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Abstract: Access to productive resources such as land and water is fundamental for households that
rely on crop and livestock production for their livelihoods. Research often assumes that agricultural
production—and thus, food security—are favoured by tenure security of resources (as represented
by a “bundle of property rights”). However, research has not yet elucidated how food security is
influenced by additional factors, represented within a “bundle of powers”. Guided by the Theory of
Access developed by Ribot and Peluso, we explore the main factors in the respective bundles of rights
and powers that influence household food security around north-west Mount Kenya. We interviewed
76 households—38 food secure and 38 food insecure—who were subsampled from a previous food
security survey of 380 households. Results show that household food insecurity was not exclusively
the result of a lack of private property rights as many farmers had retained their property rights.
Instead, a major factor preventing access to productive resources was the difficulty faced by food
insecure households in accessing farm technology (i.e. hand tools and implements). Access to
authority and via social relations were significantly correlated with access to technology, so improving
the latter must take into account the former.
Keywords: access; food security; smallholders; Kenya; Mount Kenya; farm technology; theory
of access

1. Introduction
1.1. Access to Productive Resources and Food Security
Concern for food security has put agriculture back in the spotlight, following three successive
food price crises in 2007, 2011, and 2018 [1,2]. Globally, smallholder farming supports many of the
most vulnerable people and is crucial to producing most of the world’s food [3–6]. This is no different
in Kenya: Over 80% of Kenya’s population derive their livelihoods from agriculture; the majority farm
on plots that are smaller than 2 ha [7].
Productive resources such as land and water are fundamental to households that rely on crop
and livestock production for their livelihoods [8]. However, access to land and water is becoming
more tenuous for many poor households in rural areas of developing countries [9], particularly in
Kenya [10]. Small-scale farmers face many challenges such as inadequate access to financial resources,
quality inputs, high transaction costs due to poor infrastructure, and land and water tenure insecurity.
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All of this limits their access to productive resources and prevents them from scaling up their market
participation, plunging them into poverty and making them food insecure.
Initial conceptualizations of the relation of tenure security with productive resources and food
security put the two within a linear framework that begins with access to resources and proceeds
causally from production through consumption and finally to a food security status [11]. Such studies
argue that enhanced tenure security enables efficient, profitable, and sustainable agricultural production,
leading to greater income and food security. However, there is little evidence on how resource owners’
access to productive resources is also dependent on aspects beyond land tenure security. There is also
the matter of the definition of “access”.
Access to natural resources is often viewed mainly as a function of private property rights [12–15].
It is often assumed that being in possession of private property rights enhances agricultural productivity
as it incentivizes farmers to invest in, and make efficient use of, their land [12]. It also allows them
to transfer or use private property rights as collateral in the formal credit market [13,14]. However,
empirical studies have shown that access to land, water, or other natural resources is not just a matter
of assured (private) property rights [8,16–18]. Political ecology points out that institutions, power,
and diversity in natural resource governance largely determine access to, and use of, land and other
resources. Hence, access to natural resources and the degree to which it can be translated into economic
benefits largely depends on the position of rural households within the reigning power relations at
household to international levels [19].
In such a perspective, “access” must go beyond the classical definition of “the right to benefit from
things” to also incorporate “the ability to derive benefits from things” [15]. This involves differentiating
“access” from “property”. “Access” is dependent on a broad set of factors (a “bundle of powers”)
involving constellations of means, relations, and processes which, together with a “bundle of rights”
(formal and informal property rights to productive resources such as land and water), enable various
actors to derive benefits from resources. Thus, while a farmer may be a landowner with a title deed,
he or she may fail to benefit from the land due to a lack of knowledge, labour, or networks to sell
the produce.
The Theory of Access conceptualizes how configurations of bundles of private property rights
and bundles of powers shape access to resources and how this access is gained, maintained,
and controlled [15]. We chose this theory because it offers a comprehensive framework for examining
the role of access in understanding household food security—which represents one livelihood
outcome—through interactions between the bundle of (private property) rights and bundle of
powers. Sustainable livelihood outcomes are achievable through the ability to gain, maintain, control,
and enhance resources on which livelihoods depend. Guided by the Theory of Access, we aim at
identifying the main factors in the respective bundles of rights and powers that enable rural households
to derive benefits from their productive resources and thus, to achieve household food security.
1.2. Theory of Access, Bundles of Rights and Powers, and the Link to Food Security
The Theory of Access differentiates between one’s right to access resources and one’s ability to
benefit from these. Ribot and Peluso [15] argue that people may hold the right to access a certain
resource, but may not necessarily have the ability to use the resource in a productive way to benefit
from it due to a lack of structural and relational mechanisms such as capital, technology, labour,
knowledge, authority, market mechanisms, social relations, and identity. McKay and Colque [18] point
out that having the ability to benefit from resources involves access mechanisms that go beyond legal
rules or titles and that lacking such mechanisms results in exclusion. So, for example, a farmer may
have the right to use the land but lack access to labour or capital to hire labour.
Ribot and Peluso [15] analyse access along the two variables of “bundle of rights” and “bundle
of powers”. While the former embraces all types of formal and informal rules or norms, the latter
denotes the structural and relational mechanisms of access that influence whoever gains, maintains,
and controls benefits from resources. Thus, according to the theory, bundles of powers mediate or
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operate in parallel to rights-based access mechanisms to shape how resource users gain control and
maintain benefits.
This broad definition of access helps us differentiate in this study the importance of property rights
and to acknowledge the role of structural and relational access mechanisms that enable households
to gain, maintain, and control access to productive resources. For smallholder farmers, access to
land is the most important resource for agricultural production, followed by water for irrigation.
Irrigation water helps agricultural crop growth and reduces the effects of inadequate rainfall. Gaining
access to productive resources can enable smallholder farmers to adopt sustainable land management
approaches such as water-saving strategies and nutrient management, which are needed to achieve
sustainable livelihoods by increasing productivity and adapting to and mitigating climate change [20].
A livelihood is a means of securing the necessities of life and one necessity or outcome is the achievement
of food security. Limited access to productive resources makes smallholder farmers vulnerable to food
insecurity and results in unsustainable livelihoods.
2. Materials and Methods
2.1. Study Area
We chose the north-western slopes of Mount Kenya as a study area for two reasons: First, we
sought an area that represents smallholder family farmers whose main livelihoods depend on crop and
livestock production. The majority of the households in this area are small-scale farmers practising
mixed farming on less than 1 ha of land [21]. Crop failure and lack of pasture are common in the area
due to frequent droughts and erratic rainfall [22].
Second, we sought an area of which its agro-ecological conditions led to the use of water for
irrigation. We conducted the study on the north-western slopes of Mount Kenya, covering parts of
Laikipia and Meru counties, within the upper Ewaso Ng’iro basin (Figure 1) from June to November
2018. The study area is characterized by a steep ecological gradient marked by distinct altitudinal belts
that drop from an imposing height of 5200 m in the alpine zone through the Laikipia plateau at 1500 m
to below 1000 m in the Samburu lowlands [23]. The climate changes from semi-humid (1000–1500 mm
annual rainfall) in the highlands of Meru County to semi-arid (400–700 mm annual rainfall) and to arid
(about 350 mm annual rainfall) northwards over the Laikipia Plateau [24].
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2.2. Data Collection
We collected data through 76 semi-structured household surveys and eight key informant
interviews. The households that were studied comprised 38 food secure and 38 food insecure
households, which were a sub-sample from a database of 380 households developed by the authors
of a food security survey in the region [26]. This survey included households in three ecological zones:
humid, semi-humid, and semi-arid. To capture water use for irrigation, we selected 380 households
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The study sampled two adjoining areas to capture the ecological gradient: humid to semi-humid
conditions with an average annual precipitation of 900 mm–1200 mm, with Kalalu and Ngenia receiving
slightly less than the upper parts of Maritati and Mutarakwa (Figure 1). This gradient represents
declining precipitation and water resources. Coupled with population increase, this decline greatly
impacts access to water for irrigation due to high demand [25]. The area experiences two rainy seasons,
March to May and October to November rains. Rains are irregular and erratic in terms of onset, period,
and end due to climate variability [25].
2.2. Data Collection
We collected data through 76 semi-structured household surveys and eight key informant interviews.
The households that were studied comprised 38 food secure and 38 food insecure households, which were
a sub-sample from a database of 380 households developed by the authors of a food security survey
in the region [26]. This survey included households in three ecological zones: humid, semi-humid,
and semi-arid. To capture water use for irrigation, we selected 380 households in the humid and
semi-humid region. From these households, 183 were food secure and 197 were food insecure.
The study sampled 20% of all the households, resulting in 76 households for in-depth qualitative
analysis of strategies of land and water access. For equal representation, we systematically selected
every fifth food secure and insecure household. Finally, we interviewed the sampled households about
the factors of bundle of rights and powers, guided by the Theory of Access on Table 1.
Table 1. State of the art for the variables forming the bundle of rights and powers.
Bundle of Rights and Powers
Rights-based access

Rights-based access to irrigation water

Access to capital

Access to technology

Access to labour and labour opportunities

Access to authority

Access to markets

Access through social identity

Access via social relations

Access to knowledge

Empirical Research on the Role of These Factors in Enabling Access to Productive Resources
In Kenya, land use and access rights for individuals, corporations, or collective trusts is either
through lease or freehold title [27]. Access to land rights can also be obtained via rental
agreement, either formal (with a written contract) or informal (with a verbal agreement) [28].
Every water resource in Kenya is vested in the government, which holds it in trust for its
citizens [29]. Thus, access to water rights can only be obtained through an application for a
permit to abstract groundwater (borehole) or river water (weir) or by enrolling in a
Community Water Project (CWP) [30].
As rural household incomes may fluctuate due to shocks, access to capital in the form of credit
is a way of stabilizing access to financial resources [12].
Access to technology such as farm tools help farmers extract the resource they need access to.
Productive hand tools are essential to farming, from production to harvesting. Tools and
implements critically determine farm activities and facilitate increased agricultural production
that can restore food security [31,32].
In Kenya, small-scale agriculture is labour intensive and farmers rarely use machinery or
draught power. Family labour is the main source of labour, often complemented with wage
labour and unpaid reciprocal exchange of labour [33]. Maintaining access to labour is vital in
managing the peaks of agricultural work in every crop production stage to ensure maximum
production yields. One way of maintaining access to labour is by generating capital through
off-farm job opportunities.
Access to authority places a household at a more advantageous position within the local to
regional power structures. For instance, in the study area, some members were able to
maintain access to water for irrigation through community water projects without paying the
monthly charges due to favours from the project leaders [30].
In general, market access is seen as the ability of individuals to gain, control, or maintain entry
into exchange relations. Access to markets is essential to obtain key inputs (e.g., tools,
fertilizers, better seeds) and to sell farm produce. Areas close to the market tend to enjoy high
farm gate prices of produce and these prices decline with increasing distance to the
market [34]. Proximity to the market also makes access convenient and less costly.
Aspects of social identity influence the preferences and needs required to access social
networks of organizations and community groupings. Individuals regularly make decisions
not in social isolation, but in interaction with others; in turn, social groupings reinforce or alter
norms by providing examples of behaviour that others may copy [35]. Such social groupings
promote social learning and collaboration by providing new information and facilitate
evaluation of the information, thus reducing the uncertainty associated with innovations, such
as new farm technologies.
Access via negotiation of other social relations is based on how households give and/or receive
help from external sources such as neighbours, friends, or relatives. It is often believed that the
more a household gives, the more it possibly receives, in the principle of reciprocity [36].
Reciprocity has the effect of cushioning households from shocks and usually poorer
households depend on this social capital [37].
The information farmers have form the basis of their perceptions and attitudes towards issues
such as technology adoption [38]. New sustainable agricultural practices are more likely to be
adopted by households with access to a higher education level [39].
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Five common food security indicators were used to determine the food security status of the
sampled households: Household Dietary Diversity Score [40], Food Consumption Score [41], Coping
Strategy Index [42], Household Food Insecurity Access Scale [43], and Months of Inadequate Food
Provisioning [44]. To capture the overall food security status of each household, the authors checked
whether the household met the food security thresholds for each of the five indicators. Mutea et al [26]
used the food security thresholds of respective indices to group food secure and insecure households.
2.3. Data Analysis
The interviews were transcribed and coded before undergoing content analysis [45,46]. Second,
we rated each mechanism of access represented by the bundles of powers and rights according to
Ribot and Peluso [15], see Table 2. The rating used an ordinal Likert scale from 0 to 3, defined and
determined individually for each variable displaying inexistence, low, medium, and high matching
with the variables as found at the household level [47]. Spearman’s rank correlation was used to test
how well the mechanisms of access correlate, see Equation (1). Fischer’s exact test was carried out to
test the statistical significance of any observed difference, see Equation (2) [48].
2
i di
n(n2 − 1)

P

rR = 1 −

(1)

where rR is Spearman’s rank correlation coefficient, n is the number of observations of the two groups
of households and di is the difference in the ranks of the ith household of each random variable
considered. The Spearman correlation coefficient, p, can take values from +1 to −1.
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where a, b, c, d, e, and f are the number of households in each cell and n is the total number of
households. The Fisher Exact test uses this formula to obtain the probability of the combination of
the frequencies.
Table 2. Indicators and weighting criteria for rights and power-based access to productive resources.
Variable

Indicator

Definition of the Indicator

Land rights

Total surface of land used
under various formal
rights-based access

Total land used that is under title deed,
leasehold, allotment letter, and/or written
contractual document, either via rental or
government programme

Total surface of land
under various informal
rights

Total land that is under any verbal
agreement, squatting, or theft

Water rights

Ability to access water
for irrigation

Access to
capital

Membership in
organizations that
facilitate access to credit

Access to
technology

Ownership of different
types of tools

Household ability to access water for
irrigation through membership in WRUA,
community water projects, borehole, or
river intake
Household membership in facilities that
enable access to credit. Facilities considered:
Banks, Savings and Credit Cooperative
Societies (SACCO), Rotating Savings and
Credit Associations (ROSCA)
Ownership of different types of farm tools:
shallow weeder, spade, rake, mattock,
sprinkler, hosepipe, machete, knapsack,
slasher, hoe, fork jembe, wheelbarrow

Ranking Criteria
3 = All land used under formal agreement,
2 = Over half of the land under formal
agreement, 1 = Less than half of the land
under formal agreement, 0 = No formal
rights
3 = All land used under informal
agreement, 2 = Over half of the land under
informal agreement, 1 = Less than half of
the land under informal agreement,
0 = No informal rights
3 = Access to all sources, 2 = Access to two
or more sources, 1 = Access to fewer than
two sources, 0 = No access to water
for irrigation
3 = Membership in the three facilities,
2 = Membership in two facilities,
1 = Membership in one facility,
0 = No membership
3 = Owns all the selected hand tools,
2 = Owns six and over of the selected hand
tools, 1 = Owns fewer than six of the
selected hand tools, 0 = No tools
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Table 2. Cont.
Variable

Indicator

Definition of the Indicator

Access to
labour and
labour
opportunities

Existence of access to
family-external and
off-farm labour

Household ability to access labour from
outside the farm and access to off-farm
labour. Types of labour sources considered:
Extra-family labour sourced from reciprocal
labour exchange, permanent contracted
wage labour, temporal hiring; or off-farm
work of family members

Access to
authority

Opportunity to be part of
authorities or to interact
with authorities for
accessing land and water

Access to
markets

Distance to the market in
kilometres

Socio-political relations that enable access
to land and water. Types of relations
considered: Local, county and national
government, Community water project,
Water Resources Associations, farmer
groups, women groups, religious groups
The distance in km a household has to
cover in order to reach the desired market
A household that receives help from
external sources. Type of help considered:
Help related to Land, water, farming,
market, financial, food

Access via
social
network/relations

Opportunity to receive
help from external
sources

Access through
social identity

Membership in
socio-cultural groups
meeting or not meeting
own expectations

A household that is a member of any
socio-cultural group and its perceptions on
whether it meets own expectations or not.
Types of socio-cultural groups considered:
Religious groups, women groups, farmer
groups, community groups, working
groups

Access to
knowledge

Level of formal
education attained
among the household
members

The levels of formal education among the
household members. Types of education
considered: University or college education,
secondary or post primary vocational
training, primary education

Ranking Criteria
3 = Accesses labour additional to family
work force and secured off-farm
employment, 2 = Accesses labour
additional to family farm work force, but
no off-farm employment, 1 = Accesses only
off-farm employment, 0 = No labour
beyond family labour and no off-farm
employment
3 = A household being a member of
authorities, 2 = Opportunity to benefit
through interacting with members of
authority, 1 = Opportunity to interact with
authorities with no direct benefit, 0 = No
opportunity to interact with authorities
3 = <2 kms, 2 = 2–4 kms, 1 = >4 kms,
0 = No market
3 = Receives all types of help, 2 = Receives
three and above different types of help,
1 = Receives less than three different types
of help, 0 = No help received
3 = Membership in more than one
socio-cultural group that meets
expectations, 2 = Membership in only one
socio-cultural group that meets
expectations, 1 = Membership in
socio-cultural group that does not meet
expectations, 0 = A household that is not a
member of any social group
3 = University degree/college,
2 = Secondary education or post primary
vocational training, 1 = Primary education,
0 = No education

2.4. Characteristics of Studied Population
Table 3 shows the characteristics of the sampled 76 households split into two subsets. Food secure
and insecure households are equally represented, allowing comparison between these two groups.
Table 3. Characteristics of the studied population.
Characteristics of the Overall
Sample Size (N = 76)
Food security status
Food secure
Food insecure
Respondent gender
Female
Male
Respondent age
18–28
29–39
40–50
>50

No. of
Households (%)
38 (50)
38 (50)
48 (63)
28 (37)
6 (8)
22 (29)
22 (29)
26 (34)

Characteristics of the
Two Subsets (n = 38)

Food Secure (%)

Food Insecure (%)

Sample size

38 (100)

38 (100)

20 (53)
18 (47)

28 (74)
10 (26)

2 (5)
8 (21)
13 (34)
15 (39)

4 (11)
14 (37)
9 (24)
11 (29)

Respondent gender
Female
Male
Respondent age
18–28
29–39
40–50
>50

3. Results
3.1. Access Mechanisms by Food Secure and Insecure Households
From the overview on Table 4, access to technology was the only factor among the bundle of
powers that showed a statistically significant difference between the two types of households. Access
to technology had a moderately high score among the food secure households and a low to medium
score among the food insecure households.
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Table 4. Scores for food secure and insecure households with Fisher’s exact test showing the statistical
significance between food security status and factors of bundle of rights and power.
Factors of Bundle of Rights and Power

Food Secure
Households

Food Insecure
Households

Fisher’s Exact Test P-Value
(Test for Statistically
Significant Differences)

Formal rights-based access to land
Informal rights-based access to land
Rights-based access to irrigation water
Access to capital
Access to technology
Access to labour and labour opportunities
Access to authority
Access to markets
Access through social identity
Access via social relations
Access to knowledge

Medium to high
Inexistence to Low
Low to medium
Low to medium
Medium to high
Low to medium
Low to medium
Low to medium
Low to medium
Medium to high
Medium

Medium to high
Inexistence to Low
Low to medium
Low to medium
Low to medium
Inexistence to Low
Low to medium
Low to medium
Low to medium
Medium to high
Medium to high

0.073
0.115
0.278
0.867
0.001*
0.481
0.322
0.494
0.954
0.311
0.835

Food secure households had an average of 10 different small hand tools and food insecure
households had 7. Food secure and insecure households needed the small hand tools for most of their
labour-intensive farm work such as planting, weeding, spraying, slashing, and harvesting. Food secure
households had the ability to purchase more hand farm tools, and some were able to buy additional
farm implements (farm implements are bigger than hand tools and are animal or power driven) such as
a harrow, thresher, or plough (Table 5). Food secure and insecure households reported that small hand
tools such as spades, hosepipes, fork jembes, machetes, hoes, and slashers were cheaper (hence owned,
on average, by 85% of the food secure households and 69% of the food insecure households) than farm
implements (owned by a few food secure households). Additionally, small hand tools require low
maintenance and make farm work easier, faster, and more efficient. It is worth mentioning that despite
small hand tools being cheaper than farm implements, both food secure and insecure households still
struggled to afford the tools. This meant that some households from both groups had to acquire tools
on credit or rely on renting and borrowing.
Table 5. Type of tools and implements owned by food secure and insecure households.
Type of Farm
Tools Owned

Number of Food
Secure
Households

Number of Food
Insecure
Households

Axe
Fork jembe
Hoe
Hosepipe
Knapsack sprayer
Machete
Mattock
Rake
Slasher
Spade
Sprinkler
Wheelbarrow

5
38
36
35
37
38
17
24
34
36
31
28

1
37
28
30
33
37
9
8
19
34
28
24

Type of Tools and
Implements Owned

Number of Food
Secure
Households

Number of Food
Insecure
Households

Chaff cutter
Cold chisel
Drip kit
Hacksaw
Harrow
Ox-drawn cart
Plough
Shallow weeder
Thresher
Tractor
Water pump

7
1
5
1
1
1
2
1
1
1
3

0
0
0
0
0
0
0
1
0
0
0

In addition to owning small hand tools, some food secure households had managed to purchase
power driven or animal driven farm implements. These implements cost more, need a higher level
of servicing and maintenance, and are mostly used for land preparation. In addition to food secure
households using some of these implements on their farms, they earned additional income by renting
them out to other food secure and insecure households. Renting of farm implements such as tractors,
ox-drawn ploughs, and chaff cutters was preferred by most of the households in both groups because it
was more affordable than buying. Food secure households were timely in carrying out their agricultural
work, as they owned a variety of farm tools and implements. Households that needed to borrow or
rent tools and implements experienced delays in carrying out their agricultural works if a particular
tool or implement was in use by the owner or rented out to other farmers.
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3.2. Correlation Between Household Food Security and the Bundle of Rights and Powers
Table 6 provides more detail on how access to technology is related with other aspects of bundles
of rights and powers. The access to technology of food secure households had a significant positive
correlation with access to authority. Social–political relations with the authorities in the local and
county government, mainly through extension services, facilitated access to technologies by creating
awareness of these technologies and in demonstrating and providing training on their use. For every
improved or new farm technology introduced to households, e.g., conservation agriculture, mulching,
or irrigation, the households were also educated on the appropriate farm tools and implements.
According to the extension officers, a household wanting to adopt conservation agriculture must
have access to tools for minimum tillage, direct seeding, and weed management. Minimum tillage
tools include rippers, subsoilers, and chisel ploughs to break the hard pan and confine the tillage to
where the crop is planted. Jab or animal drawn planters, hoes, and planting sticks are necessary for
direct seeding, while weed management requires shallow weeders and sprayers. In another example,
a household wanting to practice mulching needs access to a garden fork to lift mulch, a wheelbarrow
to transport the mulch, and a rake for even application. A simple overhead irrigation system requires
hosepipes, sprinklers, and sometimes water pumps.
In an interview, a Ministry of Agriculture representative pointed out that government extension
services were demand driven and took a group approach. Therefore, food secure and insecure
households are usually encouraged to form groups, decide on the type of training they wish to receive,
and then invite the extension officers to give the training. However, many of the households struggle
to afford the required tools and implements, and the government of Kenya currently has no subsidy
programme to support them in accessing these.
Access to technology was significantly negatively correlated with social relations: having fewer
tools and implements makes it even more important to have a good social network. We observed
three main ways in which food secure households put to use social relations to access farm tools and
implements: purchasing (sometimes on credit), renting, and borrowing. Therefore, cultivating good
social relations with business owners, fellow farmers, and neighbours was a strategy that enabled
them to access tools and implements.
In addition, we identified other significant relationships that enabled food secure households to
access their productive resources. Formal rights-based access to land is negatively correlated with
informal rights-based access and labour and labour opportunities. Both food secure and food insecure
households’ preferred formal rights-based access as it offered greater tenure security than informal
rights-based access. There is a significant negative correlation between informal rights-based access
and access to technology. Our in-depth interviews revealed that both groups preferred to adopt
farming technologies with long-term impacts (e.g., mulching, conservation agriculture) on land to
which they had formal rights-based access in the form of a freehold title deed. Having a freehold title
deed gave them an incentive to invest for the future, in contrast to a rental contract, which offered only
short-term tenure security.
Access to water among the food secure households was significantly positively correlated with
access to capital, technology, authority, and knowledge. A majority of both groups (87% of food
secure and 76% of food insecure households) accessed water for irrigation through membership in
community water projects (CWPs). CWP committees control membership and water access. Access to
water officials thus played an important role in gaining and maintaining access to the CWPs, especially
when joining the CWP or during water disputes such as unauthorized disconnection. Another factor
influencing access to water is capital, which enabled households to pay water installation fees and
water bills. Moreover, in efforts to maximize the availability of water and use of water efficiently, some
food secure households adopted water conservation technologies such as drip irrigation. Knowledge
of such technologies was in some cases gained through extension services or off-farm employment,
mainly on the horticulture farms.
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Table 6. Correlation coefficients and the statistical significance of the interaction between bundle of rights and bundle of power (values with * indicate statistically
significant correlations. P-values are shown on Supplementary Material Table S1).

Mechanism of Access

Household food security
Formal land rights
Informal land rights
Access to water
Access to capital
Access to technology
Access to labour and labour
opportunities
Access to authority
Access to market
Access to knowledge
Access through social identity
Access via social relations

Formal
Rights-Based
Access to
Land

Informal
Rights-Based
Access to
Land

1
0.40
−0.41
0.41
0.38
0.83 *

1
−0.99 *
0.42
0.13
0.60 *

1
−0.43
−0.08
−0.59*

−0.16

−0.63 *

0.66*

0.48
0.08
0.12
0.22
−0.47

0.24
0.27
0.28
−0.34
−0.43

−0.25
−0.29
−0.24
0.36
0.43

Household
Food
Security

Access to
Labour and
Labour
Opportunities

Access
to Water

Access to
Capital

Access to
Technology

1
0.62 *
0.69 *

1
0.59 *

1

0.10

0.47

−0.17

1

0.85 *
0.36
0.66 *
−0.47
−0.43

0.60 *
0.16
0.79 *
0.84*
−0.34

0.62 *
0.13
0.51
0.33
−0.57*

0.06
−0.15
0.36
0.69 *
−0.0.8

Access to
Authority

Access to
Market

Access to
Knowledge

1
0.55
0.43
0.52
−0.28

1
0.31
0.10
−0.18

1
0.64 *
−0.51

Access
through
Social
Identity

1
−0.11

Access
via Social
Network

1
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Access to capital is significantly influenced by access to technology, authority, and knowledge,
and through social identity. The most common strategy used to stabilize access to financial resources
among the food secure households was through social identity, in groupings such as rotation savings
and credit associations (ROSCAs), using systems such as “merry-go-round” or table banking. Food
secure households whose members had the necessary skills and knowledge were able to secure off-farm
employment. Most employers, such as horticulture farms and government jobs, required employees to
open bank or Sacco accounts, through which such households were able to secure their capital in the
form of savings and credit. Food secure households had more capital, which enabled them to purchase
more tools and implements. Access to capital enabled households to access authorities, especially
those who needed inducement, especially for land and water dispute resolution.
Access to labour and labour opportunities is positively influenced by access through social identity.
Besides family labour, 89% and 47% of the food secure households had additional farm workforce
and off-farm jobs, respectively. From our interviews, we found that households had formed groups
for exchanging labour. During routine meetings in various social groupings, households had an
opportunity to share their farm labour concerns and met people with similar experiences. From such
encounters, they formed support groups for reciprocal labour exchanges. Social groupings also acted
as venues for getting information on new job opportunities or creating networks for information
sharing. Hence, the positive significant correlation between access through social identity and access
to knowledge.
4. Discussion
Guided by the Theory of Access by Ribot and Peluso [15], and understanding “access” as spanning
the property rights to benefit from resources on the one hand to the ability to benefit on the other,
we explored how bundles of rights and powers relate to food secure and food insecure households.
According to our findings, the only statistically significant difference between the two types of
household, in terms of rights or powers held, was access to technology in the form of productive farm
tools and implements. Moreover, access to technology was significantly positively correlated with
access to authority and negatively correlated with access through social relations. Access via social
identity has a significant influence on access to capital, labour and labour opportunities, and knowledge.
Access to knowledge and authority enable food secure households to access capital and water. Access
to water was significantly positively correlated with access to capital.
In Kenya, many households are trapped into food insecurity due to low productivity resulting
from the inability to afford modern technologies; an overreliance on red-fed agriculture, in particular, is
a major contributor to food insecurity [49]. Not only do farm tools and implements enhance production
efficiency and make farm work easier [50], they are crucial in semi-subsistence agriculture to access
productive resources, especially land and water. Smallholders can quickly adopt farm technologies
such as irrigation if tools for implementation are readily available and accessible [31].
Government extension services play a key role in creating awareness and in disseminating new
farming technologies [51,52]. Access to extension services encourages farmers to adopt technologies,
such as farm diversity, by raising awareness of new and existing technologies and improving knowledge
on how to manage them [52]. Social groupings can enhance farmer organizational empowerment,
enabling farmers to express informed demands for agricultural extension and research services [53];
government extension services in Kenya are now adopting the approach of encouraging social
groupings. There are also private extension services offered by commercial companies for profit; these
often target farmers with relatively high income because they can afford to pay them [52].
In Kenya, a lack of money has often prevented households from adopting farm technologies
such as soil erosion and conservation measure [49,54]. Our study confirmed the importance of social
relations (as in Okoba and Graaf [54]) in maintaining access to technology, either on credit or through
renting or borrowing.
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Another factor that influences the adoption of technologies such as conservation agriculture in
Kenya is land tenure security [55]. While the households in our study rarely made use of their private
property rights as collateral for credit, they benefitted from this tenure security to make investments
on their land. However, not every formal rights-based access gives an incentive to make long-term
investments. For example, in Kenya, farmers who use plots temporarily are not motivated to make
long-term investments (e.g., application of organic fertilizer, conservation agriculture) because they
cannot fully recoup the investment [28,55,56]. Muraoka et al. [28] also found that rented plots are less
productive than owned plots, but they still contribute to household food security.
Social identity is another important factor that enables food secure households to improve access
to productive resources. Joining social groupings such as ROSCAs allows households to access
information and credit during periods of low capital flow. They can thus continue to pay their water
bills, for example, maintaining access to this resource. Ulrich et al. [25] highlights that households
prefer to access financial assistance and credit through ROSCAs rather than through commercial banks
as there are fewer hurdles such as the need for collateral or the high interest rate. Moreover, individuals
feel more comfortable sharing knowledge and information with people of a similar social identity
than with people with whom they do not share a social identity [57]. Social identity is often used by
households as a means of maintaining access to productive resources, such as through labour sharing
arrangements [58].
5. Conclusions
This study explored household food security through the lens of the Theory of Access, an
application that was not yet covered in depth in the literature. We found that a lack of tenure security
is not the only reason for food insecurity of households. Most of the farmers in this study were in
possession of and were able to benefit from the property rights to their productive resources. Instead,
the main problem appeared to be difficulties in accessing the technology needed to unlock further
benefits from households’ productive resources, making these households vulnerable to food insecurity.
Access to authority and social relations play a key role in enabling access to technology.
Thus, there is a need to improve access to technology—especially among farmers with no access
to authority or social relations—to enable rural households to maximize labour productivity and
adopt the farm technologies they need for, for example, drip irrigation, conservation agriculture,
mulching, and overhead irrigation. Small hand tools that are required include sprayers, shallow
weeders, and sprinklers; larger farm implements needed include rippers, drip kits, water pumps,
and chisel ploughs. Moreover, farmers should be encouraged to form groups to increase their chances
of accessing government extension services.
The present study only investigated factors that shape access according to the Theory of Access.
The data we obtained could not fully explain how some factors in the bundle of rights and powers
influence each other or correlate. We therefore propose that further research explores the proximate
and underlying factors that influence the mechanisms of access to productive resources. For instance,
how does access to labour, and to labour opportunities, influence rights-based access to land? Or, how
does the gender of the head of household influence the mechanisms used to access resources and,
ultimately, food security?
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