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ABSTRACT

A study was undertaken at Kibwezi division of Kibwezi district to investigate and 

evaluate the practice and success factors responsible for the range rehabilitation work 

undertaken by the Dryland Husbandry Project (DHP) in conjunction with local 

communities. The work involved the identification of most frequently used grasses, 

through visits and discussions with community groups and key informants.

The general objective of this study was to contribute to greater understanding of the land 

degradation problem in • the drylands and the grass reseeding technology used in 

addressing the problem. Improvement in soil hydrological properties; increased 

infiltration, reduced runoff and sediment production and percentage ground cover were 

used to measure success in rehabilitation. A regression analysis was used to establish the 

primary contributors of land degradation in the study area. The identified grass species 

whose seed were available were tested for germination viability, established in field plots 

and monitored from germination, vegetative stage and early seed development. Three 

sites; two under rainfed and one under irrigation, were employed to test the reseeding 

capacity of the three grasses seeds commonly used for rehabilitation in the area: 

Cenchrus ciliaris, Enteropogon macrostachyus and Eragrostis superba.

Seed viability tests results showed that Enteropogon macrostachyus had the highest 

percentage germination under all treatments. Under controlled laboratory conditions, at 

20°C, it had a percentage germination of 46%, whereas both Cenchrus ciliaris and 

Eragrostis superba had 0% percent germination. A repeat of the same experiment under 

the same conditions at 20°C after 9 months showed higher seed germination in all the 

three grass species. Enteropogon macrostachyus had the highest percentage germination 

of 85%, whereas Cenchrus ciliaris and Eragrostis superba had a percent germination of 

40% and 21%, respectively. Under room temperatures of 30°C, in the study area, 

Enteropogon macrostachyus had the highest percentage seed germination of 53%, 

whereas Cenchrus ciliaris and Eragrostis superba had 12 and 10%, respectively. The 

differences observed among the grass species in terms of percent seed germination may
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be explained by the intrinsic properties of the seeds such as dormancy and tegumental 

hardness, and climatic factors especially ambient temperatures.

Increasing grass height improves the soil hydrological properties. That is, there was a 

general increase in the infiltration capacity, a decrease in runoff and sediment produced 

with an increase in grass height. Cenchrus ciliaris had a greater influence in increasing 

the soil infiltration capacity and reducing runoff. Enteropogon macrostachyus and 

Eragrostis superba were ranked second and third, respectively. Established grasses 

positively influenced on the soil physical properties, for example, bulk density.

Plots under Enteropogon macrostachyus had the highest percentage plant frequency, 

basal cover, plant and tiller densities compared to the other plots. Plots under Cenchrus 

ciliaris and Eragrostis superba were ranked second and third, respectively for the same 

vegetation attributes. EYarrruss yteiuk urr ufry matter bashr vurteif across- tfrtf u’frfercm* stages- 

of development. Enteropogon macrostachyus had higher biomass yields at the early 

vegetative stages while plots under Eragrostis superba ana1 Cenchrus ciiYaris were ranked 

second and third, respectively. At the seed setting stage, Cenchrus ciliaris had the highest 

biomass yields followed by Eragrostis superba and Enteropogon macrostachyus. Plots 

under Eragrostis superba had the highest seed production compared to plots under 

Cenchrus ciliaris and Enteropogon macrostachyus.

Seventy six percent (76%) of the farmers interviewed practice grass reseeding as a means 

of rehabilitating their degraded individual farms. Eragrostis superba is the most preferred 

species, primarily due to its role in improving livestock productivity. Cenchrus ciliaris, 

Chloris roxburghiana and Enteropogon macrostachyus were ranked second, third and 

fourth, respectively. Other uses of the grasses include; sale of hay and grass seed as a 

source of income, thatching of houses and granaries, and soil conservation. Most of the 

farmers prefer sowing the grass seeds as pure stands as opposed to mixtures. Hand 

sowing along micro-catchments created by hand held hoes and/or ox-driven ploughs is 

the most preferred method of sowing grass in the study area. However, broadcasting is 

also practiced. Reduction of grass cover was cited to be the most important form of

♦ xiii



visible land degradation in the area. Increase in woodland vegetation, livestock numbers 

and cultivated area were the most significant contributors to the current vegetation

change. #•*»
The important factors favoring range rehabilitation through reseeding in the area include 

sufficient amount of moisture, creation of micro-catchments, use of the indigenous grass 

species and proper seed’ bed preparation. The main conclusions in this study were; 

sufficient moisture is the most critical ecological factor which contributes to successful 

reseeding, established grass stands improve soil physical, hydrological and chemical 

properties, grass mixtures give better cover compared to pure stands and that human 

factors as opposed to climatic factors are the most important contributors to land 

degradation in the study area.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE PROBLEM

Land degradation according to UNCCD (2003), is the reduction of the soil’s capacity to 

produce in terms of quantity and quality of goods and services. It can also be defined as 

the diminution or loss of biological or economic productivity, which includes 

deterioration of soil, vegetation and water, and is by one or a combination of processes 

acting upon land. Bull and Allison (2001) attribute these processes to climatic variations, 

human activities, or a combination of the two. The United Nations Convention to Combat 

Desertification (UNCCD) defines desertification as a process of land degradation in the 

arid, semi-arid and dry sub-humid areas, resulting from various factors including both 

climatic variation and change in human activities. Land degradation occurs in the forms 

of impoverishment and depletion of vegetative cover, loss of biophysical and economic 

productivity through exposure of the soil surface to wind and water erosion, salinization 

and water logging leading to deterioration of physical, chemical and biological soil 

properties.

The drylands of the world, comprising the hyper-arid, arid, and semi-arid regions with 

annual moisture deficits greater than 50% are considered the most threatened by land 

degradation. These drylands are estimated to cover 47% of the earth’s surface 

(GEF/IFAD, 2002). In these areas land degradation of which desert encroachment is only 

a small part, is widespread and thus very important. In addition, the wetland enclosures 

in the drylands are affected by desertification through deforestation and subsequent 

erosion of soils and loss of soil nutrients. The semi-arid to weakly arid areas of Africa are 

particularly vulnerable as they have fragile soils, localized high population densities and 

generally a low input form of agriculture. Africa is particularly threatened because the 

land degradation process affects about 46% of the continent (WMO, 2005). It has been 

estimated that approximately 30-40% of Kenya’s arid and semi-arid lands are quickly 

degrading and that another 2% has completely been lost through this process (Keya, 

1991). In Kenya, high rates of soil loss upto 50 tonnes per hectare per year from degraded
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grazing lands in semi arid areas are common (Nyangito et al. 2009). According to 

Nyangito et al. (2009) grazing contributes about 34.5% of the total soil degradation.

Although some land degradation is attributable to natural causes (climate change, 

droughts, and localized weather events), a substantial part can be attributed to human 

activities. Drylands are characterized by limited availability of arable land, limited and 

highly variable rainfall and scarcity of water resources. The demands placed on land and 

water resources by rapidly expanding populations, through agricultural intensification, 

urbanization and industrialization have combined to intensively exploit these natural 

resources. Moreover, resource use strategies are largely exploitative leading to land 

degradation. The principal causes of degradation in the drylands are:

• Removal of vegetation through: cutting and uprooting trees and shrubs, ploughing 

previously uncultivated and marginal land for annual cropping and overgrazing 

natural rangelands.

• Intensification of cultivation using inappropriate cultural practices that degrade soil 

fertility and encourage erosion, and overuse of irrigation that leads to poor drainage, 

water logging, rising water-tables and salinization.

Overgrazing and deforestation removes the vital soil cover, exposing the soil to erosion. 

Over-cultivation which refers to the cropping of the land without replenishing the plant 

nutrients exhausts the soil, destroying its structure and fertility. The reduction of land 

productive potential through degradation is not only linked to destructive human 

activities, but also associated with human-induced global warming and climate change on 

a worldwide scale (GoK/NAP, 2002; UNCCD, 2003). The destruction of forests that are 

impoitant carbon sinks contribute to higher CO2 concentrations in the athmosphere thus 
global warming.

Reseeding can be described as the process of introducing new seed to replenish a 

depleted seed bank. Grass reseeding technology has been used successfully as a means of

2
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rehabilitating degraded rangelands in East Africa (Jordan, 1957; Bogdan and Pratt, 1967,

Musimba et al. 2004), thus reversing the degradation process. From the above, increased

trends of land degradation is threatening the livelihoods of the drylands people. These• **»
drylands are home to a large percentage of people affected by endemic poverty. In an 

effort to address this situation, grass reseeding technology has been tried. The grasses 

used were not only those adapted to the local environmental conditions, but also native 

and indigenous to the degraded area. In the current study, the grass reseeding technology 

used by the Kamba agropastoralists was validated and documented. Furthermore, the 

ecological factors contributing to successful reseeding and range rehabilitation were also 

determined.

1.2 THE PROBLEM STATEMENT

The problem of land degradation in drylands has continued to worsen over the past two 

decades, therefore prompting the need for better understanding of the causal pathways 

and to develop more effective approaches to sustainable management of the vast dryland 

ecosystems (UNCCD, 2003). The problem has increasingly attracted more attention in 

the recent past than before, probably because of its widespread and the very fact that it 

undermines the United Nations Agenda 21, a multifaceted blue print for achieving 

sustainable development worldwide. According to IFAD (2001), one quarter of the 

earth’s surface, an area covering 3.6 billion hectares, is threatened by the problem of 

degradation. Since 1990, six million hectares of productive land is being lost annually. 

Land degradation is both a cause and consequence o f  rural' poverty, that is, degradation 

leads to poverty and poverty leads to further land degradation in a vicious cycle.

Kenya’s rangelands, which form a vast part of the Arid and Semi-Arid Lands (ASALs) 

cover over 80% of total land surface (Herlocker, 1999; GoK/NAP, 2002) and are no 

exception to the widely documented threat of land degradation. The rangelands in 

Kibwezi district are going through a period of profound change that is posing a very great 

threat to their productivity. Rapid population growth and the migratory trends from the 

high potential areas to these fragile ecosystems has increased the population density

3



intensifying pressure on the land and heightening the risk of degradation of the soils and 

vegetation. The woody species are quickly replacing the more preferred grassland 

vegetation. Overgrazing, common in the study area, leaves the soil unprotected from the 

disastrous impact of the sun, wind and flush floods, has accelerated land degradation in 

Kibwezi district. The degradation of the soil and range resources has reduced the supply 

and these resources to fulfill the basic household needs e.g. water and food. Land 

degradation in other ASAL districts of Kenya is also clearly documented by various 

authors: In Kajiado (Krugmann, 1996), Marsabit (Keya, 1998) and Baringo (Johansson 

and Svensson, 2002). Land degradation has become a global problem (IFAD, 2001). 

Rehabilitating the Kenyan rangelands, therefore, calls for strategic interventions to arrest 

this worrying trend.

1.3 JUSTIFICATION

Land degradation is a global problem facing us today. It requires immediate global 

attention. The problem of land degradation can be reversed through revegetation, for 

example through grass reseeding technology. However, restoration technologies are 

generally unreliable in arid and semi-arid environments where precipitation is highly 

unpredictable. There is need therefore to come up with appropriate and effective methods 

and technologies to combat the land degradation process through revegetati’on. It should 

be noted however that technologies which have succeeded in one area are not necessarily 

appropriate in all the other areas. Proper scrutiny is required before adoption.

Rehabilitation can be described as a re-engineering process that attempts to restore an 

area of land back to its natural state after it has been damaged as a result of some sort of 

disruption. Rehabilitation using grass reseeding technologies have been employed 

successfully in low rainfall areas around the world. For example, Thar Desert in India, 

which receives an average annual rainfall of 100-500mm (Sinha et al. 1997), Cholistan 

Desert in Pakistan, which receives an average annual rainfall of 100-250mm and the 

semi-arid parts of Baringo district in Kenya, which receives an average annual rainfall of 

between 300-700mm. This is because,_grasses have_good self seeding ability, so that with
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proper management, they can establish and spread quickly to give a good cover. Grasses 

that have been used with good results in reseeding Kenya and other East African 

countries are local indigenous species (Mnene, 2005).
#**>

Despite the widespread success of grass reseeding technologies in combating land 

degradation, there is need to research on the multi-dimensional benefits derived from the 

grasses used for rehabilitation. This is of great importance because most of the farmers 

will tend to practice rehabilitation technologies in there individual lands, if they can 

derive additional benefits from it, other than just combating the land degradation 

problem.

This case study authenticates the role of grass reseeding technology in combating land 

degradation in Kibwezi district, Kenya and also establishes the multi-dimensional 

benefits of the grasses used for rehabilitation among the Kamba agropastoral community. 

The variability of climate in the study area that makes the success of the technology 

unpredictable further necessitated site specific evaluations.

The findings of this study will help ameliorate the livelihoods of the Kamba community 

in Kibwezi' uYstrfcT tfrai are preobrrnrrarriiy agnj-pasToraAkvtr as" nnYafrinVaVeu1 areas' wiiV 

increase the resource base of the local community and enable them increase the area 

under cultivation. In addition, reseeded areas will provide a reliable source of forage for 

livestock, thus improving food security among the Kamba community in Kibwezi 

district. The grasses evaluated m this study were Cenchrus ciliari's, Ehteropogon 

macrostachyus and Eragrostis superba which are not only adapted to the local 

environment conditions but are also native and indigenous to the study area.

1.4 OBJECTIVES

The general objective of this study is to contribute to greater understanding of land 

degradation process in the drylands and the technologies for addressing it.

The specific objectives of the study were to:

♦ 5



1. Determine the ecological factors which contribute to successful reseeding in the 

study area.
»•*>

2. Evaluate the grass reseeding rehabilitation technology in the study area.

3. Establish the chronology of primary production attribute changes of the grass 

species used in range rehabilitation.

4. Establish the rate of degradation and find out whether this can be linked to human 

settlements among other factors in the study area.

1.5 HYPOTHESES

The following hypotheses were tested:

1. HA: Pure grass stands as opposed to grass mixtures give the best rehabilitation

results in the study area.

2. Ha: Land degradation in the study area can be attributed more to human

settlements than any other factor.
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CHAPTER TWO

LITERATURE REVIEW

2.1 LAND DEGRADATION

Land Degradation implies reduction of resource potential by one or a combination of 

processes acting on the land. These processes include water erosion, wind erosion and 

sedimentation by those agents, long-term reduction in the amount or diversity of natural 

vegetation and salinization and sodication. Degradation of natural vegetation is a 

worldwide phenomenon (Visser et al. 2007). It is also described as the aggregate 

diminution of the productive potential of the land, including its major uses (rainfed, 

arable, irrigation and rangeland), its fanning systems (e.g. small-holder subsistence) and 

its value as an economic resource. This link between land degradation and its effect on 

land use is central to nearly all published definitions of land degradation. A degraded 

land can be defined as land which due to natural processes or human activity is no longer 

able to sustain properly an economic function and/or the original ecological function. 

Under the United Nations Convention to Combat Desertification (UNCCD), 

desertification is defined as land degradation in arid, semi-arid and dry sub-humid areas, 

resulting from various factors including climate variations and human activities (IFAD, 

2001). These areas cover 40% of the Earths surface (IFAD, 1998). Arid and semi-arid 

areas are defined as areas falling within the rainfall zones of 300-560 mm and 450-900 

mm, respectively (Biamah, 2005). These areas are characterised by short growing periods 

/J -74 and ,75-JJ,9 gj&wiyg .days, .miyvrdvUyV jthus jare .not .suitable for cultivation. 

Rainfall patterns are unpredictable and are subject to great fluctuations. Land degradation 

occurs under a wide variety of conditions and environments. Nevertheless, some 

environments are more at risk of degradation. Dryland ecosystems are vulnerable to over- 

exploitation and inappropriate land use.

The problem of land degradation is difficult to grasp in its totality. The use of indicators 

of degradation is more appropriate to use in trying to understand the land degradation 

problem. Indicators are variables which may show that land degradation has taken place 

and are not necessarily the actual degradation itself. According to USCCTP (2005), the
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indicators of land degradation include poor soil cover, dominance of undesirable plant

species, low soil quality, or in the extreme, erosion of top soil. According to Snel and

Bot (2005), the indicators of land degradation can be grouped into 3 broad categories;
#•*«

biophysical indicators (degradation of soil, water and vegetation cover), socio-economic 

indicators (poverty and food insecurity) and institutional indicators (failures in the 

public/govemment, private/market, civil/community sectors and civil strife). 

Furthermore, degradation is normally evident in a decline in productivity, a loss of 

biodiversity and an increasing rate of erosion (Visser et al. 2007). It is also possible to 

conclude that rangeland degradation from excellent to poor under arid and semi-arid 

conditions results'in a subsequent but proportional increase in dominance of unpalatable, 

undesirable (increasers) and invader species over the desirable (decreasers) vegetation 

types (Kassahun et al. 2008). However, the condition of the soil is one of the best 

indicators of land degradation since it integrates a variety of important processes 

particularly; vegetation growth, overland flow of water, infiltration, land use and 

management.

The causes of land degradation in the arid, semi-arid and sub-humid climate are many 

and varied. Climate plays a part. Typically rainfall is low and unpredictable. The type of 

soils and nature of the terrain may add to the landvs vulnerability. However, the most 

important contributor to land degradation in these areas is the use made by people of 

these lands i.e. although some land degradation is attributable to natural causes (climate 

change, droughts, and localized weather events), most of it can be attributed to human 

activities. Land degradation and erosion are closely associated with human activities on 

rangelands (Farahpour, 2003). Some researchers consider climate to be the major 

contributor to the degradation processes, with human factors playing a relatively minor 

supporting role. Other researchers reverse the significance of these two factors. A third 

group of researchers blame climate and man more or less equally (Glantz and Orlovsky, 

1983). Processes that lead to land degradation involve complex interactions between 

societal factors e.g. poor land management and increasing population pressures, and 

natural climatic factors e.g. cyclical and short-term droughts. The most frequently 

recognized main causes of land degradation are:
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• Overgrazing of rangelands,

• Over-cultivation of croplands.

• Water logging and salinization of irrigated lands #•*«
• Deforestation, and

• Pollution and Industrial causes.

Overgrazing and deforestation removes the vital soil cover, exposing the soil to erosion. 

Over-cultivation which refers to the cropping of the land without replenishing the plant 

nutrients exhausts the soil, destroying its structure and fertility. Poorly drained irrigation 

systems makes the soils salty, waterlogged and unproductive (IFAD, 1998). USCCTP 

(2005) indicates that land degradation is usually the result of inappropriate management, 

especially during periods of extended droughts or unusual weather conditions. 

Continuous population growth boosts land degradation and thus conversion of 

ecosystems such as forests and rangelands into less productive lands have resulted to land 

degradation and loss of valuable land (Farahpour, 2003). However, high population 

density on its own is not necessarily related to land degradation. Rather it is what the 

population does to the land that determines the extent of land degradation. People can be 

a major resource in reversing a trend towards degradation (WMO, 2005). In this study 

range reseeding technology is one among the many strategies used to reverse rangeland 

degradation.

2.2 COMBATING LAND DEGRADATION IN KENYA

Kenya has a long history of activities to combat desertification and mitigate the effects of 

drought dating back to 1940’s. The Kenyan government, just like other governments and 

development agents in the world, has made many attempts to rehabilitate degraded arid 

and semi-arid rangelands. The general aims of restoration are, in most cases, to increase 

vegetation cover, increase biodiversity and to increase the production potential for 

improved grazing capacity (Bakker et al. 1996). The Kenyan government aimed at trying 

to reverse the trend of loss of vegetation cover, which in turn leads to loss of soil fertility 

and soil erosion. Soil erosion is the single most visible and notorious form of 

environmental degradation in the study area. Over the past three to four decades, semi- 

arid environments in Kenya have experienced some unprecedented soil degradation due
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to an ever increasing human and livestock population (Biamah, 2005). Ironically, it is

also probably the most reversible, that is, the most responsive to restoration and

rehabilitation. Past experiments in range management and land rehabilitation (e.g.
»•*>

research and project reports from Baringo, Machakos and Kitui districts from the 1930s 

to present) suggest that many of the degraded sites, if fenced and protected, are likely to 

recover rather quickly and dramatically. Until such measures are taken, however, many 

areas will produce less fodder, food, and other goods and services essential to rural life.

Community based rehabilitation processes have rarely been successful and often 

undocumented. Herlocker (1999) cited a case study from Samburu district, Kenya as an 

example of this. Bogdan and Pratt (1967) have also highlighted some rehabilitation work 

in the early post independence days of Kenya. Several bodies including governmental, 

inter-governmental, non-governmental and donor agencies have been involved in 

community initiatives to combat land degradation and mitigate the effects of drought in 

Kenya. For example, the Reclamation of Arid Environments (RAE) Charitable Trust is a 

non-profit making organization, which works in the drylands of Kenya, with the aim of 

reclaiming denuded drylands. It has been able to reclaim degraded areas in Baringo 

District, using grass reseeding technology.

The African Land Development Board (ALDEV) was created in 1946 to address the 

serious effects of land degradation. The Kenya Rangeland Ecological Monitoring Unit 

JKREMU) was established in 1975 to monitor ecological changes in the drylands. The 

GoK/NAP (2002) report observes that most activities to combat desertification have 

fallen short of the desired expectations because of among other reasons sectoral 

approach, uncoordinated funding, inadequate policies and inadequate involvement of the 

iLw?!1 vivA’mvMmfvfif. to aMbton to ibis Jtbe GoK/NAP /2002) report points out that it is 

important to take into account the historical background and take cognisance of the 

lessons learnt in the past attempts to combat land degradation in Kenya.

The management of Kenya’s drylands has been guided by several cross-sectional policy 

aTsiYmvfevfto iVimV wiVwab .narae to t e  hetom Konya .ratified the Convention to



Combat Desertification (CCD). Kenya ratified the convention in 1997 with the view of 

joining the World Community to combat desertification (GoK/NAP, 2002). Some of the 

policy instruments include:

• Swynerton Plan of 1954

• Sessional Paper No. 10 of 1965 on African Socialism and its Application to 

Planning in Kenya.

• District Focus for Rural Development (1982).

• Sessional Paper No. 1 of 1986 on Economic Management for Renewed Growth.

• Development Policy for Arid and Semi-arid Areas of 1992.

• National Environmental Action Plan of 1994.

• Sessional Paper No. 1 of 1994 on Recovery and Sustainable Development of the 

year 2010.

• National Development Plans for 1974-1979, 1980-1984, 1985-1989, 1990-1992,

1993-1997 and 1998-2002.

• Sessional Paper No. 6 of 1999 on Environment and Development.

• Poverty Reduction Strategy Paper of 2001.

• National Policy for the Sustainable Development of Arid and Semi arid Lands of

Kenya of 2004

Of the mentioned policy instruments, the following have had the greatest impact.

2.2.1 THE SWYNNERTON PLAN OF 1954

During the colonial period, much of Kenya was divided into independent reserves and 

high potential areas for colonial settlement agriculture. The persistent low productivity on 

the reserves and a growing political insurrection in some parts of Kenya led to a liberal 

proposal for land-tenure reform, which continues to shape the evolving landscape in 

Ukambani and all of Kenya. The Swynnerton Plan of 1954 was supposed to address 

African land problems by reforming land tenure, consolidating fragmented holdings, 

issuing freehold title, intensifying and developing African agriculture, providing access to 

credit, and removing restrictions on growing crops tor export (Bradshaw, f99U)\ ft' 

consisted of a three-phase programme: (1) land adjudication to "phase out" customary
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tenure; (2) land consolidation into one block per household to eliminate small, dispersed 

parcels, to allow greater specialization, and to realize economies of scale in cash crop 

production; and (3) land registration to provide for security of ownership and to establish 

a land market. Overall, the aim was to facilitate increased investment and employment in 

agriculture and to increase rural incomes and the "productivity" of land (Okoth-Ogendo, 

1991). The plan was predicated on an assumption that explicitly "successful" or wealthy 

African farmers would "be able to acquire more land and bad or poor farmers less, 

creating a landed and a landless class" (Swynnerton 1955, 10, cited in Wangari 1991).

The Swynnerton plan emphasized the need to de-stock the pastoralists in the marginal 

areas and introduce grazing control. In addition, it also aimed at providing the African 

farmer with secure title to private property so as to encourage him invest his labour and 

profits into the development of his farm. This minimized the destruction of the 

environment thus combating the land degradation problem.

2.2.2 SESSIONAL PAPER NO. 10 OF 1965 ON AFRICAN SOCIALISM AND ITS APPLICATION 
TO PLANNING IN KENYA

This Sessional Paper was drafted immediately after independence to facilitate the so 

called Africanization of the Kenyan economy and public service. It was aimed at 

ensuring a rapid economic development and social progress for all Kenyans. In the phrase 

“African Socialism,” the word “African” was not introduced to describe a continent to 

wriicri a ifireign lutordgy wavitrdtrifampikmfccd i nvxm\b\)vm\fy Yfkr< kfrkar.uio£c 

of a system that was in it African in its characteristics. African Socialism is a term 

describing an African political and economic system that is positively African not being 

imported from any country or being a blueprint of any foreign ideology. The principal 

conditions the system had to satisfy were to draw on the best of the African traditions, be 

adaptable to new and rapidly changing circumstances and not rest for its success on a 

satellite relationship with any other country or group of countries.

Under African socialism, the power to control resource use resided with the state. Idle 

and mismanaged farms owned by the Kenyan citizens or foreigners were not permitted. 

Production and yields were also influenced by government extension officers and
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research. All this ensured the conservation of our heritage for the future generations 

through the adoption and implementation of policies designed to conserve natural

resources.
• **>

2.2.3 THE NATIONAL POLICY FOR THE SUSTAINABLE DEVELOPMENT OF ARID AND 
SEMI ARID LANDS OF KENYA, 2004

This policy document was formulated through a participatory and consultative process, 

which was spearheaded by Arid Lands Resource Management Project and United 

Nations Development Programme, UNDP. The process involved relevant stakeholders 

including government departments, research institutions e.g. ILRI, KARI, KEFRI, 

ICRAF, KEMRI, among others. The objective of the policy is to provide a coherent and 

practical framework for the implementation and realization of a new vision for ASAL 

development in Kenya. This policy reflects the Government’s commitment to overcome 

challenges facing the Arid and Semi arid lands and was aimed at reversing the negative 

trends prevailing in the ASALs e.g. land degradation, in order to uplift the socio­

economic welfare of ASAL inhabitants. According to the policy document, one of the 

weaKliesses'Xir^onmrunar’nLauAdfimvr'vjs.hbaf jLdoes..uoLcarifer..adqauate incentives and 

sanctions for efficient utilisation and management of common property resources, which 

lead's to what is comrcrumV referred1 to ay to? “to?gi?xdp to  Ah? a tam ans”. In Trying to 

address this challenge, the policy seeks to improve ASAL land tenure and land use 

policies.

2.3 RANGE RESEEDING

Range reseeding is not new in Kenya (Mnene, 2005). Reseeding can be described as the 

process of introducing new seed to replenish a depleted seed bank. During the 1950’s and 

1960’s, a number of reseeding techniques were developed and introduced for rangeland 

rehabilitation. Rehabilitation can be described as a re-engineering process that attempts to 

restore an area of land back to its natural state after it has been damaged as a result of 

some sort of disruption. Some had the options of pitting and re-seeding or over-sowing 

(Mnene, 2005). Some techniques were tried in several districts such as Machakos, Taita- 

Taveta, Baringo and Kitui. Much later Bekure et al. (1991) demonstrated some of the 

same approaches in Kajiado district, but it was observed that unless the pastoralist had
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control over the land, it was only possible to undertake pasture improvement within the 

confines of reserve grazing areas (Olopololis in Maasai).

Range reseeding is costly and risky, especially in arid and semiarid zones. The USCCTP 

(2005) notes that in many arid and semi-arid rangelands, the cost of restoring a degraded 

land may by far exceed the potential returns from livestock production. In addition, 

restoration technologies are unreliable in environments where precipitation is 

unpredictable. Rangeland climates are characterised by large spatial and temporal 

variations in rainfall. The moisture conditions suitable for active growth are usually 

short- lived, unpredictable in many instances (De Groot et al. 1992). Traditional methods 

of reseeding degraded semi-arid and arid rangelands are expensive and often 

unsuccessful, due to the high rates of seed and seedling mortality and predation. As a 

general rule, seeding should not be attempted in areas with less than 300 mm of average 

annual rainfall because they are apt to fail. Mnene (2005) reported that when a seed stock 

is healthy, only two environmental factors will stop it from germinating and establishing 

in the semi-arid rangelands, namely soil type and moisture. Apart from soils and rainfall, 

other factors including human interventions (burning and grazing) and individual species 

physiological differences affect germination and subsequent growth. For example, seed 

weight jslays a role in this process. Relatively small seeds would have a lower 

germination potential than the fully developed ones, which are often larger. Another 

example is seed dormancy, a natural mechanism for a species’ perpetuity by ascertaining 

conditions just right for seed germination. Seed dormancy varies between species 

(ftlnene, /UUb')'

Successful reseeding has however been made in low rainfall areas e.g. Thar Desert in 

India where the rainfall ranges between 100-500mm annually, 90% of which is received 

between July and September (Sinha et al. 1997). This is only achievable with water 

management. Water harvesting techniques such as pitting, contour furrows and trenches 

are important for the creation of both micro-catchments and macro-catchments. In 

Burkina Faso, farmers carve half-moon shaped micro-catchments in checkerboard
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fashion along the slopes of their land, situated in such a way as to capture and retain 

rainwater (IFAD, 2007). Half-moons are used to:

• Rehabilitate degraded land for crop cultivation and fodder production

• Conserve water and fertile soil

• Improve soil fertility, with the addition of compost

• Expand cultivated areas, and

• Improve the infiltration and stock of water in the soil.

Such techniques are used in reducing run-off, thus ensuring that the grass seeds get 

enough water for a prolonged period of time thus improving their chances of germination 

and establishment.

The primary purpose of range reseeding is to improve existing ground cover and biomass 

to an extent or in a manner not possible by grazing management alone (Pratt and 

Gwynne, 1977; Makokha et al. 1999). This can be accomplished by;

• Over-sowing into existing vegetation with a superior species

• Establishing a completely new pasture, with or without the aid of irrigation, and

• Reseeding a denuded land (Mnene, 2005; Opiyo, 2007).

The ecological stresses in dryland ecosystems, especially low and unpredictable rainfall 

amounts, are so acute that ecosystem recovery through the process of natural secondary 

succession is likely to be very slow, thus would require some external input such as 

reseeding of native grass species to accelerate the rehabilitation process. Range reseeding 

involves reseeding of denudated land by the seeds of superior plants, or the establishment 

of completely new pastures, with or without the aid of irrigation (Bogdan and Pratt, 

1967). Native grasses are more successful in reseeding degraded rangelands (Musimba et 

al 2004). The best grass species to use in a reseeding program are those not only native 

in the area but also found on range sites similar to those to be reseeded. These rangeland 

rehabilitation methods have been tried in many parts of Kenyan rangelands. It was 

observedTrial' trie' crianctrmrest&tJilsTlintTn*uipwitdinuc?horraTtt '̂0?Kditu?n.7 

rainfall amount (Opiyo, 2007).

♦
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Rangelands reseeding in most cases require soil disturbances. This help in replenishing 

deficient plant species or introducing new ones by allowing seed penetration to the 

ground through provision of conditions suitable for germination, emergence and 

subsequent establishment of the species (Singh, 1987). Different methods are used to 

prepare a degraded range area for reseeding. Some of these methods include seed bed 

preparation and soil disturbance. All of these methods involve some form of rain water 

harvesting or the building of micro-catchments. This ensures that all available moisture is 

utilised effectively to increase water penetration and slow run-off. Low cost techniques 

for the rehabilitation of rangelands and drylands are more sustainable. Soil disturbance by 

the use of an ox-drawn plough and hand hoes to create micro-catchments to trap enough 

moisture for seed germination are among the most economical practices for resource poor 

farmers in the drylands. Field preparation methods and techniques are defined by such 

factors as the size of area to be reclaimed, the degree of degradation, soil types, rainfall, 

the amount and type of invasive species, the presence of wildlife, and the financial and 

human resources available (RAE, 2007).

For the many attempts made in Kenya to restore grass cover through seeding, it has been 

learned that the fundamental requirements of success are:

• An appreciation of the ecological potential of the site.

• Grasses suitable for reseeding purposes and sufficient seed of adequate quality.

•  TAve A'xtegraAicv? jaf Jtbf* se&ixvg rynnnatixw Autn an overall .land-management policy, 

embracing grazing and bush control where necessary.

• Some form of seedbed preparation and a degree of seed protection in keeping 

with site requirements.

• A period of complete rest from grazing after reseeding.

• Reasonable rains during the establishment season (Opiyo, 2007).

2.4 RANGE GRASSES FOR RESEEDING

Range grasses have evolved adaptive mechanisms for survival (Opiyo, 2007). According 

to Bogdan (1958), local grasses should always be used for reseeding in preference to 

introduced, exotic species. The grasses that have given best results in East Africa are all
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local grasses (Pratt and Gwynne, 1977). Only local species have proven to be the most 

successful (De Groot et al. 1992; Opiyo, 2007). Perennial grasses are preferable to all 

other plants, except in eco-climate zone VI, where the rainfall is mostly too low to 

support perennials and where annual grasses are favoured (Pratt and Gwynne, 1977). 

Perennial grasses have the ability to survive dry seasons and regenerate with each rain to 

produce fresh growth from the original rootstock. According to Mnene (2005), perennial 

grasses have good self-seeding ability so that with proper management, they can establish 

and spread quickly to give good cover. Although perennials may produce seed every 

season, they leave for a few to several years.

The choice of grass for reseeding should be based on the following: it must be 

sufficiently drought tolerant to survive and perpetuate itself, and provide a good quantity 

of herbage of fair or good grazing value (Mnene, 2005). It should also produce adequate 

amount of viable seed, which can be easily harvested, and easy to establish (Mnene, 

2005; Opiyo, 2007). In addition to these characteristics, tolerance to grazing and the 

ability to establish fast during spells of favourable climatic conditions are very important 

Traits Jn choosiqg ̂ rass species for reseeding (Jordan, 1957). According to Pratt and 

Gwynne (1977), six grass species which have been useful in reseeding include: Cenchrus 

ciliaris, Chloris gayana, Chloris roxburghiana, Cynodon dactylon, Enteropogon 

macrostachyus and Eragrostis superba. Others grass species which have been tried for 

reseeding grazing rangelands in Kenya are: Eragrostis trichodes, Eragrostis bicolor, 

Chloris virgata, Cymbopogon caesius, Dactyloctenium aegyptium, Panicum coloratum, 

Sorghum suclanensis and Sporobolus pyramidalis. The grasses selected for this study are 

discussed below.

2.4.1 Cenchrus ciliaris L.

Cenchrus ciliaris is a persistent tufted perennial which occurs in a wide variety of types, 

some of which have become reputed cultivars (strains or varieties in cultivation) (Pratt 

and Gwynne, 1977). Numerous cultivars have been created in order to improve 

productivity and vigor in extreme conditions of drought, disease, frequent fire and other 

factors (Duke, 1983). This species has a variety of common names depending on where
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it is found. For example, the grass is referred to as Buffel grass (Australia), African 

foxtail (USA, Kenya) and Anjan grass, Koluk katai, Dhaman (India). It belongs to the C4 

photosynthesis type (Bogdan, 1977).
• **>

It is an extremely variable species, tufted (sometimes shortly rhizomatous) perennial 

with types ranging from ascendant to erect, and branching culms with linear leaf-blades, 

flat or having enrolled margins. The grass species has a height of 12-120cm (Harker and 

Napper, 1960). The branching culms range from about 0.3-2.0m at maturity. Leaf blades 

are linear, 2-13mm wide and 3-30cm long; green, blue green to grey green in colour, 

scabrous, mostly glabrous and sometimes hairy at the base. Panicle is erect or nodding, 

straw normally grey or purple coloured, bristly, false spike, 2-15cm wide, with seed units 

or fascicles inserted along a zigzag axis. Each bur-like fascicle comprises a single 

spikelet or cluster of 2-4 spikelets, 3.5-5mm long, surrounded by an involucre of bristles 

of various lengths up to 16mm long. The bristles are barbed and hairy, giving the fascicle 

an adhesive quality. Seeds disperse profusely by clinging to animal fur, similar to other 

Cenchrus species, i.e. C. longispinus, which have spiny seeds. C. ciliaris seed is lighter 

than the sand burs, has barbed bristles and may disperse by wind as well (Morisawa, 

2000). Cenchrus ciliaris has a deep strong fibrous root system that exceeds 2m. It is a 

particularly aggressive grass, by virtue of its extensive root system competing with 

associatecfspecies tor water ana’nufrientS. lf'aiSo appears 16 de ailfeibpafriicr Suppression* 

of other species by exudation of phytotoxic chemicals that inhibit germination and 

growth of other plants).

The grass is native to tropical and sub-tropical Africa (Bogdan, 1977). The species is 

well adapted to the hotter regions and enjoys wide distribution over the drier parts of 

India, Pakistan and South Africa. It is one of the most drought-tolerant of perennial 

grasses (Pratt and Gwynne, 1977). In Australia, it is considered among the best drought 

resistant grasses (Opiyo, 2007). According to Duke (1983), the grass species was 

probably introduced in Western Australia about 1870-1880. Currently, it has been widely 

naturalised in sub-humid and semi-arid tropics and sub-tropics. Though rare, it is 

possible for a free-seeding species to become a major pasture component simply by
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spreading into relatively undisturbed native pasture from nucleus areas established by

more traditional methods (Cameron, 1980). This is a very long-term undertaking in

semi-arid areas as significant spread occurs only in very favourable seasons. Cenchrus
• **>

ciliaris has this enviable ability on fertile, friable soils in inland Australia and is 

therefore widely sown, without cultivation, after pulling scrubs (Silcock, 1986).

Cenchrus ciliaris has been recommended for reseeding areas receiving 350-900mm of 

rain per year. Whole seeds of this species have been sown to result in better grass stands 

than when hulled seeds are used (Opiyo, 2007). The seeds are have been reported to 

germinate better after pre-drying for 10 days at 40°C than pre-chilling for the same 

period at 5°C (Maze et al., 1993; Hussey and Bashaw, 1996). Arid and semi-arid 

rangelands are reseeded with Cenchrus ciliaris to enhance productivity, prolong grazing 

period and increase carrying capacity. It is a palatable and nutritious grass species 

(Farooq et al. 2003). Cenchrus ciliaris is preferred because it is highly nutritious forage 

for livestock and recovers well from grazing (Morisawa, 2000). It produces reasonable- 

quality hay when cut in the early flowering stage, yielding up to 2 500 kg/ha per cut with 

ja ^ncxtem -mntertf xvf fr-T0.% xvf dry matter. Jlry .matter jvtelds dqnend .greafly on soil 

fertility and growing conditions but is mostly in the range of 2-9 tonnes/ha and under 

ideal conditions upto 24 tonnes/ha. Seed yield ranges between 10-60 kg/ha of clean seed 

per harvest.

The species often occurs in the wild on sandy soils, but is also well adapted to deep, 

freely draining sandy loams, loams, clay loams and red earth soils. It requires good soil 

fertility, particularly with respect to Nitrogen, Phosphorus and Calcium. Phosphorus (P) 

levels should be > lOmg/kg and total Nitrogen (N) levels > 0.1%. The optimum soil 

reaction is pH 7-8, but grows on soils with pH as low as 5.5. It is very sensitive to high 

levels of soil Aluminium and Manganese. Apart from soil depth, rooting depth is also 

limited by high sub-soil salinity or sodicity and low pH of <5. However, it has a 

moderate tolerance of salinity. The grass has adaptation is limited to elevations of less 

than 2000 m throughout the tropics (Bogdan, 1977; Boonman, 1993). Cenchrus ciliaris 

occurs naturally in areas with average annual rainfall from as low as 100 mm upto about

\
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1000 mm, but mostly between 300 mm and 750 mm. It does not survive prolonged water

logging particularly in the cold season. In Australia, Cenchrus ciliaris, withstood 5-day

flooding without any loss of plants and 20-day flooding with losses of 20-85%,
»•*>

depending on the cultivar (Anderson, 1970). For greater flood tolerance, Anderson 

(1970) recommends selecting taller varieties of C. ciliaris, and leaving the plants 

uncut/ungrazed shortly before the highest flooding period. In Kenya, the seeds are often 

destroyed by attacks of smut in wetter areas (Bogdan and Pratt, 1967). It occurs in areas 

with average annual temperatures ranging between 12-28° C. Optimum temperatures for 

photosynthesis in varieties measured is 35° C and minimum between 5-16° C.

2.4.2 Enteropogon macrostachyus (Hochst. ex. A. Rich.) Monro ex Benth

Enteropogon macrostachyus is a widely distributed graminaceous species very common 

in arid areas where it grows in bush, in forest edges and to a lesser extent in open 

grassland (Jordan, 1957; Kitalyi et al. 2002; Opiyo, 2007). This grass species is well 

distributed throughout tropical Africa. In Kenya, it is abundant between Sultan Hamud 

and Voi (Bogdan and Pratt, 1967). It is a tufted annual or perennial. It is particularly 

suitable for reseeding rock slopes or bushland (Pratt and Gwynne, 1977). It has proved an 

excellent grass for reseeding the rangelands of Kenya under moderately dry conditions, 

.as .ba« Joeen .demonstrated .in -Barhjgo .District- .Kerjva v£Rqgdan and Pratf. 1967V This 

species has been tried with moderate success for reseeding denuded pastoral land in 

Kenya (Kitalyi et al. 2002) under annual rainfall of 550-800mm. Enteropogon 

macrostachyus is a good grass for arid and semi-arid ecosystems because it is drought 

resistant. In Kenya, it is commonly referred to as bush rye, whereas in Zimbabwe it is 

commonly known as mopane grass.

This species has erected culms of 30-100cm high. The leaf sheaths are without a keel. 

The surface of the sheath and the outer margins are glabrous. The leaf blades are narrow 

and flat, 10-60cm long and 1.5-10mm wide, and depending on the environment they are 

found, they may be leafy or stemmy. Although stemmy, it is drought resistant and 

roravides.nsefhlcgrazj:iy?.for_herbivores. The inflorescence is composed of racemes. Fertile
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spikelets are sessile comprising of fertile florets, with diminished florets at the apex. 

Spikelets are elliptic, dorsally compressed, 7-1 Omm long.

Enteropogon macrostachyus occurs naturally in grasslands and rocky outcrops in semi- 

arid environments. It occurs from 300- 1600m above sea levels in semi-arid areas of 

tropical Africa. The species occurs in areas receiving around 575mm of rainfall per 

annum. It is a very good seeder and seed can be collected rapidly by cutting the seed- 

heads or stripping the heads by hand (Bogdan and Pratt, 1967). It should lend itself easily 

to mechanical harvesting. The seeds germinate readily and grow vigorously. It is 

palatable thus its re-introduction in degenerated swards is of obvious value to grazers 

(Opiyo, 2007).

2.4.3 Eragrostis sttperba Peyr.

Eragrostis comes from the Greek words Eros meaning love and this possibly refers to the 

heart shaped spikelets; and Agrostis meaning grass. The species name superba is the 

Latin lor splendid' and is probably descriptive o f  the spikelets. Eragrostis is a 

cosmopolitan genus occurring mainly in the tropics and subtropics with over 350 species 

of which about 90 occur in southern Africa.

Locally, Eragrostis superba is commonly referred to as Maasai love grass. Its other 

common names are saw-tooth love grass (South Africa), Wilmann love grass (U.S.A) and 

Flat-seed love grass. This species occurs naturally in South Africa and northwards 

throughout East Africa to Sudan, It is wide spread in the semi-arid areas of East Africa. 

The grass is very common in various vegetation types mainly grassland and savanna 

types throughout its distribution range. Also, it occurs in rocky and sandy grounds 

(Bogdan, 1958). It has been introduced into the USA, India and Australia.

This is a tufted perennial 20-120cm high (Opiyo, 2007).The leaves are mainly basal and 

the culms are sturdy and erect. The leaf blades are up to 400mm long and 3-12mm wide. 

TAa? A JAlO-JVOftw.w wEb spikskts v'Li'Araw i&ng avad JUAVpmv wiEE,

purple tinted, ovate and jagged in outline, strongly flattened from the sides. Spikelets •
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disarticulate below the glumes at maturity and fall as entire units. This grass species has a 

high shoot/root ratio (Taerum, 1977; Opiyo, 2007) which is a disadvantage during 

drought periods but is advantaged by having deep root system which go as far as 2.2m 

with 73% of the roots limited to the upper 0.4m from the soil surface, which enable the 

grass to make full use of light showers of rain (Opiyo, 2007). It is a moderate tiller and its 

regrowth ability is poor when compared to Cenchrus ciliaris (L) and Chloris 

roxburghianci (Schult).

Eragrostis superba grows in disturbed places and thus has been used successfully for 

reseeding denuded lands (Bogdan, 1958). It has also been used for reseeding denuded 

pastoral land in Kenya (Pratt and Gwynne, 1977). The grass has excellent establishment 

characteristics. This species has also been used in soil erosion control. It has been 

successful in the semi-arid areas of East Africa particularly in eco-climatic zone VI 

where mean amiual rainfall is about 500-900mm. The grass occurs from 0-2000m above 

sea level and doesn’t grow below -11°C. Eragrostis superba, along with Cenchrus 

ciliaris have been the basis of the seed mixtures used for large-scale reseeding in Kitui, 

Machakos and Baringo in Kenya (Bogdan and Pratt, 1967). It is quick growing, shows 

gx;vu-v<^txiatvergiuw(lhialnmx*ithuugiluubdkry&{i''caKCii}xi>''g{RR{ia}uugik\tfibizaiviz ilh sc 

very palatable when young. Chemical and digestibility analyses indicate that the grass 

AasfzVo crua’e protein CPoCFj in the dry matter at an eari’y-iTowenrrg stage with S&-SJ-P6 

crude fibre (%CF) (Bogdan and Pratt, 1967). Wasonga el al. (2003) reported that the 

Pokot community in Kenya has identified Eragrostis superba as one of the grass species 

suitable for fattening and improving the condition of their livestock herd. Depending on 

the management, it can give high yields. A dry matter of more than 24000 kg/ha per year 

under an eight-week cutting interval was obtained by Strickland (1973) at Stamford, 

Queensland. Under a four-week cutting regime the yield was approximately one-half. In 

Gujarat, India, 3104 kg green matter per hectare was recorded (Srinivasan et al. 1962).

The grass grows very easily from seed. The seeds of this species are in the form of a 

small, plump grain, which are particularly susceptible to insect damage. It can be grown 

in gravely, sandy, loamy or clay soils. However, it prefers sandy soils but occurs also on
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clay loams and clays. Eragrostis superba can also be found on termite mounds common

in the arid and semi-arid areas. A medium-textured deep soil neither strongly acid nor

strongly alkaline is preferred. It has a high tolerance to salinity and alkalinity and the seed
• **>

will germinate well (Ryan et al. 1975). The grass seeds can be collected easily from open 

grassland or at roadsides by stripping the ripe panicles. Mature spikelets, each with 

numerous florets, detach easily with the caryopses enclosed.

2.5 METHODS OF ESTABLISHING SEEDED STANDS FOR RANGE 
REHABILITATION

2.5.1 RAINFED

Rainfall shows variability within the Eastern African region in both space and time 

(Herlocker, 1999). Pratt and Gwynne (1977) reckon that rainfall in Eastern Africa is 

highly erratic and unreliable in terms of amount, time and space. Rainfall variability 

from year to year causes significant differences in primary production. Therefore, 

reliance on rainfed establishment is risky and costly. However, with effective rainfall and 

water harvesting techniques, successful rehabilitation is possible.

2.5.2 IRRIGATING PASTURES: SPRINKLER IRRIGATION

Irrigated pastures can provide forage for livestock, be useful in breeding and calving time 

and conserve and improve soil and provide an alternative to rangeland (Young et al. 

1994). Irrigation for grass stand establishment must be done cautiously until the seed has 

germinated and the seedling emerged. Any sealing or crusting of the soil surface prior to 

emergence will result in failure or poor stand establishment. Once irrigation is started, the 

soil surface must be kept moist by frequent light irrigations until the seedlings have 

emerged (Holzworth and Wiesner, 2006). The key to irrigating land is to fill the soil 

profile to a depth of four feet. Four feet of soil will hold approximately four inches of 

water and the plant will be able to extract 50% of the water in the soil before 

stressing. The irrigation amount and frequency will vary depending on the weather, soil 

type, rooting depth and presence of subsoil impervious layers. Most pastures require 

between 4 and 6 acre-feet per acre of water per growing season (Young et al. 1994). 

However, the use of grass species that have a combination of traits for drought resistance
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and persistence with reduced water may increase chances for survival during periods 

when irrigation may be restricted (Da Costa and Huang, 2004).

Sprinkler irrigation, also referred to as spray irrigation, is a method of applying irrigation 

water which is similar to natural rainfall. The main objective of a sprinkler system is to 

apply water as uniformly as possible to feel the root zone with water. Water is distributed 

through a system of pipes usually by pumping. It is then sprayed into the air through 

sprinklers so that it breaks up into small water drops which fall to the ground similar to 

rain drops. Friction between the air and the stream of water causes the stream to break 

apart into water droplets that fall to the surface, similar to rainfall (Smajstrla and Zazueta, 

2003). Sprinkler irrigation systems are best suited to sandy soils with high infiltration 

rates although they are adaptable to most soils. Sprinklers also work better for shallow 

soils that require more frequent irrigation. According to Young et al. (1994), sprinkler 

irrigation has an advantage where the water supply is limited or expensive, the soil is 

shallow or sandy or the terrain is rough or steep. Different soil types require different 

irrigation schedules. However, for soils which easily form crusts, then a light fine spray 

is recommended. The irrigation interval for sands or sandy loams is much shorter than for 

fine textured soils (Young et al. 1994). Sprinklers systems are currently being used for a 

variety of crops such as fruit trees, vines and vegetables, broad acre crops and pasture, on 

a wide variety of soil types and topography (Qassim, 2003). The average application rate 

from the sprinklers (in mm/hr) is always chosen to be less than the basic infiltration rate 

of the soil so that surface ponding and runoff can be avoided.

2.5.3 ROLE OF MICROCATCHMENTS

Soil disturbance plays an important role in the success rate of restoration attempts (van 

den Berg and Kellner, 2005). This intervention has a number of ultimate effects: it 

promotes better root growth; enhance germination of seeds and establishment of 

seedlings; increase the soils water retaining capacity (Visser et al. 2007). These micro­

catchments ensure that the grass seeds trapped enough water for a prolonged period of 

time thus improving the chances of the grass seeds to germinate and establish. Factors 

affecting germination and early seedling growth are often the primary determinants of the
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distribution of adult plants (Snyman, 2004). Of the environmental factors, soil-water is 

the key limiting factor to seedling establishment in the semi-arid rangelands

(Schellenberg, 1999).

2.6 THE SITUATION IN THE STUDY AREA

The Kambas are predominately agropastoralists. Agropastoralism is an example of a 

land-based livelihood. A large number of farmers in the study area favour mixed fanning, 

that is, crop-livestock production systems. Most people in the study area are still 

dependant on land for their daily livelihood. The prospect for depletion of land and water 

resources will be amplified as long as the people remain dependant on land (LUCID, 

2006). According to Diagana (2003), a central question to the sustainable agricultural 

debate in Sub Saharan Africa (SSA) is why many African farmers unsustainably exploit 

soils and water and why many do not adapt or adopt other seemingly superior and 

available technologies, but instead continue using practices that degrade water and soil 

resources.

Whereas people formerly concentrated around permanent groundwater sources or along 

perennial streams, widespread deforestation and soil compaction have led to the 

transformation of many permanent groundwater sources to seasonal supplies and have 

reduced perennial streams to intermittent flow. This has changed water quantity and 

quality and has radically altered the timing and terms of water availability for agriculture, 

livestock, and domestic use. Moreover, the changes in use pattern engendered by these 

effects have in turn caused further damage and disruption in watershed sjvstems. For 

example, one of the rehabilitation sites in the study area, in Silanga Ngomano used to 

provide water for people, domestic animals and wildlife for many months has 

deteriorated due to silting of the natural water holes. Nyangito et al. (2008) attributes 

such land degradation to inappropriate land use practices especially overgrazing and 

debilitating droughts. Overgrazing, which leaves the soil unprotected from the disastrous 

impact of the sun and wind leads to accelerated land degradation (Lang, 1995). This 

Problem is assumed to partly .stem Jmm Sh? Twgedy Cammvrs yWareft*r, 19S8),

P vailing aiidity (Ellis et al. 1993) and the Cattle Complex phenomenon. Droughts are



recurrent in Arid and Semi-arid Lands (ASALs), occuring every 10-15 years (LUCID, 

2006). The potential impact of these recurrent droughts has increased as the number of 

residents has increased, making the access to key resources become more competitive. 

On a more regular basis, the degradation of soil, water, forest, and range resources has 

reduced the supply and the quality of these resources to fulfill basic needs. Environmental 

degradation has also diminished the productive capacity of many local land-use systems, 

both for subsistence and for commercial purposes.

The three major problems in ASALs of Kenya are; land degradation, poverty and food 

insecurity. The land degradation problem has reduced the supply of range resources 

needed to fulfill the basic household needs of the Kamba agropastoralist community 

living in Kibwezi district. This study investigates the role of grass reseeding in improving 

the supply of range resources and subsequently fulfilling the basic household 

requirements of the Kamba community in Kibwezi district.

*
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CHAPTER THREE

MATERIALS AND METHODS

3.1 STUDY AREA

This study was carried out in Kibwezi District, Kenya. Kibwezi district is a typical semi- 

arid district in Kenya mainly inhabited by the Kamba agropastoral community.

3.1.1 LOCATION AND SIZE

Kibwezi district was carved out from Makueni District in 2007 and is one of the 26 

districts that form Eastern Province, in Kenya. Kibwezi District is located about 200 Km 

South East of Nairobi. It lies between the latitudes 2° 6'S and 3°S, and longitude 37° 36'E 

and 38° 30'E respectively. Kibwezi District borders Taita District to the South, Kajiado 

District to the West, Kitui District to the East and Makueni District to the North (Figure 

3.1). The district has a total area of 3400 Km2 (CBS, 2000).

3.1.2 GEOLOGY

The geology of Kibwezi District is characterised by recent volcanic rocks under the 

basement complex system. Granite rocks are found around the Chyulu Hills which is a 

major water catchment area in the district. The rest of the area is almost entirely built up 

of recent lava flows and some volcanic cones. The flood plains and bottom lands occupy 

only minor portions. The rocks present in the district can broadly be subdivided into 

dasernenr sysifcnr locks; vcnturacr aw ' stipmfi'iitf1 (.ftpc/srii" v/fUtidwr v'foFwnir

activity significantly enriched large areas of basement system rocks with volcanic 

material. This enrichment coincided with major volcanic activities in pleistocene and 

recent times (Mu'simba et al. 2004). Recent volcanic rocks are represented by the string 

of ash and cinder cones of the Chyulu range and its surrounding lava flows, which 

consists of various olivine basalts, partly covered by ash deposits of various texture and 

thickness. Volcanic ash is evident unto today as witnessed in the recent lava flows, 

popularly known as Shamba la Mashetani, the devils farm, in the Tsavo West National 
Park.
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Figure 3.1: Map of Kenya and study area



3 .1 .3  TOPOGRAPHY

The altitude of the study area varies from 600mm to 1100mm. The land rises slightly 

below 600m a.s.l in the greater Tsavo area at the southern end of the district to about 

1,100m in the northern part (GoK, 2002). Athi River is the major perennial river in the 

district and its tributaries- Kambu, Kibwezi, Kiboko and Mtito Andei Rivers, drain 

Kibwezi district. Low lying, gently eastward sloping plains towards Athi River, broken 

by occasional hills and seasonal and perennial rivers also characterise the area.

3 .1 .4  S O IL S
I

The soils are mainly Ferralsols, Cambisols and Luvisols (Touber, 1983). Most of these 

soils are compact and have a massive structure with strong surface sealing, which causes 

much run-off during heavy rains. Just like other soils in drylands, the soils in Kibwezi 

contain low organic matter with a carbon content of between 0.1-0.5%. Such soils are 

generally very vulnerable to degradation through physical erosion and to chemical and 

biological degradation (El Beltagy, 2002). Soils in Kibwezi district are of volcanic origin, 

shallow to very shallow, extremely stony to rocky and highly penneable. The flood plains 

and bottom lands in the district have soils which range from calcareous and non-saline to

---- extremely calcareous and satm'e. Pockets' of black cotton soils rich in clay content can

also be found scattered in the district (Musimba et al. 2004). The Ferral-Chromic 

Luvisols (Touber, 1983) are well drained, moderately deep, dark reddish brown with 

well-developed A-horizons. The A-horizons have a characteristic dark reddish brown 

colour and sandy clay loam to sandy clay texture.

3.1.5 VEGETATION

The distribution of the vegetation in the study area is controlled by a number of complex 

interrelated factors such as climate, geological formation, soil type and the presence or 

absence of ground water (Gachimbi, 1990). The vegetation in the study area has evolved 

- under pressure from both periodic droughts and large herds of wild herbivores including 

the agro-pastoral herds. Kibwezi is a typical semi-arid rangeland district dominated by 

Commiphora, Acacia and allied genera, mainly of shrubby habitat. The Baobab tree,
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Ad'ansonia digitata are also common (Musimba et al. 2004). Perennial grasses such as 

Cenchrus ciliaris, Enteropogon macrostachyus and Chloris roxburghiana can dominate 

but many succumb to continuous abuse-over long periods. Eragrostip, superba is also 

commonly found in the district. Bottom lands dominated by Vertisols are characterised 

by Pennisetum mezianum at the lower storey and Acacia drepanolobium at the middle 

storey.

3.1.6 CLIMATE

The climate is typical semi-arid and the district is representative of many other zones

with similar ecological* conditions throughout Kenya, characterised’ by low and’ unreliable

supply of soil moisture for plant growth. The climate of semi-arid Kenya is influenced by

the seasonal shifts and intensity of the low Inter-Tropical Convergence Zone (ITCZ)

(Biamah, 2005). The average annual rainfall, evaporation and temperatures are 600mm,

2000mm and 23°C respectively (Michieka and van der Pouw, 1977). The rainfall is

characterised by small total amounts, strong seasonal and bimodal distribution (Nyangito 
1.

et al. 2008), with long rains from March to Ma^ and short rains from November to 

December. The short rains are more reliable in time than long rains and are therefore 

more important. Results from Gichuki (2000) show that 60% of the annual rainfall in the 

study area is received during the short rains, with the long and dry season rains 

contributing 37% and 3% of the annual rainfall, respectively. According to Braunn 

(1978), there is a concentration of rainfall at the beginning of the long or short rains. 

Rainfall intensities are usually very high. There is a lot of variability in rainfall amounts 

both in time and space and its reliability is low.
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Figure 3.2 Annual rainfall (mm) and long-term average annual rainfall

■ Total annual rainfall □ Long-term average annual rainfall for Kibwezi district

Notes: Data Source: DWA Station

Kibwezi is a typical semi-arid district in Kenya, and generally lies in two agro-climatic 

zones (ACZ), IV and V (Table 1), on the basis of the ratio of rainfall to open water 

evaporation (R/E0).

Table 1: Agro-climatic zones of Kenya, excluding areas above 3000m altitude (Biamah, 2005)

Zone R/E0*

(%)

Classification R*

(mm)

F * 

(mm)

I >80 Humid 1100-2700 1200-2000

II 65-80 Sub-humid 1000-1600 1300-2100

III 50-65 Semi-humid 800-1400 1450-2200

IV 40-50 S.humid - S.arid 600-1100 1500-2200

V 25-40 Semi-arid 450-900 1650-2300

VI 15-25 Arid 300-560 1900-2400
VII < 15 Very arid 150-350 2100-2500

Notes: * R —Average rainfall; E0- Average annual evaporation

3.1.7 DEMOGRAPHIC AND SETTLEMENT PATTERNS

The largest ethnic group in the study area is the agro-pastoral Kamba community. Their 

mainstream economic activity is raising livestock and cultivating cereals and pulses. The 

production system is largely geared to subsistence production (Nyangito et al. 2008).
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Kibwezi has a human population density of 85 persons per km2 (GoK, 2002). The district 

has a complicated settlement history. Pastoralists and hunters were resident in the area for 

centuries throughout the pre-colonial period. The implementation of the Native Reserve 

Ordinance (NRO) in 1901 forced the removal of people from a large area stretching from 

Tsavo River in the South, Kiboko River in the North, and from the Chyulu hills in the 

East to Athi River in the East. However, some people remained, especially in the Chyulu 

hills (Mbithi and Barnes, H)75). The ffiRO also permitted the whites to secure 88 years 

leases on crown land, and by 1915, all the land in Kibwezi was declared government 

property under the Crown Lands Ordinance (CLO). Between 1925 and 1936, the colonial 

government declared areas settled around and on the Ngulia hills Crown Land, under the 

Crown Lands Ordinance (CLO). -The CLO also increased lease periods from the initial 88 

years to 999 years. Shortly before independence, around 1961, efforts were made to 

relieve population pressure on the Akamba farms in the area around Machakos town 

(Murton, 1999). The best land was found in the Chyulu hills in Kibwezi District. The 

wave of settlement brought 20% of the area under cultivation. In the same period (1961- 

1978), bush encroachment increased from 52-62% and the amount of forest decreased by 

62% (Tiffen, 1991). According to Mbithi and Barnes (1975), the unorganized settlement 

immediately after independence, in 1964, into the area between Mtito Andei and 

Kibwezi, that was declared and designated for settlement, has led to the present land 

deterioration prevalent in the area. The newly opened settlement schemes in Kibwezi 

District (Kibwezi, Masongaleni, Kiboko and Nguu Ranch), have further caused a large 

influx of people from other districts and increased the population density.

3.2 RESEEDING MATERIALS AND PREPARATIONS METHODS

A number of methods were applied to evaluate various attributes for grass reseeding in 

the study area. These methods are detailed below.

3.2.1 SEED VIABILITY TESTING BY GERMINATION

Shar i f Ah?  J  grays1 ipmva? were Ayistf At Ah? experiment; jFirfervptjgurr mttrtminMyns-] 

Ercigrostis superbci and Cenchrus ciliaris, were purchased from the local farmers in the 

study area. The germination capacity of the grass seeds as a measure of seed quality was
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tested in the laboratory. The seed viability tests were carried out in two laboratories; The

Animal Nutrition Laboratory, Department of LARMAT, in Kabete, under controlled

conditions in the incubator (20°C) and at the Kibwezi Field Station Laboratory, under
#•**

room temperatures.

Random samples of 100 seeds of each grass species obtained from the bags of collected 

seeds were put on a wet Whitman filter in standard laboratory petri-dishes. Each petri- 

dish contained 25 grass seeds replicated four (4) times to make 100 seeds per grass 

species. The grass seeds were arranged in five straight lines each containing five seeds to 

make 25 grass seeds per petri-dish. The petri-dishes were then placed in an incubator at 

20°C or in open air at room temperature. The filter paper was moistened with a few drops 

of water when it appeared dry. The grass seeds that germinated everyday were counted 

and removed from the petri-dishes. Germination was considered to have occurred when a 

clearly identifiable radicle emerged from the seed in the petri-dish (Opiyo, 2007). At the 

end of 14 days, all germinated seeds were expressed as a percentage of total number of 

seeds.

The same procedure was repeated again after nine months, at the Range Animal Nutrition 

Laboratory alone, with the same seeds used previously and mature seeds of the three 

grass species harvested during the study period.

Percent Germination was calculated using the following formula:

% Seed Germination = Total number of seeds germinated X 100
Seeds per petri-dish X Replicates

3.2.2 SLOPE CHARACTERISTICS OF EXPERIMENTAL SITES

Slope characteristics are important to soil management because they influence soil 

hydrological properties namely infiltration capacity, run-off, drainage and sediment 

production. In addition, slope characteristics influence the choice of crops to be grown 

and the use of machinery.



The slope characteristics of the sites were estimated using a line level, a thick cotton 

string, a marker pen and two thin poles of equal length measuring 50 inches as follows. 

The two poles were marked using a marker pen at intervals of 1 inch from the top to the 

bottom. The cotton string was then tied to run in between the poles. An adjustable loop 

was made at one end and fixed at the other end, 1 inch from the top of each pole. One 

person was made to stand down slope holding one pole and another person up slope 

holding the other pole ensuring that the string running in between is as turgid as possible. 

The line level was suspended on the string, roughly at the center, between the two poles. 

A third person was made to stand at the centre to observe the movement of the mercury 

in the line level to indicate a level setting. The person at the top of the slope moved the 

string to the different marks on his pole until the level suspended at the centre of the 

string showed a level setting.

The slope was calculated by measuring the distance from the mark where the string was 

placed initially to where the level 'suspended showed a level setting. Slope is a 

percentage, meaning the number of unit falls or rises in 100 units of horizontal distance. 

Every inch from the top of the 50 inch pole equals 2% of slope. The lower the string must 

be on the pole to be level, the higher the percent of the slope.

The % Slope was calculated using the following formula:

% Slope = Inches Drop to a Level Setting X 2%

3.3 EXPERIMENTAL DESIGNS AND LAND PREPARATIONS

Climate vaniahilify, Atw And atoJat .nateM1 jaanpj&teted Ala? setting up

experimental plots to make site specific evaluations. The experimental plots set up under

rainfed and irrigation is described below.
1

3.3.1 RAINFED EXPERIMENTAL PLOTS

SAte 1 / jIaSvca1 i&isaar’if item)' And Ate 2 {Stl&sags? waiter reservoir

site) experimental plots, each measuring 10m X 10m were laid out as shown in figure 3.3. 

The land preparation method involved the use of ox-driven plough to disturb the bare

.34



ground with shallow plough lines to provide the necessary micro-catchments. These

micro-catchments ensure that the grass seeds trapped enough water for a prolonged

period of time thus improving the chances of the grass seeds to germinate and establish.
• **»

The experimental plots were prepared during the dry season just before the onset of the 

long rains of April-May, 2008.

Four sub-plots measuring 5m X 5m were laid out. The grass seeds were hand sown along 

the micro-catchments and covered with some light amount of soil on 29th March, 2008. 

The experimental sites were fenced using locally available branches of Acacia to exclude 

both livestock and wild herbivores from grazing on the reseeded plots.
i

Figure 3.3 Experimental layout of plots under rainfall

10 M

5M

5M

CC CC/EM

CC/EM EM

fcT£ W raby

Notes: CC — Cenchrus ciliaris, EM -  Enteropogon macrostachyus, CC/EM — Cenchrus ciliaris- 
Enteropogon macrostachyus

3.3.2 IRRIGATION EXPERIMENTAL PLOTS

Three (3) experimental plots each measuring 15m X 10m were set up horizontally. 

Another large plot, measuring 55m X 10m running parallel to the three plots was also laid 

out. The spacing between these two plots was 2m. The three plots measuring 15m X 10m



were laid out horizontally next to each other with a spacing of 5m in between them. 

These experimental plots were set up at the Chemistry Department Irrigation farm in 

Kibwezi dryland field station (Site 3). The land preparation method involved the clearing 

of the bush, ploughing and setting up the irrigation laterals and sprinklers. Fire breakers 

of 5m width were made around the area to be ploughed. The fire-breaks were made using 

hand hoes. A total area of 1 acre was ploughed using a disc plough to create micro­

catchments running horizontally across the plots. The 3 plots were placed at the center of 

a portion of the ploughed area and marked.

Six sub-plots measuring 5m X 5m each were laid out in all the 3 plots. The plots were 

then tagged to correspond with the grass species to be sown, either as pure stands or 

mixtures. The tags were labelled as follows; CC -  Cenchrus ciliaris, ES -  Eragrostis 

superba, EM -  Enteropogon macrostachyus to represent pure stands and CC/ES, CC/EM 

and ES/EM to represent 2 grass mixtures. One tag labelled CC/ES/EM was placed in the 

larger plot (60m X 10m) to represent the 3 grass mixture. A single lateral running through 

the centre of the plots with a total of 9 sprinklers evenly spaced along the length was set 

up (Figure 3.4).

The grass seeds were hand sown along the micro-catchments in the three experimental 

plots measuring 15m X 10m. Seeds in the experimental plot measuring 55m X 10m were 

broadcasted.' tJetore sowing the’ mixtures, the seeds were thoroughly mixed'and'sown 

using the recommended sowing rates for the area (see outlay in Figure 3.4).

Larger experimental plots (15m X 10m) were used under simulated rainfall compared to 

ulbse under raniidb \f0rh XTOmftd accommodate the third’grass species Eragrostis 

superba which was not available when setting up the plots under natural rainfall.
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Figure 3.4 Experimental layouts of irrigation plots

• Notes
CC -  Cenchrus ciliaris EM -  Enteropqgon macrostachyus ES -  Eragrostis superba  
CC/EM -  Cenchrus ciliaris - Enteropogon macrostachyus Mixture 
CC/ES -  Cenchrus ciliaris -  Eragrostis superba Mixture 
-EM7.ES -  J'.nterqnqpsw.mar.mstar.byuis -  E rqym stis sifnprhn M ix tu re 

CC/EM/ES -  Cenchrus ciliaris -  Enteropogon macrostachyus -  Eragrostis superba  Mixture 
................-  Sprinkler lateral arrangement

3.3.3 APPLICATION RATE OF THE SPRINKLER IRRIGATION SYSTEM

»

Six cylindrical containers of the same diameter were spaced at even intervals and in a line 

running away from the sprinkler. The last container was placed near the edge of the area 

of coverage. The plots were then irrigated for an hour. The water depths in all the 

containers were then added up and divided by the number of cans used to find the amount 
-0 fiwa terjpjrj] kdpoenhnj) r

The Application Rate was calculated from the following formula;

Application Rate = Total Amount of Water Collected in all Containers
Number of Containers
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To ensure that the soil was maintained at near field capacity, the duration of application 

was constantly adjusted.

3.3.4 WEED CONTROL

Weed control was done to minimize competition between the weed seedlings and the 

germinated grass seedlings. This was aimed at ensuring the survival of the grass 

seedlings. Competition ,was both from the weed seedlings which also germinated with the 

sown grass species and the already existing perennial vegetation whose roots fully 

explored the soil profile. Weed control was done by uprooting the weeds in the micro­

catchments and by a hand hoe between the micro-catchments. The common weeds in the 

site 3 included Ipomoea kituensis, Lactuca capensis, Dactyloctenium aegypticum, 

Solarium incanum and Aristida adoensis.

3.4 ECOLOGICAL DATA COLLECTION

3.4.1 RAINFALL DATA

Rainfall data was collected and analysed to determine the effects of rainfall totals and 

distribution on thp germination percentages, survival' rates and' establishment o f  the seed's. 

A rain-gauge was set up approximately in between the two plots under rainfed. The 

amount of water collected was measured every morning between 8-9am using a 

measuring cylinder and recorded as rainfall received for the previous day in the rainfall 

data entry sheet. The water was then discarded and the rain-gauge was put back in place. 

Additional rainfall data for the previous-seasons and years was obtained from the DWA 

Sisal plantation weather station in Kibwezi district.

3.4.2 SOIL DATA

Disturbed soil samples were taken from the top soil o f 0-20cm to determine soil moisture, 

soil texture, soil organic matter and soil fertility in all the three sites. Soil moisture 

content was determined by the gravimetric method (Rowell, 1994). Soil texture was 

determined following the hydrometer method as described by Gee and Baunder (1986). 

The fine fraction of soil passing through a 2mm sieve was taken for texture analysis using 

the Buoyoucos hydrometer. The textural class was determined using the standard USDA
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Triangle (USDA, 1975). Disturbed soil samples were taken only once at the beginning of 

the experiment.

Undisturbed soil core samples taken to depths of 0-5cm were used to determine soil bulk 

density and saturated hydraulic conductivity. Bulk density was determined by the core 

method (Blake and Hartge, 1986). Constant head permeameter as described by Klute and 

Dirksen (1986) was used to determine saturated hydraulic conductivity (Ksat). 

Undisturbed soil samples were taken at the beginning of the experiment and again at the 

end of the experiment when the-grasses had set seed. Soil chemical analysis for nitrogen, 

phosphorus, potassium, carbon and cation exchange capacity (CEC) were done using 

standard soil laboratory analysis procedures as described by Miller and Keeney (1982)

3.4.3 VEGETATION DATA

Aboveground biomass production, basal cover, frequency, plant density, tiller density 

estimates were only taken in plots under irrigation. Vegetation measurements in plots 

under rainfed were not taken due to poor grass establishments in the plots due to low 

rainfall totals received during the study period in the study area.

3.4.3.1 Aboveground biomass production

Above ground standing biomass from the plots was determined by the quadrat method. 

Three 0.5m X 0.5m (0.25m2) quadrats were systematically placed in each sub-plot and 

clipped to 2.5cm stubble height. -For the larger plot, six such quadrats were harvested. All 

itkr iktfvesxfcct* ltnabrrki1 lfrorr eawh qutttdm* vvasr pik.w ' iir iklwltcd ctrtl&crttoir Jzgs; 

separated into grass and weeds. The harvested material was oven dried at 80°C for 96 hrs. 

The oven dry weights were determined using a digital balance. The weeds and desired 

grass species of each sample were recorded separately and expressed as a percentage of 

the total dry weight. The average dry matter production per sub-plot was calculated. 

Above ground biomass production was determined at different grass heights at 15cm, 

30cm and 60cm.
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3.4.3.2 Percentage basal cover, frequency and plant density

The percentage basal cover was estimated using the step-point method (Evans and Love, 

1957). Four line transects were used in each of the six sub-plots in aff the three plots in 

the irrigation site. Ten line transects were used in the 55m X 10m plot under the three 

grass mixture. Plant densities and frequencies were estimated using the quadrat method. 

Six quadrats were placed systematically in each of the six sub-plots, while twelve 

quadrats were used in the three grass mixture plot. Percentage basal cover, frequency and 

plant density estimates were taken once, after three months of sowing.

3.4.3.3 Tiller density

Tillers are shoots that grow from buds at the base of the plant. Tiller density was 

determined by placing a quadrat and counting the tillers at the reproductive stage of 

development of the plants. Each tiller consisted of a leaf, stem node, stem inter-node and 

a bud.

s a 'a  e n  uRM iLcyisirxc, KEsroftSKS' x iw  s m iw c v r  nffiFiSKASSKS’

Simulated rainfall (Kamphorst, 1987) was used to study soil hydrological responses and 

sefrirrrerfr prouhudbrr frr site 3. iteteiteterr capaaVy hr dte site te iditeem* ptete steMrte 

heights (0cm, 20cm and 40cm) were measured using the Kamphorst Rainfall Simulator 

(Kamphorst, 1987). Each simulation consisted of a rain shower of 5 minutes with an 

intensity of 375 ml/min (6mm/min) (Rietkerk et al. 2000). The simulations were done in 

triplicate in the > site. Run-off was collected, decanted and weighed. The infiltration 

capacity was calculated by subtracting the runoff from the amount of simulated rainfall 

applied.

ilnfihaxtoirvfapacTty \ t i r r itetai 'Kliiitnf'vfTnlfccrfccr1

The sediment produced was washed into storage bottles and later filtered off and dried at 

105°C for 24 hrs. Sediment production was also estimated at different grass stubble 

heights of 0cm, 20cm and 40cm. The amount produced was converted to sediment yield 

ln kg/ha. This was1 used as affjndex ofSftbet erosion as given in the equation below.
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Sediment Production (kg/ha) = Sediment Produced X Area
Plot Area

3.5 SOCIAL DATA COLLECTION

Interviews were used to obtain information on grass reseeding technology and its role in 

rehabilitating degraded rangelands in the study area. Focus Group Discussions (FGD’s) 

were also carried out to get additional information on the same.

3.5.1 PREPARATION OF THE QUESTIONNAIRE

A draft questionnaire taking into account the objectives of the study was constructed 

before setting out to the field. Questions were dichotomous, multi-choice and open ended 

to allow ease of capture of the diverse issues that were being investigated, with necessary 

detail. The questionnaire was pretested in a pilot survey involving 20 households, before 

it was used in the main survey. The households belonged to the same area of study but 

were not included in the actual survey. Pre-testing ensured the final questionnaire had 

relevant and appropriate phrased questions for the interviews.

3.5.2 TRAINING FIELD ENUMERATORS

Two enumerators with secondary level of education and experience in field survey were 

recruited and trained. The enumerators were selected from the local community and were 

fluent in the local Kamba language and English. Furthermore, the enumerators were 

selected based on their field experience and knowledge on the issues to be addressed in 

the questionnaire. These enumerators had participated in field interviews as agropastoral 

development agents (ADPsj for development programs in the recent past in the study 
area.

3 5.3 SAMPLING PROCEDURE

The sample involved 50 households distributed in 2 Divisions (Kibwezi and Makindu) 

°ut of 5 divisions, 5 locations and 12 sub-locations of the study area. Statistically, a 

sample size of 30, is large enough. Kibwezi division has a human population of 80,236



whereas Makindu division has a human population of 34,522 (Makueni district 

development plan, 1996). The 12 sub-locations were selected for sampling to give the 

study a wide scope. The households were selected systematically while in the field. A 

group of farmers who participated in the Dryland Husbandry Project (DHP) in the study 

area were targeted.

3.5.4 STATISTICAL ANALYSIS

Statistical analyses were done using Statistical Package for Social Sciences (SPSS) 

packages (Einstein and Abemethy, 2000). Differences in vegetation and soil 

measurements were analysed by ANOVA and means separation. Social data was 

analysed using descriptive statistics.

3.5.5 REGRESSION ANALYSIS, SELECTION AND MEASUREMENT OF VARIABLES

Secondary data covering a period of 35 years (1973-2007) on the area under grassland 

cover, woodland and cultivation, and human population, livestock populations, rainfall 

and drought occurrences obtained from the annual district reports and the DWA Sisal 

plantation weather station, were used to create time-series data for the period.

A time-series regression analysis was carried out to establish the link between land 

degradation and human activity among other factors in the study area. The rate of change 

in the vegetation component and land use pattern was also determined using a Log-lin 

regression analysis. Five-year moving averages of the data set were plotted to show the 

trends of the variables over the period of study.

In formulating the model, variables were selected a priori based on the knowledge gained 

from literature and then carrying out preliminary test runs, including unit root tests of 

stationarity. A correlation analysis was carried out and an appropriate choice was made 

between those variables that were found to be highly correlated (Appendix II). The 

variables used in the final regression were grassland cover, woodland cover, cultivated 

land area, rainfall, human population, livestock population and a shift dummy.
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Grassland and woodland: Grasslands form an important vegetation type in the 

rangelands. Savanna ecosystems provide an important forage resource for both livestock 

and wildlife. However, this type of ecosystem has come under increased pressure leading 

to its degradation. The arid and semi-arid lands (ASALs) of Kenya have undergone 

increasing land use pressure within the last 15 years, largely due to various factors that 

have caused a decline in grass cover and an increase in woody vegetation. This situation 

is particularly pronounced in Kibwezi district.

Cultivated area: Dryland ecosystems, in which Kibwezi district forms part, are very 

vulnerable to over-exploitation and inappropriate land use. Over-cultivation exhausts the 

soil, destroying its structure and fertility. The semi-arid to weakly aridic areas in 

developing countries in Africa are particularly vulnerable as they have fragile soils, 

localized high population densities and generally a low input form of agriculture. 

Increased pressure from the expanding patterns of cropping in the district has resulted in 

grazing area per household becoming smaller and more exclusive (Nyangito, 2005).

Rainfall: Rainfall, together with soil moisture balance, has an overwhelming effect on 

vegetation structure, composition and productivity. The rains in the southern rangelands

of Kenya are usually low, erratic and unpredictable in nature. Rangeland vegetation
. . '• * '  • - ..

dynamics are highly influenced by the rainfall amounts received. In this analysis, rainfall 

totals received' over the years were included' because o f  their l'niTuence on changes in the 

distribution and occurrence of vegetation types in the area. It may be useful to note that 

annual rainfall totals for a period of 35 years were appropriate in the regression because, 

according to Biamah (2005), a period of about 30 years is considered as the absolute 

rainfall

iHifmflrpopmlrttwr: iH i f n a s rp t / j r a ik k /r r i i r d k ^ a t t i t f ^ d f c /* J iw c a a t?  vViitbuir 
influx of people from the neighbouring more fertile and productive areas to these 

marginal lands. Continuous population growth exacerbates land degradation and hastens 

the conversion of ecosystems such. 33 forests and rangelands into less productive, 

resulting in land degradation and loss of valuable land (Farahpour, 2003).
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Shift dummy: The influence of drought patterns on vegetation dynamics necessitated the 

use of a shift dummy. In this analysis total annual rainfall of less than 450mm was 

considered a drought spell. Previous studies have used different rainfall amounts to 

represent a drought. For example, Nyariki (2008) used a rainfall amount of 300mm/year 

to represent a drought in a study carried out in Laikipia district, Kenya, which receives an 

annual rainfall of as low as 400mm in the north-east. Kibwezi district receives a much 

higher annual rainfall of 600mm (Michieka and van der Pouw, 1977).

0 if observed t is a drought
1 otherwise

f 1 if observed t is ' good' weather 
\  0 otherwise

Where D is the dummy and t is the year of observation.



CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 SEED VIABILITY TESTS UNDER DIFFERENT AMBIENT TEMPERATURES

Figure 4.1 illustrates the seed germination of the three grasses at controlled ambient 

temperature (20°C). Seeds of Enteropogon macrostachyus gave the highest percentage 

germination (46%), while Cenchrus ciliaris and Eragrostis superba recorded zero 

germination. Under uncontrolled daily ambient temperatures averaging 30°C (Figure 

4.2), Enteropogon macrostachyus had the highest germination percentage of 53%, 

followed by Cenchrus ciliaris (12%) and Eragrostis superba (10%).

Figure 4.3 illustrates the results of a repeat of the same experiment under controlled 

laboratory conditions, at 20°C after 9 months. There were differences in seed germination 

between the three grasses. Seeds of Enteropogon macrostachyus had the highest 

germination of 85%. The percent seed germination for Cenchrus ciliaris was 40% while 

Eragrostis superba had the lowest percent germination of 21%. Freshly harvested mature 

seeds of the three grass species after 9 months of the experiment in the study site at 20°C, 

showed no germination after the 14 days period.

The differences observed among the grass species in terms of percent seed germination 

may be explained by the intrinsic properties of the seeds such as dormancy and 

integumental hardness, and climatic factors especially ambient temperatures. Poor initial 

germination percentages may be attributed to the high hygroscopic nature of most seeds 

of range grasses. Dry seeds, particularly those of rangeland grasses are known to be 

highly hygroscopic (Veenendaal, 1991; Opiyo, 2007), and exposure of dry seeds to 

moisture has been reported to worsen the dormancy and often leads to fungal infection 

(Chin and Hanson, 1999; Tweddle et al. 2003). For Cenchrus ciliaris and Eragrostis 

■vH/jeTO/2,"utbn;n'ygroscoprciiamreaira5>'fih9U£bbefln.raad‘\v>uuj£^?tJwi( i3 nU7lcnTpDArerU r> 

high (30°C) ambient temperatures.
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Higher percent seed germination of Enteropogon macrostachyus may be explained by its 

’dormancy mechanism which involves'only the int'egument while the other two species 

may have both the embryo and/or the integument related dormancy (Mnene, 2005). The 

hairy bristle coat of the Cenchrus ciliaris fascicles is likely to have also aided its 

germination by maintaining a high humidity within the fascicle and thereby help reduce 

water loss from the caryopsis thus enhancing a higher germination (Sharif-Zadeh and 

Murdoch, 2001), as compared to'that of Eragrostis superba. However, individual grass 

seed species ability to withstand moisture stress varies between species (Veenendaal, 

1991; Opiyo, 2007).

All the freshly harvested grass seeds did not germinate within the 14 days period. This 

suggests that the seeds were still dormant. Therefore, older seeds gave better germination 

percentage compared to fresh seeds. In this study, fungal growth was evident although no 

data was collected on grass seeds infection.

Figure 4.1: Daily percentage seed germination of Enteropogon m acrostachyus, Eragrostis superba  and 
C enchrus ciliaris under controlled conditions, 20°C.
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Figure 4.2: Daily percentage seed germination of Enteropogon m acrostachyus, Eragrostis superba  and 
C encltrus ciliaris, under room conditions, 30° C in the study area.

Number of Days

— Enteropogon macrostachyus —A— Eragrostis superba — Cenchrus ciliaris

•F.guinp-AJV jEugnawtir jwpws/u*aws1
C enchrus ciliaris under controlled conditions, 20°C (After 9 months).

Enteropogon macrostachyus —A — Eragrostis superba  — Cenchrus ciliaris

From figure 4.3, Enteropogon macrostachyus is a fast-germinating tufted perennial grass 

uorrrpareu' fo Eragrostis superda and Cenchrus ciliaris. Although the seed' germination o f 

Cenchrus ciliaris started a day after that of Enteropogon macrostachyus, it attained its
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maximum germination percentage after five days as compared to Enteropogon

macrostachyus which attained its highest germination percentage after six days in both

controlled conditions and under room temperatures in the study area. Eragrostis superba 
1 #•*» 

started its seed germination on the third day of the experiment, just like Enteropogon

macrostachyus, but took eight and eleven days to attain its maximum percentage

germination under roo.m temperatures in the study area and under controlled conditions,

respectively.

Faster seed germination is highly desirable under field conditions since it gives the 

seedlings a head start in the normal plant competition (Kadmon and Schimida, 1990). 

The faster a seed moves from the seed and seedling stages, the higher the chances for its 

survival and subsequent establishment if there is no selective predation (Ernest and 

Tolsma, 1988; Chin and Hanson, 1999). It is therefore expected that Enteropogon 

macrostachyus could have the best seedling survival and establishment compared to 

Cenchrus ciliaris and Eragrostis superba. However, delay in seed imbibition is also 

advantageous in areas where rainfall patterns are such that the initial storms are followed 

by a long dry spell, as fewer seedlings would be affected by the drought. In contrast, 

species with delayed germination to later into the growing season would be at a 

disadvantage since the rains would end while the seedlings are still too young (Mnene, 

2005). Other researchers have argued that all grass seeds have the best germination 

results when planted into a well prepared seed-bed since germination is usually spread 

over several rainfall events (Andrew and Mott, 1983; Njenga, 1992).

In this study, daily percentage seed germination and time taken for maximum 

germination to be attained could explain the differential performance of these grasses 

under field conditions.

4.2 SLOPE CHARACTERISTICS OF EXPERIMENTAL SITES

The slope of a site is important to soil formation and management because of its 

influence on runoff, drainage, soil erosion, use of machinery, and choice of crops to 

grow. Slope is the incline or gradient of a surface and is commonly expressed in percent
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(Scherer et al. 1996). Results from site. 1 gave a 6.5 inches drop to a level setting, which 

translated to a 13% slope. Sites 2 and 3 were located on a relatively flat area, which gave 

< 1 inch drop to a level sstting, which translated1 to a slope of < 2%. In addition to the 

percent of slope, the shape of the slope is another important characteristic. A convex 

slope curves outward like the outside surface of a ball, a concave slope curves inward like 

the inside surface of a saucer, and a plane slope is like a tilted flat surface. Convex slopes 

were the most common in the study area. Results from the survey carried out showed that 

36% of the farmers interviewed practice grass reseeding technology on a relatively flat 

area, whereas, 62% of the farmers interviewed, practice grass reseeding on areas with a 

relatively gentle slope. This suggests that reseeded areas are not prone to erosion hazards.

4.3 APPLICATION RATE OF THE SPRINKLER IRRIGATION SYSTEM

The total amount of volume collected from all the six containers in a period of one hour 

was 1260mls. The application rate of the irrigation system was 230mls/hr (0.638mls/sec). 

This was the average rate at which water was sprayed onto the grasses. The application 

rate depends on the size of sprinkler nozzles, the operating pressure and the distance 

between sprinklers. The applied rate of the sprinkler system was effective as it was less 

than the basic infiltration rate of the soil (3.49mls/sec).



4.4 RAINFALL

Figure 4.4: Monthly rainfall totals for 2008 in the study area.

250 i

Months

Rainfall total in the study area for the year 2008 was 324.35mm. This rainfall totals 

received in the year 2008 were much less compared to the average annual rainfall totals 

o f  6'U0mm, tor the study area as described' by Michieka and' van d'er Pouw (1977) and' 

Braunn (1977). The long rains recorded the highest total amount of 240.45mm as 

compared to the short rains of 83.9mm. The wettest month of the year was March, which 

received a total of 192.85mm. However, most of the rain came as short lived flushes, 

which lasted for a maximum of 10 days at the beginning of the month, followed by long 

spells of dry periods for the remaining days of the month. The area received a total of 39 

rainy days in the whole year (2008).

Rainfall together with soil moisture balance has an overwhelming effect on vegetation 

structure, composition and productivity. Rainfall regime witnessed during the study 

period farther justifies that the rains in the eastern rangelands are usually low, erratic and 

unpredictable in nature and highly variable. The variability in rainfall amounts and 

distribution are common characteristics of the semi-arid rangelands (Pratt and Gwynne, 

1977; Ekaya et al. 2001). Low amounts of rainfall received during the study period were 

reflected by the soil moisture deficits, which hindered seed germination and the growth of

50
♦



the sown grasses. Thus, explaining the poor rates of establishment in site 1 and site 2 

under rainfed conditions.

4.5 SOIL HYDROLOGICAL RESPONSES AND SEDIMENT PRODUCTION

4.5.1 INFILTRATION CAPACITY

The results showed that there was a significance difference (p< 0.05) in the infiltration 

capacity with an increase in grass height in all the grass species (Table 2 below).
" 'Table 2: Effect of different grass stubble heights on infiltration capacity (cm3)

Height (cm) Infiltration Capacity (cm3)
CC EM ES

0 1047“± 0 1047 “± 0 1047 “ ± 0
20 1530b± 65.57 1413b ±32.15 1067 “±30.55
40 1883c± 25.17 1760c ±55.68 1513b ±70.95

Notes: C C -C enchrus ciliaris, EM -E nteropogon macrostachyus, ES -E ragrostis superba  
Column means with different superscripts are significantly different at p< 0.05

The infiltration capacities (cm3) of site 3 at various grass stubble heights are illustrated in

figure 4.5 hfdow.

Figure 4.5 Infiltration capacity curves of the three grass species at different heights
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Results show a general increase in the infiltration capacity with an increase in the grass 

stubble height. Cenchrus ciliaris maintained a higher infiltration capacity of 1530cm3 and 

1883cm3 at stubble heights of 20cm and 40cm respectively. Enteropogon macrostachyus
t

had 1413cm3 and 1760cm3, and Eragrostis superba recorded 1067cm3 and 1513cm3 

within the same stubble height range. Previous studies have demonstrated that perennial 

vegetation can increase infiltration (Seobi et al. 2005). Nyangito, 2005 and Nyangito et 

al. 2009 also observed higher infiltration capacity in sites dominated by Enteropogon 

macrostachyus than those dominated by Eragrostis superba, while working with the 

same grasses in Kibwezi district.

Observed differences in infiltration capacity could be attributed to the growth and 

morphological characteristics of the grasses. Cenchrus ciliaris is densely leafed with 

branching culms arranged in a funnel shape. The grass is also relatively broad leafed. 

These characteristics presents a greater surface area for collecting water and rain drops 

that is concentrated more into its rhizosphere. Enteropogon macrostachyus, though 

narrow leafed, tends to be leafy than stemmy especially at its base and therefore, closely 

wjjtb C&vs'.bKUf rJJiarjis in .naio waiei. In rxwJxasJ, JS'.roffrsiKtjsaajpw.rba As

stemmier and thus less effective in concentrating rainwater into their rhizosphere.

4.5.2 RUNOFF

The results showed that there was a significance difference (p< 0.05) in runoff with an 

increase in grass height in all the grass species (Table 3).
Table 3: Effect of different grass stubble heights on volume of runoff (cm3)

Height (cm) Runoff (cm3)
CC EM ES

0 953“ ± 0 953 “±0 953“ ±0
20 470b ±65.57 587b ±32.15 933“ ±30.55

40 117c ± 25.17 240° ±55.68 487b± 70.95
Notes: CC -C enchrus ciliariy  EM -Enteropogon macrostachyus, ES -E ragrostis superba  
Column means with different superscripts are significantly different at p< 0.05

Runoffs in site 3 at various grass heights are illustrated in figure 4.6 below. Grasses with 

higher and lower infiltration capacities gave lower and higher runoffs respectively.
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Cenchrus ciliaris yielded lower run-off of 470 and 117cm3 at 20 and 40cm grass stubble 

heights, respectively. Enteropogon macrostachyus yielded 587 and 240cm3 while 

Eragrostis superba recorded run-offs of 933cm3 and 487cm3 respectively at the same 

range of grass stubble heights.

Figure 4.6 Runoff curves of the three grass species at different heights

Stubble height (cm)

— A — Eragrostis'superba —m—Enteropogon macrosidcnpus —  9—Efhcnhis cttiliriY'

4.5.3 SEDIMENT PRODUCTION

Table 4: Sediment.production (Kg/ha) in the three study sites at bare ground condition

• Site Sediment Production (Kg/ha)
1 4894“ ± 470.9
2 2535“ ±78.5
3 . 3476“± 1966

Column means with different superscripts are significantly different at p< 0.05

, The results from the experiments showed that there was no significant difference (p 

>0.05) in sediment production in the three sites under bare ground conditions (Table 4). 

Site 1 had the highest sediment production of 4894 Kg/ha. Sites 1 and 3 had sediment

.53



Table 5: Effect of different grass stubble heights on sediment production (Kg/ha) (Site 3)

Grass stubble height (cm) Sediment Production (Kg/ha)
0 3476a ± 1996
20 1178b ± 1010
40 652 b± 957

Column means with different superscripts are significantly different at p< 0.05

Results of sediment production in site 3 showed a significant difference (p <0.05) at 

different grass stubble heights- (Figure 4.7). A t,20 and 40cm grass stubble heights, 

sediment production was 1178 and 652tCg/ha, respectively.

Figure 4.7 Sediment production (Kg/ha) at different grass stubble heights
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There was a general decline in sediment production with an increase in grass stubble 

height. This can be attributed- to the reduction of the force o f water drops hitting and 

destablising the soil structure. Generally, vegetation cover intercepts rainfall kinetic 

energy and thereby decreases the. mobilization of soil particles. The taller grass traps 

more water drops and funnels it down its crown thus concentrating more water around the 

rhizosphere compared to the shorter grass. The larger leaf blades also reduce the force of 

the water drops directly hitting the ground. This improves infiltration capacity, reduces 

mn-off and thus less sediment production.



4.6 SOIL PHYSICAL PROPERTIES

Results of the soil physical properties of the three sites are summarized in table 6. 

Table 6: Some soil physical properties in the study sites

Site K Sat 
cm/hr

Texture Moisture
%

Bulk density 
g/cm3*

1 2.84“ ± 1.31 ‘ Sandy Clay 6.87“± 0.88 1.29“ ± 0.09
2 1.94“b± 1.39 v ‘. -Sandy Clay 7.37 a± 1.69 1.36“ ±0.11
3 4.93b ± 3.64 Sandy Clay 

Loam
2.47b ± 0.82 1.33“ ±0.07

Notes: *Bulk density at first soil sampling
Column means with different superscripts are significantly different at p< 0.05

4.6.1 SATURATED HYDRAULIC CONDUCTIVITY (Ksat) AND SOIL TEXTURE

Results showed that the saturated hydraulic conductivity of the three sites (Table 6) were 

significantly different (p< 0.05). Site 1 had an average saturated hydraulic conductivity of 

2.84 cm/hr, whereas sites 2 and 3 had average saturated hydraulic conductivities of 1.94 

and 4.93cm/hr respectively.

The difference in the saturated hydraulic conductivities in the three sites can be explained 

by the difference in soil types and the texture of the soil in the three sites. Higher 

saturated hydraulic conductivity in site 3 can be attributed to the soil and soil texture, 

sandy clay loam. Saturated hydraulic conductivity is influenced by grain size, which is 

reflected in the texture of the soil. Soils in site 3 had a higher percentage of sand, which 

has larger soil grains, thus higher hydraulic conductivity. Sites 1 and 2 had lower 

hydraulic conductivities due to a higher percentage of clay, which has smaller grains. 

Both sites fand^fhad’a sandy clay texture. Results otlhis present study concur with that 

of Clapp and Homberger (1978) which showed sandy clay loam soils to have a higher 

saturated hydraulic conductivity than sandy clay soils (Table 7).



Table 7: Representative values of saturated hydraulic conductivity of different soil textures

Soil Texture K Sat (m/yr)
Sand 5.55 x 103

Loamy Sand 4.93 x 103
Sandy Loam 1.09 x 103
Silty Loam 2.27 x 102

Loam 2.19 x 102

Sandy Clay Loam 1.99 x 102
Silty Clay Loam 5.36 x 10'
Clay Loam 7.73 x 10'
Sandy Clay 6.84 x 10'
Silty clay 3.21 x 10'
Clay < 4.05 x 10'
Source: Clapp and Homberger, 1978.

4.6.2 BULK DENSITY

The results showed a no significant difference (p> 0.05) in bulk densities in the three sites 

under bare ground conditions. Site 1 had a bulk density of 1.29g/cm3. Sites 2 and 3 had 

bulk densities of 1.36 and 1.33g/cm3, respectively. There was an increase in bulk 

densities in site 3 after the grasses had set seed at 60cm grass stubble height. Undisturbed 

soil samples in site 3 collected near the crown of Enteropogon macrostachyus stands had 

the highest bulk density of 1.44g/cm3. Undisturbed soil samples collected near the crowns 

of Cenchrus ciliaris and Eragrostis superba had bulk densities of 1.41g/cm3 and 

1.40g/cm3 respectively. Similar soil samples collected from an adjacent area which had 

not been ploughed for four years had different results. Undisturbed soil samples collected 

near the crown of Eragrostis superba had the highest bulk density of 1.48g/cm3. Under 

the same conditions, Cenchrus ciliaris and Enteropogon macrostachyus had bulk 

densities of 1.43 and 1.36g/cm3 respectively. Results of this study agree with those of 

Nyangito (2005) and Nyangito et al. (2009), which showed that ungrazed areas under 

stands of Eragrostis superba and Enteropogon macrostachyus had soil bulk densities of 

1-499 and 1.343g/cm3, respectively.

56
♦



The difference in bulk densities under bare ground conditions in the three sites could be 

attributed to the prevailing management practices. Higher bulk density in site 2 as 

compared to sites 1 and 3 could have resulted from the long term soil compaction caused 

by the grazing cattle, compared to sites 1 and 3 which are excluded frorrfgrazing animals. 

Also, bulk density is a function of root thinning and the root mass that occupies a soil 

column. An increase in soil bulk densities in established grass stands could be attributed 

to the root mass and root thinning at the root crown near the rhizosphere. Higher soil bulk 

densities of plots under pure stands of Enteropogon macrostachyus can be attributed to 

its faster rate of growth'and development compared to the other grass species in the first 

season of planting. Higher soil bulk densities of older grass stands of Eragrostis superba 

can be attributed to its higher concentration of the root mass in the soil profile (Opiyo, 

2007).

4.6.3 SOIL MOISTURE CONTENT

Results showed that the soil moisture content of the three sites were significantly 

different (p< 0.05). Site 2 had the highest average soil moisture content of 7.37%. Site 1 

and site 3 followed with 6.87 and 2.47% soil moisture content, respectively. Differences 

in soil moisture contents in the three sites could be attributed to soil types. Higher soil 

moisture content in sites 1 and 2 can be attributed to soil texture and lower soil hydraulic 

conductivity. These characteristics in both sites restrict rapid penetration of water into the 

lower horizons leading to higher moisture content in the upper soil profile.

The general low levels of soil moisture contents in all the sites could be attributed to the 

low amounts and distribution of rainfall received during the study period. This partly 

explains the poor rates of establishment in the sites under rainfed reseeding. Available 

soil moisture within the root zone and the actual evapo-transpiration, which responds to 

the changes in soil moisture content, are the two parameters of the soil water balance that 

will influence the occurrence of water stress in rainfed production systems. These results 

further justify the fact that moisture plays a key role in herbage production especially in 

arid and semi-arid environments.
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4.7 SOIL CHEMICAL PROPERTIES

Results of the soil chemical properties are summarized in table 8. 

Table 8: Some soil chemical properties in the study sites

Site C N P CEC K
• %. % PPm me/lOOg me/lOOg

1 1.56a ± 2.02 0.37 “b± 0.06 13.90a ± 8.42 13.88“ ± 7.45 2.03“ ±0.31
2 0.75“± 0.12 0.32 a± 0.04 15.38“ ± 4.63 19.59“ ± 3.63 2.21“ ±0.78
3 0.92a± 2.20 0.43 b± 0.04 13.72“± 5.47 6.40b ± 6.91 1.92“ ±0.45

Column means with different superscripts are significantly different at p< 0.05

Results show that the cation exchange capacity (CEC) and percent nitrogen were 

significantly different (p< 0.05) whereas phosphorus, percent carbon and potassium were 

not significantly different between the sites (Table 8). Higher CEC values in sites 1 and 2 

can be attributed to the soil texture. Sandy clay soils have a higher clay content compared 

to sandy clay loams. Soils with higher clay content tend to have higher CEC. These 

results suggest that sites 1 and 2 have greater water holding capacity thus a higher 

capacity to hold cations compared to site 3. This can further be explained by the lower 

ifyistetete c\st^v\tei\tetr uAteter i1 avaf 2  air aiwrp'amf te site 3. Tite suite At aiV A\m? sites" 

have low organic matter content, thus are generally very vulnerable to degradation 

through physical erosion and to chemical and biological degradation (El Beltagy, 2002). 

Higher amounts or'’phosphorus in she £  can he attributed’to the addition ot''animal’ 

manure by the free grazing livestock common in the site. Site 1 and 2 are excluded from 

Ate Ate? gsrazjffg AhutfAsuiL Anted !1 iwamiviss’ aite uuitAtAt dvgtetedte amunites' uA 

phosphorus in organic forms. Low levels of nitrogen in all the sites can be attributed to 

nitrogen losses due to number of factors namely; low levels of organic matter, runoff and 

soil erosion. Soil erosion is the most visible form of land degradation in the area. Higher 

amounts of potassium in sites 1 and 2 can also be attributed to higher clay mineral 

content in the soil. As the clays weather, the potassium ions sand-witched between the 

layers are released. Furthermore, the amount of this exchangeable potassium in a soil 

depends on the cation exchange capacity (CEC) of the soil.

<
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4.8 VEGETATION CHARACTERISTICS

A summary of some of the vegetation attributes are summarized in table 9. 

Table 9: Some vegetation attributes

- Plant Frequency
(%)

Plant Density 
(Plants m'2)

Basal Cover 
(%)

Seed Production 
(Kg/ha)

CC 44.4a± 19.63 T  ± 5.23 30c ± 26.44 145ab± 113
EM 72.3“ ±25.43 36b± 21.79 54ab± 19.29 56b ± 25
ES 38.7a ± 9.82 5a ± 6.25 23c ± 15.44 191a± 117

CC/EM 38.9a± 25.53 28b ± 23.06 34bc ± 22.75 63b ± 45
CC/ES 38.9a ± 25.53 6a ± 6.08 33bc± 16.03 168ab ± 274
EM/ES ' 55.5a± 25.42 34b± 35.77 58a ± 20.06 134ab ± 43

CC/EM/ES 50.0a ± 0 31b± 16.91 24c± 9.28 99b ± 39
Notes: CC- Cenchrus ciliaris, EM- Enteropogon macrostachyus, ES- Eragrostis superba  
Column means with different superscripts are significantly different at p< 0.05

4.8.1 PLANT FREQUENCY

Results showed no significant difference in plant frequency of the grasses as pure stands 

and mixtures. The differences observed in terms of frequency may be explained by the 

difference in morphology of the grass seeds and seed size which enhanced a higher 

germination percentage, thus percentage frequency. Seed size has an effect on seedling 

emergence. Higher frequency of occurrence of Enteropogon macrostachyus could be 

attributed to this, since it has a bigger seed size. In addition to this, Enteropogon 

macrostachyus's dormancy mechanism which involves only the integument would 

explain its rapid imbibitions and germination relative to the other two grass species. The 

seed morphology df Cenchrus ciliaris, characterised by the hairy bristle coat, is likely to 

have aided germination by maintaining a high humidity within the fascicle and thereby 

helps reduce water loss from the caryopsis thus enhancing germination (Sharif-Zadeh and 

Murdoch, 2001) as compared to those of Eragrostis superba. In addition, these fascicles 

are known to contain more than one caryopsis (Daehler and Georgen, 2005).

4
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4.8.2 PLANT POPULATION DENSITY

Results showed a significant difference (p< 0.05) in plant densities. On average, the grass 

mixtures had higher plant densities as compared to pure stands. The differences in plant 

densities among the pure grass stands can also be attributed to the seed -morphology and 

seed size as discussed under plant frequency. However, the higher plant densities in the 

Cenchrus ciliaris-Enteropogon macrostachyus and Eragrostis superba-Enteropogon 

macrostachyus rrjixtures as compared to the Cenchrus ciliaris-Eragrostis superba 

mixture can be attributed to the presence of Enteropogon macrostachyus grass species in 

the two mixtures. This is also true for the Cenchrus ciliaris-Enteropogon macrostachyus- 

Eragrostis superba mixture. Similar ̂ results were obtained by Musimba et al. (2004) 

while working with the same grasses in the same study area.

4.8.3 PERCENTAGE BASAL COVER

Results showed a significant difference (p< 0.05) in percentage basal cover. On average 

the two grass mixture plots had a higher basal cover percentage of 42%, compared to 

plots under pure stands which had an average basal cover of 35%. Higher percentage 

basal cover of Enteropogon macrostachyus can be explained by the faster germination of 

the grass species giving it a head start in the normal plant competition. Lower basal 

covers of Cenchrus ciliaris and Eragrostis superba can be explained by their delay in 

germination. Higher percent basal cover in the plots with the Enteropogon 

macrostachyus-Eragrostis superba mixture can also be attributed to the faster 

germination of Enteropogon macrostachyus in the mixture, whereas the lower percentage 

basal cover in plots under Cenchrus ciliaris-Enteropogon macrostachyus and' Cenchrus 

ciliaris-Eragrostis superba can be explained by the allelopathic nature of Cenchrus 

ciliaris in the mixture which suppresses the growth and establishment of the other grass 

species in the mixture.

4.8.4 SEED PRODUCTON

Results showed a significant difference (p< 0.05) in seed production. Eragrostis superba 

had the highest seed production in all the plots. Cenchrus ciliaris and Enteropogon 

macrostachyus were ranked second and third respectively in plots under pure grass

60



stands. Two grass mixtures with Eragrostis superba had higher seed yields than those 

without it.

The differences in seed production among the grass species can be'Attributed to the 

morphological characteristics of the grasses and the seeds. Eragrostis superba has much 

bigger spikelets of 6-16mm long and 3-10mm wide compared to Cenchrus ciliaris and 

Enteropogon macrostachyus which have spikelets measuring 3.5-5mm long and 7-10mm 

long respectively. In addition, Eragrostis superba has a higher spikelet density per 

inflorescence compared to the other two grasses thus a higher seed production.

4.8.5 BIOMASS PRODUCTION

Biomass production on dry matter basis of the grass species and weeds at different grass 

heights and is shown in table 10 and illustrated in figures 4.8, 4.9 and 4.10. Percentage 

biomass yield of the grass species and weeds is shown in table 11. The inverse 

relationship between biomass yields of planted grasses and weeds is illustrated in figure 

4.11. -
Table 10: Biomass yields on dry matter basis (Kg/ha) at different stubble heights

Plot_________________________________JBiomas-S.l^haTDlVp
T5cm 30cm 60cm

Grass Weeds Grass Weeds Grass Weeds
V C 4 4 .2 '± 3 5 .1 353 .3 154.2 *±44.6 35 .55 1 3 2 5 .5 b ±557 .3 37 .15

EM 83.9“ ±43.5 662.4 168.0“ ±88.6 70.04 744.0 b± 289.0 52.92

ES 47.0“ ±24.2 386.4 109.8“ ±56.8 66.36 896.5b± 447.0 58.60

CC/EM 32.0“ ±22.1 308.4 144.0“ ±36.7 63.12 780.9b± 511.2 49.72

CC/ES 43.4“ ±29.6 309.5 169.2* ±77.6 71.16 808.3b± 617.7 39.64

EM/ES 59.0“ ±56.3 398.8 164.8“ ±90.5 62.36 709.3b± 183.5 53.04

CC/EM? Eis 1W.61‘’±42.8’ T T S J 281.9J± 99.4 64.28 792.2‘r± 166.9 138.36

Notes: CC- Cenchrus ciliaris, EM- Enteropogon macrostachyus, ES- Eragrostis superba  
Row means with different superscripts are significantly different at p< 0.05



1 able 11: Percentages of the total biomass yield of the grasses and weeds at different heights

Percentage (%)
15cm 30cm 60cm

Grass Weeds Grass Weeds Grass Weeds

c c 11% 89% 55% 45% 96% 4%

EM 11% 89% 71% 29% 93% 7%

ES 6% 94% • 62% 38% 94% 6%

CC/EM 9% 91% 70% 30% 94% 6%

CC/ES 12% 88% 70% 30% 95% 5%

EM/ES 16% 84% 73% 27% 93% 7%

CC/EM/ES 21% 79% 75% 25% 86% 14%

Figure 4.8 Bioinass yield (Kg/ha DM) curves of the three grass species as pure stands at different 
heights

1200

15 30 60

Grass height (cm)

Eragrostis superba —m— Enteropogon macrostachyus Cenchrus ciliaris
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Figure 4.9 Biomass yield (Kg/ha DM) curves of the three grass species as two grass mixtures at 
different grass stubble heights

15 ' 30 . 60

Grass height (cm)

-A-EM/ES I CG/ES CC/EM

Figure 4.10 Biomass yield (Kg/ha DM) curve of the three grass species as three grass mixtures at 
different grass stubble heights

CC/EM/ES
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Figure 4.11 Inverse relationship curve of percent total biomass yields (Kg/ha) between planted 
grasses and weeds

Average grass height (cm)

Percent Grass —A — Percent Weeds

Results showed that there was a significant difference (p< 0.05) in biomass yields at 

different grass heights in all the grasses. The difference in biomass yields in plots under 

pure grass stands across the different grass stubble heights can be attributed to the growth 

characteristics and morphological properties of the- grasses. Higher biomass yields of 

Enteropogon macrostachyus at average heights of 15cm and 30cm can be attributed to its 

faster seed germination giving its seedlings a head start in the normal plant competition 

(Kadmon and Schimida, 1990). Enteropogon macrostachyus moves faster through the 

initial growth stages compared to Eragrostis superba and Cenchrus ciliaris. Higher grass 

yields of Eragrostis superba and Cenchrus ciliaris at an average height of 60cm 

compared to that of Enteropogon macrostachyus can be attributed to the more stemmy 

nature of both Cenchrus ciliaris and Eragrostis superba. Enteropogon macrostachyus is 

less stemmy. Cenchrus ciliaris had a higher biomass yield than Eragrostis superba 

because it is leafier.
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The results showed that aboveground biomass production of the three grass species used 

were different. This is comparable to the results of Chelishe and Kitalyi (2002) who 

reported that this grass species have different aboveground biomass yields. These results 

of biomass yields in site 3 were however much lower compared to the friomass yields of 

the same grass species under the same land treatment under rainfall as reported by Opiyo 

(2007) working in neighbouring Kitui district. Biomass yields of 4908.5Kg/ha, 

3734Kg/ha and 2434.5Kg/ha for Enteropogon macrostachyus, Cenchrus ciliaris and 

Eragrostis superba respectively were reported by Opiyo (2007). This confirms what 

Reichenberger and Pyke (1990) earlier observed that rangeland grasses are known to 

yield various quantity of fodder depending on the prevailing environmental conditions.

The difference in biomass yields in plots under two grass mixtures can also be attributed 

to their growth characteristics, morphological and physiological properties and 

competitive advantage of the grass species. Higher biomass yields of the plots under 

Enteropogon macrostachyus-Eragrostis superba at an average grass height of 15cm can 

be attributed to the faster germination and growth of grass seedlings of Enteropogon 

macrostachyus in the mixture. Lower biomass yields at a height of 15cm of plots under 

Cenchrus ciliaris-Eragrostis superba and Cenchrus ciliaris-Enteropogon macrostachyus 

can be explained by the allelopathic nature of Cenchrus ciliaris which suppresses other 

species by exudating phytotoxic chemicals that inhibit germination and growth of other 

plants.

At an average grass height of 30cm, higher biomass yields of plots under Cenchrus 

ciliaris-Eragrostis superba mixture can be attributed to the initial development stemmier 

culms of these two grasses. Lower yields of Cenchrus ciliaris-Enteropogon 

macrostachyus mixture can still be attributed to the allelopathic nature of Cenchrus 

ciliaris. Results show therefore that Enteropogon macrostachyus is less competitive 

compared to Eragrostis, superba when planted with Cenchrus ciliaris. Higher biomass 

yields in plots under Cenchrus ciliaris-Eragrostis superba at an average height of 60cm 

^rJ^ca'mkire^Jy\tJ^bttom.mw*-iKatife?ai<ithr'iWa'grass"sptcTfcs: rllgrfcr“dttnnass-yxeiirir 

of plots under Cenchrus ciliaris-Enteropogon macrostachyus compared to plots under



Eragrostis superba-Enteropogon macrostachyus can be explained by the higher biomass 

yields of Cenchrus ciliaris than Eragrostis superba in the mixtures since Enteropogon 

macrostachyus is less competitive than these two grass species, thus cannot suppress 

either. • ,n

The inverse relationship in biomass yields between the grasses planted and the weeds can 

be explained by the longevity of the planted grasses and weeds. The planted grasses are 

perennials compared to the weeds in the area which are mostly annuals. The annuals have 

a competitive advantage at the early stages of development but are out competed by the 

perennial grasses at later stages. The perennials have a deeper root system compared to 

the annuals thus out-compete the weeds for water and nutrients from the soil.

4.8.6 TILLER DENSITY

A summary of the results of tiller densities are summarized in table 12 below.
(

Table 12: Tiller densities of the three grass species

Grass species Tiller density (tillers per shoot)
Pure stands Two grass mixture

CC 14a± 3.21 9b ± 2.31
EM 17a ± 3.7 7b± 1.36
ES 13a± 5.9 6b ± 2.95

Notes: CC- Cenchrus ciliaris, EM- Enteropogon macrostachyus, ES- Eragrostis superba  
Row means with different superscripts (c,d) are significantly different at p< 0.05

Results showed that there was a significant difference (p< 0.05) in tiller densities in all 

the three grasses in pure stands and in two grass mixtures. In this study, Enteropogon 

macrostachyus would be at an advantage than Cenchrus ciliaris and Eragrostis superba. 

Further, large numbers of tillers and leaves produced by some grasses such as Panicum 

maximum and Digitaria microblephara allow the grasses to attain maximum growth rate 

at an earlier age and recover soon after defoliation (Woie, 1986; Skerman and Riveros, 

1990). Studies by Hacker (1989), Skerman and Riveros (1990) and Laidlaw (2005) 

showed that tillers are known to increase plants chances of survival and amount of foliage 

cover. This agrees with the findings of this study, that grass species with highest number 

of tillers had the highest percent foliage cover. Lower tiller density in the grass mixtures
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could be attributed to competition among the grass species for water and nutrients in the 

soil and space. Eragrostis superba maintained a relatively low number of tillers both in 

pure stands and as two grass mixtures.

Tillering is important in forage plants because of its influence on leaf-area production 

and dry matter yield. A high rate of tillering would be beneficial in attaining high yields 

and maintaining a grass stand under defoliation.

4.9 DESCRIPTIVE STATISTICS

4.9.1 GRASS RESEEDING TECHNOLOGY UPTAKE

The survey conducted showed that 76% of the total farmers interviewed practice grass 

reseeding technology in their individual farms. The farmers mentioned a number of ways 

in which they came to learn about the technology namely; radio, extension officers in the 

area, neighbours and friends, local informal forums and development projects and 

research institutes like Kenya Agricultural Research Institute, K.A.R.I. and Kenya 

Forestry Research Institute, K.E.F.R.I. Results showed that development projects in the 

area like the Drylands Husbandry Project, D.H.P. and research institutes like K.A.R.I. 

and K.E.F.R.I. had the largest influence in educating and informing the farmers about the 

reseeding technology. The survey showed that 58% of the farmers interviewed got the 

knowledge of grass resdeding technology from such development projects and research 

institutes in the area of study. This can be attributed to the proximity of research institutes 

like K.A.R.I. Kiboko to the area residents. Open field days and field demonstrations in 

collaboration with the farmers was cited as one of the channels of disseminating the 

reseeding knowledge.

The survey results also showed that 92% of all the farmers who practice grass reseeding 

got their initial seeds from the development projects and research institutes. None of the 

farmers paid for these seeds. Only 13% of the farmers had their own initial seeds 

harvested from their farms or in the open bushland where they naturally grow. However, 

ctifmrtty,' cftfjo oiTtltriSrmers'-suuxcErifleii“seenS“rfbnriflbii"owmiiu'fvidhai,rSrms"anaJoniy'
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13% still depend on developments projects and research institutes. The local farmers 

currently harvest and store their own seeds in readiness for sowing and/or selling.

4.9.2 GRASSES USED FOR RESEEDING AND THEIR USES

Results showed that four grasses are commonly used in Kibwezi district for reseeding 

namely Eragrostis superba, Enteropogon macrostachyus, Cenchrus ciliaris and Chloris 

roxburghiana. Eragrostis superba is the most popular, and was ranked first among the 

four grass species used for reseeding. Out of all the farmers who practice grass reseeding 

technology, 97% of them plant Eragrostis superba. Cenchrus ciliaris, Chloris 

roxburghiana and Enteropogon macrostachyus were ranked second, third and fourth with 

63%, 39% and 37% respectively. Higher preference of Eragrostis superba to the other 

grasses was primarily attributed to its role in milk production and fattening in cattle. In 

addition, as a result of its good taste to cattle, the local farmers have also observed that 

when all the grass species are available for grazing, the cattle will first feed on Eragrostis 

superba and later on the other grasses. This can also be attributed to its high levels of 

crude protein. Bogdan, and Pratt (1967) reported a 12% C.P. in dry matter at an early- 

flowering stage with 30-35% percent crude fibre (%C.F.). Wasonga et al. (2003) also 

reported that the Pokot community of Kenya has identified Eragrostis superba as one of 

the grass species suitable for fattening and improving the condition of their livestock 

herd. Furthermore, the farmers also noted that due to its big sized spikelets, it’s easy to 

harvest the grass seeds.

Although the local grasses are known to rehabilitate degraded rangelands, most of the 

farmers have planted the grasses primarily to satisfy their household needs, particularly 

as:

• Source of animal feed

• Source of income through the sale of grass seeds, milk and hay

• Raw materials for thatching their houses and granaries

Trie lbcaiTSrmers preiSr these grasses aiie to their grazing resistance, drought tolerance, 

seed availability and soil conservation. Cenchrus ciliaris was noted to be good in soil 

conservation and is normally planted in the farms to stabilize the terraces. In addition, 

during the rains when the soil is moist, Cenchrus ciliaris is normally uprooted from other
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places and planted near terraces for soil conservation. This can be attributed to its deep 

and strong fibrous root system to > 2m. Enteropogon macrostachyus is least preferred 

since it produces less leafy biomass and can be easily be uprooted by the grazing cattle 

especially during the rains when the soils are moist. In additiofi, Enteropogon 

macrostachyus is highly susceptible to termite attacks.

4.9.3 GRASS RESEEDING TECHNOLOGY

Kibwezi district receives a bimodal type of rainfall pattern (Nyangito et al. 2008) with 

the long rains coming between March and May and the short rains coming in November 

and December. The results from the survey showed that 95% of the farmers who practice 

the technology, rely on rainfall as a source of water for their reseeded areas, while only 

5% rely on nearby rivers. All the farmers who practice reseeding sow their grass seeds 

during the short rains which are more reliable compared to the long rains. This is because 

of the higher rainfall totals and that the short rains have a shorter dry spell of about three 

months compared to six months after the long rains. Descriptive statistics showed that 

76% of the farmers who practice reseeding sow their seeds prior to the short rains. Proper 

timing is critical in any successful rehabilitation. Most of the farmers sow the seeds prior 

to the rains in preparation of the coming rains. This agrees with the findings of Biamah 

(2005), that most farmers in the semi-arid environments prefer early tillage operations 

and dry planting before the onset of the rains. Local farmers also prefer this period 

decause there is pifenty otTime compared’to when they are busy cultivating their tarms.

11% sow their seeds just after the start of the rains while 13% sow both during and just 

after the start of the rains. The farmers who sow their seeds just after the rains do so to 

avoid seed wastage, by ensuring that the seedlings will have enough moisture for growth 

and minimise destruction by pests and rodents common during dry planting. Quelea 

quelea birds common in the study area were cited to feed on the sowed grass seeds 

especially those of Eragrostis superba. This results in reduced germination. However, 

those who plant grass seeds prior to the rains cited poor establishment when seeds are 

planted in wet conditions since the small grass seeds will be deeply covered by the mud.
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Previous attempts to restore cover in Kenya using reseeding has shown that some form of 

seed bed preparation and a degree of seedling protection in keeping with site 

requirements are some of the fundamental requirements for successful rehabilitation 

(Opiyo, 2007). Descriptive statistics show that 82% of the farmers usb hand held hoes, 

71% use an ox-driven ploughs and 3% use a tractor, for seed bed preparation. Seed bed 

preparation involves minimal soil disturbance to create micro-catchments to trap enough 

moisture. This is done to break the hard soil crust in the upper soil horizons thus improve 

water infiltration and root penetration after establishment. In addition to this, 95% of the 

farmers who practice the technology have put up 'fences using locally available materials, 

for example, Acacia branches around the reseeded plots. This is primarily done to 

exclude livestock from trampling on the grass seedlings. 5% of the farmers who had not 

put a fence around their reseeded plots cited no disturbance from grazing livestock from 

their neighbours.

4.9.4 METHODS AND PATTERNS OF SOWING

The results show that there are basically two methods of sowing grass seed among the 

agropastoral Kamba community in Kibwezi district namely; hand-sowing along created 

micro-catchments and broadcasting. Descriptive statistics show that 52% of the farmers 

who .reseed do _sn alnqg created jnicro-catchments. 26% of the farmers prefer 

broadcasting whereas 22% use both the hand sowing and broadcasting. Higher preference 

to the hand sowing method along microcatchments was highly influenced by the 

development projects and research institutions in the area which proposed the method for 

better germination and establishment of the sown grasses. The seeds are sown along 

created micro-catchments to ensure that the seed bed retains enough moisture to trigger 

_  ^nrannadnn and sustain growth nf the j>rass seedl iugs and-reduce soil Joss through runoff. 

The farmers who use broadcasting method of sowing prefer this method because it is 

quick, time saving, requires less- expertise and the farmer can cover a larger area of land

iTib 'survey resank -anJo ‘ snb wea Julhr Tilb ndhners"pracntie 'ufri'brenr 'panbms ~u r rso w nigr

55% of the farmers sow their seeds as pure stands, whereas 18% and 26% sow the grass
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seeds as mixtures and both pure stands and mixtures, respectively. Most of the farmers 

prefer sowing the grass seeds as pure stands because of the following reasons;

• Easy to harvest grass seeds

• Easy to work on in-the farm

• Better biomass yields compared to mixtures

• Maintain the variety of every grass species

However, the farmers who plant the grasses in mixtures also sited the following 

advantages of mixtures over pure stands;

• Spread the risks in case one particular grass species fails to establish.

• Enjoy the multiple benefits of all the grasses planted

• Reduce diet selectivity among the cattle during grazing.

• Ensure a wider diet variety for the grazing animals.

• Have the seeds of all the grasses.

s

Results also showed that the farmers who planted grass seed both as pure stands and 

mixtures do so to compare results to see which among the two methods gives better 

results. Among the 'farmers who plant grass in mixture, Cenchrus ciliaris-Chloris 

roxburghiana mixture is the most common type of grass mixture, with 86% of the 

farmers practicing it in their farms. Cenchrus ciliaris-Eragrostis superba and Cenchrus 

ciliaris-Enteropogon macrostachyus mixtures were jointly ranked second with 57% 

followed by Eragrostis superba-Enteropogon macrostachyus mixture with 29%.

From these results, the following are some of the factors contributing to successful 

rehabilitation of degraded lands using the grass reseeding technology in the study area:

• Use of the indigenous grass seeds for reseeding

• Soil disturbance and creation of micro-catchments for water harvesting and 

retention

• Fencing of rehabilitation plots to keep of livestock

• Proper sowing time
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4.9.5 REHABILITATION FAILURES

Rehabilitating degraded rangelands in the arid and semi-arid environments is a risky and 

costly. Traditional methods of reseeding degraded semi-arid and arid rangelands are 

expensive and often unsuccessful, due to the high rates of seed and seedling mortality and 

predation. Results from the survey showed that 92% of all the farmers who practice grass 

reseeding have experienced rehabilitation failures in more than one occasion. Reasons for 

rehabilitation failures in order of significance include;

• Recurrent droughts

• Low amounts of rainfall

• Destruction by livestock

• Poor sowing time

• Poor skills and laqk of knowledge

• Poor quality seeds

• Soii'erosion through tlusri tfboa§

• Destruction by pests and rodents

Climatic factors appear to be the main contributor of rehabilitation failures in the study 

area. An increased frequency of the occurrence of droughts from once in every ten years 

to once in every five years and low amounts of rainfall below the long-term average 

annual rainfall of the study area were cited to be the main contributors of rehabilitation 

failures. Only 8% of the farmers have never experienced failures. They attributed it 

primarily on good timing and use of fencing.

4.9.6 LAND DEGRADATION

The j*sa.Ute inaro fbe survey .show .that jail jtbp Smxxexs lutnry.iewed j^gree Jthat .laud 

degradation is a problem facing them, citing a change in vegetation cover from the more 

preferred grasslands to a more bushy vegetation type. The causes of land degradation in 

the arid, semi-arid and sub-humid climate are many and varied (IFAD, 1998). Some 

researchers consider climate to be the major contributor to the degradation ^processes, 

with human factors playing a relatively minor supporting role. Other researchers reverse 

the significance of these two factors. A third group of researchers blame climate and man 

more or less equally (Glantz and Orlovsky, 1983). The causes of land degradation in the
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study area can also be divided into climatic factors and human factors. 96% of all the 

farmers interviewed cited climatic factors namely recurrent droughts and low amounts of 

rainfall as the greatest contributor of land degradation in the area. Human factors 

included overgrazing as a result of overstocking, charcoal burning, '{boor agricultural 

practices and lack of government support, increase in human population and private land 

ownership.

4.10 FACTORS INFLUENCING CHANGE IN GRASSLAND COVER

4.10.1 DESCRIPTIVE DATA OF THE ANALYSIS

Before discussing the results of the regression analysis, perhaps it would be interesting to 

present some of the descriptive data of the analysis. Table 13 shows values of variables 

jasad -swar Ah? junar pAniwd, saswi&g jfxsz&ges. The .rueav .annual .navafaU

over the period was 70.67cm. The data indicate that the annual rainfall in the study area 

ranged between 89.68cm (in 1981-) and 54.42cm (in 1987). The plot in figure 4.12 shows 

the cyclic pattern of rainfall common in the study area. Low amounts of rainfall (dry 

spells) were recorded at an interval of approximately five years throughout the period, the 

- -reason behind using the five-year moving averages in this descriptive analysis. High 

annual rainfall totals recorded in the years 1981, 1992 and 1999 were followed by periods 

of low annual rainfall in the years 1986, 1997 and 2004 respectively over the whole 

period.

Table 13 shows a general increase in human population, livestock population and area 

under cultivation. An increase in livestock numbers and area under cultivation can be 

attributed to the general increase in the human population. The wide range in human 

population during the 35 year period suggests a high rate of population growth. Increased 

human populations in the semi-arid environments relative to what the land can support 

leads to attempts to grow too many crops and keep too many livestock. As a result,

free grazing animals. This increases grazing pressure, which consequently leads to a 

reduction of the area under grass cover. This gives woody species a competitive
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advantage over grasses. Grassland cover had a wider range of 7.56%, compared to the 

woodland cover which had a range of 0.77%. This suggests that the area under grass 

cover has been declining at a faster rate than the invasion of woody species. Woody 

species take a longer period to colonize an area. The data in Table 19- show a steady 

decline in the area under gTass cover and a general upward trend in area under woody 

species. Figures 4.12 and 4.13 clearly illustrates these trends.

Table 13: Sample means and ranges of variables over the period 1973-2007 (5-year moving averages)

Year Rainfall

(cm)

Livestock
Numbers

(‘000)

Grassland
Cover
(%)

Human Popn 
(‘000)

Woodland
Cover
(%)

Cultivated
land
(%)

1977 59.50 172.60 41.55 91.81 51.54 3.52
1978 67.85 173.75 41.38 92.74 51.55 3.55
1979 80.46 176.03 41.21 93.84 51.57 3.61
1980 85.14 179.58 41.04 95.39 51.59 3.70
1981 89.68 183.27 40.99 97.77 51.60 3.76
1982 87.86 186.11 40.79 99.84 51.62 3.89
1983 76.42 189.30 40.55 103.33 51.65 4.05
1984 65.24 191.22 40.37 106.34 51.68 4.19
1985 66.92 192.39 40.19 111.01 51.71 4.34
1986 66.52 193.82 39.90 116.67 51.74 4.57
1987 54.42 195.33 39.60 123.31 51.76 4.78
1988 66.88 196.49 39.38 128.52 51.79 4.94
1989 69.26 197.76 39.17 133.74 51.82 5.17
1990 78.86 • 198.50 38.80 • 138.45 51.85 5.35
1991 76.44 198.88 38.55 141.04 51.88 5.56
1992 81.36 199.40 38.35 145.89 51.92 5.77
1993 75.54 199.86 38.15 151.24 51.95 5.98
1994 74.00 200.27 37.80 156.58 51.98 6.19
1995 62.40 200.58 37.55 161.04 52.00 6.40
1996 61.46 201.22 37.35 166.26 52.04 6.71
1997 68.26 198.09 37.15 169.92 52.08 6.77
1998 76.74 198.50 36.80 174.77 52.11 7.01
1999 78.36 197.30 36.55 181.30 52.13 7.21
2000 74.86 .196,00 .. 36.30 193.21 52.16 7.47
2001 77.18 195.96 36.00 210.51 52.19 7.72
2002 69.32 199.92 35.64 232.23 52.22 7.95
2003 56.80 202.32 35.37 256.18 52.26 8.14
2004 56.70 217.86 35.03 278.44 52.28 8.32
2005 56.54 222.06 34.68 300.44 52.32 8.46
2006 63.50 231.98 34.32 322.15 52.35 8.54

J W ) 1 jV/T/T y s s ir 8?3$r
Mean 70.67^9.48 197.89±15.62 38.21±2.31 164.89±70.61 51.93±0.27 5.88±1.73
Range 35.26 75.78 7.56 245.94 0.77 5.07



Figure 4.12: Trends in rainfall, woodland cover, grassland cover and cultivated land area, 1973-2007 
(5 year moving averages)
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Figure 4.13: Trends in human and livestock populations, 1973-2007 (5 year moving averages)

400

O
1 1 1 

m
1 I 1 

NO
i i r

O n

1 1 1 
<N

1 1 1----
i n 0 0 __ r -

r - 0 0 o o OO OO ON ON O s o o o
ON ON ON ON • ON ON ON ON o o o
f—< 1—H »—l F—1 F—1 ' F—1 f s t <N <N

Year

-A - Livestock population (‘000) Human population (‘000)

■

75
♦



4.10.2 REGRESSION ANALYSIS

A time-series multiple linear regression analysis was used to determine the factors that 

are influencing change in grassland cover.

The non-random walk time-series model adopted can be generally expressed as:

GC, = /  (HP,, CAt, RF„ DR„ WL„ LPt)

This can be specified as:

GC, = a  +p ,HPt + p2CA,+p3 RFt+p4DR,+p5WL,+p6LPt+p, (1)

Where:

GCt = Grassland cover at time t

HP, = Human population at time t

CAt = Cultivated area at time t

RF, = Rainfall totals at time t

DR, = Drought at time t

WL, = Woodland' vegetation cover at time t'

LPt = Livestock population at time t 

a  = constant

Pi, p2,. • •, p7= regression parameter estimators 

, Li, = error term at time t 

4 .1 0 .2 .1  The rate o f change o f vegetation types

The Log-lin regression analysis was used to determine the rate of change in vegetation 
types. The log-lin model can be represented as follows:

Yt= Y0 (1+r)1 ' . (2)

Where a a? Jtbe .rate .af ̂ growth xvf Y. Xakiqg Jtbe.nafxiraJ Jr^s we ohlain:

LnY, = LnY0'+1 Ln (1+r) ' ' : ' " (3)

Assuming a  = Ln'Y0'’and p"- Ln (f+rj ihen equation (2J can be expressed as:
LnYt= a + pt+|at ••• (4)

P = Relative A in Y,
Absolute A in time (t)



The interpretation of the regression results of equation (4) in the present case is that over 

the period 1973-2007, Yt increased or decreased at a rate given by p x 100 percent per 

year.

Table 14 presents the results of the time-series regression analysis to determine the 

factors influencing change in grassland vegetation. Time-series data are known to exhibit 

the problem of random walk, which leads to misleading parameter estimates. This 

necessitated the unit root test of stationarity of the variables before estimating equation (1). 

The test showed that the.' variables, represented stationary time-series at 5% level of 

significance. To illustrate with livestock numbers, which are expected to rise alongside 

grazing land since there-would be need for more grazing resources as the livestock 

population expands, the following equation was used:

ALP, = a, + 8LPt_{ + /u,
\

Where: ALP, is the first-difference of livestock numbers, and the null hypothesis is set at 

8= 0. The presence of a unit root problem in the data would lead to 8 being equal to zero. 

The results werfe as follows:

ALP, = 1.846-0.079LP,.,
t =(0.911) (-3.432) (5)

r 2 =0.195 ' d - (2.103) /.

Since the results in equation (5) suggest that the error term is not autocorrelated—based on 

the Durbin-Watson (d) test—the stationarity of livestock numbers can be proved by the 

Dickey-Fuller (DF) test, using the t-value (tau statistic). Since the computed tau value is 

3.432, in absolute terms, which is greater than the 5% critical (DF) value of -2.895, the data 

uiiL, Rfifj^xhihiKrandom .walk



Table 14: The factors influencing change in grassland vegetation cover

Variables P • SE t-value
Constant 2.90315 x 102 81.486 3.563*

Rainfall, RTt -2.51 x 10'4 .000 -1.305

Drought, DR, 2.74 x 10'1 .135 2.026

Livestock popn., LPt -1.15 x 10'5 .000 -3.818*

Human popn., HPt 9.995 x 10’7 .000 1.086

Cultivated area, CA, -4.752 1.604 -2.964*

Woodland, WL, -5.62 .246 -2.281*
Notes: * Significant at 5%, F= 834.214*, RJ= 0.994, Adj. R2= 0.993, DW= 1.932

The rates of change of the various factors using the Log-lin regression model are 
presented below:

Grassland cover

LnY, II P + + r2 = 0.980
LnY, -  3.76 -  0.00669, •
se = (0.003) (.000)
t =  (1083.046) (-39.793)
P value =  (.000)* (.000)* *Significant at 5%

P =  -6.69 x 10‘3
% P = -0.669%

Woodland cover

iLriY -=0?- <J-
LnY, = 2.637 + 0.181,
se = (0.088) (.004)
t =(30.112) (42.639)

P value = (.000)* (.000)* *Significant at 5%

P =0.181
%P = 18.1% •

Cultivated land

LnY, = a  + P t +  Pt r2 = 0.992
LnY, =51.413 + 0.02875,
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se
t
P value

= (0.009) (.000)
= (5625.142) (64.925)
= (.000)* (.000)*... *Significant at 5%

(3 = 2.875 x l0 ‘2 •
%p = 2.875%

The results in Table 14 show that livestock population has a significant and negative 

effect on grassland vegetation cover. Previous studies have shown that continuous 

grazing is apt to have a negative impact on soil, forage production and plant diversity. 

Overgrazing by large livestock herds reduces the forage production and plant diversity of 

an area by reducing grass cover. Increased livestock numbers decrease the grazing land 

available per livestock. Continuous grazing reduces the quality and quantity of available 

grass.

. The log-lin regression results on grassland cover reveal that there has been an annual rate 

of decrease in grassland cover by 0.669% over the period of 35 years (between 1973 and 

2007). This confirms the Walter’s two-layer model which maintains that if the grass layer 

is overutilised, e.g. by overgrazing, it loses its competitive advantage and can no longer 

use water and nutrients efficiently. The two layer theory is still widely accepted (Skarpe, 

1990). Increased livestock numbers also suppress the establishment of new grass 

seedlings through the trampling effect.

Higher livestock numbers lead to competition which results in the over-exploitation of 

available forage resources. Increased livestock numbers grazing on the newly established 

grass seedlings at the early^egetative growth before seed setting deprive the soil of its 

seed bank. This finally causes a reduction of grass cover over a period of time. In 

managing Kenya’s arid and semi-arid environments, grazing plans must allow for 

adequate residual plant material in the stubble during the growing season to support 

livestock maintenance during the dry season and to assure sufficient leaf tissue for 

subsequent regrowth.
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Continuous grazing, common in the study area, removes most of the photosynthetic area 

of the grass, which in turn affects the root growth. According to Tueller (1973), heavy 

grazing removes especially the leaves of grasses and forbs to such an extent that 

photosynthesis can be severely curtailed. Such extended periods of use result in 

permanent damage to the pastures. These results—an increase in the woody and shrub 

component at the expense of grasses—are in agreement with established principles of 

range management and most community ecology literature regarding the impact of 

herbivory on plant community structure (Stoddart et al., 1975; McNaughton, 1979).

The regression results in Table 14 indicate that the area under cultivation has a significant 

and negative effect on the area under grass, while the results of the log-lin regression 

indicate that land under cultivation has been increasing at an annual rate of 2.875%. This 

can be attributed to changes in land tenure policy, both officially and customary, which 

has led to privatization and fragmentation of former communal holdings which were used 

as grazing lands. Land formerly under a natural grass cover is increasingly being 

converted to farmland to provide food for the increasing human population. 

Encroachment of,farmlands on former grazing lands has greatly reduced access to dry- 

season grazing resources. Conversion of formerly grazing areas to cultivated areas not 

only shrinks the grazing resource base but also exposes the land to agents of erosion, 

namely water and wind,'since arid and semi-arid ecosystems are fragile and susceptible to 

land degradation.

Most research has focused on the effect of woody plants on grass production (Archer et 

al., 2002). The results in the current study (Table 14) showed that woodland vegetation 

has a significant and negative effect on the area covered by grass. Despite the recognition 

of woody plant encroachment as a worldwide rangeland management problem, little is 

known about the rates and dynamics of the phenomenon or its impact on fundamental 

ecological processes related to energy flow, nutrient cycling and its effect on biodiversity 

(Archer et al., 2002). Ecological changes are manifested by a progressive growth in bush 

encroachment, which is a common cause of herbaceous vegetation loss in dry savannas 

and is responsible for the decline in range condition (Oba et al., 2000; Angassa, 2005).
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In this study, the log-lin regression gave an annual rate of increase of 18.1% of woodland 

over the period of 35 years. According to Roques et al. (2001), the proximate causes of 

woody plant encroachment are still poorly understood, but land use practices, including 

heavy grazing and anthropogenic reduction in fire regimes, are suspected to facilitate the 

process. Over-exploitation of grasses through overgrazing gives woody species a 

competitive advantage over the grasses. Woody species tap on the available moisture and 

nutrients available in the sub-soil which are inaccessible to the shallower roots of grasses. 

Continued growth of woody species also suppresses the growth of grasses through the 

shading effect. These woody species greatly reduce the amount of ultra-violet radiation 

reaching the herbaceous grass layer, which in turn affects its physiological processes.

Although the amount of rainfall, droughts and an increase in human population were 

expected to have an impact on the change in grassland cover, the results showed that 

these variables had no significant effect on the area under grass cover. Drought periods 

(rainfall of less than 450mm per year) were less frequent occuring only five times during 

the 35 year period. These long intervals of drought occurrences allowed the grasses to 

recover with the coming of the consecutive rains. The annual rainfall totals over the 

period of 35 years were generally over 450mm, which was sufficient for the survival of 

the grasses which are mostly drought tolerant. An increase in human population has led 

to the reduction in farm sizes and as a result one of the local community’s options has 

been eliminated. Therefore, income generation must now come from greater 

intensification on already small farms or the development of new occupations, for 

example, in the processing and services sectors of the economy. Most of the inhabitants 

have opted to seek alternative sources of income in nearby towns, and thus have helped 

reduce over-reliance on the land resource as their source of income.

From the regression results and discussion above, it is clear that increased livestock 

numbers, increase in woodland. vegetation and the encroachment of grazing areas by 

cultivators have a significant negative effect on grass cover. These results agree with 

those of Too et al. (1986) who attributed the general decline in range productivity to
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overgrazing, invasion of brush species and encroachment of better grazing areas by 

cultivators. The results show that human activity rather than climatic factors are the more 

important contributors to land degradation in the study area.
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CHAPTER FIVE

GENERAL DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS

5.1 GENERAL DISCUSSIONS #•*>

The results from this ecological study in the semi-arid district of Kibwezi have significant 

implications for dryland rehabilitation using indigenous grasses. Generally, seed viability 

of Enteropogon macrostachyus was greater than that of Cenchrus ciliaris while Cenchrus 

ciliaris had higher percent seed germination than Eragrostis superba. The seeds showed 

a higher viability under different ambient temperatures and after breaking their seed 

dormancy. These differences are attributed to both the intrinsic properties of the seeds 

such as dormancy and tegumental hardness and the prevailing environmental conditions, 

especially ambient temperatures. Therefore, to ensure successful reseeding in this dryland 

tfCtfssyste.Tr, A* At necessary’ te i to m ia ?  mtefter Ategrass’ seeuk tevrg' are jte lte  Ssr 

range rehabilitation.

This study also shows that even though other fundamental requirements namely; seedbed 

preparation, soil disturbance, fencing, seed protection, and the use of appropriate grass 

seed were necessary for successful rehabilitation, reasonable amount of rain during the 

establishment season was the most important. Poor establishment in sites 1 and 2 under 

rainfall, despite relatively good initial germination with the first rains, was attributed to 

the general low amounts of rainfall received during the study period. This relationship 

was further demonstrated by the use of a control site (site 3) kept under sprinkler 

irrigation. Good germination and establishment of the same grass seeds used in site 3 

indicated that with sufficient amount of moisture in the soil, range rehabilitation using

grass reseeding technology is possible in the rangelands.
a

. Rehabilitation of degraded. rangelands using grass reseeding technology plays an 

important role in improving'soil physical, hydrological and chemical properties and thus, 

soil conservation and fertility. Generally, established grass stands increase the infiltration 

capacity of the soils thus reducing run-off and sediment production, and consequently 

soil erosion. The'established grasses reduce the impact of rain drops hitting the soil by
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reducing the force and momentum of the water drops and concentrating the water into 

their rhizosphere. This lea<3s to less disintegration of the soil surface leading to less soil 

loss. Roots of established grass stand also improve the soil bulk density. This reduces the 

soils vulnerability to agents of erosion namely .water and wind. Increased levels of 

organic matter to the soil as a result of leaf blade fall, culms breakage and root thinning 

influences the long term chemical and physical properties of the soil. Organic matter 

releases many plant nutrients, including nitrogen (N), phosphorus (P) and Sulphur (S), as 

it is broken down in the soil. As a source of cation exchange capacity (CEC) in the soil, 

organic matter increases the sites in the soil that can hold positively charged nutrients like 

Calcium (Ca 2+), Magnesium (Mg 2+) and Pottasium (K +). Increased levels of CEC with 

an increased level of organic matter leads to an increased capacity of the soil to hold 

more nutrients and release them for plant growth. Organic matter also loosens the soil, 

which increases the amount of pore space, which increases the soils ability to hold more 

water and more'air. This minimises water logging, runoff and sedimentation as water 

percolates into the soil from the surface more quickly. Increased porosity of the soil assist 

the plant roots penetrate through the soil structure more easily and thus get enough soil 

moisture and nutrients necessary for plant growth. •

Plots under Enteropogon macrostachyus had the best percentage ground cover followed 

by Cenchrus ciliaris and Eragrostis superba, respectively. These results mirrored those 

of the seed viability tests in the laboratories. However, in general terms, two grass 

mixtures had a higher percentage ground cover compared to plots under pure stands. 

Biomass yields of Cenchrus ciliaris at an average height of 60cm were ranked first 

followed by Eragrostis superba and Enteropogon macrostachyus. This can be attributed 

to the stemmier and leafier nature of Cenchrus ciliaris compared to the other grass 

species. Results showed that plots under pure stands yielded higher biomass yields on dry 

matter basis followed by a three grass mixture and two grass mixture. This can be 

attributed to less competition between the same grass species as compared to mixtures. 

Grasses such as Cenchrus ciliaris are known to be allelopathic in nature thus hinder 

growth of other grass species. Further more a higher percentage of Eragrostis superba 

-roots _a.ro .located within the ly^ne.r .soil .horizon thus .maximizing x\n the .ay.ailaWe .moisrivne



in the upper horizons before it percolates to the lower horizons. There was a general 

inverse relationship of biomass between the planted grasses and weeds over time and at 

different heights. The percentage contribution of weeds to the total biomass yield 

decreased as that of the planted grasses increased with increased height and time. This 

relationship can be explained by the longevity and competitiveness of the grasses and 

weeds. The planted grasses were perennials and the majority of the weeds were annuals 

and the weeds thus, were out competed with time. Eragrostis superba had the highest 

amount seed production followed Cenchrus ciliaris and Eragrostis superba. This could 

- be attributed to the size, density and mass of the seeds. Eragrostis superba has larger and 

heavier seeds compared to the other grass species.

The survey carried out showed that the local farmers are aware that land degradation is a 

problem facing them. Indicators of land degradation among the farmers include change in 

vegetation type from the preferred grasslands to more bushy vegetation, soil erosion 

leading to reduction in crop yields in their farms and loss of plant biodiversity. Although 

human factors namely overgrazing, poor agricultural practices, deforestation, charcoal 

burning and' change in laiicf ownership all* contribute to land" degradation, recurrent 

droughts as a result of low amounts of rainfall was cited to be the most contributing 

factor to land degradation in the area.

Local farmers have adopted the rehabilitation technology in their individual farms 

because in addition to it improving their individual farms, they can also derive additional 

benefits from the'planted grasses. Local farmers are now using the planted grasses to 

thatch their houses and granaries, harvesting both grass seed and hay for sale as a source 

of income and as a source of livestock feed. Furthermore, the farmers also use the milk 

produced by the livestock as a source of a balanced diet through consumption and as a 

source of income through sales. Eragrostis superba is highly preferred among the three 

grass species followed by Cenchrus ciliaris and Enteropogon macrostachyus. This was 

mainly attributed to its role in milk production among the indigenous zebu cattle in the 

study area.
■?
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The most common and important form of land degradation in the study area is the change 

in vegetation cover from the preferred grassland to a more woody vegetation. The most 

significant factors which have contributed to this change are overgrazing through an 

increase in livestock numbers, increase in woodland cover and area tfhder cultivation. 

Increase in area under cultivation is directly related to an increase in human population. 

Results show grass cover to have declined at a rate of 0.669% annually between the 

period 1973 and 2007, and that area under woodland and cultivation to have increased at 

annual rate of 18.1% and 2.875%, respectively, over the same period. Thus, land 

degradation in the study area can be attributed primarily to human factors rather than 

climatic factors.

5.2 CONCLUSIONS

From this study, the following are the main conclusions:

• Moisture (rainfall) is the most critical ecological factor which contributes to 

successful reseeding in the study area.

• Pure stands of the grass species give higher biomass yields compared to 

mixtures, but mixtures give a greater percentage ground cover compared to pure

.stands

• Established grass stands improve soil physical, hydrological and chemical 

properties.

• Human factors as opposed to climatic factors are more important contributors to 

land degradation in the study area.

5.3 RECOMMENDATIONS

Generally this study tried to validate the use of grass reseeding technology as a means of 

rehabilitating degraded rangelands in Kibwezi district as a case study of semi-arid 

environments, using indigenous local grasses namely Cenchrus ciliaris, Eragrostis 

superba and Enteropogon macrostachyus. Since most of the data collected was under 

controlled conditions, where moisture was generally not limiting, the findings of this 

study therefore only act as a pointer on the expected performance and establishment of 

pastures in the eastern rangelands of Kenya under natural conditions. However, the
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results obtained here are comparable to those of other similar studies within the East

African rangelands.

Based on the research findings of this study, the main recommendations are as follows:

• Rainfall (moisture) is the most critical for any successful rangeland rehabilitation 

using grass reseeding technology. Under natural environments in the eastern 

rangelands of Kenya, individual farmers should sow grass seed prior to the short rains 

of October-December rather than prior to the long rains, since the dry spell is much 

shorter (4months) after the short rains compared to the long dry spell (6months) after 

the long rains (April-May). This gives the grass seedlings sufficient moisture for 

establishment.

• Individual farmers need to engage in some form of seed bed preparation through 

minimal soil disturbance and creation of micro-catchments prior to planting to ensure 

that the soil can trap enough moisture and reduce runoff during the rains, thus ensuring 

that the grass seedlings get enough moisture.

• Most of the rangeland grass seeds stay dormant for a very long time, thus need to use 

mature but older seeds (3-4 yrs old), which have broken dormancy, to ensure good 

germination and establishment. Freshly harvested seeds are usually dormant, and thus 

should not be used for reseeding immediately. However, they can remain viable within 

the soil for many years and sprout later under favorable conditions. More research is 

needed on ways of reducing the seed dormancy period of perennial range grasses.

• Individual farmers need to fence of the rehabilitation plots to keep off livestock mainly 

cattle. This will ensure successful rehabilitation since the grass seedlings will be 

protected from the trampling effect and of the grazing livestock.

• Extension workers and field officers need to promote indigenous grasses for reseeding 

since they are tolerant to drought, resistant to grazing, good'seeders, produce sufficient 

amount of biomass yields and are adapted to the local environment.

• Extension workers and field officers need to promote the sowing of the indigenous 

grass- species- as-mixrtjres;-as'opposed T6 pure st&na§ since they give better ground’ 

cover, thus better rehabilitation.
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• Researchers need to develop and introduce multi-faceted technologies to combat land 

degradation in the arid and semi-arid environments. Individual farmers will easily 

adopt such technologies since they can derive other benefits in addition to the primary 

purpose to which the technology will be introduced.

• Extension officers and field officers need to educate and create awareness among the 

community members in semi-arid environments on the sustainable utilisation of range 

resources, for example, proper livestock husbandry and grazing management, in order 

to reverse the land degradation problem.
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APPENDICES

Appendix I: Survey Questionnaire

1. Date of Interview..............................Questionnaire Number...................
2. Name of Enumerator...... ..............................t..............
3. Name of Respondent ....................................................
4. Age of respondent.......................
5. District..........Division...............Location...............Sub-location................
6. Total farm size in ha ...................
7. Area under; Grass...........Food crops...........Multipurpose trees..................
8. Are you aware of any Range Improvement and/or Rehabilitation Methods?

[a] Yes [b] No
9. If Yes, in (8 above) what methods of Range Improvement and Rehabilitation do you 

know?
[a] Grass Reseeding [b] Tree Planting [c] Natural Rehabilitation [d] Others (specify)

10. How did you get to learn about the above mentioned methodfs) ?
[a] Radio [b] Extension Officers [c] Radio [d] Neighbours/Friends [e] Local Forums 
[f] Development Projects in the area [g] Others (specify).

11. Do you practice grass reseeding in your farm?
[a] Yes [b] No

12. If Yes, in (11 above) which grass species have you grown?
[a] Cenchrus ciliaris (C.C) (Ndata kivumbu)
[b] Eragrostis superba (E.S) (Mbeetwa)
[c] Chloris roxburghiana (C.R) (Kilili)
[d] Enteropogon macrostachyus (E.M) (Nguu)

13. Why did you choose to grow the above mentioned grasses?
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14. For how long have you practiced grass reseeding'in your farm?
[a] l-5yrs [b] 6-10yrs [c] 11-15yrs [d]>15yrs
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15. If Not, in (11 above) what are your reason(s) ?
[a] Lack of interest [b] Lack of knowledge [c] Plenty of grass available [d] Lack of seed
[e] Not livestock keeper [f] Small farm size [g] Others (specify)

16. What was your INITIAL source of grass seeds?
[a] Personal [b] Neighbours [c] KARI [d] Development Projects [e] Others (specify).

17. Did you purchase/pay for the grass seeds?
[a] Yes [b] No

18. What is your CURRENT source of grass seeds?
[a] Personal [b] Neighbours [c] KARI [d] Development Projects [e] Others (specify).

19. When do you sow your grass seeds?
[a] Before the rains [b] After the rains [c] During the rams

20. Explain why for yqjar answer in (19 above).

21. Which sowing method(s) do you practice in your farm?
[a] Hand sowing [b] Seed drilling [c] Over-sowing [d] Broadcasting

22. Why did you choose the method (s) mentioned in (21 above)?
[a] Easy to use [b] Quick/Fast [c] Requires less expertise [d] Cheaper [e] Others

23. Which form of reseeding style / approach do you use in your farm?
[a] Pure stands [b] Mixtures [c] Both

24. Why did you choose the mentioned style/approach in (23 above)? Explain.

25. If mixtures, which grass mixtures do you have in your farm?
[a] CR7CS [b] CR7CS [c] CR/ES [d] CC/EM [e] CC/ES [f] EM/ES [g] Others(Specify)

26. Have you put up a fence around your grass stand plots in your farm?
[a] Yes [b] No

27. If Yes, in (26 above) why? Explain.
[a] Keep of livestock [b] Show boundary [c] Keep of human interference [d] Aesthetic 
[d] Others (specify).

28. If No, in (26 above) why? Explain.
[a] Lack of capital [b] Lack of knowledge [c] Minimal livestock disturbance [d] Others

100



29. What are the common weeds in your farm ? (Tick)

S c ie n tif ic  N a m e L o ca l N a m e E n g lish  N a m e

a . Ip o m o e a  sp ec ie s U th u i

b . O c im u m  sp ec ie s O sm u m

c . A c o n th o s p e m u m  h is p id u m Ik o n g o

d . C o m m e lin a  b e n g a le n s is M u k e n g e s y a

e. O x y g o n u m  s in u a tu m S o n g e

f. L a c tu c a  c a p e n s is U su n g u

g . D a tu ra  s tra m o n iu m M b o n g o lo J im so n  W eed

h. G a lin s o g a  p a rv if lo ra M u n g e i

i. T r id a x  p ro c u m b e n s K ism e le la C o a t  B u tto n s

j .  D ig ita r ia  s c a la ru m C o u c h  G ra ss
k . C y n o d o n  d a c ty lo n * S ta r  G ra ss
1. B a r le r ia  ta ite n s is

m . O th e rs

30. What are the advantages and disadvantages of the above mentioned weeds in your farm? 
(Tick)

S c ie n t i f ic  N a m e A d v a n ta g e s D is a d v a n ta g e s
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l
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s
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o
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 A
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 G
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ss

C
o
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er

s 
G

ra
ss

O
th
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s

a. Ip o m o e a  sp e c ie s
b. O c im u m  sp ec ie s
c. A c o n th o s p e m u m  h is p id u m
d. C o m m e lin a  b e n g a le n s is
e. O x y g o n u m  s in u a tu m
f. L a c tu c a  c ap e n s is

D a tu ra  s tra m o n iu m
h. G a lin s o g a  p a rv iflo ra
i. T r id a x  p ro c u m b e n s

j- D ig ita r ia  s c a la ru m
k. C y n o d o n  d a c ty lo n

1. B a r le r ia  ta ite n s is

m . O th e rs

Others (Specify)

31. Have you plated any multi-purpose trees in your farm? [a] Yes [No]
32. If Yes (in 31 above), which one have you planted and why did you choose them? (tick in 
table)
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* Others (Check in the following table)
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O
th
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s

L e u c e a n a

T e rm in a lia

T . in d ie a

M . in d ie a

C .p a p a y a
•

S. s ia m e a

^ O th e rs

T
re

e

F
o

d
d

er

F
u

el

G
re

en
M

an
u

re

S
h

ad
e

T
im

b
er

O
rn

am
en

ta
l

B
ee

. 
F

o
ra

g
e

F
o

o
d

M
ed

ic
in

al

C
ar

v
in

g

O
th

e
rs

B a o b a b

A lb iz ia
sp p s .

M e llia
v o lk e n s i

N e e m
T ree

•

G u a v a s

L e m o n /
O ra n g e

33. When do you receive rainfall in a normal year?

M o n th J a n F e b M a r A p r M a y J u n J u l A u g S e p t O c t N o v D ec

(T ic k )
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34. Which methods do you use to conserve moisture?
[a] Micro-catchments [b] Macro-catchments [c] Mulching [d] Terracing [e] Others

35. Give a description of the soil types in your farm?
[a] Loams [b] Sandy [c] Black/Greyish [d] Brown [e] Brick Red

36. What is the general slope of your rehabilitation site(s)?
[a] Flat [b] Gentle Slope [c] Steep Slope [d] Very Steep Slope

37. What do you use to prepare the site(s) you intend to reseed?
[a] Jembe [b] Ox-plough [c] Tractor

38. Briefly discuss the process in (37 above).

39. Do you participate in any community based activities?
[a] Yes [b] No

40. If Yes, in (39 above) which-ones are you still practicing and why?

C
o

m
m

u
n

it
y

A
ct

iv
it

ie
s

T
ic

k

R ea so n s

A n im a l
F eed

In c o m e W a te r  S u p p ly F o o d  S e c u rity Im p ro v es
Y ie ld s

R atlge
Im p ro v e m e n ts

O th e rs

W a te r  M g t

S o il  M g t

R e s e e d in g

D a iry  G o a ts

B e e  K e e p in g

E th n o v e t

M u ltip u rp o s e
T ree s

*

O th e rs
-

[a] Poor agricultural practices [b] Recurrent Droughts [c] Low Rainfall [d] Overgrazing 
[e] Erosion [f] Others (specify).

42. In your opinion, what is/ are the causes of range degradation in this area 
[a] Tragedy of the Commons
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[b] Persistent droughts
[c] Lack of government support mechanisms
[d] Poor agricultural/cropping systems
[e] Overgrazing
[f] Others (specify)..........................................................................................

43. In your opinion, what led to the change in vegetation type from the rftitial grazing
pastureland to a more woody vegetation type?

44. When do you think these changes occurred?
[a] Before 1950’s [b] 1950’s-1960 [c] 1960’s-1970 [d] 1970’s-1980 [e] After 1980’s

45. Do you find the current vegetation type in the surrounding area suitable for grazing 
livestock?

[a] Yes [b] No

46. If No, in (45 above), what solutions do you suggest to ameliorate the condition?

47 Have you experienced any failures previously while trying to establish a grass stand?
[a] Yes [b] No

48. If Yes, in (47 above) what factors do you think contributed to your failures previously? 
[a] Recurrent Droughts [b] Low rainfall [c] Poor seed quality [d] Livestock destruction
[e] Pests and Rodents [f] Erosion/Flush floods [g] Poor timing [h] Poor soils 
[i] Farm Slope [j] Poor skills and knowledge [k] Grass Diseases [1] Others (specify).

49. If No, in (47 above) what factors do you think contributed to your successes previously? 
fa] Fencing my-pklfs [b] Use of good quality seed [c] Good seed sowing timing 
lra'j1 Wlrtbr management fej’SbnVFuhphfc factors [Yf Others (specify/

50. What is your MAIN SOURCE of water for your rehabilitation plots (Reseeded Sites)?
[a] Rainfall [b] Boreholes [c] River [d] Water Tanks [e] Piped / Tap [f] Others (specify)

51. Do you practice any form of water harvesting and management in your farm?
[a] Yes [b] No

52. If Yes, in (51 above) which methods of water harvesting/management do you practice in 
your farm?

[a]Rock Catchment [b] Micro-catchments [c] Roof catchments [d] Mulching [e] Others

53. What are the uses of the harvested water?
[a] Domestic Use [b] Watering Livestock [c] Irrigating reseeded plots 
[d] Watering tree nurseries [e] Others (specify).



54. If No, in (51 above) why aren’t you not practicing any water management and
harvesting? > [a] Available Piped Water [b] Proximity to river [c] Others
(specify)

55. In your opinion, what is the range trend in your farm and what can you attribute this to?

R a n g e  T re n d R e a so n s  A ttr ib u te d

T ick G ra z in g
M g t.

C lim a te S e n s itiz a tio n B e tte r
F a rm in g

H u m an
A c tiv itie s

R eh a b ili ta tio n
In itia tiv e s

O th e rs

Im p ro v in g •

C o n s ta n t

G ra d u a l
D e te r io ra tio n

R ap id
D e te r io ra tio n >

56. Were you involved ;and did you participate in any of the DHP Activities?
[a] Yes [b] No

57. If Yes, in (56 above) which activities introduced by the DHP do you consider a success? 
[a] Livestock Development [b] Bee-keeping [c] Training Para vets
[d] Grass reseeding [e] Multi-purpose trees [f] Dryland hybrid maize 
[g] Water Management [h] Training Agro-Pastoral Dev. Agents (APDA’s).
[i] Self help groups.

58. Which of the mentioned activities in (55 above) did you like most and thus still practicing 
to date? (Tick against corresponding letter).
[a] [b] [c] [d] [e] [f] [g] [h] [i]

59. Which of the mentioned activities in (55 above) do you think were least successful and 
you would like them to be addressed in the near future? (Tick against corresponding 
letter).
[a] [b] [c] [d] [e] [f] [g] [h] [i]
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Appendix II: Partial correlation matrix for variables used in the regression analysis

YR RF DR LP ' GC HP CA WL
YR 1
RF -.028 —  1

# **>

DR 0 .587 1
LP .759 .047 .087 1
GC .993 .041 . .019 -.780 1
HP .780 .073 .214 .779 -7.91 1
CA .996 -.035 .010 .756 .995 .792 1
WL .991 -.066 -.010 .721 .991 .788 .995 1
Notes: Where YR -  Year, RF -  Rainfall, DR- Drought, LP -  Livestock population, GC- Grassland cover, 
HP- Human population, CA- Cultivated area, WL -  Woodland 
NB; All the variables are insignificantly correlated at 0,05
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