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Effects of Land Tenure on Agricultural Productivity, and the 
Environment, A Case Study of Suba and Laikipia Districts 

 
ABSTRACT 
 
Land tenure security is a critical concern facing African countries and other developing 
nations, with environmental degradation linked to lack of such security of land use raising 
concern because of its imminent adverse impacts on biodiversity and sustainable 
agricultural development.  Many forests are cleared for settlement and cultivation.  Farms 
are cultivated every year with evident soil erosion and nutrient depletion. Consequently, 
land productivity is declining, thereby, demanding increased use of fertilizers and manure 
to stabilize the declining crop yields.  
 
Since the incidence of poverty continues to rise, with some districts in the ASAL 
registering poverty levels in excess of 80 percent, and agriculture remains the main hope 
for poverty alleviation, it is critical to establish whether there exists any relationship 
between land tenure, agricultural productivity and the environment.  Does the land tenure 
security have any impact on agricultural productivity?  Does tenure security determine 
how much one will put in environmental conservation?  What type of relationship exists 
between the three and what can farmers and the Government be advised to do? 
 
This study examines the relationships between land tenure, agricultural productivity and 
environmental condition and provides necessary policy guidelines to the Government and 
other stakeholders. The study was carried out in Suba and Laikipia districts of Kenya and 
used quantitative and qualitative methods, with several econometric models developed to 
establish the relationship between various important variables. Cross tabs, correlation 
coefficients, Chi-squared and graphs are also used to understand the nature and influence 
of these variables. 
 
The results establish that the main factors determining agricultural productivity are 
farmers’ education, tenure security, slope of land, farm size and use improved seeds and 
fertilizer. The study also confirms linkages between ownership of land title deed and 
investment in land improvement through agro-forestry, tree planting and tree-stump 
removal. Close linkages are also established between environmental degradation and 
investment in soil conservation. Based on these findings, several policy recommendations 
are made, including development of a land use policy that strengthens tenure security.      
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Effects of Land Tenure on Agricultural Productivity, and the 
Environment, A Case Study of Suba and Laikipia Districts 

 

1.0 INTRODUCTION 
1.1 Background 
 
Kenya has a total surface area of 592,909 km2, out of which total land area is 581,679 km2.  
Only about 17 percent of this land area is arable, of high to medium potential for 
agriculture and intensive livestock production. The rest of the land is classified as arid or 
semi-arid lands (ASALs) and mainly used for extensive livestock rearing and wildlife 
(GoK, 2001b).  
 
Most Africans live in the rural areas and rely on land for their livelihood (Zinyama, 1999). 
Most of them live below the poverty line. In Kenya, 87 percent of the population lives in 
the rural areas and subsistence farmers account for over 50 percent of the total poor (PRSP 
2001).  
Farm sizes vary widely,  with the largest farms being found in the low rainfall rangelands.  
3.5 million smallholder farms possessing 3.2 million hectares while 3,600 large farmers 
account for 2.7 million hectares. (Table 1).  With increasing population, available per 
capita arable land is diminishing, with some densely populated regions such as Kisii and 
Rachuonyo districts already registering less than half an acre per person.  Most of the land 
in these areas is undergoing land subdivision as a result of inheritance and increasing land 
sales. 
 

Table 1:  Farm Holdings by Size 

Size of land holding Area in mil. 
Ha 

No. of 
holdings 

Average 
size in ha 

Small farms (<10 ha) 
Medium farms (10 – 
60 ha) 
Large farms (>60 ha) 

3.2 
1.04 

 
2.7 

3,528,000 
68,400 

 
3,600 

1.2 
20 
 

778 
Total 6.9 3,600,000 2.5 

  Source: MOALD  
 

With the increasing demand of land for various uses, comprehensive land reforms are 
crucial. In Africa, land reforms induce changes in land use patterns thereby affecting the 
environment (Zinyama, 1999). Unresolved land reform and land tenure security issues 
pose major bottlenecks because of their implications for agricultural productivity and 
conservation of natural resources. Land use policies should encourage growth in 
agricultural productivity and employment, better conservation of existing land and natural 
resources, and sustainable agricultural development. 
 
This paper is organized as follows: The next section gives a brief background on past 
performance of Kenya’s agricultural sector, the problem statement, objectives and study 
hypotheses. Section two offers the literature review. The methodology is discussed in 
Section three. Section four provides the study findings, conclusions and policy 
implications. 
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1.2 Past performance of the agricultural sector 
 
The performance of Kenya’s agricultural sector has deteriorated in last decade, stifling 
overall economic growth. Since a large proportion of Kenyans lives in rural areas and 
depends on agriculture.  Most livelihoods have been adversely affected by this trend, and 
poverty levels have increased. In 2000, the agricultural sector growth registered a decline of 
2.1 percent, contributing to negative growth in the overall economy (Omiti and Obunde, 
2002).   Recovery of the sector to a 1.2 percent growth the following year raised the overall 
economy growth rate by the same margin. 
 

Figure 1: Growth Rates of Agricultural Sector and the Economy 
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Figure 1 shows a direct positive relationship between growth in the agricultural sector and 
the economy. Whenever the agricultural sector performed well, the economy also 
performed well. Although some research disputes the causality between agriculture and 
economy, it is evident that currently the economy cannot grow if the agricultural sector 
performs poorly. It is also clear from Figure 1 that the agricultural sector has been growing 
at less than 2 percent per annum over the last 4 years, a rate lower than Kenya’s 
population growth rate of 2–3 percent.  
 
Moreover, agricultural productivity has been declining in many parts of the country.  For 
instance, maize yield at 2 tons1 per hectare2 is far below its potential of over 6 tons per 
hectare achievable with improved seeds, fertilizers and good crop husbandry (MOALD, 
2001, MOFP 2001b). This dismal performance is blamed on several factors, including the 
high cost of inputs, lack of quality seeds and credit, limited application of new agricultural 
technologies, inadequate extension support, and lack of clear land use policies (MOALD, 
2001).  

1 One tonne is equivalent to about 11.1 bags of 90 kgs. 
2 One hectare is equivalent to about 2.47105 acres. 
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1.3 Statement of the problem 
 
Land scarcity is increasingly becoming a major concern in agricultural production. The 
mounting pressure on land has resulted in many land disputes, violent clashes and pending 
suits in courts. It has also resulted in overexploitation of water catchments, leading to 
declining river water flows and lower groundwater levels. Continuous use of the same 
piece of land every year has led to declining maize crop yields over time (Figure 2). In 
most cases, the decline has been caused by gradual loss of soil nutrients through erosion 
and leaching, necessitating greater dependency on fertilizers, erratic weather conditions 
from deforestation, and market-related constraints (MOALD, 2001, MOFP, 2001b).   
 

Figure 2:  Kenyan Maize Productivity, 1994-2000 
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Source: MOALD, 2001  
 
Sustainable crop production is important for any economy. But for this to occur, 
increasing crop yields today should not be accompanied by increased environmental 
degradation. It is important to evaluate the relationship between land tenure, land 
productivity and the environment since a better management of land resources is good for 
poverty reduction (DFID et al 2002).   
 
Land tenure issues are increasingly becoming significant in rural development and are 
emerging as the most serious agrarian issues in the 21st century.  Sensitivity to land issues 
reflects the real and perceived value attached to land  (FAO, 1993).  In Kenya, the problem 
of tenure security has increased as evidenced by many cases of illegal encroachment into 
public and private land, as well as conflicts related to land.    
 
Cases of discrimination in access to land or possession of tenure security are common. 
Despite being the main agricultural producers, only 2 percent of women own land; most 
do not have security of tenure, mainly due to land inheritance laws that discriminate 
against them (FAO 2003a; FAO 2003b; Ravensburg 1999).  
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Given the long-term nature of investment in environmental conservation, farmers will 
likely invest only if the present value of benefits from the investment is higher or equal to 
the present value of the costs incurred. This is also influenced by the farmer’s perception 
of the probability that he or she will maintain the rights to use the land for the whole 
duration of the investment (Carter et al 1994; DFID et al 2002; Vosti and Reardon 1997). 
The higher the perceived probability and benefits, the higher the chances of investing in 
environmental conservation.  However, other important determinants will be the farmer’s 
discounting factor and overall cost of the investment. 
 
There are three major systems of land tenure in Kenya: individual, communal state land 
tenure. Individual land tenure refers to individual freehold ownership of land. This system 
was promoted since 1954 following recommendations of the Swynnerton Plan for the 
Modernization of African Agriculture, which recommended the tenure conversion from 
communal systems through adjudication, registration and titling of land. The title confers 
security of tenure by registering the absolute rights of ownership to the holders after 
adjudication. It encourages investment on land, facilitates access to credit, create a land 
market, minimizes land disputes, and facilitates intensification of agricultural production, 
thus increasing land productivity (Swynnerton, 1954).  The Plan was also aimed at 
consolidating fragmented land holdings and aid land redistribution (Zinyama, 1999).   
 
Communal land ownership refers to land owned jointly by a group of people, or a 
community. In this case, land usage is determined jointly or by customary laws and norms.  
No individual can sell any part of the land or use it as security for accessing financial 
loans. Land is, thus, considered a public good with possibilities of ‘free riding’ particularly 
when it comes to investment in land conservation.     
 
The state land tenure refers to public land set aside for agricultural and non-agricultural 
use. Most of such land is occupied by forests, water catchments and any other public-
interest activities, such as game reserves, historical sites, etc. In Kenya, the government 
has set land aside for agricultural research as well. Being public goods, there is always a 
risk of losing these areas to individuals in disregard to their importance in flora and fauna 
conservation. Massive environmental degradation due to illegal encroachment is common. 
 
This study postulates that there is a well-established relationship between land tenure 
security and the land conservation investments, and improvement and proper management 
of land and other natural resources. Farmers with secure rights to land have the incentive 
to make necessary land improvements and take measures to conserve soils and maintain 
the fertility of the land, all of which positively influence sustainable agricultural 
productivity. 
 
1.4 Objectives and Hypothesis of the Study 
 
The overall study objective is to establish the relationship between land tenure security, 
agricultural productivity and the environment. The specific objectives of the study are to 
establish the relationship between security of tenure and agricultural productivity; identify 
links between security of tenure and investment in environmental conservation and soil 
fertility enhancement and maintenance; and establish linkage between tenure security and 
environmental degradation.  
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In order to achieve these objectives, the following hypotheses were tested: (1) land 
productivity is directly and positively related to land tenure security; (2) there exists a 
positive relationship between land tenure security and investment in environmental 
conservation; (3) there is a close linkage between tenure security and environmental 
degradation; and (4) title deeds enhance accessibility to credit. 
 
 

2.0 LITERATURE REVIEW  
 
Land degradation is a serious global problem with estimates of up to 36 million square 
kilometers of cropland or 28 percent of the world’s total cropland degraded since mid-
century. The degradation is most serious in Africa where the proportion of degraded 
cropland has reached 65 percent (Fatondji et al 2001).  In particular, destruction of plants 
as a result of settlement and agricultural activities has resulted in serious environmental 
degradation in Eastern and Southern Africa (Mhlanga and Mapaure, 1999). For instance, 
Kenya’s forests have been destroyed and now cover only 1.7 percent of the total land area, 
below the acceptable limit of 2 percent. Moreover, the country loses up to 12 million trees 
annually to charcoal alone (MENR, 2002; Daily Nation 2002a). The average proportion of 
forest cover in Africa is 9.2 percent and for the world it is 21.43 percent.   
 
The effect of degradation has been throughout sub-Saharan Africa where half of farm land 
and 80 percent of the pasture and range areas show signs of soil erosion and degradation 
(Cleaver and Schreiber, 1994).  Significant degradation has particularly been recorded in 
West African Sahelo-Sudanian Zone, Sudan, Somalia, Ethiopia and Kenya (Oldeman et al 
1990). Increased pressure on the fragile ASAL areas has contributed to desertification 
(Mbithi and Barner, 1975; Heyer and Waweru, 1976).   
 
Although the number of farmers investing adequately in environmental conservation is 
minimal, farmers are aware of the various causes of soil erosion and know appropriate 
mitigation measures (Sambo and Munyenyembe, 1999). In view of the importance 
attached to the relationship between population growth, agriculture and environmental 
degradation, it is important to investigate the effects of land tenure on the declining land 
productivity. 
 
The study of the relationship between land tenure security and agricultural productivity 
has been undertaken previously. Studies carried out about a decade ago established no 
significant linkage between land tenure security and agricultural productivity (Blarel 1994; 
Migot-Adholla et al 1994a; Mortimore and Tiffen, 1994; Tiffen et al 1994; Migot-Adholla 
et al 1994b; Place and Hazell 1993). Some of the results showed that the coefficients for 
the secure land rights category were negative. In a few instances, some studies establish a 
weak but positive relationship between tenure security and crop yields.  
 
In Zambia, Smith (2001) reported that most respondents did not cite land tenure security 
as a major constraint to agricultural productivity. Barrows and Roth (1989) carried out a 
study aimed at establishing the linkage between land tenure and land investments for 
improved and sustainable agricultural productivity, but did not consider a linkage to the 
environment. In Malawi, Dickerman and Bloch (1991) explored the relationship between 
land tenure and agricultural productivity.  
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Several studies have shown significant positive relationship between land tenure security 
and investments in land improvements (Blarel 1994; Migot-Adholla et al 1994a; Roth et al 
1994; Mortimore and Tiffen, 1994; Migot-Adholla et al 1994b; Tiffen et al, 1994).  These 
improvements include farm drainage, excavations, irrigation, digging wells, building 
access roads, removing tree stumps, terracing, fencing, planting trees, applying manure, 
liming the soil, and mulching. Environmental issues were, however, not critically 
analyzed.   
 
Recent studies have attempted to focus on the environmental issues. A study in Philippines 
revealed that farmers with better land tenure security were more likely to install contour 
hedgerows to reduce erosion than those who had less tenure security (Shively 2001; DFID 
et al 2002). In Machakos and Kitui in Kenya, a study found a positive relationship 
between terracing and land tenure security and argued that tenure security served as an 
incentive these land investments. The same argument is supported by Gerrits (2001) in his 
study in Kitui district.  The benefits of key environmental conservation investments such 
as terracing and tree planting are long-term and people without secure land tenure may not 
benefit. A study in Kitui and Machakos showed that it may take up to 48 years for a 
farmer to break even once soil conservation structures are constructed (Pagiola 1993). 
 
Tenure security is crucial in the management of natural resources.  Otsuka and Place 
(2001) argue that provision of ownership rights to every individual within the community 
is the incentive needed for management of timber forests. Studies undertaken in Rwanda 
and Ghana established a negative relationship between farm sizes and land productivity 
(Blarel 1994; Migot-Adholla et al 1994a). This result could be attributed to intensification 
of production as farm sizes become smaller. Some proponents of this argument 
recommend expropriation of land from those who have ‘too much’ to those who have little 
or no land (Zinyama, 1999).  
 
However, it should be noted that continuous use of the same piece of land, with minimal 
environmental conservation would gradually result in reduced land productivity and the 
increasing need for fertilizer usage. In this regard, some authors argue for land 
consolidation (Zinyama, 1999).  Others argue that small farms are less efficient than large 
farms with regard to use of productive factors (Jacoby, 1971).  Studies undertaken in 
Macedonia, however, show that the relationship between farm sizes and land productivity 
is dependent upon the type of agricultural enterprise.  
 
Further analysis showed that land fragmentation index correlates negatively and 
significantly with wheat yields, meaning that the higher the fragmentation lowers the 
yields (Melmed-Sanjak et al 1998). The study also established negative linkages between 
fragmentation and profit to farmers because of high travel costs between the numerous 
land parcels and the difficulty of using efficient cultivation techniques. 
 
Blarel (1994) did not find any relationship between tenure security and credit in Rwanda 
but a weak linkage between the two variables was established in Ghana by (Migot-Adholla 
et al 1994a). In Kenya, it was established that farmers are reluctant to use their land titles 
as collateral because they lack confidence in their ability to repay loans (Migot-Adholla et 
al 1994b).  In the meantime, the need for credit facilities continues to rise with the rising 
cost of inputs and need for environmental conservation.  
 
In Kenya, a number of studies have been carried out on land tenure with a few relating it 
to agricultural productivity. The most notable one was undertaken during 1988 in the 
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densely populated Nyeri and Kakamega districts (Migot-Adholla et al 1994b).   Although 
the study looked into the relationships between land tenure, agricultural investment and 
farm productivity, it never established land tenure effects on the environment. It is more 
than a decade ago since the study was carried out and it would be interesting to see 
whether things have changed with time. Is it possible that the findings of the study and 
others carried out in other countries still hold? We have deliberately chosen agro-
ecological zones that totally differ from those in the 1988 study so as to establish whether 
the relationships established in that study can hold in a totally different agro-ecological 
zone.  This would form a good basis for the necessary policy formulation. 
 
The agricultural sector in Kenya has registered poor growth over the last decade with 
growth falling to negative 2.4 percent in the year 2000 (Economic Surveys 1997 – 2001).  
This has been blamed on among others, increasing frequency of drought and falling 
agricultural productivity.  These two may be an indication that Kenya is unable to achieve 
sustainable growth.  Empirical evidence shows that environmental degradation, more so 
clearing of the bush, including those in major water catchment areas, can contribute to 
climate change and even desertification.  Moreover, the usefulness of vegetation cover to 
formation of rainfall cannot be underestimated (Heyer and Waweru, 2000).   
 
The declining land productivity, according to reports available at the Ministry of 
Agriculture and Livestock Development, has necessitated increased use of farm inputs 
such as fertilizer and farmyard manure. Increases in cost of these inputs has raised the cost 
of production and reduced the competitiveness of Kenyan agricultural products in local 
and international markets. In neighboring Uganda and Tanzania, the land is still relatively 
richer and requires almost no fertilizer or manure thereby making the cost of production of 
commodities like maize and beans lower than in Kenya.3 
 
Various methodologies have been used in the past studies, varying based on data and 
researcher preferences. Migot-Adhola et al 1994a adopted single equation econometric 
models and relied on Logit regression models. This was critical for their data in which the 
dependent variables were binomial. The Ordinary Least Squares (OLS) may be used in 
cases where the dependent variable is continuous. Roth et al (1994) used such a method 
where land values formed the dependent variable. Migot-Adhola et al 1994a also used a 
continuous dependent variable, crop yield. Each model has to be carefully applied due to 
the possibility of mis-specification, multicollinearity, heteroscedasticity and 
autocorrelation.  Some researchers use two- or three-stage least squares to deal with these 
problems. With discrete dependent variables or those requiring censoring, tobit regression 
analysis is more commonly used. An example is Otsuka et al (1997), in which the 
dependent variable was the proportion of area under different land tenure regimes. 
 
To determine the nature of variables used, two variable analyses are often used, including 
Pearson Correlation Coefficient. In this study, various regression techniques are used, with 
the yield model being based on the OLS that is substantially reduced to minimize 
occurrence of mis-specification or simultaneity bias. A Tobit Model is developed for 
determinants of environmental degradation since the dependent variable requires 
censuring and is discrete. A Logit model is also used due to the dummy nature of the 
dependent variables.   

3  It should be noted that these countries still have expanse of land to be cleared for cultivation and the soils 
have not been exhausted as in Kenya. 
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3.0 RESEARCH METHODOLOGY 
 
3.1 Conceptual Model 
 
Land tenure security and environmental management are important for sustainable 
agricultural development. Figure 3 presents a theoretical conceptual model that attempts to 
describe the relationship between land tenure security and sustainable agricultural 
production with environmental management linking the two.  
 
The model hypothesizes an individual land tenure system. Communal and state land tenure 
systems are also important but do not provide as much tenure security to a farmer as the 
individual tenure system. In theory, tenure security would enhance access to credit, reduce 
gender bias in land ownership by allowing women to purchase and own land, and enhance 
investment in environmental conservation, better crop/livestock husbandry and use of 
better farm inputs. 
 

  Figure 3:  Conceptual Model  
 

Communal Land Tenure

Improved Access to
Credit

Reduced Gender Bias
in Land Ownership

Functional market for
input and products

Functional transportation
system

Improved environmental
conservation

Improved household income and welfare

High and sustainable
crop/livestock production

Better crop/livestock
husbandry

Purchase of farm inputs,
appropriate machinery and labour

Investment in land development

Secure Tenure

Individual Tenure System State Land

Type of Land Tenure

 
Adapted from Frank Place et al 1994 
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The model also hypothesizes that investment in land development are determined directly 
input and produce market efficiency as well as existing roads and transport systems.  
Investment in land development refers to environmental conservation, better 
crop/livestock husbandry, and use of appropriate farm inputs. The specific investments 
include fencing, tree planting, grass-strips, sound crop husbandry, purchase of quality 
seeds, removal of tree stumps, leveling, terracing, ridging, road construction, well 
construction, water pans, and drainage systems, application of farm yard manure and 
fertilizer, mulching, among others. The output of such investments is sustainable crop and 
livestock production. With the high level of output, functional markets for inputs and 
output, and an efficient transport system contribute to higher household income and better 
livelihoods. 

 
 
3.2 Data Needs and Sources 
 
Data was collected on household characteristics (sex, age, level of education, occupation, 
household income and size of household); land productivity (crop yields); environment 
(cropping patterns, vegetation cover, environmental conservation methods and degree of 
environmental degradation); land tenure (type and user’s right to sell land, designate heir 
to the land, rent out the land); access to credit (source of credit and whether land title was 
used as collateral); parcels of land owned; farm size; number of acres under maize; farm 
inputs (fertilizer, pesticides, manure and seeds); land investments (trees planted, fencing, 
ridges, water management structures, drainage, access roads, tree-stump removal, 
terracing, drilling of boreholes); proportion of land cultivated; and functioning of the 
inputs and produce markets.  
 
The research team collected secondary data from various libraries, more so that for the 
Ministry of Agriculture and Livestock Development and the University of Nairobi.  Some 
of the information and publications were accessed through the Internet while others were 
sourced from friends within the Public Service and Research Institutes.  Some of the 
unpublished materials from the Ministry of Agriculture and Livestock Development; 
Ministry of Environment, Natural Resources and Wildlife; and Ministry of Planning and 
National Development were also screened and used.  These materials were mainly used 
for the literature review and for verification of the primary data. 
 
The primary data was collected in Suba and Laikipia Districts using both quantitative and 
qualitative techniques. Most of the quantitative data was collected using a detailed 
questionnaire that was pre-tested during the reconnaissance study.  A combination of 
direct observation and informal interviews were also conducted to fill any gaps left by the 
questionnaires and to verify the information provided.   
 
3.3 Study Sites 
 
The study was undertaken in Suba district in Nyanza Province and in Laikipia district in 
Rift Valley Province (See Figure 4). The choice of these districts aimed at capturing as 
much of geographical, ecological and cultural diversity.  
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Figure 4: Location of the Study Districts  

 
3.3.1 Suba 
 
Suba district covers an area of 1,810 km2 composed of 853 km2   of water surface and the 
remaining 957 km2 of land surface of which 530 km2 is arable while another 157 km2 is 
forest cover.  The district is divided into 5 divisions namely Lambwe, Mbita, Central, 
Mfangano and Gwassi, with 20 administrative locations and 40 sub-locations.  It has a 
population of 159,000 people with an estimated population density of 162 persons per 
square kilometer.  The district has an inland equatorial type of climate that is modified by 
the effects of altitude and closeness to Lake Victoria.  The average annual temperature 
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ranges between 220C and 300C while the annual rainfall ranges from 700mm to 1200mm 
with 60 percent reliability. 

 
Figure 5: Agro-ecological Zones of Suba District 

 
Land in the district is generally hilly with thorny bushes. The soil type is mainly Vertisols 
(poorly drained low fertility clay) and phaeozems with evidence of rocky hills.  There are 
signs of land degradation on the hills.  The eroded soils are deposited in valleys where 
they form rich alluvial soils.   
 
The district has two cropping seasons. The main season starts in February and ends in 
August.  During the short rain season, the parcels of land are left fallow with the major 
activity being communal grazing.  Those who plant crops or trees during this season have 
to take further precautions of guarding against livestock damage.  Only about a quarter of 
the district’s land is under cultivation while the rest is idle or under livestock farming.     
 
By 2001, land demarcation and registration had already started in Mbita division but no 
title deeds had been issued.  In other divisions, particularly Gwassi and Central divisions, 
the process of registration was still at initial stages. Lambwe division is mainly a 
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Government settlement scheme.  Land disputes are being experienced in some divisions as 
people from other areas continue to settle in the area.   
 
A reconnaissance study undertaken in February 2002 found out that Gwassi division had 
suitable characteristics for the study.  The division had 5 locations, namely Gwassi 
Central, West, East, South and North locations and 15 sub-locations.  It also had the three 
land tenure systems; on top of the hill was the trust land with disturbed forest and some 
people already settled; large parts of the land was demarcated with individual ownership 
although only about 1% was already registered.  Land leasing was found in Samba sub-
location while what can loosely be termed as communal lands were found in areas left for 
public utilities.  
 
3.3.2 Laikipia 
 
Laikipia district covers an area of 9,723 km2 and is divided into seven divisions with 34 
administrative locations and 64 sub-locations.  The southwestern part of the district is the 
most densely settled.  About 70 percent of the total population of 322,500 persons is 
concentrated in Rumuruti, Central and Ng'arua divisions.  The three divisions have the 
highest potential for forestry and mixed farming due to their high altitude. The area mainly 
consists of an elevated plateau covered by volcanic ashes.   
 
Figure 6: Agro-ecological Zones Of Laikipia District  

 
Most of the land in Rumuruti and Ng'arua divisions was purchased from the former white 
settlers and have since been sold to individuals, partnerships and groups (Figure 7).  
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Ng'arua which was selected for the study has a population of 66,700 persons and a total 
area of 787 km2 out of which 370 km2 are the potential agricultural land with 270 km2 
under cultivation. 
 
Figure 7: Administrative Boundaries of Laikipia District 

 
 

3.4 Survey Design 
 
The survey was undertaken in 4 sub-locations per district.  These were randomly selected 
from a cluster of 10 sub-locations in each district.  Each of these clusters had almost the 
same agro-ecological conditions.  Stratification was undertaken to ensure that various 
levels of tenure security were captured in the final sample.     
 
In Suba district, the survey was carried out in Gwassi division from where the four 
selected sub-locations were: Magunga and Samba in Gwassi Central location; Tonga in 
Gwassi West location; and Kibwer in Gwassi East location.   In Laikipia, the selected sub-
locations in Ng’arua Division were: Dimcom in Sipili location; Mwenje and Mithiga in 
Kinamba location; and Kiambogo in Gituamba location.   
 
Within each sub-location, eight clusters were formed out of which four were randomly 
selected.  This ensured that every part of the sub-location was given an equal chance of 
being included in the sample.  In each of the selected clusters, a list of the household heads 
was compiled.  A total of 40 respondents were then randomly selected from the aggregate 
list of farm families in each sub-location. 
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In the context of this study, a farm family (household) was defined as any family unit that 
has a parcel of land to cultivate.  In polygamous families, therefore, the term ‘household’ 
was construed to mean a house of each of the wives that have been allocated parcels of 
land by the husband.  This is in line with the customary tenure system where each of the 
wives is normally allocated parcels of land by the husband to cultivate.  The same applied 
to sons who had been allocated parcels by their fathers to cultivate even though they still 
resided in their father’s homestead.  The list of household heads was computed based on 
this understanding.     
 
3.5 Data Analysis 
 
The main focus in this research is the relationship between land tenure security on one 
hand and productivity and environment on the other. The quantitative and qualitative data 
analyses were used. 
 
3.5.1 Descriptive Data Analysis 
 
Data collected was used to make various descriptive analysis and explain some of the 
variables in the econometric models.  These include techniques such as mean, median, 
mode, frequency tables, Pearson Correlation Coefficient, Chi-Squared and graphical 
methods. 
 
3.5.2 Econometric Model of agricultural productivity 
 
To determine factors influencing agricultural or land productivity, an OLS model was 
used. Land productivity is the dependent variable: 
 

( )mdrstfecsLfegsQ ,,,,,,,,,,, χεψ=  
 
where  Q= land productivity in bags of maize per acre; 
 ε = environmental degradation (1=no problem to 5=very serious degradation); 
 s = land tenure security (1=no rights to 4=full rights); 
 g = gender of land user (1=male; 0=female); 
 e = level of education (1=no education to 5=university) 
 ƒ = access to credit facilities (1=yes, 0=no); 
 L = size of landholding (acres); 
 χ = slope of land (1=flat to 3=sloppy); 
 cs= certified seed (1=yes, 0=no); 
 fe=fertilizer (1=yes, 0=no); 
 st = soil type (type) 
 dr = drainage development (1=yes, 0=no); 
 m = manure (1=yes, 0=no); 
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3.5.3 Model of Environmental Degradation 
 

In addition to the model of agricultural productivity, a Tobit Model was developed for 
environmental degradation.  This model can be provided as: 
 

( )IvrLfgsD ,,,,,,, χΩ=  
 

where variable description is as above except for:  
r= access to market (1=impassible to 4=very good); 

 v=vegetation cover (type); 
 I= average income of the household (annual); and 
 D = environmental degradation (1=none to 5=v. serious)  
 
 
3.5.4 Model of Investment in Land Improvement (Conservation) 
 
In order to establish the main determinants of investment in land improvement or 
environmental conservation, a Logit model was developed.  This was due to the dummy 
nature of the dependent variables.  The main land improvement methods such as terracing, 
drainage development, agro-forestry, tree crops and stump removal were considered.  The 
dependent variables included sex of the land user; income level of the household; parcel 
size; soil type; existence of labour constraint; education level of the land user; main 
occupation of the land user; and existence of title deed. 
 
 
 

4.0 RESULTS AND DISCUSSIONS 
 
4.1 Basic Findings  
4.1.1 Household Characteristics 
The study undertaken in Suba and Laikipia districts with a sample size of 310, (150 from 
Suba and 160 from Laikipia), showed that about 52 percent of the households were headed 
by monogamous males, 23 percent were headed by polygamous males and 22 percent by 
female. It was also noted that about 74 percent of the female heads of households were 
widowed. The average family size was 5 children, with the maximum of 17. 

4.1.2 Tenure System 
Only 3 percent of the respondents occupied communally owned land, about one percent 
occupied state land and the rest were under individual tenure system (Table 2).  
 

Table 2:  Tenure System Versus Agricultural Productivity 
Count (%) Maize yield in bags per acre  

Tenure System  0-5.0 5.1-10.0 10.1-15.0 15.1-20.0 > 20.0 
Individual 143 (46.1%) 65 (21%) 39 (12.6%) 28 (9.0%) 2 (0.6%) 

Communal  8 (2.6%) 1 (0.3%)   
State land  2 (0.6%)    

     NB:  figures in parentheses are % of total number of respondents (households) 
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4.1.3 Security of Tenure. 
The problem associated with land ownership and tenure security was found to be serious 
in both districts, with 10 percent of the respondents being involved in recent land disputes. 
An analysis of land improvement revealed that some of these, particularly agro-forestry 
and tree crops, were closely related to land registration (Table 3). About three-quarters of 
households whose lands had been registered practiced agro-forestry while nearly 60 
percent had tree crops. Among farmers whose lands had not been registered, only 47 
percent practiced agro-forestry and 36 percent had tree crops. Increased tenure security 
likely stimulated landowners to invest in environmental conservation.   
 

Table 3:  Crosstab Analysis for Land Registration and Some Conservation Methods 
Count (%) Land Registered Total 

Agroforestry Practiced  Yes No 
 8 (66.7%) 1 (0.4%)  9 (2.9%) 

Yes 1 (8.3%) 175 (75.4%) 31 (47%) 207 (66.8%) 
No 3 (25%) 56 (24.1%) 35 (53%) 94 (30.3%) 

Total 12 (100%) 232 (100%) 66 (100%) 310 (100.0%)* 
Pearson Chi-square 201.73, significance of 0.00000%  

Count Land Registered  
Tree crops planting  Yes  No  

 8 (66.7%) 1 (0.4%)  9 (2.9%) 
Yes 1 (8.3%) 133 (57.3%) 24 (36.4%) 158 (51.0%) 
No 3 (25%) 98 (42.2%) 42 (63.6%) 143 (46.1%) 

Total 12 (100%) 232 (100%) 66 (100%) 310 (100.0%)* 
Pearson Chi-square 190.04, significance of 0.00000% 

 

4.1.4 Access to credit 
The study revealed that only 6.1 percent of the respondents had received credit facilities 
while the rest gave various reasons for not having received or applied for loans.  About 33 
percent of the respondents had not applied because they could not meet the lender’s 
requirements while 29 percent argued that they were not aware of the availability of the 
credit facilities.  Another 15 percent gave other reasons that were not specified in the 
questionnaire (Figure 8).  Prominent among these was fear of the land being auctioned if 
title deed was used as collateral.     
 
Figure 8:  Reasons for not applying for the loan 
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The survey revealed that no household used the title deed as collateral.  The main 
collateral was group guarantee and co-signature that accounted for 80 percent of 
collaterals used.  Indeed the relationship between title deed and access to credit had a 
Correlation Coefficient of 0.0626, which was not significant even at 10 percent level. 
(Annex 1).  This in effect, downplays the importance of title deed in securing of credit 
facilities and shows the importance of group lending systems. 
 
The study showed that only 2.3 percent of women land users applied for and received 
credit facilities as compared to 12 percent or their male counterparts (Table 4).   This was 
attributed to lack of awareness and failure to meet the requirements such as collateral and 
other forms of security required by the financial institutions. 
 
Table 4:  Gender Access to Credit Facilities 

Count (%) Sex of land user 
Applied/received loan Female Male 
Yes 2 (2.3%) 17 (12%) 
No 84 (97.7%) 125 (88%) 

 86 (100%) 142 (100%) 
Chi-square 42.12, significance level of 0.00000 

 
Access to credit was relatively lower in Suba where only 2.7 percent of the respondents 
acquired loans compared to 9.4 percent in Laikipia. In both districts, most of those who 
acquired loans never used them for agricultural developments but for educating children 
and other non-farm activities. Out of the 19 farmers who received credit facilities, 47 
percent used the funds on education of children, 16 percent for non-farm business and 37 
percent for purchase of farm inputs.   

4.1.5 Household income 
The average annual income level for the household was estimated at Kshs. 33,000 with the 
minimum and maximum being Kshs. 3,000 and over 200,000 respectively.  However, up 
to 80 percent of the households had no more than Kshs. 30,000 per annum and the mode 
was Kshs. 15,000 thus showing the level of skewness of the income. 

4.1.6 Gender  
Most household heads were men. In Suba district, 81 percent of the households were 
headed by men as compared to 76 percent in Laikipia. However, the majority of land users 
in Suba (60 percent) were women. In Suba, most men undertake non-farm activities or 
work in urban areas thereby leaving women to undertake farming. In Laikipia, farming is 
taken as a business and is regarded by men as a paying occupation and thus the majority 
are farmers. 

4.1.7 Access to Market 
The average distance to the input and product market was estimated at 3.5 and 122 km for 
the nearest urban market. 28 percent of farmers lived within 2 km radius of the market. 
Road conditions were generally poor, affecting agricultural production and development. 
66 percent of the farmers considered their roads to the market as impassable, constraining 
access to the markets during the rainy season. Consequently, commodity prices were low 
due to inaccessibility to markets and exploitation by middlemen. This was particularly 
serious in Laikipia where maize prices plunged to Kshs. 400 per bag within a short period.   
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4.1.8 Labour 
Most (58 percent) farmers have sufficient family labour (Figure 9), while most indicated 
availability of adequate hired labour (Figure 10). This is contrary to initial assumption that 
farmers face labour constraints, especially during weeding and harvesting. 
 
Figure 9:  Household Labour Constraints 
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Figure 10:  Availability of hired labour 
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4.1.9 Environmental Conditions 
Environmental degradation was reported in both districts. Following massive forest 
clearance and intensive agricultural activities in Laikipia, the ground water levels had 
dropped by at least 10 feet.  Previously forested land was under shrubs (Figure 11).  
Without addressing this problem, the region could experience serious climate change that 
would affect agricultural production and the ecosystem.   
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Figure 11:  Environmental Degradation in Laikipia District 

 
 
 
 
 
 
4.1.10 Farm Sizes 
The two districts had different average farm sizes, with Laikipia having relatively larger 
farms averaging 7.5 acres compared to Suba’s 4.1 acres. The average farm size for both 
districts was 5.9 acres. The modal farm sizes were 5 acres for Laikipia and 2 acres for 
Suba, with greater skewness towards zero in the case of Suba (Figure 12).   
 

Figure 12:  Distribution of Land Sizes in Suba and Laikipia Districts 
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The main source of access to land is through inheritance, with about half of the responding 
obtaining land through inheritance while 22 percent purchased the land. About 12 percent 
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of the respondents acquired land through government settlement while about one percent 
were squatters. Land subdivision is common in both regions, with 57 percent of the land 
parcels in Suba having been subdivided within the last few years. In Laikipia, about 20 
percent of the parcels were subdivided recently.  
 
4.1.11 Land Productivity 
 
Most farms in Suba and Laikipia have been farmed for a long period of time, leading to 
productivity decline. Two thirds of the respondents said their land productivity had 
declined. Only 28 percent of respondents reported productivity increases. About 63 of 
those whose land productivity declined were from Laikipia district, where a relatively 
higher proportion of land was under cultivation all year round (Table 5).  About 60 percent 
of the respondents in Laikipia had at least 70 percent of their land under cultivation.  
 

Table 5:  Status of Productivity over the years 

Value Frequency Percentage 
Constant 5 1.6 

Decreasing 205 66.1 
Increasing 88 28.4 
No answer 12 3.9 

Total 310 100.0 

 
Figure 13 shows the level of cultivation in Laikipia district with trees being planted mainly 
around the homesteads while farms remain without any trees.   

Figure 13:  Land Cultivation in Laikipia 

 
 

 20 



It is evident from Table 6 that productivity has been dropping more on larger farms than 
smaller ones. One would observe that cells for larger farms have mostly been experiencing 
productivity declines with very few of them registering productivity increases.  Farmers 
who reported increase in land productivity were mainly those with smaller farms.  They 
confirmed having kept productivity stable through use of fertilizer and manure.     
 

Table 6:  Crosstab Analysis of Parcel Size and Land Productivity Over Time 

(%) Parcel Size (in acres) 
Land 
Productivity  0-1.0 1.1-2.0 2.1-4.0 4.1-6.0 6.1-10.0 10.1-15.0 15.1-25.0 > 25.0 

Constant  5% 2% 2% - 3% - - - 

Decreased 67% 56% 57% 75% 90% 72% 82% 75% 

Increased 28% 42% 41% 25% 7% 28% 18% 25% 

 
4.1.12 Education 
Bivariate analysis showed a significant relationship between education and both use of 
improved farm inputs and land productivity. Correlation coefficient showed that educated 
farmers are more likely to use fertilizer and certified seed than their less educated 
counterparts (Annex 1).  Similar results were derived from Cross-tab analysis. Table 7 
shows that 78 percent of farmers with a college degree applied fertilizer. The comparable 
figures for application of certified seed for college graduates were 83 percent.  
 

Table 7:  Crosstab Analysis for Education and Input Use 
Count (%) Education Level of the Land User Total 

Fertilizer Usage None Primary Secondary College University 
No 53 

(78.8%) 
116 

(71.6%) 
21  

(55.3%) 
4 

(22.2%) 
- 194 (66.9%) 

Yes 16 
(23.2%) 

46 
(28.4%) 

17  
(44.7%) 

14 
(77.8%) 

3 
(100%) 

96 (33.1%) 

Pearson Chi-square 29.29192   - significance level of 0%  
 

 

Certified Seed Usage None Primary Secondary College University  
No 57 

(82.6%) 
123 

(75%) 
26 

(68.4%) 
3 

(16.7%) 
- 209 

(71.6%) 
Yes 12 

(17.4%) 
41 

(25%) 
12 

(31.6%) 
15 

(83.3%) 
3 (100%) 83 

(28.4%) 
Pearson Chi-square 39.48855   - significance level of 0%  
 

 

 
 
Two-variable analysis showed that there were statistical variations between the two study 
districts. This was further confirmed by the Chow test on seven key variables that 
influence maize yield.  The test yielded F-statistic of 12.56, which was significant at 1 
percent level meaning that there were significant variations in data between the two 
districts. It was therefore necessary to use dummy variables to capture these regional 
differences (Table 8). 
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4.2 Econometric Models for Agricultural Productivity 
 
The regression analysis model described in section 3.6.2, with maize yield as the 
dependent variable, was run in three versions. First model or Model 1 (Table 8) had a 
number of explanatory variables. These include land tenure security, parcel size, level of 
environmental degradation, education, sex, slope, use of certified seed and fertilizer 
application, soil type, drainage development and application of manure. These factors, in 
conjunction with the dummy variables representing various sub-locations explained up to 
60 percent of the variations in the maize yields.  In order to come up with a reduced form 
model, explanatory variables were eliminated one by one based on their levels of 
significance. 
 
Model 2 is similar to Model 1, except the exclusion of sex and drainage development. The 
most preferred model, Model 3, has two other variables missing: manure and 
environmental degradation.  A number of other variables that could have caused 
simultaneity bias were also dropped at the initial stages.  Except for soil type, all the other 
variables in the reduced form equation had significance level of at most, 10 percent.  A 
joint significance test on the 4 dropped variables yielded F-Statistic of 0.296, which is 
insignificant at 10% level meaning that the four variables are not jointly significant and as 
such, we lost nothing by dropping them. 
 
It is notable that the dummy variables for Laikipia (D1-D4) and those for Suba (D5-D7) 
differ substantially.  It was observed that the regional dummies for Laikipia were positive 
while those for Suba were negative.  This in essence indicates the wide variation of maize 
yields between the two districts with those for Suba being substantially lower, and hence 
the negative dummy.  In the next sections, we are going to examine some of the 
relationships that were derived from this model.   
 
Figure 14 shows the relative strengths of the relationships between agricultural 
productivity and some of its determinants that were considered in this study.  It shows that 
productivity was more strongly related to education level of the land user and the slope of 
land than all the other determinants.  Both were significant at 5 percent level.  The detailed 
outcome of the regression is as in Table 8. 
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Figure 14:  Key factors influencing agricultural productivity 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Models 4 and 5 were district specific versions of Model 1, which have also been reduced 
to minimize possibility of misspecification.  The results in both districts concur for 
variables such as: environmental degradation; education of the land user; slope of land; 
sex of land user and drainage development. However, some of the results exhibit 
significant regional variations.  These include tenure security, parcel size and input usage.  
We look at these in more detail in the next sections.  

4.2.1 Tenure Security (S) 
The study found a positive relationship between agriculture productivity and tenure 
security (Table 8) thus agreeing with our null hypothesis that “land productivity is directly 
and positively related to land tenure security”.  This security was determined based on 
land rights such as: the right to sell land; plant and cut trees; designate heir to the land; 
plant annual crops; plant perennial crops; and rent out land.  The results show that farmers 
who have more of these rights achieve relatively higher yields than those who do not have.   
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Table 8:  Regression Results on Maize Productivity 

 
 

Model 1 Model 2 Model 3 Model 4 
Laikipia 

Model 5 
Suba 

Constant -1.7193 
(1.6724)a 

-1.7280 
(1.6664) 

-2.0684 
(1.6066) 

0.90888 
(1.9066) 

-1.1783 
(1.1575) 

 
Tenure Security (S)  

0.46698** 
(0.21871) 

0.46756** 
(0.21738) 

0.45356** 
(0.21619) 

0.54863 
(0.38470) 

0.45992*** 
(0.15415) 

 
Parcel size (L)  

-0.10346*** 
(0.035606) 

-0.10310*** 
(0.035452) 

-0.099676*** 
(0.035102) 

-0.14348*** 
(0.056728) 

-0.35541 
(0.29557) 

Environmental degradation (ε) -0.22678 
(0.28606) 

-0.22236 
(0.28424) 

- - - 

Education level of the land user (E)  0.84399*** 
(0.28852) 

0.84093*** 
(0.28147) 

0.79687*** 
(0.27472) 

0.97637** 
(0.46289) 

0.54780** 
(0.21959) 

Sex of land user (λ)  -0.080372 
(0.52154) 

- 
 

- - - 

Slope of land (χ)  1.1364*** 
(0.36012) 

1.11314*** 
(0.35824) 

1.0390*** 
(0.34373) 

1.7445*** 
(0.65483) 

0.70936*** 
(0.24254) 

Certified Maize Seed (cs) 1.3859** 
(0.63766) 

1.3654** 
(0.63116) 

1.4495** 
(0.61935) 

2.0273** 
(1.0226) 

- 

Fertilizer application (fer) 1.9527*** 
(0.75108) 

1.9559*** 
(0.74841) 

2.0048*** 
(0.74130) 

1.9889* 
(1.0201) 

-2.4356 
(1.9603) 

Soil Type (st) 0.39868 
(0.34634) 

0.40314 
(0.34476) 

0.42264 
(0.34296) 

- 0.42769* 
(0.25579) 

Drainage development (dr) 0.14953 
(0.64058) 

- - - - 

Manure application (m) 0.47568 
(0.64058) 

0.46468 
(0.63986) 

- - 3.1603*** 
(1.1230) 

Mwenje sub- location (D1) 4.4639*** 
(1.0495) 

4.4763*** 
(1.0014) 

4.5946*** 
(0.99217) 

0.86170 
(1.1306) 

- 

Mithiga sub location (D2)  7.3127*** 
(1.1596) 

7.2665*** 
(1.1183) 

7.4874*** 
(1.0516) 

4.1629*** 
(1.1449) 

- 

Kiambogo sub-location (D3)  5.4165*** 
(1.0611) 

5.3635*** 
(1.0176) 

5.4383*** 
(0.98545) 

2.5223** 
(1.2477) 

- 

Dimcom sub-location (D4)  3.2273*** 
(1.1244) 

3.2049*** 
(1.0807) 

3.4461*** 
(1.0151) 

- - 

Kibwer sub-location (D5)  -1.6144 
(1.0568) 

-1.6640* 
(1.0021) 

-1.7652* 
(0.98491) 

- -1.6452*** 
(0.55783) 

Magunga sub-location (D6)  -0.82505 
(0.96788) 

-0.84230 
(0.96036) 

-0.84655 
(0.95730) 

- -0.90940* 
(0.53794) 

Tonga sub-location (D7)  -1.1400 
(1.0656) 

-1.11235 
(1.0356) 

-1.2136 
(1.0248) 

- -1.4509** 
(0.61129) 

R-Squared 0.604853 0.604748 0.603244 0.310037 0.292131 

F-Statistic 24.746 28.019 32.038 7.4892 5.1774 

N 310 310 310 160 150 

Where:  a  =  Figures in parentheses are standard errors 
*  = Coefficient significant at  10 percent level 
**  = Coefficient significant at 5 percent level 
*** = Coefficient significant at 1 percent level 

 
A closer sectional analysis in Models 4 and 5 revealed that the relationship was more 
significant in Suba than in Laikipia district.  This is due to the difference in the 
characteristics of the two districts.  First, land registration in Laikipia was completed in the 
1980s while in Suba the registration is still ongoing.  With registration complete, the main 

 24 



avenue for tenure insecurity in Laikipia could be usage of land by wives, sons or lessees 
who may not be having the full rights to the land whereas in Suba, besides these factors, 
there are farm families whose land have not been registered and therefore have no 
incentive to invest in land improvement. 
 
Household characteristics and cultural differences between the two districts may also play 
a part in making tenure security to influence agricultural productivity more significant in 
Suba than in Laikipia district.  It was established that about 37 percent of households in 
Suba are polygamous with women being the main land users (60 percent).  This is far 
much higher than 12 percent recorded in Laikipia district where men are the main land 
users (71 percent).  The foregoing therefore means that land insecurity is higher in Suba 
than in Laikipia and hence the difference in responsiveness of productivity to tenure 
security.    
 
4.2.2 Farm Sizes (L) 
 
The study showed that agricultural productivity is higher on smaller farms than on larger 
(Table 8). This was significant at 1 percent and was attributed to smaller farms being more 
intensively used particularly in Laikipia with more application of fertilizer and manure.  
Regional analysis however indicated that the relationship between land productivity and 
farm size was highly significant in Laikipia district but insignificant in Suba (Model 4 and 
5).  This is mainly due to minimal usage of fertilizer in Suba as opposed to Laikipia and 
the fact that land in Suba has not been exhausted as some areas were still left fallow. 
 
4.2.3 Environmental degradation (ε) 
 
The study did not find any significant relationship between environmental degradation and 
maize yield.  This was consistent in all study areas.  Although the perceived relationship 
had a negative sign in all areas, being insignificant makes it difficult to convince farmers 
about the importance of averting land degradation.    
 
4.2.4 Education Level of the land user (E) 
 
A significant positive relationship was established between agricultural productivity and 
education level of the land user meaning that the higher the education level of the land 
user, the higher the expected crop yield (Table 8).  This is because education of the land 
user tends to be positively linked to usage of productivity enhancing inputs such as 
fertilizer and certified seeds besides adoption of better crop husbandry as was evident in 
section 4.1.12.   
 
4.2.5 Sex of the land user (λ) 
 
No significant relationship was established between sex of the land user and productivity 
and this was consistent in all regions.  This is important for Kenya because the majority of 
farmers are women who have been argued to be disadvantaged particularly in access to 
resources such as land, credit and even extension packages (MOALD 2003; FAO 2003b).  
The results show that these disadvantages have not tilted productivity in favor of men.  
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4.2.6 Slope of land (χ) 
 
The close linkage established between agricultural productivity and the slope of land 
parcel prompted the research team to look into the possible reasons for the relationship 
more so because the result was consistent in both Suba and Laikipia districts.  Land slope 
was classified into three categories: flat, gentle (less than 150), and steep (more than 150).  
Flat lands covered about one-quarter of the land area while the gentle sloping and steep 
were 58 and 17 percent, respectively.  Lower maize yields in flat lands might be because 
of poorly drained soils (clay) that are not suitable for maize production.  Maize yields are 
higher on better-drained gently sloping lands.   
 
4.2.7 Certified Seed (cs) 
 
The study established a significant relationship between usage of certified seed and crop 
yields. This was particularly more significant in Laikipia where most farmers  (about 60 
percent) used certified seeds. However, the relationship was not significant in Suba where 
very few farmers (only about 6 percent) used certified seeds with the rest using locally 
available materials.   
 
4.2.8 Fertilizer and manure application (fer & m) 
 
A strong positive relationship was established between crop yield and usage of fertilizer.  
However, the results were not consistent across the regions.  The relationship was strong 
in Laikipia but insignificant in Suba.  This was due to differences in soil types and 
minimal usage of fertilizer in Suba as opposed to Laikipia.  It was also established that in 
Suba, those who apply fertilizer rarely apply in recommended quantities and thus reducing 
its effect on maize yields.   
 
The study established a significant relationship between application of manure and crop 
yields in Suba district.  The fact that this was significant at 1 percent means that farmers in 
this region depend more on manure and less on fertilizer.  This contrasts much with 
Laikipia where the relationship between manure and yield is insignificant (Table 8). 
 
4.2.9 Soil Type (st) 
 
In overall, there was no significant relationship between soil type and crop yields.  
However, a cross sectional analysis indicates that in some regions such as Suba, soil type 
may influence crop yields.  The relationship was found to be significant at 10 percent level 
in Suba but insignificant in Laikipia and the two districts combined.  The level of 
significance seems to depend on the variety of soil types found in the region whereby in 
Suba there are two contrasting soil types – well drained and nutrient rich phaeozems 
versus the poorly drained nutrient poor vertisols. 
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4.3 Econometric Models for environmental degradation 
 
The study team undertook a Tobit analysis to establish linkages between environmental 
degradation and other variables such as gender, credit, and tenure security.  This was 
adopted due to the discrete nature of the dependent variable and existence of non-
responses that called for data censoring.  For regional comparison purposes, separate 
regressions were run for both Suba and Laikipia districts in addition to that for the two 
districts combined.  The results of this regression are as summarized in Table 9. 
 
The study did not establish any significant relationship between tenure security and 
environmental degradation.  This was even confirmed by the various components of tenure 
security such as rights to sell land, designate heir to land, plant and cut trees, and so on.  
No significant relationship was also established between environmental degradation and 
tenure security acquired through title deed (Table 8).  This means that improving on tenure 
security alone will not stimulate farmers to control environmental degradation.   
 
As expected, a very strong negative link was established between vegetation cover and 
environmental degradation.  This calls for curbing of wanton clearance of vegetation and 
leaving the land bare that would increase chances of increased environmental degradation.  
It also showed that although there is a significant negative relationship between 
agroforestry / tree crops and environmental degradation, these alone cannot effectively 
control environmental degradation, hence the relatively weaker relationships.   
 
The results also showed a positive link between slope of land and environmental 
degradation, with higher rates of degradation being observed on steeper slopes.  This 
confirms the close linkage between slope of land and rate of soil erosion.  Exposure of 
land on the steeper slopes would therefore lead to more devastating rates of erosion 
assuming other factors are held constant. 
 
The strong negative link established between access to the market and environmental 
degradation could be said to be an association rather than causality.  However, one would 
argue that better road condition and hence ease of access to the market would encourage a 
farmer to invest in environmental conservation in an attempt to rip the maximum benefit 
out of the land. As expected, soil type came out to be one of the key factors determining 
the rate of environmental degradation.  This relationship was significant at 10 percent 
level. 
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Table 9:   Tobit Analysis with Environmental Degradation as the dependent variable a 

Variable Laikipia Suba The districts 
combined 

Sex of land user -0.0278 
(0.1253) 

0.2691 
(0.1673) 

0.0217 
(0.1038) 

Income of land user -0.0025 
(0.0016) 

0.0018 
(0.0027) 

-0.0012 
(0.0014) 

Parcel size 0.0105 
(0.0099) 

0.0195 
(0.0199) 

0.0146 
(0.0096) 

Gradient of land 0.042 
(0.0917) 

0.4129*** 
(0.1307) 

0.2051*** 
(0.0786) 

Vegetation cover (%) -0.0165*** 
(0.0031) 

-0.015*** 
(0.004) 

-0.0152*** 
(0.0024) 

Access to market -0.276*** 
(0.077) 

-0.1599 
(0.1072) 

-0.2805*** 
(0.0648) 

Tenure security 0.0168 
(0.0689) 

0.1953 
(0.1445) 

0.0389 
(0.0683) 

Access to credit 0.0884 
(0.2228) 

-0.4114 
(0.5239) 

-0.0687 
(0.2208) 

Soil type -0.0062 
(0.0688) 

-0.1771 
(0.1158) 

-0.1132* 
(0.062) 

Right to sell land -0.033 
(0.082) 

0.0204 
(0.1273) 

0.0946 
(0.059) 

Right to designate heir to land -0.003 
(0.0759) 

-0.2574 
(0.1664) 

-0.0778 
(0.078) 

Right to rent out land -0.0667 
(0.0826) 

-0.0019 
(0.1421) 

-0.111 
(0.0762) 

Right to plant and cut trees -0.0398 
(0.0794) 

0.1574 
(0.2945) 

0.0387 
(0.0796) 

Right to plant perennial crops -0.0006 
(0.1139) 

0.2378 
(0.3446) 

0.0944 
(0.1103) 

Agroforestry (1=yes) -0.3977* 
(0.2321) 

0.0444 
(0.1714) 

0.0056 
(0.1301) 

Tree Crops (1=yes) -0.095 
(0.1646) 

-0.2855 
(0.1477) 

-0.3637*** 
(0.1154) 

Education level of land user -0.0273 
(0.0756) 

0.0379 
(0.1477) 

-0.0158 
(0.0738) 

Farming is main occupation of land user (1=yes) -0.0789 
(0.1327) 

-0.4235 
(0.2689) 

-0.1003 
(0.1348) 

Title deed (1=yes) 0.2141 
(0.1477) 

0.0216 
(0.2943) 

0.0763 
(0.1376) 

Constant 4.474*** 
(0.61367) 

2.3173** 
(0.9457) 

3.862*** 
(0.535) 

Log Likelihood   -111.13 -145.48 -281.04 
Number of relevant observations 129 124 253 
Where:  a Numbers in parentheses are standard errors.  

* significant at 10%,  **  significant at 5%,  *** significant at 1%. 
 

4.4 Econometric Models for Environmental Conservation 
 
In an attempt to establish the determinants of investment in environmental conservation 
and other forms of land improvement, we used logit regression analysis and the results are 
as in Table 10.  The choice of the model was based on the binomial nature of the 
dependent variables.  The total number of valid observations was 250.  The main land 
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improvement methods were expressed as dummies and included terracing, drainage 
development, agroforestry, tree crops and stump removal.  These factors, exept for the 
latter are also key determinants of environmental conservation.   
 
It is evident from the results that there was a significant relationship between drainage 
development and tenure security.  However, no significant linkage was established 
between tenure security and investment in the other land improvement or environmental 
conservation methods.    Tenure security through acquisition of title deed strongly 
stimulates investment in agroforestry, tree crops and stump removal, as the relationship 
was significant at 1 percent level. 
Income of the household head tends to influence investment in environmental 
conservation, especially through agro-forestry and tree planting.  This would therefore 
mean that by emphasizing on the fight against poverty, environmental conservation will be 
enhanced. 

Table 10:  Logit regression of factors influencing investment in land improvement a 
Variable Terracing Drainage Agroforestry Tree crops Stump 

removal 
Sex of land user (1=male) -0.21267 

(0.30085) 
0.22302 

(0.38246) 
0.27883 

(0.37433) 
0.16009 

(0.30473) 
1.15115*** 

(0.3123) 

Income of household head 0.00222 
(0.004) 

-0.0055 
(0.00518) 

0.03427*** 
(0.00832) 

0.01287*** 
(0.00488) 

-0.00136 
(0.00455) 

Parcel size (acres) 0.0187 
(0.27422) 

0.02277 
(0.03324) 

-0.00853 
(0.04831) 

0.02777 
(0.03136) 

0.05144 
(0.0317) 

Gradient of land 0.24312 
(0.22462) 

-0.51685* 
(0.2918) 

0.96589*** 
(0.30721) 

0.20771 
(0.23684) 

-0.47593* 
(0.24343) 

Access to market -0.38745** 
(0.18488) 

-0.13652 
(0.24432) 

0.32606 
(0.21005) 

-0.26796 
(0.18288) 

-0.32057* 
(0.19307) 

Tenure security 0.18875 
(0.13084) 

0.4184** 
(0.18715) 

0.01103 
(0.16498) 

-0.17443 
(0.13279) 

0.20407 
(0.13672) 

Access to credit 0.51879 
(0.632) 

0.70015 
(0.72784) 

-0.85345 
(0.85962) 

0.31858 
(0.78781) 

1.54302 
(1.1175) 

Soil type 0.19798 
(0.17595) 

-0.15531 
(0.22421) 

0.87207*** 
(0.23868) 

0.03875 
(0.18407) 

-0.06747 
(0.19147) 

Labour constraint (1=yes) -0.09704 
(0.29508) 

0.10431 
(0.36137) 

-0.59187 
(0.36681) 

-0.64653** 
(0.30426) 

0.59338* 
(0.31318) 

Education level of land user 0.33466 
(0.21376) 

0.30013 
(0.25553) 

-0.72** 
(0.29407) 

0.14087 
(0.22528) 

0.04824 
(0.2433) 

Farming is main occupation (1=yes) 0.49533 
(0.40922) 

0.454067 
(0.53412) 

-0.74896 
(0.60822) 

-0.19303 
(0.43201) 

-0.38624 
(0.43907) 

Title deed (1=yes) -0.16075 
(0.3386) 

0.0672 
(0.43181) 

2.6369*** 
(0.56935) 

1.40492*** 
(0.35733) 

1.07374*** 
(0.36685) 

Constant -2.05768* 
(1.2052) 

-2.1764 
(1.5333) 

2.63692*** 
(0.56935) 

-0.13832 
(1.2658) 

0.68552 
(1.3137) 

Log likelihood -155.54 -109.15 -103.25 -147.02 -414.36 

a Numbers in parentheses are standard errors.  
*    indicates significance at 10% level 
**  indicates significance at 5% level 
*** indicates significance at 1% level 
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5.0 CONCLUSIONS AND POLICY IMPLICATIONS  
 
5.1 Land Tenure Security 
 
This study confirms the importance of land tenure security effects on agricultural 
productivity. Sustainable agricultural development cannot be achieved without considering 
land tenure security. Increased tenure security is needed to stimulate environmental 
conservation. It is crucial for government to lay emphasis on enhancing land tenure 
security through land adjudication, registration and issuance of title deeds, and through 
strengthening appropriate policy and legal framework. A land use policy is needed that 
will enhance investments in land improvement and sustainable use of land. Such a policy 
should cover and give incentives to leasers of land as well. 
 

5.2 Environmental Degradation 
 
This study did not establish any significant relationship between environmental 
degradation and land productivity.  However, some descriptive analysis showed that 
productivity has been dropping in both districts over time and this was partly attributed to 
environmental degradation.  It also showed that indiscriminate exploitation of the 
environment resulted in sinking ground water table and reduced volume of rainfall per 
year in Laikipia district. 
 
The foregoing confirms the long-term nature of environmental degradation and how 
difficult it is to disentangle the effect of degradation on crop yields, especially in the short 
run.  This is made even more difficult when the effects are masked by application of 
fertilizer, manure and higher yielding seed varieties.   
 
As any other investor, farmers would only start taking conservation seriously after 
realizing some consequences of degradation.  However, some farmers may take note of the 
consequences of degradation too late when the land is already degraded to the extent that it 
will take too long or massive resources to return it to its original state.  It should therefore 
be emphasized to farmers and other land users that development of any land should go 
hand-in-hand with environmental conservation.  Farmers should thus be enlightened 
through aggressive extension and campaigns.  Exchange visits to places suffering from 
advanced environmental degradation versus those, which have conserved the environment, 
should be promoted.  This will make them visualize the consequences of delayed soil 
conservation and make them see the need to take appropriate measures before notable 
degradation is registered. 
 
In order to achieve sustainable development, there is need to intensify the campaign for 
environmental conservation through activities such as tree planting with the aim of 
increasing vegetation cover.  In areas where agroforestry may not be feasible due to use of 
heavy machinery in cultivation and/or harvesting, woodlots and fruit-trees may be adopted 
to increase vegetation cover.  Besides vegetation cover, measures that ensure retention of 
water in the soil should be promoted.  These include mulching, composting, water 
harvesting among others.     
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5.3 Land Productivity 
 
The survey revealed that in Suba, productivity was far much lower than that of Laikipia 
district - averaging 2.5 bags per acre as compared to 10.7 bags in Laikipia and the national 
average of 9 bags per acre.  The yields varied from 0 to 10 bags per acre in Suba and 2 to 
23 bags per acre in Laikipia.  The low yields in Suba were mainly blamed on non-use of 
certified seeds and fertilizer besides the effect of striga (witch) weed.   The low yields 
have direct impact on food security and poverty levels and could be a pointer to the level 
of extension service delivery.   
 
In order to achieve the national objective of poverty reduction, there is need to strengthen 
extension service delivery, particularly in the districts that have high agricultural potential 
but register extremely low agricultural productivity.  The extension staff should endeavor 
to establish the reasons for the low yields, provide farmers with alternative options and 
help them decide on which farming enterprises to go for, based on the gross margin and 
market targeting.  Farmers should also be enlightened on the importance of adopting usage 
of certified seeds, fertilizer and manure. 
 
The fight against the parasitic weeds should also be stepped up in all the districts where 
they pose a problem.  As researchers and extension staff look for a lasting solution to the 
weed, the study hopes that promotion of manure application will go a long way in 
addressing the problem of striga weed and improve the crop yields.    
 
Farmers in Suba district confirmed that tsetse infestation wiped out their oxen used for 
ploughing thereby seriously affecting land preparation.  This reportedly resulted in poor 
land preparation and is suspected to have affected crop yields.  Concerted effort should be 
made to contain the tsetse infestation in the area.  This should be done through 
mobilization of the local communities in these endeavors.  Techniques such as the use of 
tsetse traps should be applied as researchers continue with their effort to come up with 
more effective and sustainable ways of controlling the fly.  This calls for stepping up the 
efforts by research institutes dealing with Trypanosomiasis.  Being a devastating problem 
in various parts of Africa, Kenya should work closely with neighbouring countries in 
controlling Trypanosomiasis.   
 

5.4 Gender issues 
 
The study established that women are more vulnerable to poverty than men and that this 
could be arising from gender inequality in terms of access to productive resources such as 
land and access to essential services such as education and extension packages.  It is 
therefore necessary to formulate policies that will specifically go towards alleviating 
poverty of women.  Gender mainstreaming is therefore important.  It is also crucial to 
formulate policies that will address gender bias in access to productive resources such as 
credit and land.  Parents should also be enlightened about the importance of educating 
children and particularly the girl child.  
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5.5 Access to Market 
 
A number of factors relating to investment in soil conservation and low gross margins 
arise from poor access to the factor and product market.  It is therefore of paramount 
importance to address issues relating to market access.  This include establishment of an 
efficient market information system, establishment of farmer groups (cooperatives) that 
carry out marketing of both produce and input as well as providing farmers with some 
credit facilities.  Management of these organizations should be streamlined and made more 
accountable to regain the confidence of farmers lost due to poor management in the past. 
 
The study established that roads are key not just for market access but also investment in 
soil conservation as most farmers will not invest in land improvement if the produce will 
not reach the market or if the cost of transport is too high due to poor road status.  The 
government should therefore take it upon itself to lay emphasis on improvement of rural 
road network that make the markets inaccessible and increase the transport costs thereby 
substantially reducing farmers’ gross margins.  Possibilities of actively involving the 
private sector and local communities in road maintenance should also be explored.   
 
The importance of encouraging development of on-farm storage facilities cannot be 
overemphasized.  With adequate and appropriate storage in place, seasonal fluctuation in 
the product prices will be reduced and farmers will not be forced to sell below the 
production cost as was evident in the study.  Some of these storage technologies already 
exist and only need disseminating to farmers and traders.  Where they exist but are idle, 
the National Cereals and Produce Board (NCPB) stores should be rent out to the farmer 
groups for grain storage.  Other investors should also be encouraged to put up suitable 
storage facilities for hire by the farmer groups and traders.  
 

5.6 Education 
 
The study recognized the importance of education in poverty reduction through evident 
linkages between education and agricultural productivity and income of household head.  
The higher the education level of the land user the higher the level of agricultural 
productivity.  It is therefore important for the Government to strengthen its efforts to 
ensure education for all, as this is paramount if increased agricultural productivity and thus 
poverty reduction is to be achieved. 
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Annex 1:  Pearson Correlation Coefficients 
             CHILDED    CSEED1M    CULTD1     EDLUSER    ENVD1      FERT1M 
 
CHILDED      1.0000      .1212     -.1066      .1049     -.0946      .3042 
            (  301)    (  291)    (  298)    (  301)    (  301)    (  289) 
            P= .       P= .039    P= .066    P= .069    P= .101    P= .000 
 
CSEED1M       .1212     1.0000     -.0755      .3171     -.0657      .5021 
            (  291)    (  292)    (  289)    (  292)    (  292)    (  290) 
            P= .039    P= .       P= .201    P= .000    P= .263    P= .000 
 
CULTD1       -.1066     -.0755     1.0000      .1470      .0222     -.0042 
            (  298)    (  289)    (  299)    (  299)    (  299)    (  287) 
            P= .066    P= .201    P= .       P= .011    P= .702    P= .943 
 
EDLUSER       .1049      .3171      .1470     1.0000     -.0396      .2906 
            (  301)    (  292)    (  299)    (  302)    (  302)    (  290) 
            P= .069    P= .000    P= .011    P= .       P= .493    P= .000 
 
ENVD1        -.0946     -.0657      .0222     -.0396     1.0000     -.2441 
            (  301)    (  292)    (  299)    (  302)    (  302)    (  290) 
            P= .101    P= .263    P= .702    P= .493    P= .       P= .000 
 
FERT1M        .3042      .5021     -.0042      .2906     -.2441     1.0000 
            (  289)    (  290)    (  287)    (  290)    (  290)    (  290) 
            P= .000    P= .000    P= .943    P= .000    P= .000    P= . 
 
INCOME        .2422      .3034     -.0009      .4068     -.0639      .2642 
            (  291)    (  283)    (  289)    (  292)    (  292)    (  281) 
            P= .000    P= .000    P= .988    P= .000    P= .276    P= .000 
 
MAIZEYD       .2886      .3961     -.0241      .2576     -.2290      .6504 
            (  289)    (  286)    (  287)    (  290)    (  290)    (  284) 
            P= .000    P= .000    P= .685    P= .000    P= .000    P= .000 
 
P1GRAD        .0399      .1128     -.3478     -.1598      .0916      .0700 
            (  300)    (  291)    (  298)    (  301)    (  301)    (  289) 
            P= .491    P= .055    P= .000    P= .005    P= .113    P= .236 
 
P1L_REG       .1852      .2728     -.1422     -.0278      .0390      .3322 
            (  297)    (  289)    (  295)    (  298)    (  298)    (  287) 
            P= .001    P= .000    P= .014    P= .632    P= .503    P= .000 
 
P1SIZE        .5050      .2952     -.4114      .0955     -.0991      .3096 
            (  300)    (  291)    (  298)    (  301)    (  301)    (  289) 
            P= .000    P= .000    P= .000    P= .098    P= .086    P= .000 
 
P1TDEED       .2697      .3016     -.0668      .1013     -.2010      .4366 
            (  292)    (  284)    (  290)    (  293)    (  293)    (  282) 
            P= .000    P= .000    P= .257    P= .083    P= .001    P= .000 
 
SEXHH        -.0577      .1623     -.0584      .2403     -.0589      .1019 
            (  300)    (  291)    (  298)    (  301)    (  301)    (  289) 
            P= .320    P= .006    P= .315    P= .000    P= .308    P= .084 
 
SEXLUSER      .0474      .1309      .1018      .2495     -.0485      .2424 
            (  301)    (  292)    (  299)    (  302)    (  302)    (  290) 
            P= .413    P= .025    P= .079    P= .000    P= .401    P= .000 
 
TSECUR        .0996     -.0003     -.0780     -.0381      .0947     -.0886 
            (  301)    (  292)    (  299)    (  302)    (  302)    (  290) 
            P= .085    P= .996    P= .178    P= .510    P= .100    P= .132 
 
VEGCP1        .0908      .0552     -.6123     -.1640     -.2824     -.0577 
            (  301)    (  292)    (  299)    (  302)    (  302)    (  290) 
            P= .116    P= .347    P= .000    P= .004    P= .000    P= .328 
 
(Coefficient / (Cases) / 2-tailed Significance) 
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" . " is printed if a coefficient cannot be computed 
 
             INCOME     MAIZEYD    P1GRAD     P1L_REG    P1SIZE     P1TDEED 
 
CHILDED       .2422      .2886      .0399      .1852      .5050      .2697 
            (  291)    (  289)    (  300)    (  297)    (  300)    (  292) 
            P= .000    P= .000    P= .491    P= .001    P= .000    P= .000 
 
CSEED1M       .3034      .3961      .1128      .2728      .2952      .3016 
            (  283)    (  286)    (  291)    (  289)    (  291)    (  284) 
            P= .000    P= .000    P= .055    P= .000    P= .000    P= .000 
 
CULTD1       -.0009     -.0241     -.3478     -.1422     -.4114     -.0668 
            (  289)    (  287)    (  298)    (  295)    (  298)    (  290) 
            P= .988    P= .685    P= .000    P= .014    P= .000    P= .257 
 
EDLUSER       .4068      .2576     -.1598     -.0278      .0955      .1013 
            (  292)    (  290)    (  301)    (  298)    (  301)    (  293) 
            P= .000    P= .000    P= .005    P= .632    P= .098    P= .083 
 
ENVD1        -.0639     -.2290      .0916      .0390     -.0991     -.2010 
            (  292)    (  290)    (  301)    (  298)    (  301)    (  293) 
            P= .276    P= .000    P= .113    P= .503    P= .086    P= .001 
 
FERT1M        .2642      .6504      .0700      .3322      .3096      .4366 
            (  281)    (  284)    (  289)    (  287)    (  289)    (  282) 
            P= .000    P= .000    P= .236    P= .000    P= .000    P= .000 
 
INCOME       1.0000      .1874     -.0812      .0199      .2120     -.0848 
            (  292)    (  281)    (  291)    (  288)    (  291)    (  284) 
            P= .       P= .002    P= .167    P= .736    P= .000    P= .154 
 
MAIZEYD       .1874     1.0000      .2034      .3461      .2348      .5329 
            (  281)    (  290)    (  289)    (  286)    (  290)    (  281) 
            P= .002    P= .       P= .001    P= .000    P= .000    P= .000 
 
P1GRAD       -.0812      .2034     1.0000      .3332      .1720      .0834 
            (  291)    (  289)    (  301)    (  298)    (  300)    (  293) 
            P= .167    P= .001    P= .       P= .000    P= .003    P= .154 
 
P1L_REG       .0199      .3461      .3332     1.0000      .2648      .4111 
            (  288)    (  286)    (  298)    (  298)    (  297)    (  293) 
            P= .736    P= .000    P= .000    P= .       P= .000    P= .000 
 
P1SIZE        .2120      .2348      .1720      .2648     1.0000      .2899 
            (  291)    (  290)    (  300)    (  297)    (  301)    (  292) 
            P= .000    P= .000    P= .003    P= .000    P= .       P= .000 
 
P1TDEED      -.0848      .5329      .0834      .4111      .2899     1.0000 
            (  284)    (  281)    (  293)    (  293)    (  292)    (  293) 
            P= .154    P= .000    P= .154    P= .000    P= .000    P= . 
 
SEXHH         .1509      .0472     -.0327     -.0199      .0335     -.0543 
            (  291)    (  289)    (  300)    (  297)    (  300)    (  292) 
            P= .010    P= .424    P= .572    P= .732    P= .564    P= .355 
 
SEXLUSER      .1123      .2430      .0257      .2273      .0342      .2011 
            (  292)    (  290)    (  301)    (  298)    (  301)    (  293) 
            P= .055    P= .000    P= .657    P= .000    P= .554    P= .001 
 
TSECUR        .0669     -.0057      .1321      .1908      .0548     -.0196 
            (  292)    (  290)    (  301)    (  298)    (  301)    (  293) 
            P= .255    P= .923    P= .022    P= .001    P= .344    P= .738 
 
VEGCP1       -.0501     -.0240      .2627      .0744      .3241      .0888 
            (  292)    (  290)    (  301)    (  298)    (  301)    (  293) 
            P= .394    P= .684    P= .000    P= .200    P= .000    P= .130 
(Coefficient / (Cases) / 2-tailed Significance) 
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" . " is printed if a coefficient cannot be computed 
 
             SEXHH      SEXLUSER   TSECUR     VEGCP1 
 
CHILDED      -.0577      .0474      .0996      .0908 
            (  300)    (  301)    (  301)    (  301) 
            P= .320    P= .413    P= .085    P= .116 
 
CSEED1M       .1623      .1309     -.0003      .0552 
            (  291)    (  292)    (  292)    (  292) 
            P= .006    P= .025    P= .996    P= .347 
 
CULTD1       -.0584      .1018     -.0780     -.6123 
            (  298)    (  299)    (  299)    (  299) 
            P= .315    P= .079    P= .178    P= .000 
 
EDLUSER       .2403      .2495     -.0381     -.1640 
            (  301)    (  302)    (  302)    (  302) 
            P= .000    P= .000    P= .510    P= .004 
 
ENVD1        -.0589     -.0485      .0947     -.2824 
            (  301)    (  302)    (  302)    (  302) 
            P= .308    P= .401    P= .100    P= .000 
 
FERT1M        .1019      .2424     -.0886     -.0577 
            (  289)    (  290)    (  290)    (  290) 
            P= .084    P= .000    P= .132    P= .328 
 
INCOME        .1509      .1123      .0669     -.0501 
            (  291)    (  292)    (  292)    (  292) 
            P= .010    P= .055    P= .255    P= .394 
 
MAIZEYD       .0472      .2430     -.0057     -.0240 
            (  289)    (  290)    (  290)    (  290) 
            P= .424    P= .000    P= .923    P= .684 
 
P1GRAD       -.0327      .0257      .1321      .2627 
            (  300)    (  301)    (  301)    (  301) 
            P= .572    P= .657    P= .022    P= .000 
 
P1L_REG      -.0199      .2273      .1908      .0744 
            (  297)    (  298)    (  298)    (  298) 
            P= .732    P= .000    P= .001    P= .200 
 
P1SIZE        .0335      .0342      .0548      .3241 
            (  300)    (  301)    (  301)    (  301) 
            P= .564    P= .554    P= .344    P= .000 
 
P1TDEED      -.0543      .2011     -.0196      .0888 
            (  292)    (  293)    (  293)    (  293) 
            P= .355    P= .001    P= .738    P= .130 
 
SEXHH        1.0000      .5287      .0504      .0669 
            (  301)    (  301)    (  301)    (  301) 
            P= .       P= .000    P= .384    P= .247 
 
SEXLUSER      .5287     1.0000      .0799     -.0667 
            (  301)    (  302)    (  302)    (  302) 
            P= .000    P= .       P= .166    P= .248 
 
TSECUR        .0504      .0799     1.0000      .0717 
            (  301)    (  302)    (  302)    (  302) 
            P= .384    P= .166    P= .       P= .214 
 
VEGCP1        .0669     -.0667      .0717     1.0000 
            (  301)    (  302)    (  302)    (  310) 
            P= .247    P= .248    P= .214    P= . 
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(Coefficient / (Cases) / 2-tailed Significance) 
" . " is printed if a coefficient cannot be computed 
 

Annex 2:  Crosstabs and Pearson Chi-square Coefficients for Tenure Security 
and Investment in Land Improvement 
 

 Tenure Security Total 
Ridge Building No Yes with notification 

and approval 
Yes with 
notification only 

Yes 

Yes 7 12 27 17 63 (20.3%) 
No 36 61 27 113 237 (76.5%) 

Pearson Ch-square of 282.472  - Significance level of 0% 
 

 

Agroforestry      
Yes 24 64 26 93 207 (66.8%) 
No 19 10 28 37 94 (30.3%) 

Pearson Ch-square of 300.882  - Significance level of 0% 
 

 

Drainage Development      
Yes 2 8 17 23 50 (16.1%) 
No 41 64 37 107 249 (80.3%) 

Pearson Ch-square of 296.305  - Significance level of 0% 
 

 

Terracing/Trenching       
Yes 11 24 22 51 108 (34.8%) 
No 32 50 32 79 193 (62.3%) 

Pearson Ch-square of 278.451  - Significance level of 0% 
 

 

Stump Removal      
Yes 11 59 30 78 178 (57.4%) 
No 32 15 24 52 123 (39.7%) 

Pearson Ch-square of 309.141  - Significance level of 0% 
 

 

Fencing       
Yes 24 43 39 74 180 (58.1%) 
No 19 29 15 56 119 38.4%) 

Pearson Ch-square of 285.492  - Significance level of 0% 
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