not included in livestock production income. Thus, cattle are only very seldom
slaughtered (e.g. for a feast). If money is needed, smallstock are usually sold. Livestock are value assets and an important risk averting strategy. The productivity rate (total output vs. total input) is thus
low for cattle (0.03) and rather high for shoats (0.25). Their sales are usually need driven (e.g. for
school fees) within a family. Livestock owners (families) sell to the nearest local markets (in Dol Dol
and Nanyuki) or directly to butchers. They trek their livestock sometimes over long distances. Rather
seldom, livestock are also trucked to customers. Calculated profit (cost-benefit) for meat production
only is USD 70’000. Calculating with the population involved in livestock production as labor, results
turn into a loss quickly. Livestock production is according to land users not profitable. However, milk
and blood production can hardly be separated from meat production, but is not included in income
generation. Results should be interpreted with caution, since figures are based on interviews and
interpolated numbers. Also, figures are not reconfirmed data.
Processing
Processing was not further investigated due to the scope of this study and the explained focus on
vegetation and soil, which is most pronounced in the first steps of the value chain.
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Consumption
Meat is mainly consumed locally (county-level, 85-90 %). 3’500 shoats and usually only very few or
no cattle are slaughtered for subsistence use (10-15 %). However, consumption was not further
investigated due to the scope of this study and the explained focus on vegetation and soil, which is
most pronounced in the first steps of the value chain.

5.4.4

Borana

Figure 39 shows the value chain of livestock production for the private ranch Borana. The individual
steps are in the following specified.

Figure 39: Borana: Value Chain Livestock Production

Input Supply
Main input supply on Borana ranch is breeding stock, animal treatments, credit, and labor. They keep
2’400 cattle, 1’000 sheep, whereby the suitable animals are serving as a breeding stock. Fluctuations
are not very high. Animal treatments (vaccination, spraying, injections) are estimated at USD 20’000
per year. Labor (mainly herders) costs amount to USD 65’000 per year.
Production
Regarding red meat production, they produce cattle and sheep. Rotational grazing is taking place on
their ranch. The affected area by livestock is thus the area size of the ranch (130 km2). The map in
Figure 40 shows grazing on Borana. Borana herders move their livestock rotationally in herds from
one grazing area to the next. A grazing area lasts for around two months per area with a resting period
of six months (area size not defined). During the wet season, they spend more than two months within
the same block. Herds are split depending their function in a sell and breeding stock. The sell stock of
cattle is located on the eastern side of Borana (currently 600 units), while the breeding stock of cattle
(bulls, calves, heifers) is on the western side (currently 1800 units). Sheep are grazing on the western
side too (currently 1200 units). A calf stays with their mother until they are about six months old.
Then a few males are selected as bulls, all other males are castrated (steers). Also, females are selected
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for breeding. This is how the breeding and sell stock is rebuilt. Only one bull was bought in 2013 (rare
exception).

Figure 40: Borana: Grazing Management. Own illustration, design mainly based on Liniger and Mekdashi (2017, in prep).

Marketing
Livestock are sold to butchers in Nanyuki, Nairobi, and to the son of the owner. Usually, only old and
disabled cows are selected for selling. Cattle are collected by trucks at the ranch. On average, 250
cattle and 250 sheep are sold generating an estimated value of USD 175’000 (prices for livestock
according to the land user, see 5.1). The productivity rate (total output vs. total input) for cattle is high
(0.15) and medium (respectively low vs. group ranches) for sheep (0.15). However, livestock are also
used for milk and wool production, what is not considered here. Calculated profit (cost-benefit) for
meat production only is USD 90’000. However, figures are based on interviews and interpolated numbers. Also, figures are not reconfirmed data.
Processing
Processing was not further investigated due to the scope of this study and the explained focus on
vegetation and soil, which is most pronounced in the first steps of the value chain.
Consumption
Meat is consumed locally (county-level) as well as in the capital and big cities (proportion not defined). However, consumption was not further investigated due to the scope of this study and the explained focus on vegetation and soil, which is most pronounced in the first steps of the value chain.

70

Environmental Impacts of Red Meat Production

5.4.5

University of Bern

MSc Thesis | Michael Herger

Il Ngwesi

Figure 41 shows the value chain of livestock production for the group ranch Il Ngwesi. The individual
steps are in the following specified.

Figure 41: Il Ngwesi: Value Chain Livestock Production

Input Supply
Main input supply on Il Ngwesi is breeding stock, purchases of livestock at markets, animal treatments, credit, and labor. Pastoralists of Il Ngwesi seldom purchase livestock at local markets. They
keep 6’000 cattle, 27’000 goats and sheep (ratio 2:1), 100 camels, and 100 donkeys. The suitable animals are serving as a breeding stock. Smallstock numbers are getting higher and higher. They have the
advantage that they can give more frequently birth than cattle, are more drought resistant and easier to
convert into money. Fluctuations of livestock are usually high. Losses due to droughts and diseases are
on average 300 cattle and 1300 shoats (can be much higher during droughts). Through natural breeding, they obtain yearly 1’800 cattle and 8’100 shoats. Animal treatments (vaccination, spraying, injections) are estimated at USD 40’000 per year. Labor (mainly herders) costs amount to USD 140’000
per year. If Il Ngwesi population (entirely engaged in livestock production) is also counted as labor,
costs rise up to USD 3’600’000.
Production
Regarding red meat production, they produce cattle, goats, sheep, and camels. The affected area by
livestock is the area size of the ranch (87 km2), settlement area outside their territory (approx. 60 km2
Sanga inside = 17 km2, six villages outside x 10 km2) and the additional grazing areas in the forests.
This includes forest glades in Mukogodo forest (approx. 2.5 km2) and Ngare Ndare forest (approx. 2.5
km2) as well as Mount Kenya forest (not definable). Also, they have on average about 2’000 cattle on
private ranches for fattening purpose or as a grass bank during droughts what is estimated at an area
size of (5 km2). Trekking ways outside these territories are not considered. The stocking rate is at 3.3
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ha/TLU. The map in Figure 42 shows grazing on Il Ngwesi. The group ranch land consists of a settlement and a conservation area. The conservation area is further subdivided into a small core zone,
measuring 5 km² and a larger buffer zone of 60 km². Within this buffer zone, pastoralists are permitted
to graze livestock during dry periods, making it an important strategy for reducing the impacts of
drought. Besides these main grazing areas (settlement area in and outside Il Ngwesi and their
conservation area), they also use pasture in forests and Mount Kenya close by. In one forest Mukogodo forest - they have settled officially, in Ngare Ngare and on Mount Kenya, on the other
hand, it is more of an informal agreement (for Ngare Ndare they in turn report stock theft in the forest
and have relatives living in the surrounding communities). In 2000, Kenyan government reduced tensions during the drought by permitting pastoralists to access grazing inside the Mount Kenya Forest
reserve. Today, it has remained an informal grazing area. However, due to colder temperatures and
long distances to trek, livestock deaths are not uncommon. In Il Ngwesi, Holistic Management principles (HM) are very strictly applied in their conservation area, elsewhere only partly or not at all (the
least during grazing time in the villages). During the movements to the forest glades and Mount
Kenya, HM principles are maintained as far as possible. HM means the principles explained in chapter
2.4.2. Grazing routes (especially outside their ranch) are not part of the method, but rather due to limited space and their pastoral nature. Rotational movement of blocks and movements to even remoter
areas depend on rainfall and are not fixed. The grazing system differs during the wet and the dry season. During the wet season, the grazing system is largely a traditional management: animals remain in
and around villages managed individually by elders and households. During the dry season, all livestock from all the villages are bunched together and managed as one herd (respectively a few, if they
have to split whilst going to different pastures - see below).
In detail, the grazing management looks as follows: During the wet season, grazing at Il Ngwesi
Group Ranch is organized by elders within their seven villages (Sanga, Leparua, Ngare sigoi,
Mukogodo forest, Ethi, NgareNdare, Chumwi) according to grazing plans (except Chumwi) (1, indicated numbers are found on the grazing map). Holistic Management principles are only partly applied.
Depending on rainfalls, this grazing period lasts for maximum six months in total (November to
February and April to June). During the dry season once all the pasture is eaten up, all livestock are
bunched together and managed by a few herders and overseers. However, cattle are not separated
(heifers, steers, bulls, cows). Starting now, the block system rotation begins. In order to seek new
pasture and water, cattle and smallstock are trekked to forest glades (Ngare Ndare, Mukogodo forest),
then to the Il Ngwesi Conservation Area (as the large core area for planned grazing with six blocks)
(2). But only 30 % go to Ngare Ndare forest and Mukogodo forest for remaining pasture, the rest
moves directly to the conservation area. As soon as the remaining pasture on the forest glades is eaten
up, they move on to the conservation area. Usually, this movement of livestock to forests and
conservation area starts in February (for the forests already earlier). They are only coming back to the
villages in April after first long rains for a short time until it gets dry again and they head back to the
forests and conservation area until the next rains in November (4). About 40 % of total livestock are
trekked to Mount Kenya forest (5). They leave for Mount Kenya on average between June and August
and stay until October. Stocks in Mukogodo forest are highest from November-April and about 1’000
livestock units are staying permanently.
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Figure 42: Il Ngwesi: Grazing Management. Own illustration, design mainly based on Liniger and Mekdashi (2017, in prep).

Marketing
On average 600 cattle, 2’700 shoats (ratio 2 goats: 1 sheep), 10 donkeys, and 10 camels are sold, and
1’300 shoats and 300 cattle are slaughtered for subsistence use, totally generating an estimated value
of USD 600’000 (prices for livestock see 5.1). The proportion of subsistence is USD 200’000. However, besides the considered produced meat, they mainly produce milk and blood for their subsistence,
what is not included in livestock production income. Also, livestock are value assets and an important
risk averting strategy. However, Il Ngwesi pastoralists sale and slaughter much more cattle than
Makurian pastoralists. The productivity rate (total output vs. total input) is high for cattle (0.15) and
medium (although much lower than Makurian) for shoats (0.15). Their sales are usually need driven
(e.g. for school fees) within a family, but show the tendency to be strategic. Il Ngwesi is much more
organized and commercialized in livestock production than Makurian. Livestock owners (families) sell
usually to the nearest local markets or directly to local butchers. They trek their livestock over long
distances. Rather seldom livestock are also trucked to customers. Livestock are also sold at the
Northern Rangeland Trust (NRT) market (see 5.4.1). Calculated profit (cost-benefit) for meat production only is USD 420’000. Calculating with involved population in livestock production as labor, results turn into a loss quickly. Livestock production is according to land users not profitable. However,
milk and blood production can hardly be separated from meat production, but is not included in income generation. Results should be interpreted with caution, since figures are based on interviews and
interpolated numbers. Also, figures are not reconfirmed data.
Processing
Processing was not further investigated due to the scope of this study and the explained focus on
vegetation and soil, which is most pronounced in the first steps of the value chain.
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Consumption
Meat is mainly consumed locally (county-level, 90 %). 1’300 shoats and 300 cattle are slaughtered for
subsistence use (10 %). However, consumption was not further investigated due to the scope of this
study and the explained focus on vegetation and soil, which is most pronounced in the first steps of the
value chain.
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5.5 Rangeland Health Assessment

Figure 43: Rangeland Health Assessment during the dry
season with the help of local resource people

Figure 44: Rangeland Health Assessment during the wet
season

In this chapter results of the rangeland health assessment are presented. Even though results are mostly
shown for all ranches in one graph, direct comparison should only be made within the settings
Lolldaiga vs. Makurian and Borana vs. Il Ngwesi due to the ecological conditions. Results for grazing
glades in Mukogodo forest and Ngare Ndare forest, which are used by the group ranches, are reported
separately for the same reason, respectively differences in ecology are even more pronounced. Methods and ecological importance of the indicators are described in chapter 4.3.3. All results are averages
of collected data. Wet season data is based on one dataset and dry season on two merged datasets. This
rangeland health assessment assumes that land used for livestock production is exploited equally.
Land users confirmed that this in general applicable for the in this study considered rangeland areas.

5.5.1

Desirable Rangeland Conditions

Desirable rangeland conditions under grazing management should ensure all ecosystem services and
thus sustain biotic integrity, site and soil stability, and hydrological function (see chapter 2.2, 2.3,
3.4.1 and 4.3.3). Undesirable conditions of the environment caused by change or disturbance are referred as rangeland degradation (see 3.4.2). Generally, sustainable rangeland management and
pastoralism maintain soil fertility, soil carbon sequestration, water regulation, disease regulation,
biodiversity conservation, and fire management (McGahey et al. 2014). Related to the ranches aiming
at producing livestock, desirable conditions are: High (perennial) grass cover and available forage,
high proportion of palatable grasses and herb species, resilient native species, no invasive species, fair
proportion of open habitat without bush encroachment, high proportion of useful trees and shrubs,
minimal erosion (thanks to vegetation and organic matter that resist wind and water erosion), high
water retention and little water run-off, water availability, healthy soil properties to supply plant needs
(sufficient plant available nutrients, appropriate pH, high proportion of organic matter, good soil
structure) and additionally, if acting as a conservation; high biodiversity (vegetation and wildlife).

5.5.2

Location of Transects

As already introduced (4.1.1), research took place in Laikipia County, Kenya. Conducted ranches on
Mukogodo rangelands in, and next to, Mukogodo Division include the private ranches Lolldaiga Hills
Ltd. and Borana Ranch Ltd. (yellow) as well as the group ranches Il Ngwesi company Ltd. and Makurian (green). Transect points are marked in purple. Additional to the ones on the ranches, two transects
are located in Mukogodo forest (grazing glades) north of Borana and one transect is located in Ngare
Ndare Forest (grazing glade) south of Borana.
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Figure 45: Research area close-up. Examined ranches and transects on Mukogodo rangelands, Laikipia. GIS: CETRAD,
Kenya. Authors: Michael Herger, Elizah Peter

5.5.3

Ecological Potential

Hereafter basic information on the ecological disposition of the sites is summarized. It serves to describe the general conditions of the sites. It also can be checked that compared sites of ranches have
similar ecological conditions. To complete this ecological overview, some of the key results are included, which complement the ecological potential with the current condition.
5.5.3.1

Overview

No of transects
GPS Coordinates of
transects

Lolldaiga

Makurian

Borana

Il Ngwesi

7

5

3

3

0°19'51.84"N 37°
7'35.34"E

0°20'12.78"N 37°
7'30.78"E

0°16'28.62"N
37°21'13.32"E

0°16'32.76"N
37°21'42.30"E

0°20'11.94"N 37°
6'37.56"E

0°20'5.64"N 37°
7'22.50"E

0°16'31.26"N
37°21'22.26"E

0°16'43.62"N
37°21'43.26"E

0°20'6.78"N 37°
7'5.46"E

0°20'3.12"N 37°
7'33.30"E

0°16'24.84"N
37°20'58.80"E

0°16'43.20"N
37°21'13.62"E

0°17'0.18"N 37°
7'49.20"E

0°20'57.06"N 37°
7'42.66"E

0°16'57.00"N 37°
7'35.88"E

0°20'59.10"N 37°
7'44.28"E

0°19'58.74"N 37°
7'23.52"E
0°17'0.36"N 37°
7'56.16"E
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200 km2

78 km2

130 km2

Elevation

1800 m a.s.l.
(Northern gate)

1800 m a.s.l (gate
to Lolldaiga)

1700 m a.s.l. (gate
to Il Ngwesi)

Landscape

Rolling hills, rock
out-crops, ridges,
plains

Rolling hills, rock
out-crops, ridges,
plains

Rolling hills, plains,
ridges

Rolling hills, plains
(conservation area),
ridges

Geomorphological
features of transects

3x flat, 2x Slope,
2x Depression

2x Flat, 2x Slope,
1x Depression

In hilly area: all
slope

In hilly area: all
slope

Rainfall

380 mm (average
from 2013-2016,
Lolldaiga gauge)

380 mm (average
from 2013-2016,
Lolldaiga gauge)

500 mm (average of
2013-2016, Borana
HQ gauge)

500 mm (average of
2013-2016, Borana
HQ gauge)

Soils

Red and brown
sandy soils. Black
cotton soil. Luvisol, Regosol, Vertisol

Red and brown
sandy soils. Black
cotton soil. Luvisol, Regosol, Vertisol

Red and brown
sandy soils. Black
cotton soil. Luvisol,
Regosol, Vertisol

Red and brown
sandy soils. Black
cotton soil. Luvisol,
Regosol, Vertisol

SOC 2 %

SOC 1.1-1.4 %

SOC 0.9-1.8 %

SOC 0.8 %

pH: 6.4

pH: 6.3

pH: 6.3

pH: 6.4

Clay: 9 %
Silt: 47 %
Sand: 44 %

Clay: 9 %
Silt: 41 %
Sand: 50 %

Clay: 8%
Silt: 53%
Sand: 39%

Clay: 12%
Silt: 53%
Sand: 35%

Grassed acacia
bushland

Grassed acacia
bushland

Grassed acacia
bushland

Grassed acacia
bushland

Bare ground (dry
season): 20%

Bare ground (dry
season): 50%

Bare ground (dry
season): 5%

Bare ground (dry
season): 50%

Species:

Species:

Species:

Species:

Cynadon sp.,
Hyparrhenia sp.,
Kelenger sp., Acacia sp., Lyceum sp.,
Grewia sp.

Cynadon sp.,
Hyparrhenia sp.,
Kelenger sp., Acacia sp., Opuntia sp.

Cynadon sp., Eragrostis sp., Hyparrhenia sp., Kelenger
sp., Acacia sp.,
Euclea sp., Hibiscus
sp., Grewia sp.

Cynadon sp., Eragrostis sp.,
Hyparrhenia sp.,
Kelenger, sp., Acacia sp., Solyneum
sp., Ipomea sp.

Wildlife

Antelopes (gazelles
like gerenuk, eland,
waterbuck, impala,
Thomson's gazelle,
dik-diks), giraffes,
baboons, zebras,
elephants, warthogs, hares, predators and more

Antelopes (gazelles
like gerenuk, impala, Thomson's
gazelle, dik-diks),
elephants, warthogs, hares, and
more (less than
private ranches)

Antelopes (gazelles
like gerenuk, eland,
dik-diks), elephants,
rhinos, giraffes,
zebras, warthogs,
hares, predators and
more

Antelopes (gazelles
like gerenuk, impala, Thomson's
gazelle, dik-diks),
elephants, warthogs,
hares, and more
(less than private
ranches)

Wild herbivores
biomass density

14 ha/TLU (for
private ranches in
general, Georgiadis
et al. 2007)

205 ha/TLU (for
group ranches in
general, Georgiadis
et al. 2007)

14 ha/TLU (for
private ranches in
general, Georgiadis
et al. 2007)

205 ha/TLU (for
group ranches in
general, Georgiadis
et al. 2007)

Vegetation
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Cattle, sheep, camels

Cattle, sheep,
goats, camels,
donkeys

Cattle, sheep

Cattle, sheep, goats,
camels, donkeys

Livestock numbers

3’920 TLU

13’500 TLU

1’780 TLU

4’800 TLU

Stocking rates

5.1 ha/TLU

0.6 ha/TLU

7.3 ha/TLU

3.3 ha/TLU

Pressure on land
(wildlife & livestock)

3.7 ha/TLU

0.6 ha/TLU

4.8 ha/TLU

3.3 ha/TLU

Moderate

High

Low-moderate

High

First sight appraisal
of rangeland condition

Fairly good with
some bare patches
and erosion features

Degraded, a lot of
bare ground, invasive species and
erosion features

Good

Fairly degraded, a
lot of bare ground,
some invasive species and erosion
features

Rangeland
rehabilitation

Boma (cattle corrals) technology on
bare patches: Approx. 0.01 % of
total area that can
be restored per year

Boma (cattle corrals) technology on
bare patches. Approx. 1 % of total
area that can be
restored per year.
Reseeding

No need

Boma (cattle corrals) technology on
bare patches: Approx. 0.8 % of total
area that can be
restored per year.
Reseeding

Lack of water,
erratic rainfalls,
elephants destroying trees, water
pipes and fences,
predators killing
livestock, humanwildlife conflicts

Lack of water,
erratic rainfalls,
Opuntia invasion,
poor rangeland
health, sand harvesting (e.g. loss of
water storage),
elephants destroying trees, predators
killing livestock,
human-wildlife
conflicts

Lack of water, erratic rainfalls, elephants destroying
trees, predators
killing livestock,
human-wildlife
conflicts

Lack of water, erratic rainfalls, rather
poor rangeland
health, elephants
destroying trees,
predators killing
livestock, humanwildlife conflicts

Grazing intensity

Environmental issues

Table 8: Overview of basic site information, ecological potential, and current condition. One tropical livestock unit (TLU)
equals an animal of 250 kg life-weight (FAO 1991).

Figure 46: Browsing sign: A nibbled twig

Figure 47: Browsing sign: Halfway browsed twig
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Figure 48: Wildlife sign: Footprint of an elephant
(Loxodonta africana)

Figure 49: Wildlife sign: A local botanist is explaining this
spot of feces marking wildlife territory

Figure 50: Sign of heavy browsing: Thorns of the yellow
fewer tree (Vachellia xanthophloea) get bigger for selfprotection

Figure 51: Wildlife sign and spreading of invasive species:
Seeds of Opuntia stricta in elephant (Loxodonta africana)
dung
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Rains and Time of Measurement

Rainfall is known to be erratic and unreliable in the northeast of Laikipia. Mukogodo Division receives on average 500 mm per year with bimodal precipitation patterns (Huho et al. 2009). The bimodal precipitation patterns usually take place in March/April (long rains) and November/December
(short rains). Since group ranches do not have rain gauges on their territory, measurements of private
ranches are used for both. However, both used rain gauges on private ranches are also in close proximity to the group ranches. Whereas Lolldaiga’s northern rain gauge is located at the exact border to
Makurian (where most of the transects were conducted), Borana measurements are used from
headquarter rain gauge, located relatively close to Il Ngwesi Sanga (where all transects in this setting
are conducted). Data reaching back to 2013 shows that Lolldaiga (northern gauge) received on average
376 mm and Borana (headquarters) 497 mm (). Unfortunately, rainfall data for January and February
in 2017 is missing for Borana. Bimodal precipitation patterns can be recognized, but rainfall is
variable. Figure 53 illustrates rainfall during the time of research and the three times of measurement.
The first full measurement was performed during the dry season in early November. This was after a
long period of a complete lack or few rains, thus conditions were very dry. This assessment was
originally planned as a wet season measurement, but clearly ended up to be a dry season assessment.
The wet season assessment was then conducted after rains in early December. Laikipia in general and
many parts of Kenya did not receive good rains end of 2016 and the so-called short rains were interpreted to have failed. Soon after, in early 2017 Kenya’s president declared the drought a natural disaster. However, looking at the perennial measurements in , rainfall for the examined ranches in November were low, although not exceptionally low. Rains were in most parts of the rangelands
sufficient to turn the dry and reddish brown land into a lush green. However, measurements in January
showed that the land has already vastly turned back into the known dry land, what showed that positive effects of the rather poor rains were not very long lasting. However, measurements in early
December could be used as wet season assessment since it already showed pronounced differences
between e.g. bare ground in November and December. The last measurement period in January 2017
was again a dry period assessment. Prior to this assessment, a field trip with my co-supervisor took
place and some adjustments were needed. The initially planned fourth field assessment in February
was canceled since two dry period assessments were already conducted. If November measurements
could have been used as wet season measurements, this one would have been the second dry season
assessment. Nevertheless, enough data was collected to cover both seasons.

Figure 52: Rainfall in mm on Lolldaiga (Jan 2013 – Feb 2017) and Borana (Jan 2013 – Dec 2016)
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Wet season
measurements
in December
Dry season
measurements
in November
and January

Figure 53: Rainfall in mm on Lolldaiga (North gate) and Borana (HQ rain gauge): Jan 2016 – Feb 2017 (Lolldaiga) respectively Jan 2016 – Dec 2016 (Borana) and times of measurement

5.5.3.3

Vegetation

The main vegetation of Laikipia is savannah; a mixture of grassland and open woodland. The vegetation of the conducted sites is classified by Taiti (1992) as grassed Acacia bushland. In earlier studies,
main grass genera were defined as Cynadon, Themeda, and Pennisetum (Okello 1996). Themeda
triandra, common name red oat grass, indicates good rangeland health. It used to be a dominant
species, but is today more and more driven out, while Cynadon is increasing. The natural resistance
(even against fire) got lost through overgrazing. On the conducted ranches no Themeda triandra
grasses were spotted. However, Lolldaiga does have plenty of it on more southern rangeland. In Ngare
Ndare forest glades, it was still one of the dominant grasses. The same applies for Pennisetum, which
was on transects only rarely spotted and only on private ranches. On the conducted transects Cynadon,
Hyparrhenia, Eragrostis, and the annual Kelenger species were dominant. However, perennial grasses
are on Laikipia’s degraded lands often replaced by undesirable plants, resulting in reduced forage
availability (Kimiti et al. 2017). Heavily overgrazed areas are dominated by H. schimperi and A.
adoensis.
Forbs, herbs, and weeds made up a major part of the foliage layer during the wet season on all four
ranches. While forbs used to be more common on private ranches, weeds, and herbs were more frequent on group ranches. Perennial grasses were around 10 % more abundant during the wet season
than the dry season.
The woody species are dominated by various Acacia species, such as Acacia mellifera, Acacia tortilis,
Acaica nilotica, Acacia etbaica and most commonly Acacia drepanalobium. Euphorbia trees are also
common, but not on the conducted ranches. Euclea (Euclea divinorum) and Boscia (Boscia angustifolia) trees, on the other hand, were often seen. While Acacia etbaica is dominant on rather sandy soil,
Acacia drepanalobium is common on clay-rich, fertile soil.
In terms of shrubs Solyneum inconum, Lycium europaeum, Grewia tembensis, Rhus natalensis, Hibiscus aponeurus, Barleria acanthoides, and Leucas mollis are besides the Acacia species common.
Nowadays Laikipia gets more and more dominated by these woody species. Between 1961/62 and
1997 shrub cover has increased from almost zero to 30 % (Augustine and McNaughton 2004). This is
likely related to reduced fire frequency, which is due to a lack of fine fuels caused by overgrazing
(Eldridge 2012). The increase of elephant numbers has most likely also changed vegetation composition (Thouless 1995) towards more protected, narrow-leaved, thorny acacias such as Acacia etbaica
(Augustine and McNaughton 2004). The under chapter 2.6 described trend of illegal livestock from
northern counties invading Laikipia’s rangelands has clearly also severe impacts on the land. Usually,
this happens during droughts where the land is most vulnerable and thus leading to vegetation transitions, more bare ground, irreversible damages of the soil, and breeding ground for invasive species
(Rietkerk, et al. 2004, Sturm et al. 2015). Ipomea hildebrandtii, Sansavellia species, Lantana species,
Cassia, Acacia reficiens, and Opuntia stricta are the infamous invasive species spreading the land.
While competing for the scarce water and as heavy feeders they are driving out many native species
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and cause loss of productive land. Opuntia stricta shrubs have long roots able to suck out the last
remaining water, what makes them more successful than other species. Especially the dispersal of
Opuntia sp., known as one of the most invasive species in the world, is a veritable nuisance. Opuntia
stricta is native to the Americas. It is a spiny perennial succulent shrub and cactus genus. There are
different stories about how exactly they came to Laikipia about 50 years ago and have spread all over
the place. Apparently, they were initially introduced for fencing (pastoralists use Cactaceae to fence
their bomas and homesteads to protect themselves and their livestock from predators), but have meanwhile escaped cultivation (Foxcroft et al. 2008). Shackleton et al. (2017) assume that Opuntia stricta
originated in the town of Dol Dol in Laikipia County next to Makurian Group Ranch. Sturm et al.
(2015) state that recent changes in land use, primarily the partly sedentarization of pastoralists, made
the Opuntia invasion possible. And the degraded land has laid the foundations for the invasion. However, according to Padron et al. (2011) the very high native biodiversity might as well be responsible
for the invasion of Opuntia stricta since numerous seed dispersers and pollinators can aid the
encroachment of Opuntia stricta. In Mukogodo Division one cannot but notice the invasion of Opuntia. There are areas where one can barely move because of so densely spread Opuntia. In 2013, it covered approximately 115 km2 in Laikipia north and parts of Laikipia west (Magut et al. 2013). Today,
numbers are most likely much higher. Baboons and elephants and sometimes also livestock that eat
the red-purple fruits of the plant mainly disperse it through their dung. Even worse if animals eat it,
small spines can harm their mouth and digestive system. Opuntia stricta itself has a low forage potential for most animals. According to NRT, they are currently fighting Opuntia in two ways. On the one
hand, they do a manual clearing, chopping off Opuntia by hand. On the other hand, they have introduced a biological control called Cochineal, Dactylopius coccus, a parasite capable of sucking out
Opuntia until it dies. Constructed greenhouses (such as on Ol Jogi and Il Polei close to the examined
ranches) breed these insects. Whereas this technique worked out well on Ol Jogi, on many other
ranches greenhouses are worn out and combatting Opuntia failed.
5.5.3.4

Soils

On Mukogodo rangelands, there are two major ecological systems distinguishable, stemming from
ancient metamorphic rocks (gneisses) and by much more recent volcanic rocks (mostly basalts) (LWF
2011): volcanic and basement zones. The volcanic zones in the north and south are characterized by
potentially high fertile soils. Because of different rainfall patterns, the soils differ from each other.
Whereas the constantly moist soils in the southeast area are deep, the rather dry soils in the northeast
are characterized by pouring and shrinking of the clay minerals which leads to water logging during
the wet season and crack formation during the dry season. Surface runoff is high for significant
amounts of precipitation. “Black cotton” soil (pellic vertisols) of recent volcanic origin is the most
common soil type, followed by “red sand” soil (ferric and chromic luvisols), derived from a mixture of
metamorphic basement rocks (Augustine & McNaughton 2006). There exist also intermediate soils
and fluent transitions, thus soil particle size is often more informative. Classification, also here on the
map (Figure 54), should be interpreted with caution. According to the following map in Figure 54,
measurements took place on Luvisols and Regosols. Laboratory-analyzed soils from transects (marked
in purple on the map) revealed clay content between 8-12 %, silt between 40-55 %, and sand between
35-50 %. Soil organic carbon (SOC) is in the open land on average below 1 % on group ranches and
between 1-2 % on private ranches.
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Figure 54: Soil map of the research area in northeast Laikipia. GIS: CETRAD, Kenya. Authors: Michael Herger, Elizah
Peter. Data is based on Kenya Soil Survey

5.5.3.5

Other Environmental Issues in the Research Area

Besides the mentioned ecological disposition and restriction (lack of water, erratic rainfalls) and the
upcoming soil and vegetation analyses of rangeland health, there are other environmental issues in the
research area, which are shortly mentioned here, mainly because they can affect rangeland health.
Among them are problems with wildlife; foremost human-wildlife conflicts. On the one hand, elephant populations have increased over the last years and they now account for destroying trees, water
pipes and fences. Another issue is predators killing livestock, or in rare cases wildlife killing people.
Another notable environmental issue in the research area is sand harvesting. Sand harvesting is a big
business in Kenya and accounts for serious environmental issues where it is carried out. One example
is the loss of underground aquifers for water storage. In Laikipia, sand is only harvested in Laikipia
north, which includes Mukogodo Division (mostly in Dol Dol, next to Makurian). Makurian group
ranch is also involved. Sand harvesting involves scooping, loading, and transportation. It supplies the
urban centers, such as Nanyuki, for construction.
Also charcoal burning is very popular in Laikipia, especially among the poor. For its production, trees
are cut down, leading to soil erosion and land degradation. Charcoal production and sand harvesting
are typical human influences on land. Thus they also impact rangeland health. However, these effects
were not quantified.
5.5.3.6

Surface Temperature

Figure 55 shows a summary of surface temperatures on bare ground vs. vegetation in a situation in the
open and under a tree collected in January around noon on all ranches. Data was collected once during
dry season in January around noon (+/- 3h) on a typical clear and sunny day. The difference between
temperatures on bare ground vs. vegetation is especially in the open land striking (temperature of bare
ground is on average 36 % higher than vegetation). Bare ground temperature is in the open on average
50°C and under trees 31°C (difference of 37 %). Vegetation temperature is in the open on average
32°C and under trees 28°C (difference of 14 %). This is due to an albedo of 0.17 on bare soil and 0.25
on green grass (Markvart & CastaŁżer 2003). Also, vegetation can have a cooling effect due to
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evapotranspiration. Relating to climate change, big areas of bare ground mean a heating of the atmosphere.

Figure 55: Summary of surface temperature in °C measured in January on a clear and sunny day (+/- 3h around noon)

Figure 56 shows surface temperatures in January on the single ranches. Measured temperatures on
Borana and Il Ngwesi were generally higher than on Lolldaiga and Makurian (on average 13 % in the
open). However, this is primarily due to the time of day. And anyway, rather than a simple temperature comparison between the sites, these results have to be compared in relation to the total bare
ground. The evaporation potential with a high proportion of bare ground is much higher than with a
high vegetation cover. Grazing reduces vegetation cover, which leads to increased soil temperature,
which is in turn likely to accelerate organic matter decomposition and thus reduce soil organic matter
content (Haynes et al. 2014). It also means, whereas the vegetation can use the water via
evapotranspiration, water on bare ground (that often cannot properly infiltrate) is simply lost. Thus the
group ranches have with 50 % of bare ground in the dry season the much higher evaporation potential
than the private ranches with 20 % (Lolldaiga) respectively 5 % (Borana) of bare ground. Since water
is clearly the limiting factor and water retention is crucial, this can have far-reaching effects.

Figure 56: Surface temperature in °C for all ranches measured in January on a clear and sunny day (+/- 3h around noon). GR
= Group Ranch, PR = Private Ranch
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Vegetation Assessment

In the following the results of the vegetation assessment are presented. In conclusion, results show that
group ranches have significantly higher percentages of bare ground, more invasive species, less desirable species, less biodiversity and more bush and woody encroachment than the private owned ranches.
Bare Ground
Figure 57 shows the probably most important indicator for rangeland health: bare ground. The results
show that the group ranches have with up to 50 % bare soil significantly higher amounts of bare
ground than private ranches (19 % respectively 7 %). Consequently, on group ranches half of the
ground is during the dry season completely bare and unprotected. Borana performs best with 7 % of
bare soil during the dry season and 3 % during the wet season. More bare soil means more erosion and
nutrient loss as well as less forage for livestock and wildlife (Riginos & Herrick 2010). Further
implications of bare ground have been discussed manifold in this thesis (see chapter 2.5 and 4.3.3).
Moreover, it can be noted that bare ground was reduced after the rains on all ranches. Il Ngwesi and
Lolldaiga could even halve their bare ground during the wet season. The ability of rangeland to recover after rains can be used to assess the severity of degradation (irreversibility). The inability to
grow annual and perennial grasses after rains is a sign of heavily grazed areas. This is in some areas
true for Makurian. Generally, recovery after rains shows good rehabilitation potential.

Figure 57: Total bare ground for dry and wet season for all ranches. GR = Group Ranch, PR = Private Ranch

Figure 58 shows the percentage of bare soil in Mukogodo forest and Ngare Ndare forest, which are
used by the group ranches as additional grazing glades. It is important to note that these are open space
glades within the forests. Compared to the ranches, especially the group ranches, they have with an
average of 10 % during the dry season and below 10 % during the wet season, low percentages of bare
ground. The grazing glade in Mukogodo forest used by Il Ngwesi has about 50 % more bare ground
than the one used by Makurian in the dry season and even 100 % more in the wet season. The grazing
glade in Ngare Ndare forest performs similar to Makurian grazing glade in Mukogodo forest, but has
even a bit more vegetation in the dry season.
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Figure 58: Total bare ground for dry and wet season for forest glades (additional grazing areas of group ranches).

Vegetation Composition
Figure 59 illustrates the vegetation cover, its composition, and bare ground of the four ranches (adding
up to 100 %). Whereas tree and shrub cover obviously stayed the same within the short examination
period, bare ground and grasses varied a lot between dry and wet season. However, this is already
explained in Figure 57. Borana has the highest proportion of trees (30 %), followed by Lolldaiga and
Il Ngwesi (22 %). Makurian has the lowest tree coverage (10 %), but highest amount of shrubs (25 %).
This is mainly due to the invasive species Opuntia stricta spreading on the ranch. It can also be interpreted as bush encroachment. Other ranches have a share of 17-20 % of shrubs, but in most cases with
more desirable species.

Figure 59: Vegetation cover, its composition, and bare ground for all ranches. GR = Group Ranch, PR = Private Ranch

Figure 60 illustrates the vegetation composition including bare ground of the four grazing glades in the
forests cumulated to 100 %. The glades obviously mainly consist of grasses - shrubs and trees could
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only be found at the edges of the glades. The glades did not show many invasive species, but rather
desirable foliage cover is prevalent.

Figure 60: Vegetation cover, its composition, and bare ground for forest glades (additional grazing areas of group ranches).

Herbaceous Cover
Figure 61 shows the total herbaceous cover of all ranches. Herbaceous cover is calculated relative to
other vegetation (total cumulated vegetation of 100 %). For instance, Borana has a high proportion of
trees (see vegetation composition) and reachable herbaceous cover is thus already limited. Results
show that private ranches have considerably higher herbaceous cover than group ranches. Private
ranches have on average 40 % herbaceous cover during the dry season and group ranches between 515 %. This is of course in connection with the bare ground results from before. Lolldaiga has the highest herbaceous cover during the wet season due to a good recovery of bare soil and a high proportion
of weeds, herbs, and forbs. Il Ngwesi has also a sharp increase of herbaceous cover after the rains.
Forbs, herbs, and weeds make up a major part of the herbaceous layer during the wet season on all
four ranches. Forbs, herbs, and weeds were not quantified during the dry season, however, the amount
is marginal. While forbs used to be more common on private ranches, weeds and, herbs were more
frequent on group ranches. Forbs have generally more palatable species. The difference between forbs,
herbs, and weeds is described in the upcoming species composition. Perennial grasses were on average
around 10 % more abundant during the wet season than the dry season, however, the graph does not
show this increase because of higher density and the total amount of herbaceous cover. The proportion
of weeds, herbs, and forbs compared to grasses in wet season was overall higher on group ranches
(70:30) than on private ranches (60:40 respectively 50:50). Private ranches also had higher perennial
grass increase than annuals compared to group ranches.
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Figure 61: Total herbaceous cover for dry and wet season for all ranches. GR = Group Ranch, PR = Private Ranch

Species Composition
The following charts are showing species composition within the vegetation types for all ranches and
forest grazing glades. Same species are illustrated continuously in the same color. In the bar charts,
species correspond to the species in the legend from below to top. In the pie charts, the first species of
the legend list is always shown at 12 o'clock position, starting clockwise presenting the subsequent
species. Accumulated percentages of all species within a vegetation type always result in 100 % per
site. It shows over all vegetation types that species are between different ecological habitats very
heterogeneous, obviously in particular in forest glades compared to ranches. But more interestingly,
species differ also within comparable situations. In general, private ranches have higher diversity,
more desirable species, and less invasive species. Information on forage value of different species can
be found under: http://www.tropicalforages.info/
Grasses
Grasses are of course important for grazing use of mainly cattle and sheep, as well as various wildlife
species. Dominant grass species on all four ranches are Cynadon sp., Hyparrhenia sp., Kelenger sp.
and Eragrostis sp. While the perennials Cynadon sp. and Hyparrhenia sp. are dominant during the dry
season, the annual grass Kelenger sp. is dominant during the wet season. Differences in grass species
composition between the ranches are rather marginal. Worth mentioning is the occurrence of the rich
grasses Cenchrus ciliaris (Pennisetum sp.) on both private ranches, which lack on group ranches completely. These grasses are very tolerant to regular grazing and droughts, but quality declines rapidly
when old. They are considered “decreaser species” indicating good rangeland health (Mureithi et al.
2015). Another key “decreaser species” is Themeda triandra that was only found on NgareNdare
glades. Whilst species like Cenchrus ciliaris and Themeda triandra are likely to have decreased over
the years, Cynadon sp. is increasing (see chapter 5.5.3.3, whereby an over-time analysis would be
interesting). Cynadon sp. is drought resistant, palatable and high-quality forage when grazed regularly,
but is also characterized by low productivity during dry periods (Skerman and Riveros, 1990).
Hyparrhenia sp. is also widespread among grasslands in East Africa. They are tough grasses, fast
growing, and should be grazed while young, though they become rather unpalatable and less nutritive
when mature (Skerman and Riveros, 1990). Hyparrhenia hirta dominated grasslands are often considered secondary grasslands, evolved out of degraded land (ibid). Eragrostis tenuiflora was particularly
dominant on Il Ngwesi and Makurian, but also on Borana. This species is known as a poor constituent
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of pasture, and livestock usually prefers other more palatable species (Cavalcante et al. 2013). Overall,
on private ranches were more desirable species found.

Figure 62: Lolldaiga grass species in % of total grasses found on transects

Figure 63: Makurian grass species in % of total grasses found on transects
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Figure 64: Borana grass species in % of total grasses found on transects

Figure 65: Il Ngwesi grass species in % of total grasses found on transects
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Figure 66: Mukogodo forest glade, Makurian, grass species in % of total grasses found on transects

Figure 67: Mukogodo forest glade, Il Ngwesi, grass species in % of total grasses found on transects
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Figure 68: NgareNdare forest glade, mixed use (by Makurian and Il Ngwesi), grass species in % of total grasses found on
transects

Shrubs
Shrubs are important for browse use of mainly goats and camels, as well as various wildlife species.
Dominant shrubs species on Lolldaiga are Lycium europaeum (38 %) and Opuntia stricta (21 %).
Leaves of Lycium europaeum are edible for browsers and the plant does not require a rich soil. Opuntia stricta is a highly undesirable invasive species, currently unstoppably spreading in the area (see
5.5.3.3). It is for most animals not edible, in fact even dangerous. It must be noted that Opuntia stricta
is occurring more on transects closer to Makurian group ranch, whereby the rest of the ranch is much
less affected. However, it is easier for this species to establish where bare patches occur in the first
place. Thus Makurian has a very high density of Opuntia stricta (53 %) and some areas on the group
ranch are even affected much worse. The high density of invasive Opuntia sp. on Makurian indicates a
poor condition of the land. The other dominant species on Makurian is like on Lolldaiga Lycium europaeum (21 %). On Lolldaiga a higher diversity of species was documented.

Figure 69: Lolldaiga shrub species in % of total shrubs
found on transects

Figure 70: Makurian shrub species in % of total shrubs
found on transects

Dominant shrub species on Borana are Hibiscus aponeurosis, Grewia tembensis, and Rhus natalensis.
Diversity of shrubs is high and no invasive species were identified. On Il Ngwesi Ipomea hildebrandtii, and Solanum incanum are dominant. Both species are invasive (although Solanum incanum is
probably native to Kenya). The occurrence of these species can indicate overgrazed areas. However,
these species are not as problematic as Opuntia stricta. Opuntia stricta is absent on both Borana and Il
Ngwesi.
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Figure 72: Il Ngwesi shrub species in % of total shrubs found
on transects

Shrub species on forest glades do not show high proportions of invasive species. Opuntia stricta is
absent. Since shrubs on forest glades are rather few, it will not be further elaborated.

Figure 73: Mukogodo forest glade, Makurian, shrub species
in % of total shrubs found on transects

Figure 74: Mukogodo forest glade, Il Ngwesi, shrub species
in % of total shrubs found on transects

Figure 75: NgareNdare forest glade, mixed use, shrub species
in % of total shrubs found on transects

Figure 76: Invasive species: Opuntia stricta

Figure 77: Invasive species: Ipomea hildebrandtii

Trees
Trees, especially young ones, can be important for browse use of mainly goats and camels, as well as
various wildlife species. Acacia mellifera and Acacia etbaica are considered as undesirable species,
because they inhibit grass growth (Kinyua et al. 2014). Acacia drepanolobium and Acacia etbaica are
on both, Lolldaiga and Makurian, the dominant trees. Whereas Lolldaiga has a balanced ratio between
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the two (39 % respectively 38 %), Makurian has higher amounts of undesirable Acacia etbaica (66 %)
than Acacia drepanolobium (28 %). On Lolldaiga a higher diversity of tree species was documented.

Figure 78: Lolldaiga tree species in % of total trees found on
transects

Figure 79: Makurian tree species in % of total trees found on
transects

Dominant tree species on Borana were Acacia tortilis and Euclea divinorum and on Il Ngwesi Acacia
tortilis and Acacia nilotica, whereby Borana had only a small proportion of other trees, Il Ngwesi had
a variety of different species with considerable shares. However, Il Ngwesi has a significant percentage of undesirable Acacia mellifera in comparison to Borana.

Figure 80: Borana tree species in % of total trees found on
transects

Figure 81: Il Ngwesi tree species in % of total trees found
on transects

Tree species on forest glades are in Mukogodo forest under Makurian grazing use dominated by Olea
sp., and Acanthera sp., and under Il Ngwesi grazing use clearly by Euclea divinorum, same as under
the mixed use glade in Ngare Ndare forest. Since trees on forest glades are rather few, it will not be
further elaborated.

Figure 82: Mukogodo forest, Makurian, tree species in % of
total trees found on transects

Figure 83: Mukogodo forest, Il Ngwesi, tree species in % of
total trees found on transects

Figure 84: NgareNdare forest, mixed use, tree species in %
of total trees found on transects
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Weeds, Forbs and Herbs
In the field, weeds, forbs, and herbs were distinguished according to a botanist from Makurian group
ranch. They differ from grasses and can be either of food value for livestock or not. Forbs are generally good grazing plants, sometimes livestock even prefers forbs over grasses, especially sheep do
particularly good on them. Forbs have broader leaves than grasses. Weeds, on the other hand, are
known as unwanted plants or a plant in the wrong place. However, some weeds can be of food value
for livestock as well. Herbs are rather known as medicinal plants. But also herbs can be nutritious to
livestock. It needs to be noted that herbs can also be weeds. The three types are not further distinguished.
Tribulus terrestris was overall the most common herb, occurring on all ranches, especially common
on Makurian. It is mainly found in disturbed areas on sandy ground and is invasive in Kenya. A contained poison can be harmful to sheep, but is edible for cattle and goats. Commelina benghalensis is
the second most common, especially on the private ranches. It is an important herbage fed to ruminants in tropical Africa (Lanyasunya et al. 2008). In general, according to the accompanying botanist,
it can be stated that non-edible weeds and herbs were more often encountered on group ranches and
good forbs occurred more frequently on private ranches.

Figure 85: Lolldaiga weeds, forbs, and herbs species in % of
total weeds, forbs, and herbs found on transects

Figure 86: Makurian weeds, forbs, and herbs species in % of
total weeds, forbs, and herbs found on transects

Figure 87: Borana weeds, forbs, and herbs species in % of
total weeds, forbs, and herbs found on transects

Figure 88: Il Ngwesi weeds, forbs, and herbs species in % of
total weeds, forbs, and herbs found on transects

Figure 89: Mukogodo forest, Makurian, weeds, forbs, and
herbs species in % of total weeds, forbs, and herbs found on
transects

Figure 90: Mukogodo forest, Makurian, weeds, forbs, and
herbs species in % of total weeds, forbs, and herbs found
on transects
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Figure 91: NgareNdare forest, mixed use, weeds, forbs, and
herbs species in % of total weeds, forbs, and herbs found on
transects

Plant Height
Figure 92 shows the average height of plants on conducted transects. As seen in vegetation
composition results, Borana has the highest proportion of trees (> 1m). Though ranches (Makurian and
Il Ngwesi) have a higher share of shrubs (50 cm – 1 m), mainly due to invasive species (e.g. Opuntia
on Makurian), which again raises the question of bush encroachment. This graph allows additionally
to differentiate between different grass heights. Borana has the highest proportion of desirable high
grasses (10–50 cm) of the ranches, followed by Lolldaiga. This shows low to moderate grazing
intensity and good forage availability. Only Ngare Ndare forest glade has more high grasses. Forest
glades were along the transects free of trees and shrubs, some exist in immediate proximity though
(see vegetation composition).

Figure 92: Plant height for ranches and forest glades

Vegetation Cover Under Tree vs. Open Land
Figure 93 compares vegetation cover in the open and under trees in the dry season. Vegetation cover
under trees is generally higher than in the open. Especially on group ranches, where coverage in the
open is low (on average 50 %), vegetation under trees is with 70–75 % much higher. Results are likely
due to higher water infiltration rates, erosion protection of vegetation, runoff from adjacent open areas,
litter decomposition, and the favorable micro-climate under the shade canopy of a tree (less evapora96
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tion). Also, dung accumulation by animals resting in the shade might lead to higher soil nutrient
enrichment.

Figure 93: Total vegetation cover in open land vs. under tree. GR = Group Ranch, PR = Private Ranch

Figure 94: Example of an open land vs. under tree
comparison. Vegetation cover under the Acacia etbaica
canopy is much higher than in the surrounding open area

Gaps between Plant Bases
Figure 95 is related to bare ground, but takes the spatial distribution of bare patches into account,
which plays a role for erosion potential (see 4.3.3). It shows patches of bare ground that are at least 1
m wide during the dry season. However, it corresponds well with results from bare ground estimations. The group ranches Makurian and Il Ngwesi have with 40 % respectively 45 % a high proportion
of gaps > 1 m between plant bases and are thus prone to erosion and water runoff. Lolldaiga has similarly to the bare ground results rounded 20 % gaps between plant bases. Borana and forest glades did
not have such bare patches along the transects.

97

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

Figure 95: Gaps >1 m between plant bases for all ranches and forest glades. GR = Group Ranch, PR = Private Ranch

Gaps between Tree Canopies
Figure 96 is related to plant height and vegetation composition. In contrast to the overall estimations
of cover, this method took the spatial distribution of gaps between tree canopies into account, which
plays a role for erosion potential (see 4.3.3). It shows gaps between tree canopies that are at least 1 m
wide. However, it is congruent with the other mentioned results. Found percentages are generally high
(between 77 % and 100 %), showing many gaps larger than 1 m between tree canopies. Borana has the
highest proportion of trees on transects and thus less (wind- and water-) erosion potential than the
other three ranches. However, erosion potential is mainly affected by the herbaceous cover. Forest
glades did not have any trees along the transects.

Figure 96: Gaps >1 m between tree canopies for all ranches and forest glades. GR = Group Ranch, PR = Private Ranch
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Erosion Features Assessment

shows the occurrence of erosion features on all ranches. The result for each site is not the actual
number of erosion features, but the cumulated points (0=none, 1=few, 2=some, 3=a lot) from three
transects per site. In general, it can be stated that on all ranches erosion features were found and in
some cases even frequently. Group ranches have overall significantly more erosion features than
private ranches, what can be interpreted as a consequence of high amounts of bare ground. It indicates
very explicitly the worse condition of rangeland health. Especially gullies, soil deposition, and water
flow patterns occur almost exclusively on group ranches. Il Ngwesi ranks in almost every category on
top with the highest degree of erosion features. Sealing of soil surface is a major issue on all four
ranches, in some cases, it has already evolved to the next step of crusting. Also, sheet erosion occurs
on all four ranches, where Lolldaiga shows the most pronounced form. Borana shows least signs of
erosion. The most severe degradation of land and vegetation is usually around settlements and water
points. Cattle trails often result in rills or even gullies. After heavy rains water cannot infiltrate in
many areas (sealed and uncovered soil) and is washing over the ground quickly causing erosion where
there are large gaps between plant bases. Most of these erosion features arise from vegetation loss. A
consequence of soil erosion could also be siltation of rivers. Also, erosion can be related to a loss of
soil organic matter. Eroded areas have most likely lower contents of it.

Figure 97: Total erosion features for all ranches

Figure 98: Erosion feature: Rill

Figure 99: Erosion feature: Gully
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Figure 100: Erosion feature: Litter dam

Figure 101: Erosion feature: Pedestal

Figure 102: Erosion feature: Soil deposition

Figure 103: Erosion feature: Water flow pattern

Figure 104: Erosion feature: Crusting

Figure 105: Erosion feature: Sealing

Figure 106: Erosion feature: Sheet erosion

Figure 107: Erosion feature: Quartz/stones deposition

100

Environmental Impacts of Red Meat Production

5.5.6

University of Bern

MSc Thesis | Michael Herger

In Situ Soil Assessment

Figure 108 shows the total score of in situ topsoil and subsoil assessments for under tree and open land
situations (each totally 81 assessments). Soil cover and erosion features are not included in this assessment, but evaluated separately. Rated indicators are aggregate stability, bulk density, humus content,
edaphon, and soil structure (see 4.3.3). Results show rangeland health in regard to soil quality.
Whereas laboratory soil analysis mainly focuses on bio-chemical parameters of soil quality, the in-situ
soil assessment allows foremost to rate soil physical quality. The wet season and the dry season
measurements have been merged. Generally, under tree soil properties were found in a better condition
than open land conditions. This is in connection with the higher vegetation cover under tree in
comparison to open land as discussed in the vegetation assessment 5.5.4. Higher vegetation cover
leads to more water availability and erosion protection and moreover, the favorable micro-climate
under the shade canopy of a tree (less evaporation) benefits soil conditions. Also, dung accumulation
by animals resting in the shade might lead to higher soil nutrient enrichment than surrounding open
land. In the field, better results for under tree situations manifested themselves mainly by less compacted soil (=bulk density; the blade infiltrates easier where there is vegetation and generally the
closer to the trunk the better), better soil structure and aggregate stability (more vegetation and soil
organic carbon) and more soil organisms. Results also show that topsoil properties are in a better
condition than subsoil properties. This is mainly due to more organic matter and roots (and alike) in
topsoil benefiting soil conditions. Also, aggregate stability was for topsoil usually better, since subsoil
has little organic matter binding aggregates. Therefore subsoil aggregates dissoluted in tests on average faster than topsoil aggregates. Also, humus content is obviously lower in the subsoil. For the ranch
comparison, the general picture shows better topsoil and subsoil properties for both, open land and
under tree situations, for private ranches than group ranches. Borana scores highest in all categories of
all ranches, which is in accordance with highest soil cover and fewest erosion features of all four sites
in previous indicators. Also, second highest results for Lolldaiga, followed by Il Ngwesi and least
points for Makurian fit with most previous indicators. In particular results match with results from
bare ground analyses (5.5.4), hence of course bare ground leads to less erosion protection (e.g. topsoil
loss), organic matter and nutrient availability (e.g. no decomposition of vegetation), worse soil structure (e.g. missing roots, less organic matter), less edaphon, and more compaction (e.g. less water- and
air-infiltration capacity). Only Il Ngwesi performs better in this analysis than in the former erosion
features and soil cover analyses. It indicates good rehabilitation potential. Additional grazing glades in
Mukogodo and NgareNdare forest perform good results, always higher than ranches except Borana.
For topsoil under tree situations Borana is rated “very good”, Lolldaiga and Il Ngwesi “good” and
Makurian “satisfying”. For subsoil under tree situations Borana is rated “good”, Lolldaiga, Il Ngwesi,
and Makurian “satisfying”. For topsoil open land situations Borana is rated “good”, Lolldaiga, Il
Ngwesi, and Makurian “satisfying”. Although, Lolldaiga is close to “good” and Makurian close to
“bad”. For subsoil open land situations Borana is rated “good”, Lolldaiga and Il Ngwesi “satisfying”
and Makurian “bad”. Soil structure, compaction, humus content, and edaphon fit well with the performed score, though aggregate stability was fluctuating on all sites. On group ranches more lose soil
was found. Examined indicators are all connected to indicators measured in the laboratory (5.5.7),
especially soil organic carbon that is affecting almost all soil parameters heavily. Ranches with good
soil property conditions have better soil stability, resistance to erosion, water infiltration capacity, and
production rates. Because of slightly different ecological conditions, a comparison between the set-ups
Makurian vs. Lolldaiga and Borana vs. Il Ngwesi is only limited possible. For absolute statements,
only comparison within the same setting is valid.
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Figure 108: Topsoil and subsoil properties for open land and under tree situations for all ranches and forest glades

Figure 109: Subsoil (left) and topsoil (right) aggregate.
Subsoil aggregates were usually less stable

Figure 111: Soil compaction test on surface: The more
vegetation the easier the blade infiltrates

Figure 110: Aggregate stability test. Bubbles in subsoil
aggregate (left) show how water infiltrates - it dissolves
soon after completely

Figure 112: Excavated hole on a bare ground transect point.
Bare patches have worse soil property conditions
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Figure 113: Dung beetle on its way to bury dung

Figure 114: Excavated clay-rich soil in wet season on a
Mukogodo forest glade with good soil property conditions

Figure 115: Opening the soil shows the sealed crust on
top

Figure 116: Soil lump showing sandy top layer and clay/loamrich subsoil

5.5.7

Laboratory soil assessment

Hereafter results of soil analysis in the laboratory are presented. Laboratory-measured soil indicators
and used laboratory methods are explained in chapter 4.3.5. Table 9 and Table 10 show an overview of
all results. The results allow comparison between the ranches Lolldaiga and Makurian, as well as
Borana and Il Ngwesi regarding soil quality of their rangelands. Higher contents of soil organic carbon
and plant-available nutrients indicate good rangeland health. Moreover, open land vs. under tree results are compared. Open land and under tree is solely compared within the same ranch.
In summary, it can be stated that the probably most important parameters of soil organic carbon and
nitrogen show higher results for the private ranches compared to the group ranches (on average 65 %
higher for SOC, and 53 % for N). And further macronutrients are on average also higher on private
ranches (on average 130 % higher for P, 77 % higher for K, and 8 % higher for Mg), though not
throughout all measurements. Il Ngwesi is similarly to the in-situ soil assessment performing quite
well, especially in relation to the high bare ground and occurring erosion features. Micronutrients did
not show big differences between the ranches. However, they are more influenced by geological processes, rather than livestock impacts. Better results for private ranches correspond with higher vegetation cover, fewer erosion features, and better soil property conditions from in-situ measurements. Of
course, vegetation greatly influences soil organic carbon and nutrient availability (e.g. decomposition
and erosion protection). Private ranches with good soil property conditions have better soil stability,
resistance to erosion, water infiltration capacity, and production rates.
Soil organic carbon was not found to be as dramatically low as found in another study by Vågen and
Winowiecki (2014). This suggests that examined rangelands in this thesis are not irreversibly degraded and still have good potential to recover. However, heavy grazed areas showed congruent to He
et al. (2011) lower soil carbon and nitrogen contents than low and moderately grazed zones (65 %
respectively 53 %, see above). Results of all ranches are lower than nutrient contents found on grazed
Mpala ranch private rangeland in a study by Ngatia et al. (2015) who have found total C of 2.1 %, 0.2
% total N, and 139 ppm total P. Borana has similar C and N contents, but like the other ranches much
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lower P concentrations. Low contents of P can according to Jewell et al. (2007) indicate heavily
grazed pasture due to an export of nutrients.
Mganga et al. (2011) have found 0.75 % total C, 0.32 % total N and 15.38 ppm P on pastoral grazing
land in Kibwezi, Kenya. Whereas total C content is on examined group ranches in this study the same
or higher, total N and P content are lower. It indicates that differences in nutrient availability between
private ranches and group ranches are common. However, ecological predisposition plays a crucial
role and comparison is thus not directly legit.
Under tree carbon and macronutrient availability is continuously higher than in the open land (e.g.
SOC is on average 40 % higher, N is on average 35 % higher), with only very few exceptions.
Micronutrients, however, show similar to the ranch comparison no big differences. Under tree vs.
open land differences were already discussed in the vegetation assessment 5.5.4 and in the in situ soil
assessment 5.5.6. For further interpretation see chapter 5.7. More detailed laboratory results and quality checks are attached 8.2, 8.3, and 8.4.

Table 9: Soil properties of Lolldaiga Ranch and Makurian Group Ranch (means ± SE) from "under tree" and "open land"
sites and results of statistical tests. Results significant at p < .05 are highlighted in bold

Table 10: Soil properties of Borana Ranch and Il Ngwesi Group Ranch (means ± SE) from "under tree" and "open land" sites
and results of statistical tests. Results significant at p < .05 are highlighted in bold
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pH
Results for soil acidity are illustrated in Figure 117, whereby open land and under tree pH are summarized (small deviations 1-3 %). Measurements showed average results from pH 6.2 – 6.5 with little
variations. Thus soil is slightly acid, which is normal for rangelands. However, some plants prefer a
higher pH for optimum growth (e.g. Pennisetum sp. grows best on a soil reaction of pH 7–8).

Figure 117: pH values of all ranches

Particle Size
Laboratory-analyzed soils from transects revealed clay content between 8-12 %, silt between 40-55 %,
and sand between 35-50 %. Lolldaiga has on average 9 % clay, 47 % silt, and 44 % sand. Makurian
has 9 % clay, 41 % silt and 50 % sand. It shows that the soil conditions are comparable, though Makurian is slightly sandier. Borana has 8 % clay, 53 % silt, and 39 % sand. Il Ngwesi has 12 % clay, 53 %
silt, and 35 % sand. Also this situation is comparable, though slightly sandier conditions on Borana.
Low clay contents show that transects were not conducted in pure very clay-rich black cotton soil. The
low clay and high sand amounts suggest that soils, in general, retain rather few nutrients and little water, have a rather poor aggregation, sequester less organic matter, drainage water well, get good air
supply, and have good root penetration. However, it also depends on how much of the particles are in
loam texture.
C:N
The composting rates (decomposability of organic matter through e.g. microbial activity) around 10
indicate good soil activity. Results between the ranches are similar, though Makurian is a bit lower.
Under tree C:N is generally higher than open land.
Soil Organic Carbon (SOC)
Figure 118 shows soil organic carbon (SOC) content of all ranches. For this analysis 250 samples were
collected and analyzed. It represents the biggest dataset. However, this current analysis is only based
on 42 representative samples conducted on CNS (see 4.3.5). Measurements for the remaining 200
samples were conducted with IR-spectroscopy in summer 2017, however, the conversion from wavelength values to SOC carbon contents could because of a missing R script not yet be done. As soon as
I have received the promised R script, further results will be added (please contact the author if you
wish to see the additional data).
With the present data, average soil organic carbon (SOC) content varies between 0.75 – 2.05 %.
Standard errors are medium, and high for Borana open land (overall low number of samples). Results
show pronounced differences between the ranches as well as between open land and under tree situations. Soil organic carbon is on private ranches on average 65 % higher than on group ranches. However, results are not significant. Under tree soil organic carbon (SOC) content is on all ranches higher
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than in the open (average difference 40 %). Lolldaiga performs vs. Makurian 14 % higher in the open
and 113 % higher under trees. Borana performs vs. Il Ngwesi 86 % higher in the open and 45 %
higher under trees.
However, results are clearly above 5 g kg-1, the United Nations Convention to Combat Desertification
threshold for healthy plant growth. This suggests that rangelands are not irreversibly degraded and still
have good potential to recover. Soil organic carbon is strongly related to soil physical (see 5.5.6) and
biochemical parameters as well as the density and diversity of grasses. Mainly perennial grasses store
carbon and are in turn important for the resilience of the ecosystem.

Figure 118: Soil organic carbon (SOC) content of all ranches. GR = Group Ranch, PR = Private Ranch

Macronutrients
Nitrogen (N)
Figure 119 shows nitrogen (N) content of all ranches. Average nitrogen (N) content varies between
0.08 – 0.20 %. Standard errors are medium (overall low number of samples). Results show pronounced differences between the ranches as well as between open land and under tree situations. However, results are not significant. Private ranches perform higher results than group ranches. Under tree
nitrogen (N) content is on all ranches higher than in the open (average difference 35 %). Lolldaiga
performs vs. Makurian 6 % higher in the open and 78 % higher under trees. Borana performs vs. Il
Ngwesi 81 % higher in the open and 47 % higher under trees.

Figure 119: Nitrogen (N) content of all ranches. GR = Group Ranch, PR = Private Ranch
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Phosphorus (P)
Figure 120 shows phosphorus (P) content of all ranches. Average phosphorus (P) content varies between 6 – 25 ppm. Standard errors are medium, but high on Lolldaiga (overall low number of samples). Results show much higher amounts of phosphorus (P) on Lolldaiga than on the other ranches.
Results of Makurian, Borana and Il Ngwesi vary only little. Also under tree and open land comparison
shows no clear trend. Lolldaiga performs vs. Makurian 100 % higher in the open and 272 % higher
under trees. Borana performs vs. Il Ngwesi 15 % lower in the open and 165 % higher under trees.
However, results are not significant.

Figure 120: Phosphorus (P) content of all ranches.

Potassium (K)
Figure 121 shows potassium (K) content of all ranches. Average potassium (K) content varies between
37 – 112 ppm. Standard errors are medium and high on Borana under tree (overall low number of
samples). Results show differences between the ranches as well as between open land and under tree
situations. Private ranches perform higher results than group ranches. Under tree potassium (K) content is on all ranches higher than in the open (average difference 47 %). Lolldaiga performs vs. Makurian 14 % higher in the open and the same under trees. Borana performs vs. Il Ngwesi 171 % higher in
the open and 122 % higher under trees. However, results are not significant.

Figure 121: Potassium (K) content of all ranches.
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Magnesium (Mg)
Figure 122 shows magnesium (Mg) content of all ranches. Average magnesium (Mg) content varies
between 30 – 63 ppm. Standard errors are medium and rather high on Il Ngwesi (overall low number
of samples). Results show pronounced differences between Lolldaiga and Makurian vs. Borana and Il
Ngwesi. This might be due to the different ecological disposition. Under tree and open land comparison shows no clear trend. Lolldaiga performs vs. Makurian 11 % higher in the open and 29 % higher
under trees. Borana performs vs. Il Ngwesi 3 % lower in the open and 6 % lower under trees. However, results are not significant.

Figure 122: Magnesium (Mg) content of all ranches.

Micronutrients
Manganese (Mn)
Figure 123 shows Manganese (Mn) content of all ranches. Average Manganese (Mn) content varies
between 12 – 19 ppm. Standard errors are rather high (overall low number of samples). Results show
differences between the ranches as well as between open land and under tree situations. Private
ranches perform higher results than group ranches. Under tree Manganese (Mn) content is on all
ranches higher than in the open (average difference 13 %). Lolldaiga performs vs. Makurian 32 %
higher in the open and 35 % higher under trees. Borana performs vs. Il Ngwesi 14 % higher in the
open and 22 % higher under trees. However, results are not significant.

Figure 123: Manganese (Mn) content of all ranches.
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Copper (Cu)
Figure 124 shows copper (Cu) content of all ranches. Average copper (Cu) content varies between
0.06 – 0.18 ppm. Standard errors are low and high on Lolldaiga under tree (overall low number of
samples). Results show differences between the ranches as well as between open land and under tree
situations. Lolldaiga performs highest results. Under tree copper (Cu) content is on all ranches higher
than in the open (average difference 44 %). Lolldaiga performs vs. Makurian 18 % higher in the open
and 49 % higher under trees. Borana performs vs. Il Ngwesi 8 % lower in the open and 4 % lower
under trees. However, results are not significant.

Figure 124: Copper (Cu) content of all ranches.

5.5.8

Photographical Comparison

This pictorial view illustrates on three selected transects per ranch what is described in the vegetation
assessment (5.5.4). It mainly shows bare ground differences between dry and wet season as well as
between ranches. Left side shows dry season and right side wet season photographs. For each transect,
there is first an overview of the transect area and then a close-up picture of 1 m2 representing one
assessment point along the 100 m transect. Private ranches have overall higher vegetation coverage
and better rehabilitation ability after rains.
Lolldaiga

Figure 125: Transect 1: Dry season

Figure 126: Transect 1: Wet season

109

Environmental Impacts of Red Meat Production

University of Bern

Figure 127: Transect 1: Dry season. Close-up

Figure 128: Transect 1: Wet season. Close-up

Figure 129: Transect 2: Dry season

Figure 130: Transect 2: Wet season

Figure 131: Transect 2: Dry season. Close-up

Figure 132: Transect 2: Wet season. Close-up

Figure 133: Transect 3: Dry season

Figure 134: Transect 3: Wet season

Figure 135: Transect 3: Dry season. Close-up

Figure 136: Transect 3: Wet season. Close-up
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Makurian

Figure 137: Transect 1: Dry season

Figure 138: Transect 1: Wet season

Figure 139: Transect 1: Dry season. Close-up

Figure 140: Transect 1: Wet season. Close-up

Figure 141: Transect 2: Dry season

Figure 142: Transect 2: Wet season

Figure 143: Transect 2: Dry season. Close-up

Figure 144: Transect 2: Wet season. Close-up

Figure 145: Transect 3: Dry season

Figure 146: Transect 3: Wet season
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Figure 148: Transect 3: Wet season. Close-up

Borana

Figure 149: Transect 1: Dry season

Figure 150: Transect 1: Wet season

Figure 151: Transect 1: Dry season. Close-up

Figure 152: Transect 1: Wet season. Close-up

Figure 153: Transect 2: Dry season

Figure 154: Transect 2: Wet season

Figure 155: Transect 2: Dry season. Close-up

Figure 156: Transect 2: Wet season. Close-up
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Figure 157: Transect 3: Dry season

Figure 158: Transect 3: Wet season

Figure 159: Transect 3: Dry season. Close-up

Figure 160: Transect 3: Wet season. Close-up

Il Ngwesi

Figure 161: Transect 1: Dry season

Figure 162: Transect 1: Wet season

Figure 163: Transect 1: Dry season. Close-up

Figure 164: Transect 1: Wet season. Close-up

Figure 165: Transect 2: Dry season

Figure 166: Transect 2: Wet season
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Figure 167: Transect 2: Dry season. Close-up

Figure 168: Transect 2: Wet season. Close-up

Figure 169: Transect 3: Dry season

Figure 170: Transect 3: Wet season

Figure 171: Transect 3: Dry season. Close-up

Figure 172: Transect 3: Wet season. Close-up
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5.6 Boma Site Comparison
In chapter 2.8 the boma technology is explained. The used methods for this boma site comparison are
described in chapter 4.3.4. Hereafter results are presented. First the results of the three cattle bomas are
shown and then the camel boma outcomes. Results show clearly that former boma sites have higher
amounts of soil organic carbon (SOC), as well as macro- and micronutrients in both topsoil and subsoil compared to reference sites close by. However, results are in topsoil much more pronounced than
in subsoil. In topsoil comparison, former boma sites show continuously higher values, with only two
exceptions in copper (Cu) and Manganese (Mn) in the 1-year-old boma. However, micronutrients copper (Cu) and Manganese (Mn) are largely influenced by geological processes, rather than livestock
impacts. Chronology of former boma sites (1, 5, 9 years ago) did also play a decisive role for soil
parameters. Former boma sites of 5 years and 9 years ago performed better than the most recent boma
(1 year ago). These results show how bomas turn into ecological hotspots and stay that way for long
periods of time. Thus, these outcomes confirm other studies on bomas (see discussion 6.1). The
following tables (Table 11, Table 12, Table 13) show an overview of all results. Then, results are
presented in comparing graphs and elements are discussed individually.

Figure 173: Former cattle boma site on Lolldaiga Ranch

Figure 174: Former camel boma site on Lolldaiga Ranch

Figure 175: Stationary boma near to Masai Mara

Figure 176: Accumulated dried dung at former boma site
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Table 11: Soil properties inside and outside of experimental former boma (1 year ago) on Lolldaiga Ranch in Laikipia (means
+/- SE) and results of statistical tests for divergence between bomas and reference sites. Results significant at p < .05 are
highlighted in bold

Table 12: Soil properties inside and outside of experimental former boma (5 years ago) on Lolldaiga Ranch in Laikipia
(means +/- SE) and results of statistical tests for divergence between bomas and reference sites. Results significant at p < .05
are highlighted in bold

Table 13: Soil properties inside and outside of experimental former boma (9 years ago) on Lolldaiga Ranch in Laikipia
(means +/- SE) and results of statistical tests between bomas and reference sites. Results significant at p < .05 are highlighted
in bold
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pH
pH values range between 6.1 and 7.2. Boma sites have in all cases higher pH values than the reference
sites (topsoil on average 11.4 % and subsoil on average 5.7 %).
Macronutrients & Organic Carbon
Figure 177 and Figure 178 show soil organic carbon (SOC) and nitrogen (N) content on all boma sites
and one reference site. Average organic carbon (SOC) content varies between 0.6 % and 7.9 %. Average nitrogen (N) content varies between 0.1 % and 0.7 %. Standard errors are low, but for the high
values rather high (overall low number of samples). While all boma sites show higher amounts of soil
soil organic carbon (SOC) and nitrogen (N) in topsoil and subsoil than the reference site, topsoil contents of 5 year- and 9 year-old bomas are dramatically higher than the reference site and the 1 year-old
boma. Overall, topsoil differences are much more pronounced than subsoil differences. Results show
statistically significant differences in topsoil soil organic carbon (SOC) and nitrogen (N) content between the 1-year boma and the 9-year boma and the reference site.
For soil organic carbon (SOC), the 1 year boma performs vs. the reference site 195 % higher in topsoil
and 14 % higher in subsoil. For soil organic carbon (SOC), the 5 year boma performs vs. the reference
site 808 % higher in topsoil and 76 % higher in subsoil. For soil organic carbon (SOC), the 9 year
boma performs vs. the reference site 867 % higher in topsoil and 46 % higher in subsoil.
For nitrogen (N), the 1 year boma performs vs. the reference site 95 % higher in topsoil and 26 %
higher in subsoil. For nitrogen (N), the 5 year boma performs vs. the reference site 541 % higher in
topsoil and 66 % higher in subsoil. For nitrogen (N), the 9 year boma performs vs. the reference site
633 % higher in topsoil and 57 % higher in subsoil.

Figure 177: Soil organic carbon (SOC) content on all cattle boma sites and the reference site
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Figure 178: Nitrogen (N) content on all cattle boma sites and the reference site

Figure 179, Figure 180, and Figure 181 show phosphorus (P), potassium (K), and magnesium (Mg)
content on all boma sites and one reference site. Average phosphorus (P) content varies between 4 and
75 ppm. Average potassium (K) content varies between 33 and 176 ppm. Average magnesium (Mg)
content varies between 24 and 94 ppm. Standard errors are low-medium, but for the high values rather
high (overall low number of samples). All boma sites show higher amounts of phosphorus (P), potassium (K), and magnesium (Mg) in topsoil. For subsoil, potassium (K) is always higher in boma sites
than on reference sites. For phosphorus (P) though, the 9-year and 1-year boma and for magnesium
(Mg) the 1-year and 5-year boma have lower subsoil contents than the reference site. Discrepancies
between topsoil and subsoil are pronounced for phosphorus (P) and magnesium (Mg), but not as much
for potassium (K). Potassium (K) in the 5 year boma is very high in both topsoil and subsoil. For
phosphorus (P) and magnesium (Mg), topsoil contents of the 5-year boma and the 9-year boma are
dramatically higher than the reference site and the 1 year-old boma. Results show statistically significant differences in topsoil phosphorus (P) and potassium (K) content between the 5-year boma and the
9-year boma and the reference site and for magnesium (Mg) between the 9-year boma and the reference site.
For phosphorus (P), the 1 year boma performs vs. the reference site 195 % higher in topsoil and 72 %
lower in subsoil. For phosphorus (P), the 5 year boma performs vs. the reference site 1945 % higher in
topsoil and 50 % higher in subsoil. For phosphorus (P), the 9 year boma performs vs. the reference site
1593 % higher in topsoil and 17 % lower in subsoil.
For potassium (K), the 1 year boma performs vs. the reference site 168 % higher in topsoil and 65 %
higher in subsoil. For potassium (K), the 5 year boma performs vs. the reference site 299 % higher in
topsoil and 403 % higher in subsoil. For potassium (K), the 9 year boma performs vs. the reference
site 126 % higher in topsoil and 126 % higher in subsoil.
For magnesium (Mg), the 1 year boma performs vs. the reference site under 1 % higher in topsoil and
38 % lower in subsoil. For magnesium (Mg), the 5 year boma performs vs. the reference site 185 %
higher in topsoil and 27 % lower in subsoil. For magnesium (Mg), the 9 year boma performs vs. the
reference site 208 % higher in topsoil and 20 % higher in subsoil.
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Figure 179: Phosphorus (P) content on all cattle boma sites and the reference site

Figure 180: Potassium (K) content on all cattle boma sites and the reference site

Figure 181: Magnesium (Mg) content on all cattle boma sites and the reference site
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Micronutrients
Figure 182 and Figure 183 show copper (Cu) and manganese (Mn) content on all boma sites and one
reference site. Average copper (Cu) content varies between 0.02 and 0.22 ppm. Average manganese
(Mn) content varies between 6.8 and 19.4 ppm. Standard errors are low (overall low number of samples). Micronutrients do not show the same clear trends of nutrient enrichment compared to the reference site as macronutrients did. However, the micronutrients copper (Cu) and Manganese (Mn) are
largely influenced by geological processes, rather than livestock impacts. For manganese (Mn) topsoil
is higher than subsoil. Copper (Cu) shows no clear trend between topsoil and subsoil values. Results
show no statistically significant differences between boma sites and the reference site, with the exception of copper (Cu) in the 1-year boma that is significantly lower than the reference site.
For copper (Cu), the 1 year boma performs vs. the reference site 86 % lower in topsoil and 89 % lower
in subsoil. For copper (Cu), the 5 year boma performs vs. the reference site 21 % higher in topsoil and
26 % lower in subsoil. For copper (Cu), the 9 year boma performs vs. the reference site 5 % higher in
topsoil and 1 % higher in subsoil.
For manganese (Mn), the 1 year boma performs vs. the reference site 6 % lower in topsoil and 33 %
lower in subsoil. For manganese (Mn), the 5 year boma performs vs. the reference site 1 % higher in
topsoil and 53 % higher in subsoil. For manganese (Mn), the 9 year boma performs vs. the reference
site 25 % higher in topsoil and 1 % higher in subsoil.

Figure 182: Copper (Cu) content on all cattle boma sites and the reference site
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Figure 183: Manganese (Mn) content on all cattle boma sites and the reference site

Camel Boma
The camel boma is in comparison to the cattle bomas under a different ecological setting and thus not
directly comparable to the others. But even though this camel boma was not showing expected grass
growth on the site yet, it showed very clear soil organic carbon (SOC) and nutrient enrichment compared to its reference site. However, also like on the other former boma sites, pH increased compared
to the reference site. And in this case, it reached pH 8.6, what might already be too high for most
plants to come up. The critical limit even for alkaline-adapted plants seems to be pH 8.5. Pennisetum
sp. grows usually with pH from 5.5-8, Cynadon sp. depending sp. 4.5-8.5, Eragrostis sp. 4.5-7. Nutrients can get limited with a high pH of over 8.5 (e.g. phosphorus, zinc, iron, copper) and sodium might
be present leading to salinity in the soil. The following table shows all results of the comparison.
Subsequently, results are presented in detail.

Table 14: Soil properties inside and outside of experimental former camel boma (1 year ago) on Lolldaiga Ranch in Laikipia
(means +/- SE) and results of statistical tests for divergence between bomas and reference sites. Results significant at p < .05
are highlighted in bold
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Macronutrients & Organic carbon
Measurements of organic carbon and macronutrients show the same result as cattle bomas: Topsoil
values are dramatically higher on bomas than on the reference site (SOC +1742 %, N +986 %, P
+1581 %, K +5740 %, Mg +329 %). Subsoil does generally not show an impact of boma use (yet).

Figure 184: Soil organic carbon (SOC) content on camel boma vs. reference site

Figure 185: Nitrogen (N) content on camel boma vs. reference site
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Figure 186: Phosphorus (P) content on camel boma vs. reference site

Figure 187: Potassium (K) content on camel boma vs. reference site

Figure 188: Magnesium (Mg) content on camel boma vs. reference site
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Micronutrients
Micronutrients in the camel boma show the same clear trends of nutrient enrichment in topsoil compared to the reference site like macronutrients, but not in subsoil. Topsoil nutrient enrichment is also
evident with the analyzed micronutrients: copper (Cu) is 761 % higher and manganese (Mn) 259 %.
However, while subsoil content for Copper (Cu) is higher than topsoil, manganese (Mn) subsoil is
lower than topsoil on the boma site and higher on the reference site.

Figure 189: Copper (Cu) content on camel boma vs. reference site

Figure 190: Manganese (Mn) content on camel boma vs. reference site
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5.7 Summary and Interpretation of Results
Hereafter all results are interpreted and research questions of chapter 1.3 are answered. First of all, key
figures are summarized in Table 15.
Lolldaiga

Makurian

Borana

Il Ngwesi

Private Ranch

Group Ranch

Private Ranch

Group Ranch

Area size

200 km2

68 km2

130 km2

87 km2

Area size affected by
livestock production

200 km2

78 km2

130 km2

157 km2

Livestock numbers

3’920 TLU

13’500 TLU

1’780 TLU

4’800 TLU

Stocking rates
(livestock only)

5.1 ha/TLU

0.6 ha/TLU

7.3 ha/TLU

3.3 ha/TLU

Pressure on land
(wildlife & livestock)

3.7 ha/TLU

0.6 ha/TLU

4.8 ha/TLU

3.3 ha/TLU

Livestock production
income p.a. and p. km2

USD 2’750

USD 6’500

USD 1’300

USD 3’800

Profit p.a. and p. km2

USD 1’700

Loss if population
is considered as
labor. If not: USD
900

USD 700

Loss if population
is considered as
labor. If not: USD
2’700

Productivity (total output
/ total input
sales+slaughtering/stock)

Cattle: 0.15

Cattle: 0.03

Cattle: 0.10

Cattle: 0.15

Sheep: 0.17

Shoats: 0.25

Sheep: 0.25

Shoats: 0.15

Rangeland health key
indicator: Bare ground

19 % (dry season)

47 % (dry season)

7 % (dry season)

50 % (dry season)

9 % (wet season)

35 % (wet season)

3 % (wet season)

23 % (wet season)

Rangeland health key
indicator: Soil organic
carbon

0.86 %
(open land)

0.75 %
(open land)

1.98 %
(open land)

1.06 %
(open land)

1.79 %
(under tree)

0.84 %
(under tree)

2.05 %
(under tree)

1.42 %
(under tree)

Type

(incl. USD 1700
subsistence use)

(incl. USD 1’300
subsistence use)

Table 15: Key figures of results. One tropical livestock unit (TLU) equals an animal of 250 kg life-weight (FAO 1991). Data
is based on rangeland health assessment, laboratory results, interviews, and interpolated numbers. Figures based on interviews are not reconfirmed data.

5.7.1

Comparsion of Examined Ranches

In this first step, results regarding characteristics and value chains of examined ranches and production
systems are summarized and interpreted. This answers the research question about how examined
ranches are characterized, the typical characteristics of the two distinguished livestock production
systems of group ranches (Masai, pastoralists) and private ranches (private ranching), the relevant
steps along the value chain for livestock production of all ranches and where these steps affect the
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quality of natural resources, as well as the sub-question about the impacts of bomas (livestock corrals)
on soil in different time periods.
5.7.1.1

Characteristics and Value Chains

The four ranches are all large-scale ranches (ranging from 68-200 km2) mainly pursuing livestock
production, although with different intuitions (see Table 6, chapter 5.3 and 5.4). While private ranches
are commercially interested in livestock production, namely income generation, pastoralists of group
ranches keep livestock traditionally for subsistence use, averting risks, as a lifestyle and as a value
asset. In the rationale of pastoralists, the more livestock they have, the more resilient they are. They do
not want to rely on few well-fed livestock units during droughts, but rather take advantage of a high
number of livestock. That way one can afford to lose few livestock and at the same time rebuild the
stock quickly. In general, pastoralists are more relying on milk and blood production than on meat for
subsistence. However, group ranches, especially Il Ngwesi, show the tendency to get increasingly
commercialized. Productivity, meaning the sold or for subsistence used livestock in relation to their
total stock, is for cattle much higher on Lolldaiga (0.15), Borana (0.10) and Il Ngwesi (0.15) than on
Makurian (0.03). Whereas the low cattle production of Makurian can be explained by the above-mentioned different objectives of livestock keeping, the high productivity rate of Il Ngwesi could be due to
increasing commercialization of group ranches. Il Ngwesi is among a range of group ranches
establishing themselves more and more in “fatten and sell” trade. Makurian on the other hand is still
keeping livestock rather traditionally with a focus on rearing animals over several years, instead of
adding strategically quick value to livestock. Consistent with the explained theory of smallstock as
money converter (see 2.6) is the high productivity (0.25) of smallstock on Makurian. Il Ngwesi, however, has a rather low rate (0.15) for a group ranch. Borana on the other hand has a high productivity
of sheep (0.25), and Lolldaiga is in comparison rather low (0.17).
Production is only made possible through input supply at the beginning of the value chain. This looks
similar for all ranches; it mainly consists of breeding stock, animal treatment, and labor. However,
group ranches more often purchase additionally to the natural breeding new livestock at local markets.
Management decisions independent of livestock sales run through a complex bottom-up decisionmaking system (committees, elders, grazing manager, board, chairman, chief, government appointed
delegate), which is rather slow. On private ranches, however, decision-making is fast and done by very
few people (grazing manager, general manager, owner). Due to the higher turnover in cattle production private ranches have a high income from livestock production in relation to their livestock numbers. Revenues from livestock sales of Lolldaiga (USD 550’000) are even higher than Makurian (USD
510’000, incl. USD 130’000 subsistence use), even though Makurian has 3.5 times more tropical livestock units (TLU). Borana has 2.7 times less tropical livestock units than Il Ngwesi and 3.5 times less
revenues from livestock sales than Il Ngwesi (USD 175’000 vs. USD 600’000 incl. USD 200’000
subsistence use). Thus Il Ngwesi has a high income from livestock production for a group ranch also
due to the high turnover of cattle. Less the costs (animals treatments and labor considered) Lolldaiga
earns a profit of USD 345’000, Makurian USD 70’000, Borana USD 90’000, and Il Ngwesi USD
420’000 per year. Calculating with population as labor involved in livestock production, results for
group ranches turn into a loss immediately. Livestock production is according to land users of group
ranches not profitable. However, these figures show that especially Lolldaiga and Il Ngwesi have a
high productivity and a high income from livestock production. If these numbers are calculated per
km2 and per annum livestock production income is higher for the group ranches (Makurian USD
6’500, Il Ngwesi USD 3’800) than for private ranches (Lolldaiga 2’750 USD, Borana 1’300 USD) due
to higher livestock numbers of group ranches and less available area. Calculating with costs and taking
the population engaged in livestock production into account, results turn again into a loss on group
ranches. The private ranches, on the other hand, remain cost-effective. However, the rationale of
pastoralists aims as already discussed more at averting risks than generating profit. And yet it points at
poverty issues (see 5.7.3).
Regarding the livestock value chain, group ranches and private ranches also show differences in their
selling activities. While group ranches mostly sell need driven (e.g. for school fees), production and
marketing are on private ranches with strategic fattening and selling highly organized. This is also
because on group ranches families are the livestock owners and decide individually when to sell. And
whereas sold livestock are usually collected at private ranches and trucked to customers, group
ranches usually trek their livestock to markets or customers – sometimes over long distances. Middle126
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men and traders play an important role in the ranches-customers interface. Furthermore, group ranches
mainly sell at local markets and to local butchers (90 %), while private ranches sell big parts to butchers and international companies in Nairobi (for cattle Lolldaiga 100%, Borana 70 %) that also export
processed meat. Private ranches provide in comparison to group ranches meat in the high-quality segment, for instance, high-end hotels in the country.
Another apparent difference are ranch facilities: While private ranches own impressive ranches, farm
houses, man-made dams and pipes, group ranches still live very traditionally in a rather poor setting.
Thorn-fenced villages with huts (manyatas), inter alia made of cow dung, characterize the appearance.
Natural materials are used and electricity is usually inexistent. Nowadays, on private ranches, and
more and more also on group ranches, conservation is a major mission. While Lolldaiga, Borana, and
Il Ngwesi are highly engaged in conservation, Makurian is only at the beginning. However, private
ranches are still clearly upfront. This results in much higher wildlife densities on private ranches,
namely 15 times more wildlife than on group ranches according to average values by Georgiadis et al.
2007, however, Il Ngwesi definitely has more wildlife than the average group ranch.
A further important difference between the ranches is that rangeland of group ranches also serves as
settlement area (each approx. 8’000 inhabitants) and livestock production supports most livelihoods,
on private ranches on the other hand live only very few people. Of course, this also has impacts on
rangeland conditions. The same picture as for conservation shows up for tourism: While Lolldaiga,
Borana, and Il Ngwesi are all involved in tourism, Makurian is only about to start. Il Ngwesi is in
many fields pioneering for group ranch development, but particularly in community-based tourism
with its award-winning eco-lodge. All three ranches have tourism facilities in the luxury section. Besides tourism, there are some other off-farm activities going on. The group ranches are in contrast to
the private ranches involved in the dung-market in Mukogodo Division, where dung of livestock is
sold as manure for crop producers. Makurian also makes additional income by harvesting sand and
selling it for construction. However, this comes with environmental drawbacks (see 5.5.3.5). Il Ngwesi
on the other hand has started with little farming and Borana has a small organic farming business.
Lolldaiga ranch in turn serves as a training ground for the British Army, what affects the quality of the
land as well.
However, the main business on all ranches is livestock production and dairy farming. Livestock products include meat and milk on all ranches. Lolldaiga also produces sheep wool and the group ranches
use blood for nutritional purpose as subsistence (mixed with milk). On both private ranches, cattle is
the most common livestock, but on group ranches, smallstock has become much more important.
Smallstock have the advantage that they can give more frequently birth than cattle, are more drought
resistant and easier to convert into money. This change in livestock composition is one major adaptive
strategy to degraded land and droughts amongst many that group ranches have implemented. Another
recent shift on many group ranches is from a breeding herd to a trading herd. Value-addition to livestock instead of rearing animals over several years becomes more and more important.
One other major difference between the production systems is that group ranches have much higher
livestock numbers than private ranches. Fluctuations of livestock numbers (mainly due to droughts
and diseases) are also much higher on group ranches. However, whereas Makurian and Il Ngwesi have
overall more tropical livestock units (TLU), they have less area available. Makurian has 13’500 TLU,
Il Ngwesi 4’800 TLU, Lolldaiga 3’920 TLU, and Borana 1’780 TLU. In relation to their used area
size, stocking rates are 5.1 ha/TLU for Lolldaiga, 0.6 ha/TLU for Makurian, 7.3 ha/TLU for Borana,
and 3.3 ha/TLU for Il Ngwesi. Stocking rates vary for Lolldaiga vs. Makurian by a factor of 8.5,
Borana vs. Il Ngwesi by 2.2. Makurian has by far the highest stocking rate, while Borana has the fewest livestock per area. The used area size is the total affected area by livestock. Whereas for private
ranches this is equal to the territory size of their ranch, group ranches have additional grazing areas in
Mukogodo Forest, Ngare Ndare Forest, Mount Kenya Forest, and on private ranches. It is at the same
time the major difference of their grazing systems and value chains, yet the systems are becoming
more similar. Pastoralist’s mobility has been very much limited; they have historically been squeezed
into smaller areas and have become partly sedentary, however, moving their animals, also over long
distances, in search of pasture and water is still an important attribute. However, today the grazing
areas where they trek to are set, but time is depending on rainfall (mainly seasonal). Thus it can be
seen as transhumance. Today, mainly hired herders move livestock. However, grazing in Ngare Ndare
forest and Mount Kenya forest is informal. These aspects indicate that the institutional framework is
of major importance – especially land tenure for pastoralists.
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Results further show that mainly the production step, namely the grazing of livestock on rangelands, is
affecting natural resources (soil and vegetation). However, this value chain was only fully reconstructed from natural breeding until livestock sales, and thus trekking and trucking, slaughter waste,
and packaging production and waste are not considered.
5.7.1.2

Grazing management

Besides the mobility aspect, there are more notable differences in grazing principles between the
ranches - especially in grazing management, which can influence rangeland condition heavily (see
5.7.3). The private ranches Lolldaiga and Borana let their livestock graze rotationally in big herds on
their ranch. In comparison to group ranches, they usually separate heifers, cows, steers, and bulls.
Bunching of animals is easier compared to group ranches where individual families are livestock
owners. There, bringing livestock together is a huge effort. For this reason, Makurian pastoralists are
seeking for pasture and water individually during the dry season, what can be seen as the traditional
form of their grazing management. This represents the grazing system of continuous grazing. Bringing
all livestock together and manage them throughout the year collectively did not work out for Makurian. Livestock owners like to decide about the whereabouts of their livestock themselves. However,
during the wet season, they also build big herds and move livestock together in a block system. This
transition in management is implemented on most group ranches. Also, most group ranches have now
grazing plans. Local institutions (foremost Laikipia Wildlife Forum) do play a crucial role in this process. The widely implemented Holistic Management is thereby primarily responsible (see 2.4.2). In
this management philosophy, livestock are managed collectively with the core element of bunching of
livestock closely together. However, Makurian has abandoned Holistic Management after introducing
it in 2007. Il Ngwesi and Borana still apply these management principles. Lolldaiga, however, has not
implemented Holistic Management. According to their grazing manager, bunching is not appropriate
due to strong wind erosion on their land. Il Ngwesi has been reported for best practice in Holistic
Management on group ranches by the Laikipia Wildlife Forum (LWF). While they organize grazing in
their settlement areas (by elders) during the wet season, they bunch livestock together in the dry season and move them in their large conservation area in a block system. The objective is of course to
allow grazed rangeland to recover. Unlike earlier times, herders are hired. In the past, children and
morans (young warriors) were responsible for herding. Today, they are more often sent to school.
In conclusion, managing livestock in big herds under a rotational grazing system is an established
principle on private ranches and also becoming popular on group ranches. Both Il Ngwesi and Makurian are partly applying it, however, Il Ngwesi probably more consistent. But Makurian and partly also
Il Ngwesi still apply continuous grazing, what is said to be problematic for the recovery of the land.
However, also bunching of animals comes along with several advantages and disadvantages. As mentioned, it is for group ranches a challenge to bring people together (respectively their livestock) and
agree on a joint management. But this common goal can also lead to a better dialogue in the community. However, it means a higher (initial) workload. On the other hand, once livestock are collected to
big herds, individual families lose their nutritional basis (milk, blood). But some keep a few livestock
units back. Of course, also management of high numbers of big herds per se is a challenge, since now
only a few herders have to manage the herd. Generally, improving breeds is easier. But breeding can
also be a problem – those livestock owners with good breeds may loose and those with bad may win
by mixing them (since members with good breeds can end up with poor breeds, they do not like to
bring them together with poor breeds, the other way around those with poor breeds can benefit).
Moreover, there are conflicts among animals; bulls are fighting a lot within the herds. Regarding
animal treatments and diseases it is a double-edged sword. On the one hand, animals can be vaccinated
and sprayed all at once, on the other hand, diseases are easily transmitted. Impacts on land are still
controversially discussed. Certainly, land is not constantly under pressure simultaneously and grazed
land gets evidently beneficial long recovery periods. However, pressure on land from big herds is
selectively very high. Advocates of this approach see it as an ecological benefit (breaking of the soil
allowing seeds, nutrients and water to infiltrate). Opponents see the root cause of degradation in the
very reason of too high livestock numbers on one spot.
Another applied technology by the group ranches are bomas (livestock corrals), aiming to protect livestock from predators and restore land. More and more private ranches are adopting this technology, so
has Lolldaiga. Results of the boma site comparison have shown how bomas turn into ecological
hotspots with a long lasting effect. Amounts of soil organic carbon (SOC), as well as macro- and
128

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

micronutrients in both topsoil and subsoil of former boma sites were much higher than reference sites
close by (topsoil much more pronounced). The chronology of former boma sites (1, 5, 9 years ago) did
also play a decisive role for soil parameters. Former boma sites of 5 and 9 years ago performed better
than the most recent boma (1 year ago).

5.7.2

Rangeland Health

In this next step rangeland health results are summarized. The research questions about the condition
of natural resources on rangelands (soil, vegetation) and the influence of livestock production are answered.
For the examined ranches on the semi-arid rangelands, water, soil, and vegetation are the key natural
resources affected by livestock production, whereby soil and vegetation were investigated. Major
identified ecological problems (partly) caused by livestock production in the research area are: bare
ground, low contents of soil organic carbon and plant-available nutrients, soil erosion (sealing, crusting, rills and gullies, water flow patterns, sheet erosion, pedestals), poor soil properties, undesirable
species, and (increasing) woody and invasive species. The current major problem on rangelands is the
invasive species Opuntia stricta, which, however, most likely could only spread that widely because
of degraded land in the first place (see 5.5.3.3).
The main comparison between adjacent ranches of different livestock management systems in
comparable ecological conditions shows that management and foremost stocking rates do have a
strong impact on rangeland quality. Of course, for the general condition of the rangeland, the ecological disposition (foremost erratic rainfalls and droughts) is very crucial (see 5.5.3). But this influence
was largely eliminated in comparing ranches very close to each other in similar ecological conditions
what allows to draw this conclusion. However, results cannot unlimitedly be extrapolated to the entire
ranches since ecological conditions change. Overall, group ranches have lower ecological potential
(generally drier), what also should be considered in the bigger picture. Moreover, past land use, wildlife, and human activities also play a role for rangeland health.
Results suggest that too high pressure on land mainly results in reduced vegetation cover and in increased bare ground. This, in turn, leads to erosion, worsened soil quality, undesirable changes in
vegetation and to reduced water infiltration capacity. Moreover, degraded land is prone to woody
encroachment. On group ranches, partly also on Lolldaiga, the tendency of bush encroachment was
observed (see 5.5.4). This means the water cycle and other ecosystem services are disturbed, which is
difficult to reverse (Davies et al. 2015). The results suggest that on degraded areas overgrazing took
place, leading to bare soil and further implications.
Furthermore, results of rangeland health assessments show that the group ranches Makurian and Il
Ngwesi have worse rangeland health conditions than the private ranches Lolldaiga and Borana (see
5.5). The rangeland health assessment has revealed that group ranches have significantly higher
percentages of bare ground (see 5.5.4), more invasive species (see 5.5.4), less desirable species (see
5.5.4), less biodiversity (see 5.5.4), more bush and woody encroachment (see 5.5.4), more soil erosion
features (see 5.5.5), worse condition of topsoil and subsoil properties (in situ measurements, see
5.5.6), and less organic carbon and plant-available nutrients (laboratory measurements, see 5.5.7) than
the private owned ranches. Furthermore, whereas morbid grasses and bare patches after some rains
during the short rains were largely replaced by new perennial and annual grasses as well as forbs on
the private ranches, the recovery on group ranches and in some transects of Lolldaiga, showed partly
problems to recover and bigger parts of weeds and herbs were coming up. The ability of rangeland to
recover after rains can be used to assess the severity of degradation (irreversibility). The inability to
grow new perennial and annual grasses after rains is a sign of heavily grazed areas. However, overall,
bare ground could be reduced drastically after the rains on all ranches, indicating that there is still
(good) potential for recovery. Results of different indicators (vegetation-, in-situ soil-, laboratory soil-,
and erosion feature assessment) correspond generally well.
The interdependencies of soil, erosion, and vegetation processes can nicely be demonstrated. Borana
performed usually the best in the rangeland health assessment of all ranches, second highest results
were scored by Lolldaiga, followed by Il Ngwesi, and the worst rangeland health was found on Makurian (see 5.5). Although, Il Ngwesi performed better and almost as good as Lolldaiga in the soil property assessments. Also Il Ngwesi showed mostly quite good recovery potential. Clear results for the
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key indicators “amount of bare ground” and “soil organic carbon content” accentuate the stated rangeland health outcomes clearly. Bare ground percentage was on transects on group ranches on average
50 % during the dry season and 30 % after rains in the wet season. On private ranches on the other
hand, values were 20 % respectively 15 % (rounded values). Soil organic carbon was on private
ranches on average 65 % higher than on group ranches. Also, in-situ soil assessment and laboratory
soil assessment fit generally well together. Especially, when comparing soil organic carbon and in-situ
soil properties (see 5.5.6 and 5.5.7). The better soil physical condition, higher carbon and nutrient
availability are most likely due to higher standing biomass, increased litter deposition, and reduced
soil erosion (see 5.5.5). However, other nutrients (mainly micronutrients) not always corresponded to
the claimed rangeland health ranking of above. Nevertheless, it can be concluded that private ranches
have better soil and site stability, hydrological function, and biotic integration. This, in turn, leads to
higher resistance to erosion and higher water infiltration capacity, as well as better production rates.
Additional grazing glades in Mukogodo and NgareNdare forest used by group ranches perform
throughout good results, always higher than the ranches except Borana. These additional grazing
glades did show very few degradation features. The grazing glade in Mukogodo forest of Makurian is
overall performing slightly better than Il Ngwesi, mainly because it has less bare ground. Soil properties, however, are more or less in the same condition. However, not all rangeland health assessments
were conducted for these additional grazing glades. The better condition of natural resources is
primarily due to the higher ecological potential (see 5.3 and 5.5.3), foremost more precipitation, compared to ranches. Thus rehabilitation and resilience are higher, since also pressure on land is lower,
with the exception of a few months. But more strictly followed recovery periods are crucial. According to forest managers, overstocking of these forest glades is perceived as a great threat and pressure
on these glades is getting higher. It remains to be seen how long the (partly informal) grazing can be
continued and how land conditions change.

5.7.3

Rangeland Health in the Context of Value Chains

However, all results need to be put in context with outcomes of the methodological steps I and II
(4.3.1, 4.3.2, 5.3, 5.4), namely the ranch characteristics and value chains. Therefore, in this subchapter
research questions about the rangeland health in the context of characteristics and value chains, as well
as conclusions for livestock production systems, are answered.
As an entry point, it can be stated that mainly a high pressure on land is causing poor rangeland conditions. Pressure on land consists in this setting foremost of stocking rates of livestock, wildlife influence and human influence (e.g. tree cutting and 8’000 people living in a group ranch). Human impact
could not be evaluated, but is believed to be rather marginal in this setting in comparison to herbivore
impact. However, it might also play a role in Makurian group ranch having much higher degradation
and at the same time more people living in the area than Il Ngwesi. This is because people of Il
Ngwesi have meanwhile several settlement areas outside their group ranch. Contribution of wildlife to
the pressure on land depends on the livestock production system. In fact, impact of wildlife is much
higher (factor 15) on private ranches than on group ranches (14 ha/TLU vs. 205 ha /TLU, Georgiadis
et al. 2007). Influence of wildlife compared to livestock is low for group ranches (342x more livestock
than wildlife on Makurian and 62x more on Il Ngwesi), though on private ranches wildlife is so abundant that it has a decisive impact on land (3x more livestock than wildlife on Lolldaiga and 2x more on
Borana). However, on the examined private ranches, moderate (Lolldaiga) respectively low (Borana)
stocking rates allow higher numbers of wildlife. Still, the clear dominance of livestock over wildlife
suggests that livestock has the greatest influence. Also, the worse rangeland conditions of group
ranches having much less wildlife indicates that livestock impact is much higher than wildlife influence. It shows that stocking rates of livestock are decisive for rangeland health. Stocking rates are
clearly higher on group ranches. Makurian and Il Ngwesi have overall much more tropical livestock
units (TLU), but less area available. This points at land tenure issues (see below). Makurian has
13’500 TLU, Il Ngwesi 4’800, Lolldaiga 3’920 and Borana 1’780. In relation to their used area size,
stocking rates are 5.1 ha/TLU for Lolldaiga, 0.6 ha/TLU for Makurian, 7.3 ha/TLU for Borana and 3.3
ha/TLU for Il Ngwesi. Stocking rates vary on Lolldaiga vs. Makurian by a factor of 8.5, Borana vs. Il
Ngwesi by 2.2. Makurian has by far the highest stocking rate, while Borana has the fewest livestock
per area. The question arises whether the rangelands can support such numbers of livestock. For areas
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with annual rainfall between 200 to 600 mm as in the research area, the sustainable carrying capacity
is 5-14 ha/TLU (Jahnke 1982, Otte 2002). It shows that both group ranches are clearly below this
threshold and thus exceed carrying capacity. Only looking at stocking rates, Lolldaiga is just slightly
over the threshold of an unsustainable number. Borana has a sustainable carrying capacity if wildlife is
disregarded. However, Lolldaiga, showing partly land degradation is likely also substantially influenced by high wildlife numbers. This approves that wildlife influence has to be taken into account.
Calculating total pressure on land by adding wildlife influence to stocking rates, Lolldaiga has with
3.7 ha/TLU also a very high pressure on land and the carrying capacity is exceeded. Even Borana is
with 4.8 ha/TLU slightly under the recommended minimum of 5 ha/TLU. Pressure on land for group
ranches stay due to low wildlife densities the same as stocking rates. However, wildlife numbers are
based on average numbers by Georgiadis et al. (2007) and do not reflect actual numbers. But based on
these estimations all four ranches have a too high pressure on land according to the carrying capacity
by Jahnke (1982) and Otte (2002). However, land users of the private ranches state that they do not
exceed carrying capacity on their land. Nevertheless, different degrees of pressure on land reflect
rangeland health results well. Borana with the lowest pressure on land performed well in rangeland
health assessment, followed by Lolldaiga with only partly degraded areas and the second lowest pressure on land, then Il Ngwesi with many degradation features and second highest pressure on land, and
lastly Makurian with the most degraded land has by far the highest pressure on land. Rather small
differences of pressure on land between Lolldaiga and Il Ngwesi but overall better rangeland conditions for Lolldaiga suggest that management apart from stocking rates also play an important role.
More strictly applied grazing principles, foremost rotational grazing, are likely to positively influence
rangeland health (see 5.7.1). Specific management principles are hard to derive as decisive, but the
overall higher organization of defined herds with strictly followed grazing rules thanks to centralized
ownership and management seems to benefit rangeland health. Further contribution of grazing
management and principles like resting periods are hard to estimate. Also, management of the ranches
is often difficult to distinctively differentiate, because in this study design one group ranch and one
private ranch apply Holistic Management, but one of each system also does not. A research design that
isolates certain areas to examine single management impacts compared to reference sites would be
needed. In conclusion, it can be stated that the higher the pressure on land, foremost influenced by
stocking rates, the higher the rangeland degradation.
But how is this higher pressure on land respectively mainly the higher stocking rates on group ranches
explainable? It appears that whereas stocking rates are deliberate management decisions in regard of
carrying capacities in the livestock production system of private ranches, in the case of group ranches
high stocking rates come into existence for a multitude of other reasons (see 5.4.1, 5.4.3, 5.4.5). High
stocking rates on group ranches have on the one hand historical (political) reasons and on the other
hand socioeconomic rationales. Ever-increasing pressure on land is largely due to less available land
for pastoralists and population growth at the same time. Through drawing of national borders, the
settlement of foreigners during the colonial era, and the establishment of national parks, pastoralists
have been limited in their mobility and squeezed into smaller areas. Interesting in this context is the
fact that livestock numbers per capita have decreased, but due to population growth total numbers of
livestock have dramatically increased. Today, pastoralists keep manifold more livestock and support
many thousand livelihoods more than private ranches, but have less area available. Thus results suggest historically evolved land inequality. Moreover, pastoralists inhabit compared to private ranchers
the ecologically less favorable lands of Laikipia. This shows that land tenure is clearly to the disadvantage of pastoralists. Additionally, pastoralist grazing behavior is by governmental and local institutions willingly directed towards private ranching standards. As this limitation of pastoralist’s key
attribute of mobility and the squeezing into smaller areas suggest, the institutional framework plays a
crucial role. These aspects point at marginalization of pastoralists. However, it also needs to be noted
that pastoralists have the mentioned external sources in times of crisis and droughts. They have “emergency areas” like the forest glades or private ranches as well as Mount Kenya to go to. But also these
options are often insufficient and it remains unclear how much longer and to what extend this will be
possible.
Another argument are poverty issues. Income and profit calculations have shown that pastoralists are
usually not cost-effective in livestock production. However, the rationale of pastoralists aims more at
averting risks than generating profit. And yet it points at poverty issues. Pastoralists do not generate
sufficient income, however, their livestock are usually their value assets. But the need driven sales
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(e.g. for school fees) bring them in an unfavorable position when negotiating over livestock at markets. Also, during droughts poor pastoralists seem to be clearly worse off, since they have less adaptive opportunities and leeway for negotiations. For instance, they cannot afford to pay fees to smallholder farmers or the Kenyan Air Force to pasture their ground (see 5.4.1). Moreover, poverty most
likely influences (un-)sustainable land management practices and livestock keeping. In contrast to
Switzerland, where livestock only can be kept if one buys and possesses land, livestock are in most
countries of the Global South held on common land. This and low access barriers make livestock
keeping particularly popular among the poor. Estimated 80 % of the world’s 1.3 billion poor live in
rural areas of which 2/3 of them keep livestock (FAO 2013). Pastoralists in Kenya experienced
2005/2006 a poverty rate that was roughly 23 % higher than the average of the country (Mc Gahey et
al. 2014). Mukogodo Division is with up to 50 % of its people in need of food assistance among the
least food secure areas in Laikipia (King et al. 2013). This shows that many pastoralists in Laikipia are
among the poor. Many thousands make a living with livestock production and surely group ranches
support many more livelihoods than private ranches. In the same context fit cultural considerations.
Very important is that Masai pastoralists use livestock as a risk-averting strategy and hence keep high
numbers of livestock. This means that additionally to the already high cultural and economical value
of livestock (e.g. as a value asset and for reputation), keeping a lot of livestock makes them in their
rationale more resilient, because losses after droughts can be recovered quicker. This strategy is even
more needed since pastoralists have often been socially and economically marginalized. In fact, many
issues of pastoralism at the margins are of political nature. Pastoralists were often excluded of decision-making processes, on a national level but also on a local level. Historically, pastoralists were
forced to adopt strategies due to institutional land use changes and moreover institutions imposed new
management and practices that did not work out well. Out of these many factors conflicts arose –
mainly over land inequality and other resources. Conflicts are then of course another major hindrance
to the improvement of the livelihoods and rangeland health (see 6.1).
Considering these factors leading to the destructive high pressure on land, one should be very careful
with blaming mismanagement of pastoralists for degraded land. Also generalizing of these case study
results to other private and group ranches seems to be delicate since results show that the ranches in
the same systems are heterogeneous. Especially Il Ngwesi and Makurian differ greatly within the same
system. But also Lolldaiga and Borana are hardly suited to being placed under the same umbrella.
Finally, summarized results of the additional ecological analysis of under tree vs. open land shall be
mentioned here shortly. Results showed in this study throughout higher vegetation cover, better topsoil
and subsoil properties (in situ measurements), as well as more organic carbon and plant available
nutrients (laboratory measurement) for the under tree situation compared to the open land (see 5.5.4,
5.5.6, 5.5.7). Results are likely due to higher water infiltration rates, erosion protection of vegetation,
runoff from adjacent open areas, litter decomposition, and the favorable micro-climate under the shade
canopy of a tree (less evaporation). Also, dung accumulation by animals resting in the shade might
lead to higher soil nutrient enrichment. It clearly shows the importance and potential of trees for
conservation efforts like agroforestry.
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6 Discussion
Finally, results are discussed and embedded in the scientific state of the art of chapter 2. Afterwards,
past and possible future adaptive measures are discussed. Then, conclusions of results regarding food
sustainability are drawn, used methods are reflected and at last, an outlook for future research and
development is given. The basis for this discussion are results summarized and interpreted in chapter
5.7.

6.1 Rangeland Health
Hereafter results are discussed in the context of scientific literature (see chapter 2). Generally, the degraded rangeland conditions in Laikipia described in the literature (King et al. 2013, Vågen and
Winowiecki 2014, Magut et al. 2013, Mureithi et al. 2015, Kimiti et al. 2016, 2017, Okello 1996) have
also been found in large parts of the research area of this study (see 5.7.2). Results suggest in accordance with Bilotta et al. (2007) that heavy grazing leads to reduced and changed vegetation cover, and
thus more bare ground, more erosion features, and physical and chemical soil degradation. These factors are intensified due to feedback loops and in turn, increase the risk of soil erosion and bush
encroachment. The study on rangeland health of group ranches in Laikipia by Vågen and Winowiecki
(2014) showed similar to this Master study high amounts of bare ground and erosion features. Moreover, they found extremely low soil organic carbon (SOC) contents, even below the UNCCD threshold
of 5 g k-1. However, such low soil organic carbon levels were not found on examined ranches in this
study. But contents for group ranches were on average already below 10 g k-1, what is already a very
low amount and clearly lower than for private ranches. Heavy grazed areas showed congruent to He et
al. (2011) lower soil carbon and nitrogen contents than low and moderately grazed zones.
Results of this Master thesis suggest that livestock production and its management, foremost by setting
stocking rates, do have a decisive impact on land (see 5.7.2). This is in accordance with studies
suggesting that degraded rangeland is mainly related to high numbers of livestock and management
(Kimiti et al. 2016, Kimiti et al. 2017, King et al. 2013, Stern et al. 2002, Okello 1996, Magut et al.
2013, Briske et al. 2008, Mureithi et al. 2014). However, it is in contradiction to the criticism on the
carrying capacity debate in which was argued that grazing influence was dramatically overvalued and
does not have the proclaimed impact in this environment (Niamir-Fuller 1999, Oba et al. 2000). Niamir-Fuller (1999) and Oba et al. (2000) state that in semi-arid and arid lands stochastic climate events
such as erratic rainfalls have by far the bigger impact on rangeland health than grazing alone. Thus
they advocate moving away from ongoing debates on carrying capacities. Undoubtedly, erratic rainfalls are a decisive factor in these systems – also on the examined ranches. However, this Master thesis
shows what is already apparent from a field visit: differences in rangeland health are already striking
in transition areas of spatially adjacent areas of group ranches and private ranches – and therefore under comparable ecological conditions. Rangeland health is on all examined parameters in this study
worse than on private ranches. This strongly suggests that management and stocking rates do have an
impact. However, it is important to remark that group ranches have overall less ecological potential
than private ranches (e.g. drier), but the transition areas reveal that variations already start in comparable situations. Generally, it can be summarized that rangeland health depends on the ecological potential (mainly climate), but also on livestock production and its management systems. Further
environmental impacts stem from wildlife, human influence (e.g. tree cutting, sand harvesting), and
past land use respectively management. Livestock production has, however, by no means only negative impacts per se. Grazing system (timing, frequency) and grazing intensity (numbers) determine
largely whether impacts are beneficial or unfavorable for the land (Holecheck 1998).
Clearly positive effects of livestock on land could be demonstrated in the examined boma site
comparison (see 5.6). Results have shown how bomas turn into ecological hotspots and stay that way
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for long periods of time. The results confirm other studies on bomas (Porensky and Veblen 2015,
Veblen 2012, Augustine et al. 2009, Augustine 2003). It also showed that short-term organic and
nutrient enrichments are lower than long-term, suggesting that the effect of wildlife and livestock
frequently revisiting these former boma sites (Augustine et al. 2009) could be of great importance and
contribute even more to the ecological enhancement than the initial bomas.
Vågen, and Winowiecki (2014) see the heart of the problem in land degradation in Laikipia rather in
poor management than in too high stocking rates. Whereas in this study impact of degradation corresponds with stocking rates, a further contribution of grazing management and principles like resting
periods were hard to estimate. Management of the ranches is often difficult to distinctively differentiate and drawing conclusions for single principles on impacts was therefore avoided. However, the
more strictly applied grazing principles of private ranches, foremost rotational grazing with resting
periods, most likely benefits rangeland health.
The worse conditions of rangeland health on communally managed ranches (group ranches) compared
to private ranches related to mainly higher stocking rates (see 5.7.3) are in accordance with most other
studies (Livingstone 1991, Shackleton 1993, Georgiadis et al. 2007, Okello 1996, Todd and Hoffman
1999, Yayneshet and Treydte 2015, Magut et al. 2013, King et al. 2013). Congruent results are mainly
found regarding vegetation cover. It is one of the main indicators and has substantial implications on
soil, water, and further vegetation conditions. Foremost results are concurring to the study by Okello
(1996) who was also comparing private and group ranches on Mukogodo rangelands, including
Lolldaiga and Makurian. Also, the observed tendency for bush encroachment on group ranches and
also partly on Lolldaiga was already discussed by Okello (1996). Similarly to the study by Okello
(1996), the three popular and important forage sources for livestock and wildlife in Kenya according
to Mganga et al. (2015), namely Cenchrus ciliaris, Eragrostis superba and Enteropogon macrostachyus, were on none of the examined ranches dominant. Only Eragrostis sp. was on all ranches a frequently occurring species. Mganga et al. (2015) have shown a decrease of these species in semi-arid
rangelands in Kenya in the last 15 years, what is likely to have happened in this research area too. For
instance, Lolldaiga had in Okello’s study (1996) higher proportions of Cenchrus ciliaris. However, the
most striking difference regarding vegetation compared to these former studies (especially Okello
1996) is the current Opuntia stricta invasion dominating the lands (see 5.5.3.3). Differences between
the livestock production systems were also found in the meta-analysis conducted by Yayneshet and
Treydte (2015) where the herbaceous cover was overall lower in communal grazing systems compared
to private ranches.
The decrease of bare ground after the rains in this study’s rangeland health assessment show concurring to Okello (1996) that rangelands of all ranches have potential for recovery. This is also in accordance with King et al. (2013) stating that the group ranches are in fact severely degraded, but potential
for rehabilitation is high. Therefore they suggested Mukogodo group ranches as a priority area for
investment in terms of soil fertility in Laikipia.
Results of under tree vs. open land conditions showing throughout better conditions of natural resources for the under tree situations. These results are confirming other Master studies by Okello
(1996) and Kinyua (1996) conducted on Mukogodo rangelands, also looking at open land and under
tree differences.
Furthermore, challenges pastoralists are confronted with, and the question of how the high pressure on
land comes from, have been outlined in this work. Characteristics of pastoralism and private ranching
worked out in interviews with land users and experts are widely in accordance with recent scientific
literature; foremost lifestyle, grazing patterns, the difficult context of marginalized pastoralists, and
historical squeezing into smaller areas (see 5.7.1, 5.7.3) (McGahey et al. 2014, Little 2013, Letai 2011,
Letai and Lind 2013, Devereux and Tibbo 2013, Catley et al. 2013, Niamir-Fuller 1999). Interventions
in pastoralist lifestyles in Laikipia appear to be drastic. Even though one does not know how the land
would look like without the introduced group ranch system and other interventions, one could argue
that degraded rangeland health is connected to restricted mobility and access to natural resources, as
well as eroding customary institutions for local governance as Niamir-Fuller (1999) suggests for
pastoral rangelands. This thesis can partly confirm these claims, since results of this Master thesis
suggest land tenure inequality and restricted access to natural resources for pastoralists. Pastoralists,
keeping manifold more livestock and supporting many thousand livelihoods more than private
ranches, have less area available than private ranches. Moreover, pastoralists inhabit compared to private ranchers the less favorable ecological conditions of Laikipia. Considering the historical perspec134
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tive, the current tenure of land is hard to legitimize. And today, the situation is aggravating - land
grabs by elites and absentee-herders are taking place.
Overall it seems that institutional interventions such as the limitation of pastoralist’s key attribute of
mobility have worsened their access to natural resources. In this context, arguments of a tragedy of the
commons (Hardin 1968, see 2.1.1) were used as a justification by the Kenyan Government for handing
out deeds to group ranches and privatization of land. This thesis supports Catley et al. (2013) in stating
that an improvement of rangeland conditions could not be reached yet and the concept of group
ranches remains highly controversial. How common pool resources can be governed successfully
without property rights have been showed manifold (Ostrom 1990). Furthermore, livestock production
and income figures have revealed poverty issues making pastoralists less resilient to droughts.
Out of these problems conflicts are unsettling the region. At first glance, all conflicts seem to be over
resources during hard times after all, first and foremost the land itself. However, whereas sometimes
invasions are in pure need for pasture and water, many conflicts arise also as a form of resistance to an
unequal distribution of resources. And conflicts can also be linked to corrupt politicians, initiating
cattle raids to gain votes offering pasture and water in return. Moreover, tribal rivalries play a role as
well. Thus conflicts seem to be more than just resource scarcity induced conflicts. Various ecological,
cultural, and political factors can lead to conflicts. And these conflicts in turn obviously hinder
rehabilitation efforts.

6.2 Food Sustainability
As in chapter 1.2 and 3 described this Master thesis is embedded in an R4D project on food
sustainability, taking place in Kenya and Bolivia (for more information please consult the R4D project
proposal and working papers Rist et al. 2015, Rist and Jacobi 2016 a,b). Therefore results are now put
in context to the overarching goal of food sustainability, answering the research question of how this
Master thesis’ results can be interpreted towards this subject. Assessing the environmental performance of food systems, which in this case was the rangeland health assessment of livestock production, is one important pillar of food sustainability. Livestock production is thereby seen as one foodrelated activity in these food systems. Environmental performance must be in a state to ensure ecosystem services in order to enable food sustainability. 80 % of people in Laikipia rely on livestock
production, thus intact rangelands are of major importance for people (CAS 2013, Butynski and De
Jong 2014).
Especially, pastoralists whose subsistence is often solely based on livestock keeping rely heavily on
large and healthy rangelands. Moreover, people living in the semi-arid and arid rangelands are often
affected by poverty. Pastoralists of Mukogodo Division are with up to 50 % of its people in need of
food assistance among the least food secure in Laikipia (King et al. 2013). Therefore livestock production is among the most critical components for sustainable livelihoods and food security – and thus
food sustainability. In contrast to the need of healthy rangelands, Laikipia, like many other vast land
areas in sub-Saharan Africa, is struggling with degraded land. Climate change and ever-increasing
population aggravate the challenges faced. Its consequences are far-reaching; threatening the lives of
people and livestock. Environmental performance in Laikipia is influenced by a multitude of factors.
As stated in 5.7 and 6.1, results show that livestock production has a decisive impact on the land.
However, stochastic climate events, in particular erratic rainfalls, shape the ecological conditions in
this semi-arid and arid land to large extents. Nevertheless, pressure on land determines the actual state
of the land. Results suggest that the higher the pressure on land, in particular the stocking rates, the
higher is the environmental degradation.
For the examined ranches on the semi-arid rangelands, water, soil, and vegetation are the key natural
resources negatively affected by food system activities. Impact on natural resources mainly takes place
in the production step of the value chains. In this step, livestock graze on the vast rangelands. Both
livestock production systems, group ranches and private ranches in Laikipia, can be subordinated in
the regional food system. However, due to exports of private ranches and subsistence use of pastoralists the local and agro-industrial food systems are also affected (see 3.2). Pastoralists use local and
sometimes regional markets, and livestock are raised and maintained in the rural semi-arid and arid
part of Laikipia. Processing and retailing take place on local markets and slaughterhouses (e.g.
Nanyuki). However, levels of input and mechanization consist well with local food system. The
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subsistence part of their production and the rather short value chain with few intermediaries do also fit
in this food system. The private ranches also produce in the semi-arid and arid rural context of Laikipia. Processing and retailing mainly take place in Nairobi, but also in local centers like Nanyuki.
Consumption is local, national (mainly Nairobi), and in foreign countries. However, some aspects of
private ranches are associated with the agro-industrial food system. Though production is not like in
an agro-industrial food system, they do also export some of their meat through global value chains
with high levels of specialized processing, packaging, and distribution (see 5.4.1, 5.4.2, 5.4.4).
In Laikipia, major identified ecological problems (partly) caused by livestock production are: bare
ground, low contents of soil organic carbon and plant-available nutrients, soil erosion (sealing, crusting, rills and gullies, water flow patterns, sheet erosion, pedestals), poor soil properties, undesirable
species, and (increasing) woody and invasive species. The current major problem on rangelands is the
invasive species Opuntia stricta, which however only could spread that widely because of degraded
land in the first place. These ecological problems are an expression of the environmental performance
of livestock production and worsen food sustainability, mainly by reducing environmental performance of rangelands. Soil organic carbon was in contrast to other studies (Vågen and Winowiecki
2014) not as alarming low and did clearly not fall below 5 g kg-1, the United Nations Convention to
Combat Desertification threshold for healthy plant growth. This fact and the mostly good recovery of
grasses after rains show that rehabilitation potential is high. This suggests, that environmental
degradation is not in an irreversible state.
Results also show that management and foremost stocking rates largely influence the state of rangeland. Environmental performance of group ranches is for all assessed indicators worse than of private
ranches. A representative indicator is bare ground showing during the dry season on average alarmingly high 50 % of bare soil for group ranches and 5 % respectively 20 % for private ranches. Values
for group ranches are dangerously high. Soil organic carbon, another representative indicator, resulted
in on average 65 % higher content for private ranches compared to group ranches. Values for group
ranches are with an average below 10 g kg-1 very low. These results, of course, have dramatic implications for what the land provides and how it is protected against erosion.
However, these results need to be put in context. The integrative design of this study showed that
sustainable land management for pastoralists is difficult for many reasons. As the follow-up question
is obviously where this high pressure on land on group ranches is coming from. It can be explained by
political factors like limiting pastoralist’s mobility and available area, cultural and economic reasons
such as the risk-averting strategy of livestock keeping and the many thousand livelihoods they support
(approximately 8’000 per group ranch), as well as poverty and marginalization issues (see 5.7.1,
5.7.3).
This illustrates that the mere assessment of environmental performance is not sufficient and drawing
of conclusions from biophysical indicators only is delicate. It needs to be put in context to socioeconomic factors, respectively the remaining pillars of food sustainability: right to food, food security,
poverty and inequality, and social-ecological resilience. In conclusion, rangeland health is in many
parts of Laikipia in a critical state and further deterioration could lead to irreversibility of land damages. This would of course negatively affect food sustainability in the long run. Appropriate adaptive
measures that involve local communities are needed to prevent further deterioration of rangelands.

6.3 Adaptive Measures
After droughts of the 1960’s and 1970’s in sub-Saharan Africa, combatting land degradation has been
a major focus of development policies. But rangeland development projects in this time, where
international donors invested millions of dollars, have generally been a failure (Oba et al. 2000).
World Bank research and development programmes tried to improve intensification of production in
pastoral areas under the “intensification paradigm” with little success (Scoones 1995, FAO 2005).
Thus in the late 1970’s they cut expenses of funding almost completely (FAO 2005). But the projects
clearly left their marks: the projects have changed the traditional patterns of livestock production and
therefore weakened the pastoral production system (Oba et al. 2000).
Also in Laikipia, institutional changes like the group ranch introduction, restricted mobility for
pastoralists, rangeland rehabilitation through recovering bare land (Mugerwa et al. 2009, Kinyua et al.
2009, Porensky and Veblen 2015, Kimiti et al. 2016) and controlling invasion of woody species
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(Sturm et al. 2015, Witt 2015) had so far only varying degrees of success (Kimiti et al. 2017).
Recently, rangeland restoration projects have yet only been conducted at plot scale, large-scale
interventions are lacking. Ripping up of compacted soils with heavy machinery was promising, but
often too costly for group ranches (Kimiti et al. 2017). Many different structural measures were tested
too, some with good success (Kimiti et al. 2016). Whereas silvopastoralism as a form of agroforestry
occurs among smallholder farmers, they do not seem to be in use on ranches. However, reseeding took
place on some of the group ranches (e.g. Makurian). Most commonly used for land rehabilitation are
the so-called bomas (see chapter 2.8 and 5.6). Although this technique works evidentially well, it is
spatially very limited. Due to ever-increasing population and livestock numbers and climate change,
pressure on land will in the future most likely get even higher. To cope with these challenges, best
rangeland management practices have to be applied and community participation in rangeland
management as well as rehabilitation is thereby crucial. Measures have to be long-term strategies
based on scientific evidence and in collaboration or initiation by local people. Technologies like water
harvesting, prolonged resting periods, and reseeding are worth considering. Where possible and
appropriate, silvopastoral techniques could be introduced in order to protect the soil from further
erosion, improve watershed management, increase forage availability and biodiversity, and replenish
the soil with recycled nutrients. Silvopastoralism includes planting of trees in pastures, but also
reseeding in degraded areas with more desirable grasses and shrubs. Results in this Master thesis of an
open land vs. under tree comparison have clearly shown the high potential of trees in rangeland
rehabilitation. These measures could counteract the loss of trees due to deforestation for charcoal
burning and destroyed trees by elephants. Accompanying monitoring of developments on rangeland
conditions and continuous adaptation are inevitable. However, the greatest potential lies in the
management of the resting and grazing periods.
Results show that the land has still the potential to recover and damages are most likely not irreversible. Where rangeland degradation is advanced, there is probably no way around to rehabilitate rangeland by large-scale interventions with scientifically proven methods. This is the case for the current
major problem on rangelands; the invasive species Opuntia stricta. To fight Opuntia stricta turned out
to be a major challenge. The invasive species continues to degrade rangelands, injure livestock, and
worsen people’s livelihoods. Further efforts have to be undertaken to improve bio controls like Cochineal. What is needed is a large-scale, unified managed, joint operation to eradicate Opuntia stricta.
Otherwise, rangelands cannot recover. This has general validity; to accomplish the broader goal of
healthy rangelands, parties involved have to act in concert. The past and current patchwork of adaptive
measures is doomed to failure. And there is an urgent need for social institutions and policy alternatives that promote pastoralist’s way of life and livestock production. Results of this thesis have shown
the historically evolved land inequality and resulting problems (see 5.7.1, 5.7.3).
For instance disputes over land that have all too long hindered rehabilitation efforts (see 6.1). Conflicts
are not just resource scarcity induced conflicts, but also of cultural and political origin, above all
inequality of resource distribution. This is why food relief interventions and alike do not help in the
long run. These issues need to be addressed in a holistic approach of a cross-party alliance in a longterm commitment. Land tenure has to be clarified and security ensured, people’s livelihoods are unlikely to improve if there are armed conflicts. It should not be forgotten how many livelihoods are
supported on group ranches and thus a fair access to natural resources have to be guaranteed for the
inhabitants. Access to natural resources should at least be in relation to the numbers of livelihoods
depending on those resources. Today, surveys among pastoralists have shown that pastoralists in Laikipia perceive that the government of Kenya has a higher regard for wildlife than for their welfare
(Bond 2014). It does not make sense that wildlife conservation and private and governmental goals are
to the disadvantage of pastoralists any longer. Therefore the current patchy approach of measures is to
overcome and a joint, concerted action needs to be put in place.

6.4 Reflection of used Methods
Due to the complexity of a rangeland ecosystem and its management, many challenges had to be faced
while conducting the research. In the first instance, the role of livestock in the ecology of a rangeland
is still very much controversial. So is pastoralism in African drylands. To measure impacts of red meat
production in such complex systems presented a major challenge. Furthermore, linking a livestock
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production system to an ecological footprint was another research challenge. Also, comparing ranches
regarding characteristics, and especially rangeland health, meant considering many factors to ensure
comparability. The initial plan to standardize results was discarded, in order to not distort results. The
instead qualitative interpretation of results seems also in retro perspective more appropriate.
In order to address the manifold challenges, this Master thesis used a mixed method approach to combine biophysical indicators and socioeconomic aspects of ranches, which is still seen as appropriate,
because conclusions only relaying on biophysical aspects of rangeland health would have been biased
without putting them into context. Semi-structured interviews with land users and experts and the
WOCAT documentation helped to understand this context and to take the bigger picture. This reflects
in my personal view the strength of integrative geography. However, because of the limited scope of a
Master thesis, not all socioeconomic investigations could go into depth and important factors in the
context had to remain almost entirely untouched. The very high workload also showed the importance
of clear delimitations of research questions and used methods.
The manifold challenges in rangeland health assessment were paid great attention. One first challenge
was to find suitable comparable sites for each livestock production system. Once this was done, another decisive step was to get access to the chosen sites. Another then upcoming major challenge presented the comparability of the natural resources. The compared sites had to be under similar ecological conditions and on different geomorphological features. A step that needed correction in the course
of research. Also, the timing of assessing rangeland on the different sites was crucial, meaning the
measurements had to be done within a comparable time frame (e.g., influence of rain). Furthermore,
the attribution gap had to be tackled because many other factors are obviously influencing rangeland
conditions. The complexity of rangeland systems makes them prone to attribution errors.
However, the used methods naturally come with some constraints. First of all, the value chain was
only followed until livestock sales. Environmental impacts of further steps like slaughtering, transport,
and processing would have presented whole new challenges. Also, the analyzed number of samples
had to be reduced to a minimum representative dataset for most laboratory measurements. Moreover,
this study cannot state which of the manifold influences on rangeland health contribute to which
percentage of the total impact. The degree of influence of former land use on the current condition is
unknown. Also to what degree the condition of the rangeland is predetermined by the ecological
predisposition. In this context, a large-scale comparison between ecological potentials of private
ranches vs. group ranches would be interesting. Furthermore, current human impact is difficult to estimate and further investigations would be desirable. Sand harvesting and charcoal burning - current
human activities impacting the rangeland - can lead to much less resilience of the land.
Also, this study lacks a long-term view, which is in the monitoring process of rangelands absolutely
essential. A planned temporal comparison of this study with rangeland health assessment of preceding
years by the Laikipia Wildlife Forum (LWF) had to be abandoned because of only a few overlapping
sites and data. In existing data, private ranches have not been examined and indicators consisted almost entirely of simple vegetation indicators. However, the in this study presented data could serve as
baseline data for further monitoring.
Moreover, livestock and wildlife composition could only partly be considered. Whereas the conversion to tropical livestock units takes the varying weight into account, the feeding behavior (browsing
vs. grazing) is not considered. However, their impact differs greatly. Generally speaking, stocking
rates with a high proportion of cattle and sheep lead rather to bare ground than a high proportion of
goats am camels (browsers). The transition from cattle to smallstock is as mentioned an adaptive strategy of pastoralists to degraded land. How this changes affect the natural resources would be an
insightful follow-up study. Wildlife composition (density of herbivores) and wildlife movements
could additionally be taken into account for further analyses. Especially wildlife movement on private
ranches might indicate that not all areas are equally under pressure.
It also needs to be mentioned that a reference, respectively control site, was neglected because of a
lack of natural and unused areas with similar ecological conditions, but mainly since the study aimed
at comparing different livestock production systems instead of assessing the general condition quality
of the rangeland in general.
As a follow-up step applying of GIS would be desirable. Rangeland health results could be aligned
with images from remote sensing and thus extrapolated to larger areas, although one has to be careful
with generalization of results.
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6.5 Outlook
Rangelands cover up to 50 % of the worldwide land mass and provide a wide range of goods and services (Davies et al. 2015). However, rangeland management is still a much-contested field. At the
same time the condition of rangelands is globally worsening (Davies et al. 2015) – and due to climate
change and ever-increasing population growth at a faster pace than ever. Rangelands also play a major
role in current debates about climate change and global loss of biodiversity. Considering the vast land
masses and its important role in so many global processes, this is alarming. Thus there is clearly still a
need for further research.
Obviously, ongoing increasing degradation of rangelands is a strong case for further investigations in
rehabilitation options, a fair institutional framework, conflict management, and more sustainable
management of these rangelands. The context of unsustainable management practices should always
be taken into account. It might be for the benefit of all to tackle shortcomings of pastoralists leading to
degradation in the first place. Pastoralists are known to be the most adaptable of people, however, this
very capacity seems to be eroding. And whereas rangeland in countries of the Global North is often
marginal terrain, in countries of the Global South vast rangelands are still essential to the subsistence
of people. For this reason, rangelands are also particularly important in regard to food sustainability.
The debate about the tragedy of the commons has ever since raised issues about tenurial regimes. Still
today, this does not appear to have been resolved. Also in the context of this Master thesis, the demand
for clarification clearly came to light, also to stop armed conflicts.
Governance and the institutional framework will also in the future play a key role in rangeland
management and conflicts. Framework conditions where pressure on land on group ranches could be
released are very much desirable. Also, rangeland health in Laikipia needs further monitoring on a
regular basis. However, it should always be investigated in an integrative manner. The complexity and
the many interlinkages between economic, social, political, and ecological dimensions of rangeland
management and livestock production predestine this field for inter- and transdisciplinary projects.
In Laikipia, implemented management shifts to “Holistic Management” are already monitored by the
Laikipia Wildlife Forum (LWF). Insights into outcomes of applying these management principles can
point the way for rangeland management in Laikipia. Accusations for failures in management, especially against pastoralists with the given background, are neither appropriate, nor helpful at all. It remains to be hoped that conflicts stop and the parties involved manage to act in concert to fight further
deterioration of the vital rangelands. Further identification, documentation, and sharing of good rangeland management practices as well as monitoring their economic, social, and ecological impacts are
still urgently needed.
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8 Annex
In the following, self-created field sheets, detailed laboratory results and quality checks, as well as the
WOCAT documentations are shown. For complete laboratory data, GIS data, and detailed transect
results of the in-situ rangeland health assessment please contact the author. For updated and revised
WOCAT documentations go to https://www.wocat.net/global-slm-database.

8.1 Field Sheets

Field sheet for collecting basic site information. Self-created. Based on Riginos and Herrick (2010) and Ziegler (2012)
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Field sheet for assessing open land indicators on vegetation, erosion features, and soil. Self-created. Based on Riginos and
Herrick (2010) and Ziegler (2012)
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Field sheet for assessing under tree indicators on vegetation, erosion features, and soil. Self-created. Based on Riginos and
Herrick (2010) and Ziegler (2012)

Field sheet for assessing vegetation composition. Percentage of cover and species are filled in
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8.2 Particle Size: Mastersizer Result Analysis Report

Result Analysis Report
Sample Name:
7_e - Average

SOP Name:
soil-sediments_1

Measured:
Mittwoch, 3. Mai 2017 09:43:15

Sample Source & type:
Works

Measured by:
Support

Analysed:
Mittwoch, 3. Mai 2017 09:43:16

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.207
%

Concentration:
0.0116
%Vol

Span :
9.502

Uniformity:
2.96

Specific Surface Area:
0.964
m²/g

Surface Weighted Mean D[3,2]:
6.226
um

Vol. Weighted Mean D[4,3]:
139.034
um

d(0.1):

2.294

um

d(0.5):

42.947

Sensitivity:
Normal
Obscuration:
14.01
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

410.363

um

Particle Size Distribution

Volume (%)

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
0.01

0.1

1

10

100

1000

3000

Particle Size (µm)
7_a - Average, Mittwoch, 3. Mai 2017 08:54:45
7_b - Average, Mittwoch, 3. Mai 2017 09:03:45
7_c - Average, Mittwoch, 3. Mai 2017 09:12:27
7_d - Average, Mittwoch, 3. Mai 2017 09:33:09
7_e - Average, Mittwoch, 3. Mai 2017 09:43:15
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.040
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.00
0.252
0.283
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.04
0.11
0.16
0.20
0.24
0.29
0.32
0.36
0.40
0.45
0.50
0.56

Size (µm) Volume In%
1.002
0.63
1.125
0.70
1.262
0.79
1.416
0.87
1.589
0.96
1.783
2.000
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

1.05
1.13
1.20
1.26
1.31
1.35
1.40
1.44
1.48
1.53
1.57
1.62

Size (µm) Volume In %
7.096
1.66
7.962
1.69
8.934
1.71
10.024
1.72
11.247
1.72
12.619
14.159
15.887
17.825
20.000
22.440
25.179
28.251
31.698
35.566
39.905
44.774
50.238

1.72
1.71
1.69
1.68
1.66
1.64
1.63
1.61
1.61
1.61
1.62
1.65

Size (µm) Volume In%
50.238
1.70
56.368
1.76
63.246
1.84
70.963
1.92
79.621
2.02
89.337
100.237
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

2.10
2.18
2.23
2.27
2.29
2.29
2.27
2.24
2.20
2.14
2.06

Size (µm) Volume In %
355.656
1.86
399.052
1.73
447.744
1.59
502.377
1.43
563.677
1.27
632.456
709.627
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

1.10
0.93
0.76
0.60
0.44
0.29
0.17
0.08
0.03
0.00

1.97

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962

File name: Korngroessen _15_reference_samples.mea
Record Number: 20
05.05.2017 08:47:40
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Result Analysis Report
Sample Name:
9_b - Average

SOP Name:
soil-sediments_1

Measured:
Mittwoch, 3. Mai 2017 14:00:52

Sample Source & type:
Works

Measured by:
Support

Analysed:
Mittwoch, 3. Mai 2017 14:00:53

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.242
%

Concentration:
0.0133
%Vol

Span :
9.743

Uniformity:
2.9

Specific Surface Area:
1.05
m²/g

Surface Weighted Mean D[3,2]:
5.713
um

Vol. Weighted Mean D[4,3]:
101.351
um

d(0.1):

2.062

um

d(0.5):

31.688

Sensitivity:
Normal
Obscuration:
17.17
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

310.789

um

Particle Size Distribution

3

Volume (%)

2.5
2
1.5
1
0.5
0
0.01

0.1

1

10

100

1000

3000

Particle Size (µm)
9_a - Average, Mittwoch, 3. Mai 2017 13:52:28
9_b - Average, Mittwoch, 3. Mai 2017 14:00:52
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.00
0.050
0.00
0.056
0.00
0.063
0.00
0.071
0.00
0.080
0.00
0.089
0.00
0.100
0.00
0.112
0.00
0.126
0.00
0.142

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.00
0.252
0.04
0.283
0.10
0.317
0.16
0.356
0.21
0.399
0.25
0.448
0.30
0.502
0.35
0.564
0.40
0.632
0.45
0.710
0.51
0.796
0.57
0.893
0.64
1.002

Size (µm) Volume In%
1.002
0.72
1.125
0.81
1.262
0.90
1.416
0.99
1.589
1.09
1.783
1.18
2.000
1.26
2.244
1.33
2.518
1.39
2.825
1.44
3.170
1.48
3.557
1.52
3.991
1.55
4.477
1.58
5.024
1.61
5.637
1.64
6.325
1.67
7.096

Size (µm) Volume In %
7.096
1.70
7.962
1.72
8.934
1.75
10.024
1.78
11.247
1.80
12.619
1.82
14.159
1.84
15.887
1.86
17.825
1.88
20.000
1.90
22.440
1.92
25.179
1.94
28.251
1.97
31.698
1.99
35.566
2.02
39.905
2.04
44.774
2.06
50.238

Size (µm) Volume In%
50.238
2.09
56.368
2.11
63.246
2.14
70.963
2.16
79.621
2.18
89.337
2.18
100.237
2.17
112.468
2.14
126.191
2.10
141.589
2.04
158.866
1.98
178.250
1.91
200.000
1.84
224.404
1.78
251.785
1.71
282.508
1.64
316.979
1.57
355.656

Size (µm) Volume In %
355.656
1.50
399.052
1.41
447.744
1.30
502.377
1.16
563.677
0.98
632.456
0.78
709.627
0.55
796.214
0.30
893.367
0.13
1002.374
0.05
1124.683
0.00
1261.915
0.00
1415.892
0.00
1588.656
0.00
1782.502
0.00
2000.000

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962
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Result Analysis Report
Sample Name:
11_b - Average

SOP Name:
soil-sediments_1

Measured:
Mittwoch, 3. Mai 2017 14:51:01

Sample Source & type:
Works

Measured by:
Support

Analysed:
Mittwoch, 3. Mai 2017 14:51:02

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.253
%

Concentration:
0.0089
%Vol

Span :
3.824

Uniformity:
1.24

Specific Surface Area:
0.96
m²/g

Surface Weighted Mean D[3,2]:
6.248
um

Vol. Weighted Mean D[4,3]:
91.979
um

2.357

um

5.5
5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
0.01

Volume (%)

d(0.1):

d(0.5):

60.380

Sensitivity:
Normal
Obscuration:
10.96
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

233.255

um

Particle Size Distribution

0.1

1

10

100

1000

3000

Particle Size (µm)
11_a - Average, Mittwoch, 3. Mai 2017 14:42:51
11_b - Average, Mittwoch, 3. Mai 2017 14:51:01
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.04
0.252
0.08
0.283
0.15
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.20
0.25
0.30
0.34
0.38
0.42
0.45
0.49
0.52
0.56

Size (µm) Volume In%
1.002
0.61
1.125
0.66
1.262
0.71
1.416
0.77
1.589
0.83
1.783
0.89
2.000
0.94
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

0.98
1.02

Size (µm) Volume In %
7.096
1.24
7.962
1.27
8.934
1.30
10.024
1.34
11.247
1.38
12.619
1.42
14.159
1.46
15.887
17.825
20.000

1.06

22.440
25.179

1.08
1.11

28.251

1.13

31.698
35.566

1.15
1.17
1.19

39.905
44.774

1.21

50.238

1.49
1.53
1.56
1.58
1.60
1.63
1.66
1.72
1.80
1.92

Size (µm) Volume In%
50.238
2.09
56.368
2.31
63.246
2.57
70.963
2.86
79.621
3.16
89.337
3.44
100.237
3.68
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

3.86
3.94
3.92
3.80
3.57
3.24
2.85
2.42
1.98

Size (µm) Volume In %
355.656
1.13
399.052
0.74
447.744
0.33
502.377
0.01
563.677
0.00
632.456
0.00
709.627
0.00
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.54

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962
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Result Analysis Report
Sample Name:
19_c - Average

SOP Name:
soil-sediments_1

Measured:
Freitag, 23. Juni 2017 08:59:07

Sample Source & type:
Works

Measured by:
Support

Analysed:
Freitag, 23. Juni 2017 08:59:08

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Sensitivity:
Normal

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000 um
Weighted Residual:
0.347
%

Obscuration:
11.42 %
Result Emulation:
Off

Concentration:
0.0080
%Vol

Span :
6.783

Uniformity:
2.11

Result units:
Volume

Specific Surface Area:
1.11
m²/g

Surface Weighted Mean D[3,2]:
5.382
um

Vol. Weighted Mean D[4,3]:
113.503 um

d(0.1):

1.849

um

d(0.5):

47.897

um

d(0.9):

326.745

um

Particle Size Distribution

4

Volume (%)

3.5
3
2.5
2
1.5
1
0.5
0
0.01

0.1

1

10

100

1000

3000

Particle Size (µm)
19_a - Average, Freitag, 23. Juni 2017 08:40:16
19_b - Average, Freitag, 23. Juni 2017 08:49:31
19_c - Average, Freitag, 23. Juni 2017 08:59:07
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.00
0.252
0.05
0.283
0.13
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.20
0.27
0.33
0.40
0.46
0.51
0.57
0.63
0.68
0.74

Size (µm) Volume In%
1.002
0.80
1.125
0.87
1.262
0.93
1.416
1.00
1.589
1.07
1.783
1.13
2.000
1.19
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

1.23
1.27

Size (µm) Volume In %
7.096
1.40
7.962
1.41
8.934
1.43
10.024
1.44
11.247
1.45
12.619
1.46
14.159
1.46
15.887
17.825
20.000

1.30

22.440
25.179

1.32
1.34

28.251

1.35

31.698
35.566

1.37
1.37
1.38

39.905
44.774

1.39

50.238

1.47
1.47
1.48
1.49
1.50
1.52
1.55
1.58
1.62
1.67

Size (µm) Volume In%
50.238
1.73
56.368
1.80
63.246
1.87
70.963
1.96
79.621
2.06
89.337
2.16
100.237
2.28
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

2.40
2.52
2.65
2.77
2.87
2.93
2.95
2.89
2.76

Size (µm) Volume In %
355.656
2.27
399.052
1.93
447.744
1.55
502.377
1.15
563.677
0.78
632.456
0.35
709.627
0.11
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2.55

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962
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File name: Korngroessen_wdhg_reference_samples.mea
Record Number: 12
23.06.2017 10:26:11

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

Result Analysis Report
Sample Name:
21_b - Average

SOP Name:
soil-sediments_1

Measured:
Mittwoch, 3. Mai 2017 16:18:32

Sample Source & type:
Works

Measured by:
Support

Analysed:
Mittwoch, 3. Mai 2017 16:18:33

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.172
%

Concentration:
0.0268
%Vol

Span :
3.833

Uniformity:
1.23

Specific Surface Area:
0.471
m²/g

Surface Weighted Mean D[3,2]:
12.735
um

Vol. Weighted Mean D[4,3]:
228.323
um

d(0.1):

5.865

um

d(0.5):

143.412

Sensitivity:
Normal
Obscuration:
15.65
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

555.547

um

Volume (%)

Particle Size Distribution

5.5
5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
0.01

0.1

1

10

100

1000

3000

Particle Size (µm)
21_a - Average, Mittwoch, 3. Mai 2017 16:09:11
21_b - Average, Mittwoch, 3. Mai 2017 16:18:32
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.00
0.050
0.00
0.056
0.00
0.063
0.00
0.071
0.00
0.080
0.00
0.089
0.00
0.100
0.00
0.112
0.00
0.126
0.00
0.142

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.00
0.252
0.00
0.283
0.01
0.317
0.08
0.356
0.10
0.399
0.12
0.448
0.14
0.502
0.16
0.564
0.18
0.632
0.20
0.710
0.22
0.796
0.25
0.893
0.28
1.002

Size (µm) Volume In%
1.002
0.31
1.125
0.34
1.262
0.38
1.416
0.42
1.589
0.46
1.783
0.50
2.000
0.53
2.244
0.56
2.518
0.59
2.825
0.61
3.170
0.63
3.557
0.65
3.991
0.66
4.477
0.68
5.024
0.70
5.637
0.72
6.325
0.74
7.096

Size (µm) Volume In %
7.096
0.75
7.962
0.77
8.934
0.78
10.024
0.79
11.247
0.80
12.619
0.81
14.159
0.82
15.887
0.84
17.825
0.85
20.000
0.87
22.440
0.90
25.179
0.94
28.251
0.99
31.698
1.06
35.566
1.14
39.905
1.25
44.774
1.39
50.238

Size (µm) Volume In%
50.238
1.56
56.368
1.76
63.246
1.98
70.963
2.23
79.621
2.50
89.337
2.77
100.237
3.03
112.468
3.28
126.191
3.51
141.589
3.69
158.866
3.83
178.250
3.92
200.000
3.95
224.404
3.90
251.785
3.79
282.508
3.61
316.979
3.38
355.656

Size (µm) Volume In %
355.656
3.10
399.052
2.80
447.744
2.49
502.377
2.19
563.677
1.90
632.456
1.64
709.627
1.40
796.214
1.18
893.367
0.98
1002.374
0.80
1124.683
0.64
1261.915
0.49
1415.892
0.37
1588.656
0.22
1782.502
0.14
2000.000

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962
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File name: Korngroessen _15_reference_samples.mea
Record Number: 60
05.05.2017 08:49:45

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

Result Analysis Report
Sample Name:
23_c - Average

SOP Name:
soil-sediments_1

Measured:
Freitag, 23. Juni 2017 09:32:27

Sample Source & type:
Works

Measured by:
Support

Analysed:
Freitag, 23. Juni 2017 09:32:29

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.359
%

Concentration:
0.0072
%Vol

Span :
14.563

Uniformity:
4.08

Specific Surface Area:
1.46
m²/g

Surface Weighted Mean D[3,2]:
4.101
um

Vol. Weighted Mean D[4,3]:
97.390
um

d(0.1):

1.429

um

d(0.5):

22.205

Sensitivity:
Normal
Obscuration:
13.41
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

324.811

um

Particle Size Distribution

Volume (%)
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Particle Size (µm)
23_a - Average, Freitag, 23. Juni 2017 09:15:17
23_b - Average, Freitag, 23. Juni 2017 09:23:46
23_c - Average, Freitag, 23. Juni 2017 09:32:27
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.00
0.050
0.00
0.056
0.00
0.063
0.00
0.071
0.00
0.080
0.00
0.089
0.00
0.100
0.00
0.112
0.00
0.126
0.00
0.142

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.07
0.252
0.14
0.283
0.24
0.317
0.32
0.356
0.41
0.399
0.49
0.448
0.56
0.502
0.63
0.564
0.68
0.632
0.74
0.710
0.79
0.796
0.84
0.893
0.90
1.002

Size (µm) Volume In%
1.002
0.96
1.125
1.03
1.262
1.11
1.416
1.19
1.589
1.27
1.783
1.35
2.000
1.41
2.244
1.47
2.518
1.52
2.825
1.55
3.170
1.58
3.557
1.61
3.991
1.63
4.477
1.65
5.024
1.67
5.637
1.70
6.325
1.73
7.096

Size (µm) Volume In %
7.096
1.76
7.962
1.80
8.934
1.84
10.024
1.88
11.247
1.91
12.619
1.94
14.159
1.96
15.887
1.96
17.825
1.96
20.000
1.95
22.440
1.92
25.179
1.89
28.251
1.85
31.698
1.82
35.566
1.78
39.905
1.74
44.774
1.72
50.238

Size (µm) Volume In%
50.238
1.70
56.368
1.69
63.246
1.69
70.963
1.70
79.621
1.71
89.337
1.72
100.237
1.72
112.468
1.72
126.191
1.70
141.589
1.68
158.866
1.65
178.250
1.63
200.000
1.62
224.404
1.61
251.785
1.61
282.508
1.62
316.979
1.61
355.656

Size (µm) Volume In %
355.656
1.59
399.052
1.53
447.744
1.43
502.377
1.29
563.677
1.09
632.456
0.85
709.627
0.58
796.214
0.30
893.367
0.06
1002.374
0.01
1124.683
0.00
1261.915
0.00
1415.892
0.00
1588.656
0.00
1782.502
0.00
2000.000

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962
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File name: Korngroessen_wdhg_reference_samples.mea
Record Number: 24
23.06.2017 10:26:46

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

Result Analysis Report
Sample Name:
25_b - Average

SOP Name:
soil-sediments_1

Measured:
Donnerstag, 4. Mai 2017 14:45:32

Sample Source & type:
Works

Measured by:
Support

Analysed:
Donnerstag, 4. Mai 2017 14:45:33

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.409
%

Concentration:
0.0120
%Vol

Span :
8.195

Uniformity:
2.45

Specific Surface Area:
1.1
m²/g

Surface Weighted Mean D[3,2]:
5.452
um

Vol. Weighted Mean D[4,3]:
76.925
um

d(0.1):

2.058

um

d(0.5):

27.524

Sensitivity:
Normal
Obscuration:
16.40
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

227.610

um

Particle Size Distribution

3.5
Volume (%)
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Particle Size (µm)
25_a - Average, Donnerstag, 4. Mai 2017 14:37:04
25_b - Average, Donnerstag, 4. Mai 2017 14:45:32
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.04
0.252
0.08
0.283
0.15
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.20
0.26
0.31
0.36
0.41
0.45
0.50
0.54
0.59
0.64

Size (µm) Volume In%
1.002
0.70
1.125
0.76
1.262
0.83
1.416
0.90
1.589
0.97
1.783
1.03
2.000
1.10
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

1.15
1.21

Size (µm) Volume In %
7.096
1.72
7.962
1.80
8.934
1.89
10.024
1.98
11.247
2.07
12.619
2.16
14.159
2.25
15.887
17.825
20.000

1.25

22.440
25.179

1.30
1.34

28.251

1.39

31.698
35.566

1.44
1.50
1.56

39.905
44.774

1.64

50.238

2.32
2.38
2.43
2.46
2.49
2.50
2.50
2.49
2.48
2.47

Size (µm) Volume In%
50.238
2.45
56.368
2.43
63.246
2.40
70.963
2.36
79.621
2.31
89.337
2.24
100.237
2.15
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

2.04
1.92
1.79
1.68
1.57
1.49
1.42
1.36
1.31

Size (µm) Volume In %
355.656
1.18
399.052
1.08
447.744
0.94
502.377
0.75
563.677
0.56
632.456
0.26
709.627
0.07
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.26

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
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File name: Korngroessen _15_reference_samples.mea
Record Number: 127
05.05.2017 08:52:19

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

Result Analysis Report
Sample Name:
27_c - Average

SOP Name:
soil-sediments_1

Measured:
Donnerstag, 4. Mai 2017 15:14:49

Sample Source & type:
Works

Measured by:
Support

Analysed:
Donnerstag, 4. Mai 2017 15:14:50

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.216
%

Concentration:
0.0178
%Vol

Span :
4.997

Uniformity:
1.54

Specific Surface Area:
0.535
m²/g

Surface Weighted Mean D[3,2]:
11.222
um

Vol. Weighted Mean D[4,3]:
136.747
um

d(0.1):

4.540

um

d(0.5):

73.808

Sensitivity:
Normal
Obscuration:
11.85
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

373.328

um

Particle Size Distribution

Volume (%)
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Particle Size (µm)
27_a - Average, Donnerstag, 4. Mai 2017 14:57:39
27_b - Average, Donnerstag, 4. Mai 2017 15:06:01
27_c - Average, Donnerstag, 4. Mai 2017 15:14:49
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.00
0.252
0.00
0.283
0.01
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.07
0.08
0.10
0.11
0.13
0.14
0.16
0.17
0.20
0.23

Size (µm) Volume In%
1.002
0.27
1.125
0.31
1.262
0.37
1.416
0.43
1.589
0.49
1.783
0.57
2.000
0.64
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

0.72
0.79

Size (µm) Volume In %
7.096
1.38
7.962
1.42
8.934
1.46
10.024
1.50
11.247
1.53
12.619
1.56
14.159
1.59
15.887
17.825
20.000

0.87

22.440
25.179

0.94
1.01

28.251

1.08

31.698
35.566

1.15
1.21
1.27

39.905
44.774

1.33

50.238

1.61
1.63
1.65
1.67
1.69
1.71
1.75
1.80
1.86
1.95

Size (µm) Volume In%
50.238
2.06
56.368
2.19
63.246
2.33
70.963
2.48
79.621
2.62
89.337
2.75
100.237
2.86
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

2.94
2.99
3.02
3.03
3.02
2.99
2.93
2.85
2.73

Size (µm) Volume In %
355.656
2.40
399.052
2.17
447.744
1.91
502.377
1.60
563.677
1.25
632.456
0.93
709.627
0.56
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.17
0.04
0.00
0.00
0.00
0.00
0.00
0.00

2.58

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
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160

File name: Korngroessen _15_reference_samples.mea
Record Number: 139
05.05.2017 08:52:37

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

Result Analysis Report
Sample Name:
29_a - Average

SOP Name:
soil-sediments_1

Measured:
Donnerstag, 4. Mai 2017 15:28:38

Sample Source & type:
Works

Measured by:
Support

Analysed:
Donnerstag, 4. Mai 2017 15:28:40

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.367
%

Concentration:
0.0073
%Vol

Span :
17.883

Uniformity:
5.35

Specific Surface Area:
1.14
m²/g

Surface Weighted Mean D[3,2]:
5.279
um

Vol. Weighted Mean D[4,3]:
126.515
um

d(0.1):

2.036

um

d(0.5):

22.163

Sensitivity:
Normal
Obscuration:
10.49
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

398.366

um

Particle Size Distribution

3.5

Volume (%)
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Particle Size (µm)
29_c - Average, Donnerstag, 4. Mai 2017 15:48:51
29_b - Average, Donnerstag, 4. Mai 2017 15:40:00
29_a - Average, Donnerstag, 4. Mai 2017 15:28:38
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.00
0.050
0.00
0.056
0.00
0.063
0.00
0.071
0.00
0.080
0.00
0.089
0.00
0.100
0.00
0.112
0.00
0.126
0.00
0.142

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.03
0.252
0.07
0.283
0.16
0.317
0.20
0.356
0.26
0.399
0.31
0.448
0.36
0.502
0.41
0.564
0.45
0.632
0.50
0.710
0.54
0.796
0.59
0.893
0.64
1.002

Size (µm) Volume In%
1.002
0.70
1.125
0.77
1.262
0.84
1.416
0.92
1.589
1.00
1.783
1.08
2.000
1.16
2.244
1.23
2.518
1.30
2.825
1.37
3.170
1.43
3.557
1.50
3.991
1.56
4.477
1.64
5.024
1.72
5.637
1.80
6.325
1.89
7.096

Size (µm) Volume In %
7.096
1.99
7.962
2.09
8.934
2.19
10.024
2.29
11.247
2.39
12.619
2.47
14.159
2.55
15.887
2.60
17.825
2.63
20.000
2.64
22.440
2.63
25.179
2.59
28.251
2.53
31.698
2.44
35.566
2.35
39.905
2.24
44.774
2.13
50.238

Size (µm) Volume In%
50.238
2.01
56.368
1.90
63.246
1.79
70.963
1.69
79.621
1.60
89.337
1.50
100.237
1.39
112.468
1.28
126.191
1.18
141.589
1.08
158.866
1.00
178.250
0.94
200.000
0.90
224.404
0.88
251.785
0.88
282.508
0.90
316.979
0.93
355.656

Size (µm) Volume In %
355.656
0.98
399.052
1.02
447.744
1.04
502.377
1.03
563.677
0.99
632.456
0.91
709.627
0.79
796.214
0.65
893.367
0.62
1002.374
0.65
1124.683
0.64
1261.915
0.59
1415.892
0.50
1588.656
0.35
1782.502
0.21
2000.000

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962
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File name: Korngroessen _15_reference_samples.mea
Record Number: 143
05.05.2017 08:53:20

Environmental Impacts of Red Meat Production

University of Bern

MSc Thesis | Michael Herger

Result Analysis Report
Sample Name:
31_c - Average

SOP Name:
soil-sediments_1

Measured:
Donnerstag, 4. Mai 2017 14:21:10

Sample Source & type:
Works

Measured by:
Support

Analysed:
Donnerstag, 4. Mai 2017 14:21:11

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.326
%

Concentration:
0.0100
%Vol

Span :
18.530

Uniformity:
4.8

Specific Surface Area:
1.42
m²/g

Surface Weighted Mean D[3,2]:
4.229
um

Vol. Weighted Mean D[4,3]:
111.034
um

d(0.1):

1.509

um

d(0.5):

21.694

Sensitivity:
Normal
Obscuration:
17.53
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

403.496

um

Particle Size Distribution

3

Volume (%)
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31_a - Average, Donnerstag, 4. Mai 2017 14:03:35
31_b - Average, Donnerstag, 4. Mai 2017 14:12:05
31_c - Average, Donnerstag, 4. Mai 2017 14:21:10
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.00
0.050
0.00
0.056
0.00
0.063
0.00
0.071
0.00
0.080
0.00
0.089
0.00
0.100
0.00
0.112
0.00
0.126
0.00
0.142

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.08
0.252
0.15
0.283
0.25
0.317
0.32
0.356
0.40
0.399
0.47
0.448
0.53
0.502
0.59
0.564
0.64
0.632
0.69
0.710
0.74
0.796
0.79
0.893
0.84
1.002

Size (µm) Volume In%
1.002
0.90
1.125
0.97
1.262
1.05
1.416
1.12
1.589
1.20
1.783
1.28
2.000
1.35
2.244
1.40
2.518
1.46
2.825
1.50
3.170
1.54
3.557
1.58
3.991
1.62
4.477
1.66
5.024
1.70
5.637
1.75
6.325
1.81
7.096

Size (µm) Volume In %
7.096
1.86
7.962
1.91
8.934
1.96
10.024
2.00
11.247
2.04
12.619
2.08
14.159
2.10
15.887
2.11
17.825
2.11
20.000
2.09
22.440
2.06
25.179
2.01
28.251
1.96
31.698
1.90
35.566
1.85
39.905
1.79
44.774
1.75
50.238

Size (µm) Volume In%
50.238
1.71
56.368
1.68
63.246
1.66
70.963
1.65
79.621
1.62
89.337
1.59
100.237
1.55
112.468
1.48
126.191
1.41
141.589
1.33
158.866
1.26
178.250
1.20
200.000
1.17
224.404
1.18
251.785
1.22
282.508
1.30
316.979
1.40
355.656

Size (µm) Volume In %
355.656
1.51
399.052
1.60
447.744
1.65
502.377
1.63
563.677
1.53
632.456
1.35
709.627
1.08
796.214
0.76
893.367
0.43
1002.374
0.11
1124.683
0.00
1261.915
0.00
1415.892
0.00
1588.656
0.00
1782.502
0.00
2000.000

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962
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Result Analysis Report
Sample Name:
33_c - Average

SOP Name:
soil-sediments_1

Measured:
Donnerstag, 4. Mai 2017 11:30:44

Sample Source & type:
Works

Measured by:
Support

Analysed:
Donnerstag, 4. Mai 2017 11:30:45

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.176
%

Concentration:
0.0191
%Vol

Span :
5.540

Uniformity:
1.73

Specific Surface Area:
0.626
m²/g

Surface Weighted Mean D[3,2]:
9.591
um

Vol. Weighted Mean D[4,3]:
139.419
um

d(0.1):

3.789

um

d(0.5):

68.668

Sensitivity:
Normal
Obscuration:
14.69
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

384.187

um

Particle Size Distribution

Volume (%)

4
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Particle Size (µm)
33_a - Average, Donnerstag, 4. Mai 2017 11:12:38
33_b - Average, Donnerstag, 4. Mai 2017 11:21:42
33_c - Average, Donnerstag, 4. Mai 2017 11:30:44
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.00
0.252
0.02
0.283
0.06
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.08
0.10
0.12
0.14
0.16
0.17
0.19
0.21
0.24
0.28

Size (µm) Volume In%
1.002
0.33
1.125
0.38
1.262
0.45
1.416
0.52
1.589
0.60
1.783
0.68
2.000
0.77
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

0.85
0.93

Size (µm) Volume In %
7.096
1.44
7.962
1.48
8.934
1.50
10.024
1.52
11.247
1.53
12.619
1.54
14.159
1.55
15.887
17.825
20.000

1.01

22.440
25.179

1.08
1.14

28.251

1.20

31.698
35.566

1.26
1.31
1.36

39.905
44.774

1.41

50.238

1.56
1.56
1.57
1.59
1.60
1.63
1.67
1.72
1.79
1.89

Size (µm) Volume In%
50.238
2.01
56.368
2.15
63.246
2.31
70.963
2.47
79.621
2.63
89.337
2.77
100.237
2.88
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

2.96
2.99
2.99
2.95
2.88
2.78
2.65
2.50
2.34

Size (µm) Volume In %
355.656
2.00
399.052
1.83
447.744
1.65
502.377
1.47
563.677
1.27
632.456
1.06
709.627
0.84
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.62
0.39
0.17
0.06
0.00
0.00
0.00
0.00

2.17

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
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Result Analysis Report
Sample Name:
35_c - Average

SOP Name:
soil-sediments_1

Measured:
Donnerstag, 4. Mai 2017 10:32:21

Sample Source & type:
Works

Measured by:
Support

Analysed:
Donnerstag, 4. Mai 2017 10:32:22

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.657
%

Concentration:
0.0104
%Vol

Span :
11.059

Uniformity:
3.93

Specific Surface Area:
1.96
m²/g

Surface Weighted Mean D[3,2]:
3.062
um

Vol. Weighted Mean D[4,3]:
51.799
um

d(0.1):

1.049

um

d(0.5):

12.160

Sensitivity:
Normal
Obscuration:
24.28
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

135.530

um

Particle Size Distribution

3
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Particle Size (µm)
35_a - Average, Donnerstag, 4. Mai 2017 10:11:37
35_b - Average, Donnerstag, 4. Mai 2017 10:23:44
35_c - Average, Donnerstag, 4. Mai 2017 10:32:21
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.05
0.224
0.13
0.252
0.25
0.283
0.36
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.48
0.59
0.70
0.79
0.87
0.94
1.00
1.06
1.11
1.17

Size (µm) Volume In%
1.002
1.25
1.125
1.33
1.262
1.42
1.416
1.52
1.589
1.62
1.783
1.71
2.000
1.79
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

1.85
1.90

Size (µm) Volume In %
7.096
2.10
7.962
2.13
8.934
2.17
10.024
2.20
11.247
2.23
12.619
2.26
14.159
2.28
15.887
17.825
20.000

1.93

22.440
25.179

1.96
1.97

28.251

1.99

31.698
35.566

2.00
2.02
2.04

39.905
44.774

2.07

50.238

2.29
2.28
2.24
2.18
2.11
2.02
1.93
1.86
1.81
1.78

Size (µm) Volume In%
50.238
1.77
56.368
1.79
63.246
1.80
70.963
1.79
79.621
1.75
89.337
1.67
100.237
1.54
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

1.37
1.18
0.99
0.83
0.72
0.65
0.64
0.66
0.71

Size (µm) Volume In %
355.656
0.82
399.052
0.82
447.744
0.76
502.377
0.62
563.677
0.43
632.456
0.14
709.627
0.00
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.77

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
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Result Analysis Report
Sample Name:
37c - Average

SOP Name:
soil-sediments_1

Measured:
Donnerstag, 4. Mai 2017 09:49:07

Sample Source & type:
Works

Measured by:
Support

Analysed:
Donnerstag, 4. Mai 2017 09:49:08

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.327
%

Concentration:
0.0145
%Vol

Span :
13.587

Uniformity:
4.41

Specific Surface Area:
1.36
m²/g

Surface Weighted Mean D[3,2]:
4.417
um

Vol. Weighted Mean D[4,3]:
60.354
um

d(0.1):

1.707

um

d(0.5):

12.574

Sensitivity:
Normal
Obscuration:
23.30
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

172.547

um

Particle Size Distribution
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Particle Size (µm)
37a - Average, Donnerstag, 4. Mai 2017 09:30:42
37b - Average, Donnerstag, 4. Mai 2017 09:40:31
37c - Average, Donnerstag, 4. Mai 2017 09:49:07
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.00
0.252
0.05
0.283
0.13
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.19
0.25
0.30
0.36
0.41
0.47
0.53
0.60
0.68
0.78

Size (µm) Volume In%
1.002
0.89
1.125
1.01
1.262
1.15
1.416
1.29
1.589
1.44
1.783
1.58
2.000
1.71
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

1.83
1.94

Size (µm) Volume In %
7.096
2.70
7.962
2.76
8.934
2.80
10.024
2.81
11.247
2.80
12.619
2.75
14.159
2.68
15.887
17.825
20.000

2.03

22.440
25.179

2.12
2.20

28.251

2.28

31.698
35.566

2.36
2.45
2.54

39.905
44.774

2.62

50.238

2.58
2.46
2.33
2.20
2.07
1.95
1.84
1.75
1.68
1.62

Size (µm) Volume In%
50.238
1.57
56.368
1.53
63.246
1.50
70.963
1.45
79.621
1.40
89.337
1.34
100.237
1.26
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

1.17
1.09
1.01
0.95
0.90
0.87
0.84
0.82
0.81

Size (µm) Volume In %
355.656
0.80
399.052
0.79
447.744
0.76
502.377
0.71
563.677
0.62
632.456
0.48
709.627
0.30
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.13
0.06
0.01
0.00
0.00
0.00
0.00
0.00

0.81

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
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Result Analysis Report
Sample Name:
39_c - Average

SOP Name:
soil-sediments_1

Measured:
Donnerstag, 4. Mai 2017 16:20:49

Sample Source & type:
Works

Measured by:
Support

Analysed:
Donnerstag, 4. Mai 2017 16:20:50

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
1.256
%

Concentration:
0.0050
%Vol

Span :
10.936

Uniformity:
3.36

Specific Surface Area:
1.85
m²/g

Surface Weighted Mean D[3,2]:
3.250
um

Vol. Weighted Mean D[4,3]:
72.245
um

d(0.1):

1.162

um

d(0.5):

19.699

Sensitivity:
Normal
Obscuration:
11.81
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

216.588

um

Particle Size Distribution
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Particle Size (µm)
39_a - Average, Donnerstag, 4. Mai 2017 16:01:11
39_b - Average, Donnerstag, 4. Mai 2017 16:10:59
39_c - Average, Donnerstag, 4. Mai 2017 16:20:49
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.01
0.200
0.20
0.224
0.31
0.252
0.42
0.283
0.53
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.62
0.69
0.74
0.78
0.79
0.79
0.78
0.77
0.76
0.77

Size (µm) Volume In%
1.002
0.79
1.125
0.84
1.262
0.91
1.416
0.99
1.589
1.08
1.783
1.18
2.000
1.28
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

1.37
1.46

Size (µm) Volume In %
7.096
1.86
7.962
1.88
8.934
1.89
10.024
1.91
11.247
1.94
12.619
1.97
14.159
2.00
15.887
17.825
20.000

1.54

22.440
25.179

1.62
1.68

28.251

1.73

31.698
35.566

1.78
1.81
1.84

39.905
44.774

1.85

50.238

2.03
2.05
2.06
2.04
2.01
1.97
1.93
1.93
1.98
2.09

Size (µm) Volume In%
50.238
2.26
56.368
2.46
63.246
2.66
70.963
2.80
79.621
2.83
89.337
2.70
100.237
2.42
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

2.00
1.51
1.01
0.59
0.32
0.23
0.32
0.56
0.89

Size (µm) Volume In %
355.656
1.49
399.052
1.60
447.744
1.52
502.377
1.24
563.677
0.82
632.456
0.25
709.627
0.00
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.23

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
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Result Analysis Report
Sample Name:
41_b - Average

SOP Name:
soil-sediments_1

Measured:
Freitag, 23. Juni 2017 09:50:18

Sample Source & type:
Works

Measured by:
Support

Analysed:
Freitag, 23. Juni 2017 09:50:20

Sample bulk lot ref:

Result Source:
Averaged

Particle Name:
soil

Accessory Name:
Hydro 2000S (A)

Analysis model:
General purpose

Particle RI:
1.520
Dispersant Name:
Water

Absorption:
1
Dispersant RI:
1.330

Size range:
0.020
to 2000.000
Weighted Residual:
0.292
%

Concentration:
0.0091
%Vol

Span :
18.955

Uniformity:
5.5

Specific Surface Area:
0.989
m²/g

Surface Weighted Mean D[3,2]:
6.067
um

Vol. Weighted Mean D[4,3]:
111.455
um

d(0.1):

2.458

um

d(0.5):

18.973

Sensitivity:
Normal
Obscuration:
11.31
%
Result Emulation:
Off

um

Result units:
Volume

um

d(0.9):

362.092

um

Particle Size Distribution
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Particle Size (µm)
41_a - Average, Freitag, 23. Juni 2017 09:41:02
41_b - Average, Freitag, 23. Juni 2017 09:50:18
Size (µm) Volume In%
0.020
0.00
0.022
0.00
0.025
0.00
0.028
0.00
0.032
0.00
0.036
0.00
0.040
0.00
0.045
0.050
0.056
0.063
0.071
0.080
0.089
0.100
0.112
0.126
0.142

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size (µm) Volume In%
0.142
0.00
0.159
0.00
0.178
0.00
0.200
0.00
0.224
0.00
0.252
0.03
0.283
0.08
0.317
0.356
0.399
0.448
0.502
0.564
0.632
0.710
0.796
0.893
1.002

0.12
0.16
0.19
0.22
0.25
0.28
0.32
0.36
0.40
0.46

Size (µm) Volume In%
1.002
0.53
1.125
0.62
1.262
0.72
1.416
0.84
1.589
0.97
1.783
1.10
2.000
1.25
2.244
2.518
2.825
3.170
3.557
3.991
4.477
5.024
5.637
6.325
7.096

1.39
1.54

Size (µm) Volume In %
7.096
2.48
7.962
2.52
8.934
2.54
10.024
2.55
11.247
2.54
12.619
2.51
14.159
2.48
15.887
17.825
20.000

1.68

22.440
25.179

1.82
1.95

28.251

2.07

31.698
35.566

2.19
2.28
2.37

39.905
44.774

2.43

50.238

2.43
2.38
2.31
2.24
2.16
2.07
1.98
1.88
1.79
1.70

Size (µm) Volume In%
50.238
1.61
56.368
1.54
63.246
1.48
70.963
1.43
79.621
1.40
89.337
1.38
100.237
1.36
112.468
126.191
141.589
158.866
178.250
200.000
224.404
251.785
282.508
316.979
355.656

1.35
1.33
1.31
1.28
1.25
1.22
1.19
1.17
1.16

Size (µm) Volume In %
355.656
1.14
399.052
1.14
447.744
1.13
502.377
1.10
563.677
1.05
632.456
0.98
709.627
0.89
796.214
893.367
1002.374
1124.683
1261.915
1415.892
1588.656
1782.502
2000.000

0.77
0.64
0.50
0.37
0.24
0.12
0.07
0.04

1.15

Operator notes:

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1054962
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8.4 Quality Checks Laboratory Analysis
Statistic Report
Laboratory Analysis
CNS
CNS Reference Samples (Rangeland)
No. Name
1.1.1.1.1_a
1.1.1.1.1_b
1.1.1.1.1_c

C
0.091
0.099
0.105
0.098
0.007
7.143

N
0.831
0.826
0.905
0.854
0.044
5.180

S
0.012
0.017
0.015
0.015
0.003
17.159

C
0.104
0.109
0.105
0.106
0.003
2.496

N
1.01
1.021
1.02
1.017
0.006
0.598

S
0.014
0.021
0.016
0.017
0.004
21.209

Mean value
Deviation, abs.
Deviation, rel (%)

C
0.277
0.292
0.287
0.285
0.008
2.677

N
2.691
2.799
2.849
2.780
0.081
2.905

S
0.026
0.035
0.028
0.030
0.005
15.930

No. Name
B311_c
B311_b

C
1.021
1.028

N
11.656
11.372

S
0.153
0.153

Mean value
Deviation, abs.
Deviation, rel (%)

1.025
0.005
0.483

11.514
0.201
1.744

0.153
0.000
0.000

No. Name

C

N

S

B411m_a
B411m_b

1.944432378
1.723328352

24.88191414
23.95903778

0.393530726
0.354937464

Mean value
Deviation, abs.
Deviation, rel (%)
Delta (%)
No. Name
3.1.1.1.1._c
3.1.1.1.1_a
3.1.1.1.1_b
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
5.1.1.1.1._c
5.1.1.1.1_a
5.1.1.1.1_b

22.6. Kenia_2_mf (Bomas)
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B411m_c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
51_a
51_b
51_c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
70_a
70_b
70_c
Mean value
Deviation, abs.
Deviation, rel (%)
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1.779877305
1.816
0.115
6.326

23.46708488
24.103
0.718
2.980

0.355316728
0.368
0.022
6.026

C

N

S

0.217493534
0.212937921
0.187453523
0.206
0.016
7.860

2.631600142
2.495522738
2.167282104
2.431
0.239
9.817

0.048843499
0.048831053
0.04410268
0.047
0.003
5.784

C

N

S

0.081646226
0.080861576
0.088881761
0.084
0.004
5.276

0.631152093
0.636943698
0.71557343
0.661
0.047
7.132

0.016282246
0.015684109
0.016017033
0.016
0.000
1.874

C
0.134
0.098612554

N
1.623
1.214265585

S
0.031
0.029516583

0.116
0.025
21.514

1.419
0.289
20.373

0.030
0.001
3.467

C
0.767
0.669140756

N
9.356
8.050778389

S
0.1
0.113200754

0.718
0.069
9.637

8.703
0.923
10.604

0.107
0.009
8.756

C
0.124
0.11181163

N
1.02
0.907607794

S
0.03
0.022376413

0.118
0.009
7.310

0.964
0.079
8.246

0.026
0.005
20.584

Bomas (duplicate, 1. vs. 2. Measurement)
No. Name
B111 2. Messung
B111 1. Messung
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
B211 2. Messung
B211 1. Messung
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
Bx21 2. Messung
Bx21 1. Messung
Mean value
Deviation, abs.
Deviation, rel (%)
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No. Name
B421 2. Messung
B421 1. Messung
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C
0.051
0.050399233

N
0.356
0.364813268

S
0.017
0.021775015

Mean value
Deviation, abs.
Deviation, rel (%)

0.051
0.000
0.838

0.360
0.006
1.729

0.019
0.003
17.416

No. Name
B411m 2. Messung
B411m 1. Messung triplet

C
2.013
1.816

N
24.027
24.103

S
0.349
0.368

Mean value
Deviation, abs.
Deviation, rel (%)

1.915
0.139
7.276

24.065
0.054
0.223

0.359
0.013
3.748

C
1.058
0.905983984
0.982
0.107
10.946

N
11.841
9.757549286
10.799
1.473
13.642

S
0.185
0.16346845
0.174
0.015
8.738

Mean value
Deviation, abs.
Deviation, rel (%)

C
0.09
0.096392028
0.093
0.005
4.850

N
0.757
0.724995971
0.741
0.023
3.054

S
0.051
0.056450702
0.054
0.004
7.174

No. Name
B311 2. Messung triplet
B311 1. Messung

C
1.025
1.002319694

N
11.514
10.99578094

S
0.153
0.183517754

1.014
0.016
1.582

11.255
0.366
3.256

0.168
0.022
12.825

P
117.9440181
117.5656215
112.2455389
115.918
3.186
2.749

K
318.9802115
319.0383525
310.697014
316.239
4.799
1.518

No. Name
B411 2. Messung
B411 1. Messung
Mean value
Deviation, abs.
Deviation, rel (%)
Delta (%)
No. Name
B411bm 2. Messung
B411bm 1. Messung

Mean value
Deviation, abs.
Deviation, rel (%)

Nutrients ICP-MS Reference samples
No. Name
8a_1-06-17_(1:200)
8b_1-06-17
8c_1-06-17
Mean value
Deviation, abs.
Deviation, rel (%)

Mg
104.6363952
104.6670309
97.22903639
102.177
4.286
4.194
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Mn
54.93141834
55.42710301
52.50282175
54.287
1.565
2.883

Cu
0.729148713
0.768362129
0.677154198
0.725
0.046
6.312
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No. Name
45a 1:400
45b 1:400
45c 1:400
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
26a
26b
26c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
38a
38b
38c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
43a
43b
43c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
49b
49c
Mean value
Deviation, abs.
Deviation, rel (%)
7 - Testläufe
No. Name
7c
7d
7e
7f

University of Bern

Mg
277.9883678
295.4000152
276.2313286

P
198.2620398
192.1810976
191.474637

283.207
10.596
3.742

193.973
3.732
1.924

Mg
381.2585142
441.1597225
387.8538697

P
10.60927611
7.232563155
6.907746559

403.424
32.846
8.142
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Mn
47.88762989
49.70987841
48.07736397

Cu
0.311139393
0.320026107
0.326349325

48.558
1.002
2.063

0.319
0.008
2.394

K
925.8437837
1066.784194
922.6538003

Mn
128.2998435
154.8256198
134.9711519

Cu
0.538858637
0.640272668
0.550112266

8.250
2.050
24.846

971.761
82.308
8.470

139.366
13.798
9.901

0.576
0.056
9.644

Mg
305.622507
337.5901102
297.2492139

P
97.90011056
112.1284713
101.0440391

K
880.4639332
973.2836931
865.1325679

Mn
105.7042895
116.7668704
104.3221765

Cu
0.851700975
0.933551924
0.810629852

313.487
21.289
6.791

103.691
7.474
7.208

906.293
58.520
6.457

108.931
6.821
6.262

0.865
0.063
7.232

Mg
183.135446
176.4075727
182.104835

P
31.67769394
30.34701724
30.01194441

Mn
205.8691456
196.4779866
205.6035288

Cu
0.845545839
0.808867859
0.898228855

180.549
3.624
2.007

30.679
0.881
2.872

202.650
5.347
2.639

0.851
0.045
5.279

Mg
369.5593981
379.9005567

P
38.86901037
40.75569827

Mn
419.8494545
440.6924971

Cu
1.735424556
1.794080986

374.730
7.312
1.951

39.812
1.334
3.351

430.271
14.738
3.425

1.765
0.041
2.350

Mg
190.4577855
107.4607752
120.853111
107.4493781

P
191.588717
163.9027198
185.6787538
155.653958

Mn
87.48460362
65.03008648
71.52056239
61.57109846

Cu
1.292805637
0.860358731
0.951719971
0.833618988
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271.096883
304.5981035
267.2697612
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7g
7b 1:199
7b_2
7c_2
7d_2
7e_2
7f_2
7g_2
7a_1-06-17
7b_1-06-17
7c_1-06-17
Mean value
Deviation, abs.
Deviation, rel (%)

University of Bern

MSc Thesis | Michael Herger

118.9711535
188.273858
188.6928774
149.3360805
113.9223721
117.3801299
105.6366965
109.0532985
122.6654818
115.5734483
121.7614667

174.7512698
199.1096932
197.3772358
186.2848221
170.849006
175.1833949
155.7259873
159.4379629
142.6573005
140.4241254
136.8333901

288.5305902
462.2127719
441.642307
363.8004156
296.4251043
301.4123931
282.3212014
285.515489
310.3722949
300.2269065
311.5462794

66.61957329
87.60067115
87.59602596
75.43827527
68.5738536
68.80160663
60.18598026
61.87652434
38.67459383
36.545926
38.00764097

0.930838513
1.283407016
1.310495279
1.071589655
0.923311708
0.963250903
0.837534347
0.897804337
0.764796663
0.669422934
0.737577903

131.833
31.420
23.833

169.031
20.513
12.135

330.544
69.998
21.177

65.035
16.870
25.939

0.955
0.202
21.112

Mg
110.1622876
124.9150938
139.3365389

P
131.960899
148.9541946
174.2700918

K
275.6264051
311.2411355
361.3776086

Mn
37.50002343
43.24385681
49.88218714

Cu
0.427835351
0.493654944
0.570838946

124.805
14.587
11.688

151.728
21.291
14.032

316.082
43.080
13.629

43.542
6.196
14.231

0.497
0.072
14.389

Mg
148.7939519
137.637398
148.5257974

P
11.21023286
8.548
8.548

K
447.799592
414.3243429
447.7365832

Mn
42.41551102
39.3455054
42.54636074

Cu
0.437049445
0.50929607
0.697323647

144.986
6.365
4.390

9.435
1.537
16.290

436.620
19.309
4.422

41.436
1.811
4.372

0.548
0.134
24.523

Mg
111.7705745
97.57042574
93.4714031

P
20.11578251
15.80064103
14.43204257

K
257.1633726
218.8107289
215.0263713

Mn
53.31269698
45.162135
41.83299235

Cu
0.194731464
0.347987308
0.253069528

100.937
9.603
9.514

16.783
2.966
17.675

230.333
23.312
10.121

46.769
5.906
12.628

0.265
0.077
29.161

Mg
180.8102844
166.7977494
173.569246

P
85.52155053
78.09070385
86.23439081

K
369.7774869
340.3003852
359.8456797

Mn
74.21474932
68.73631369
69.94380514

Cu
0.490413405
0.434189591
0.560458234

83.282

356.641

70.965

0.495

Nutrients ICP-MS Rangeland
No. Name
7 1.Run 7.6.
7 2.Run 7.6.
7 3.Run 7.6.
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
24a
24b
24c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
34a
34b
34c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
9a
9b
9c
Mean value

173.726
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Deviation, abs.
Deviation, rel (%)
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7.008
4.034

4.510
5.415

14.998
4.205

2.878
4.056

Mg
165.8862613
166.275682
170.1439171

P
5.165759585
5.64883151
6.12727189

Mn
55.18491948
58.93570812
59.7208025

Cu
0.684679468
0.79756071
0.779300552

167.435
2.354
1.406

5.647
0.481
8.513

57.947
2.424
4.183

0.754
0.061
8.038

Mg
123.1661999
113.4522109
120.8017721

P
7.345098678
6.183163109
6.743588791

Mn
56.63883689
52.75203083
56.26867904

Cu
0.883990831
0.827437551
1.04018276

119.140
5.066
4.252

6.757
0.581
8.599

55.220
2.145
3.885

0.917
0.110
12.014

Mg
202.2576589
207.5240226
204.8196527

P
12.37135202
13.59033453
13.87568389

Mn
59.10599637
58.27237413
59.74533549

Cu
0.921500548
1.049984567
1.03241255

204.867
2.634
1.285

13.279
0.799
6.017

59.041
0.739
1.251

1.001
0.070
6.957

Mg
153.197871
180.0183851
190.0806753

P
16.55767564
19.20321796
21.83172907

Mn
167.3091161
205.0854211
213.9850816

Cu
0.769655771
1.300266416
2.846404836

174.432
19.065
10.930

19.198
2.637
13.736

195.460
24.782
12.679

1.639
1.079
65.840

Nutrients ICP-MS Bomas
No. Name
46a 1:200
46b
46c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
55a 1:200
55b
55c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
64a 1:200
64b
64c
Mean value
Deviation, abs.
Deviation, rel (%)
No. Name
49 1. Run 1:200
49 2. Run 1:200
49 3. Run 1:200
Mean value
Deviation, abs.
Deviation, rel (%)
Nutrients AAS Bomas
No. Name
64a
64b
64c

K
79.51
64.68
63.43

Mean value
Deviation, abs.
Deviation, rel (%)

69.207
8.945
12.925
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No. Name
55c
55b
55a

K
62.43
52.38
43.18

Mean value
Deviation, abs.
Deviation, rel (%)

52.663
9.628
18.282

No. Name
49 3. run
49 2. run
49 1. run

K
688
642.3
639.2

Mean value
Deviation, abs.
Deviation, rel (%)

656.500
27.324
4.162

No. Name
46c
46b
46a

K
50.74
53.48
56.11

Mean value
Deviation, abs.
Deviation, rel (%)

53.443
2.685
5.024

No. Name
45c
45b
45a

K
76.33
80.16
74.8

Mean value
Deviation, abs.
Deviation, rel (%)

77.097
2.761
3.581

No. Name
43c

K
85.73

43b
43a

76.5
36.3

Mean value
Deviation, abs.
Deviation, rel (%)

66.177
26.282
39.715

No. Name
8a_1-06-17_(1:200)
8b_1-06-17
8c_1-06-17

K

Mean value
Deviation, abs.
Deviation, rel (%)

0.217493534
0.212937921
0.187453523
0.206
0.016
7.860
176
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No. Name
8a_1-06-17_(1:200)
8b_1-06-17
8c_1-06-17
Mean value
Deviation, abs.
Deviation, rel (%)
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K
0.217493534
0.212937921
0.187453523
0.206
0.016
7.860
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