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Abstract: The rising demand for food production in a changing climate impacts water resources
negatively in semi-arid agro-ecosystems. In the Tsavo sub-catchment of Kenya, this is compounded
by a surging population and expansion of cropping as a land use; leading to increased abstraction
of surface water resources and deterioration of related ecosystem services. The impact of increased
abstraction is more profound during water stress seasons when stream-flow levels are low. While
water policies have incorporated a requirement for environmental flows, unregulated abstractions
persist suggesting an inherent challenge. Drawing on a sample of 279 households, we analysed
farmers’ engagement in water resources management and explored how this can inform water
resource planning. Seasonal water scarcity and user conflicts were the major challenges experienced
by the farmers. Ordinal and logistic regression models show that knowledge, attitude and practices
were culture-dependent being impacted by educational attainment, level of income, access to extension
and membership to local networks. Attitude and practice were further influenced by land tenure and
farm distance to water sources. Since knowledge of water management issues informed attitudes and
practices, improved awareness and targeted extension support are necessary in the development and
implementation of policy decisions on water resources management.

Keywords: water resources management; smallholder irrigation; abstraction; ecosystems; Tsavo
sub-catchment

1. Introduction

The rising food demand amid changing climate impacts water resources negatively [1,2].
An outcome is scarcity with escalation of conflicts and severe crop losses as consequences [3,4].
This situation portends dire consequences for food security, and for sustainable water withdrawals.
For Sub-Saharan Africa where the number of people living in extreme poverty has been growing [5]
and about one-quarter of the population is undernourished [6], water scarcity presents a serious
challenge to sustainable development. Although, the Sub-Saharan region lags in water resource
development for sustainable agriculture [7,8], agricultural policies give high priority to irrigation
as a potential engine for socio-economic development [9,10]. This has led to expansion of acreage
under irrigation, and extended the benefits of food security and poverty reduction. Despite positive
outcomes, irrigation expansion has brought up new challenges in water resource governance [7,11,12]
and impacted riparian ecosystems negatively [13,14].

Managing water-related challenges to food production and ecosystems calls for novel approaches
to water governance that promote stakeholder engagement and support innovative solutions to
water allocation challenges [15,16]. While some innovative solutions are focused on developing more
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water through centralised infrastructure, such as dams, others call for consideration of decentralised
on-farm technologies and practices that safeguard ecosystems [7]. There is however, a concurrence
that water management approaches must strike a balance between economy and ecosystems [3,17].
Water management interventions are thus perceived as delicate balancing act with many trade-offs,
particularly in water stressed river basins where trade-offs are associated with high opportunity costs [8].
While less water for food may condemn many people to hunger, less water for the environment
will undermine ecosystems [8,18,19]. However, with increased knowledge of water management,
water stressed environments have higher prospects for sustainable agriculture [20]. Water-efficient
technologies if integrated with appropriate agronomic practices have the potential to improve food
productivity while safeguarding ecosystems [20,21].

Water management approaches that focus on decentralised technologies, such as on-farm
surface water storage, can improve food production without allocation of additional water from
the ecosystems [21,22]. As a result, decentralised water management technologies have received
renewed attention in many countries that have acknowledged their contribution in sustainable
agriculture [22–24]. Moreover, agriculture is now considered both as an integrated system and as
an agro-ecosystem, providing services and interacting with other ecosystems [7]. Transitioning to
sustainable agricultural water management requires broad understanding and support for changes
in water policies [25,26]. However, the process towards understanding and accepting new policies
is multi-layered, integrating knowledge and awareness of water issues, attitude, and sustainable
practices [26]. Many river basin management approaches engage water users not only to promote
understanding of water sector reforms, but as means of building support for policies and sustainable
practices [25,27]. Developed countries have made considerable progress in these efforts [28,29]
which are driven by the need to incorporate local perspectives and values in water governance.
However, in many developing countries, citizen participation in water resources management is taking
root [27,30–32].

Studies show various conditions that influence knowledge, attitude and practices in relation to
water management. These conditions include geographical experiences, such as information on climatic
conditions and changing river regimes; farm characteristics, such as farm location relative to a water
source; and social experiences, such as membership to a social network [25,26,33]. Other predictors
of knowledge, attitude and practices include residency status [32] and psychological factors, such as,
environmental identity and values [25,26]. Studies show that while some water users acknowledge the
challenges of water resources management, their grasp of integrated water resources management
(IWRM) principles is sparse [33]. The Global Water Partnership defines IWRM as: ‘ . . . a process which
promotes the coordinated development and management of water, land and related resources, in order
to maximize the resultant economic and social welfare in an equitable manner without compromising
the sustainability of vital ecosystems’ [34] (p. 22). In this articulation, IWRM seeks to establish a path
for sustainable development and management of water and related resources, while improving the
livelihoods of people and maintaining the integrity of natural systems [34]. IWRM places emphasis
on coordinated development of land and water resources, surface and groundwater resources, and
upstream and downstream interests.

Although a swell of literature has focused on illuminating the relationship between knowledge
and support for water reforms and sustainable practices, little is known about how knowledge of
water resources management among irrigators affects their attitude and practices, and how policies
can address existing gaps in knowledge and practice. Previous studies show the relationship between
farmers’ attitude and practice in soil and water conservation [35,36]. However, there is scant evidence
how farmers’ knowledge of water issues, land tenure arrangements and farm characteristics affect
attitude and practice in water resources management. In Kenya, water policies have incorporated a
requirement for environment flows to sustain riverine ecology. However, in the Tsavo sub-catchment,
water resources are under intense pressure to supply irrigation needs. Unregulated spread of
smallholder irrigation systems in region has led to increased abstraction of surface water resources
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and deterioration of related ecosystems [37–39]. This paper therefore analyses how irrigators in the
sub-catchment are engaged in water management, specifically what they know and value, and their
practices; and explores how this can inform water resource planning. Our analysis identifies existing
gaps in knowledge and interventions necessary to improve support for water policies and sustainable
practices. We also identify conditions that may enhance irrigators and policy-makers interactions in
the development of sustainable water resource governance.

2. Materials and Methods

2.1. Study Area

This study was carried out in March 2018 in the Tsavo sub-catchment of southern Kenya (Figure 1).
The sub-catchment is part of the Athi River basin and lies at the foot slopes of Mt. Kilimanjaro to its
northern plains with elevations ranging from 411 to 2198 m above the sea level [40]. The climate of
the sub-catchment varies from semi-arid to sub-humid, with average annual rainfall of 1200 mm on
Kilimanjaro slopes, and 400 mm in the vast semi-arid lowland areas. The elevation and orientation of
major topographical features, sway rainfall distribution over the basin [41]. Tsavo sub-catchment has a
population of 178,314 [42] with a density of 28 people per square m. However, population distribution
is uneven and largely determined by ecological potential, water availability and infrastructure.
Thus, human settlements are concentrated around riparian areas, urban and local trading centres,
and on the upper catchments. While large areas of the sub-catchment are taken by group ranches and
conservancies, pastoralism remains the dominant land use in semi-arid lowlands. However, riparian
areas in the lowlands support a thriving horticulture [37].
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The sub-catchment has several irrigation schemes supplied by natural springs and streams.
Over the past decades, the region has experienced rapid population growth and intensification of
agriculture leading to over-extraction of surface water resources [37,38]. The construction of irrigation
canals and high demand for horticultural produce by local and export markets has enabled the
expansion of irrigation schemes. In most schemes, a significant proportion of farmers rent agricultural
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land under tenure rights that permit cultivation for a specified period. However, the farm rental
agreements, including their impacts on farm efficiency and sustainability remain obscure.

Water resource managers in the Tsavo sub-catchment have issued several policy decisions to
safeguard environmental flows and related ecosystem services. Some of these decisions impose the
construction of on-farm surface water reservoirs as a prerequisite for water allocation permit [39].
In addition to these decisions, grassroot governance institutions such as water resource users’
associations (WRUAs) have supported sustainable initiatives geared towards ensuring equitable
water resource allocation. Despite these efforts, illegal water abstraction persists suggesting a
deep-rooted problem.

2.2. Data Collection

Data collection was undertaken in the Tsavo sub-catchment. We used a combination of
multi-stage sampling and simple random sampling to select irrigation schemes and households
where a questionnaire survey was carried out. Three irrigation schemes in the Tsavo sub-catchment
were purposely selected in consideration of the land tenure and their spatial locations to incorporate
diverse groups. In each scheme, rural population of households, based on National Population and
Housing Census results [42], were used to randomly select 279 households. The survey was conducted
through face-to-face interviews of irrigation farmers using semi-structured questionnaires.

Water resource management challenges are partly attributed to inadequate knowledge and
information on water issues and addressing these problems requires better understanding of what is
known, believed and done relative to water management. Knowledge, Attitude and Practice (KAP)
survey is useful for evaluating knowledge, attitude and practice of people regarding key issues [43,44];
and identifying the most effective ways of disseminating knowledge and information from scientific
research and policies [45]. A KAP survey is a representative study of a population that collects
information on what is known, believed and done in relation to a particular issue [45]. KAP studies are
also useful in establishing baseline indicators that can be applied to assess intervention impacts, hence,
a key element of planning and evaluation research.

In our study, ‘Knowledge of water issues’ refers to farmers’ understanding of IWRM principles.
The respondents were required to demonstrate an understanding of IWRM principles. Their responses
were assessed based on an elaboration by the Global Water Partnership [34] (p. 22): The responses
were rated on a likert scale of 1 to 4 where 1 was ‘Good’, 2 was ‘Average’, 3 was ‘Poor’, and 4 was
‘No Understanding’. ‘Attitude’ towards water resources management was elaborated as inclination
to undertake specific sustainable water resources management practices, such as soil conservation,
pollution reduction and on-farm surface water storage. The respondents were provided with options
and asked to provide a Yes/No answer. The ‘Practice’, on the other hand, was categorised into two:
water resource management measures (i.e., collaborative water management, on-farm surface water
storage and compliance to water permit), and responses to water scarcity during low stream-flows
(i.e., use of boreholes for supplemental irrigation, reduction of farm size under irrigation and suspension
of farm activities). The knowledge, attitude and practice variables were adapted from established
literature [26,43,46–48]

2.3. Data Analysis

Data was analysed using Stata 11 statistical software (IBM SPSS software, Portsmouth, UK) and
the analysis entailed descriptive statistics for the socio-economic characteristics of the respondents.
Chi-square (χ2) test was used to inspect for relationships between knowledge and practices regarding
water management issues and socio-economic characteristics. Also analysed were the determinants of
farmers’ knowledge, attitude, and practice relative to water resource management. Several models
were evaluated for their suitability in predicting the determinants and two models were specifically
selected to aide in the task and they are discussed below.
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2.3.1. Ordered Logistic Regression

The knowledge component of the KAP study was assessed by asking the respondents to rate their
understanding of the IWRM principles on a likert scale of 1 to 4 where 1 was ‘Good’, 2 was ‘Average’,
3 was ‘Poor’, and 4 was ‘No Understanding’. This type of variable is considered an ordinal variable
and the kind of regression model that is typically used in analysing it is the ordered logistic regression.
If an ordinal response let’s say Y with a c levels, then (1, . . . , c), and let X =

(
x1, x2, . . . , xp

)′
be

a vector of p explanatory variables (i.e., the factors that influence the respondents understanding of
IWRM). Then an ordered logistic regression model will describe the relationship between Y and X via
c− 1 logit equations:

g1(X), g2(X), . . . , gc−1(X)

The logits relate a set of intercepts (∝ s) and regression coefficients (βs) to the probability of the
response categories.

2.3.2. Binary Logistic Regression

The attitude and practice components of the KAP study always have binary outcome variables
coded as either a ‘1’ for a yes or ‘0’ for a no response; therefore, binary logistic regression was employed
to help identity factors that influence these components of the KAP study, and the directions they take.
Binary logistic regression is a statistics technique for the case of dependent variables of two outcomes.
It expresses the probability of the occurrence of a dependent variable as a function of the independent
variables. Mathematically, logistic regression takes an equation of the form:

logit(p) = b0 + b1X1 + b2X2 + b3X3 + . . . + bkXk

where p is the probability of presence of the characteristic of interest.
This study considered one ordinal variable (knowledge of IWRM), four binary response variables

(attitude, measures taken to manage water resources, farmers’ educational workshops and response to
water scarcity) and eight categorical variables for regression analysis (Table 1).

Table 1. Variables used for regression analysis.

Variable Type Questions

Knowledge Ordinal Rating the understanding of IWRM concept on a four-point likert scale of good, average, poor and
no understanding

Attitude Binary Does the respondent like to perform the following activities; soil management, pollution control,
on-farm surface water storage (1: Yes, 0: No)

Practices
a. Measures taken to manage
water resources

Binary Does the respondent currently participate in the following activities: collaborative governance,
on-farm surface water storage and abstracting within permitted levels (1: Yes, 0: No)

b. Response to water scarcity Binary How do respondents respond to water scarcity: use boreholes, reduce size of land under irrigation
or suspend irrigation? (1: Yes, 0: No)

Occupation Categorical What is the respondent’ principal economic activity? Crop farming, labelled 1; Business, labelled 2;
pastoralism, labelled 3; formal employment, labelled 4; or casual employment, labelled 5

Income Categorical What is the average monthly income (US$)? 100, labelled 1; 101–300, labelled 2; 300–500, labelled 3
or over 500, labelled 4

Membership to network Categorical Does the respondent belong to a network? Environment, labelled 1; social, labelled 2; or economic,
labelled 4

Access to credit Categorical Does the respondent have access to credit? (1: Yes, 0: No)
Farmer workshops Binary Has the respondent attended farmers’ education workshop? (1: Yes, 0: No)

Access to extension Categorical Does the respondent have access to extension services? Government, labelled 1; private. Labelled 2;
and none, labelled 3

Farm distance from water source Categorical What is the distance from your farm to the nearest river/stream? Less than 1 km, labelled 1, 1–3 km,
labelled 2; 4–5 km, labelled 3; and over 5 km, labelled 4

Type of land ownership Categorical What is the type of land ownership? Private (1: Yes, 0: No), communal (1: Yes, 0: No), leasehold (1:
Yes, 0: No)

Length of residency Categorical How long has the respondent lived in his community? Less than 10 year, labelled 1; 11–20 years,
labelled 2; 21–30 years, labelled 3; and over 30 years, labelled 4
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3. Results

3.1. Socio-Demography of the Study Population

A total of 279 households were interviewed. Most of the households were male-headed (71%).
The mean age of the respondents was 43 years with the youngest at 21 and the oldest at 76 years. The
level of education was relatively high: 43% had secondary and tertiary education, and their average
monthly household income was about US$ 300 (Table 2).

Table 2. Socio-economic and demographic characteristics of the respondents.

Characteristics Description Proportion (%)

Gender of household head
Male 71

Female 29

Main source of income

Crop farming 86
Business 7

Pastoralism 3
Formal employment 2
Casual employment 2

Level of monthly income in US$

Up to US$ 100 40
US$ 101–300 40
US$ 301–500 15
Over US$ 500 5

Access to credit
Respondent had access to credit 49
Respondent had access to credit 51

Type of land ownership
Private 58

Communal 14
Leasehold 28

Source of extension
None 21

Government 65
Private 14

Frequency of Extension

None 21
Weekly 1

Monthly 8
Quarterly 42

Occasionally 28

Perception on water availability
Good 30

Satisfactory 29
Bad 41

Rating of understanding of
Integrated Water Resource

Management

Good 23
Satisfactory 16

Poor 18
None 43

Although crop farming was the dominant economic activity, 14% of households reported
non-cropping activities as the primary sources of income. The average household size was 6,
and nearly each household had over one unit of livestock. The mean size of land owned by households
in Tsavo sub-catchment was 4.6 hectares. However, respondents were mainly smallholder farmers with
an average of 2.6 hectares of land under irrigation. Nearly half of these farmers had access to credit.
Among sampled households, 58% have access to land through private tenure. The rest had access to
farming land through communal or private leases. Nearly a third (32%) of respondents had direct
contact with government and private extension services for the past one year. Given the relatively
high levels of education and access to extension, it was expected that farmers are aware of the issues of
water scarcity, and their impacts on farm output and the environment.
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3.2. Perception of Environmental Conditions

Farmers responded affirmatively that water resources for irrigation are scarce. They identified
deforestation, reduced rainfall, poor agricultural practices and population growth as the major causes
of water scarcity. To cope with scarcity, majority of irrigators (59%) reported a reduction of acreage
under irrigation. Some (22.5%) would access water from the boreholes, while a few (1%) would
utilise stored rainfall runoff to supplement irrigation needs. Respondents had unfavorable view of
the environmental status, with the majority (72%) rating Tsavo sub-catchment as degraded or very
degraded. Similarly, 66% of respondents rated quality of water resources in the area as between
bad and satisfactory compared to 34% who rated it as either good or very good. Water resource
conflicts were reported as a major issue in the area, with 70% of respondents indicating that they had
experienced water-related conflicts in the past one year. Other major environmental issues identified
by the respondents were: illegal encroachment of riparian areas, over-abstraction of surface water
resources and loss of biodiversity.

3.3. Farmers’ Knowledge in Water Management

3.3.1. Knowledge of Integrated Water Resources Management (IWRM)

Farmers’ knowledge relative to IWRM was tested by asking them to rate their understanding
of the concept on a four-point likert scale of good, average, poor and no understanding (Figure 2).
Majority of the respondents (55%) rated their understanding of the IWRM principles as either good,
average or poor. Ninety percent of respondents stated that water is finite, 61% concurred that their
participation in water management decision making is critical to sustainability, while 92% reported
that their actions can protect water resources from further degradation. These findings suggest that
most respondents in the Tsavo sub-catchment had average knowledge of IWRM principles.
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Figure 2. Rating the understanding of IWRM concept among respondents.

3.3.2. Determinants of Farmers’ Knowledge of Integrated Water Resources Management

Ordinal logistic regression was used to assess factors influencing farmers’ knowledge of the IWRM
principles. The results show that for education, an increase of one more year in schooling resulted in 0.9
times increase for the odds of better understanding of IWRM compared to poor and no understanding,
given that all of the other variables in the model are held constant (Table 3). For the type of livelihood,
being a business person compared to a crop farmer leads to an odd of 3.2 times likelihood of having
poor to no understanding of IWRM. Similarly, access to extension from the government results into an
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odd of 4 times likelihood of having good or average knowledge of IWRM compared to those who had
no access to extension service; and not being a member of environmental network results into odds of
3.2, 5.1, and 6.7 times likelihoods of having poor or no understanding of IWRM for economic, social
and no membership to groups, respectively (Table 4). These results are compatible with chi-square
(χ2) test that shows that knowledge of IWRM among irrigators was significantly related to level of
education (χ2 (2) = 26.24, p = 0.000), access to extension (χ2 (2) = 21.2; p = 0.000), and level of income
(χ2 (3) = 12.1; p = 0.007). Farmer educational workshops and chief’s forum (54.6%) were the main
sources of water resources management information.

Table 3. Ordered logistic regressions for determinants of farmers’ knowledge of IWRM principles.

Variable Description Coefficients Odds Ratio

Education No. of years in basic education 0.07 ** 0.9

Main livelihood

Crop farming -

Business 1.17 ** 3.2

Pastoralism 0.13 1.1

Formal employment 1.16 3.2

Casual employment 0.38 1.5

Level of monthly income
in US$

Up to US$ 100 -

US$ 101–300 −0.07 0.9

US$ 301–500 0.31 1.4

Over US$ 500 2.08 *** 8.0

Access to extension

None -

Government 1.01 *** 0.4

Private −0.70 0.5

Membership to group

Environment -
Economic 1.17 *** 3.2
Social 1.63 *** 5.1
No membership −1.90 *** 6.7

Note: *** significant at 1% level; ** significant at 5% level.

Table 4. Results of the binary logistic regressions for attitude towards water conservation practices.

Variable Soil Conservation Pollution Control On-Farm RWH

Monthly Income Coefficient Odds Ratio Coefficient Odds Ratio Coefficient Odds Ratio

Up to US$ 100 - - - - - -
US$ 101–300 −0.29 0.75 −0.64 0.53 −0.19 0.83
US$ 301–500 0.44 1.55 −2.06 0.13 −0.54 0.58
Over US$ 500 −0.68 0.50 (empty) 0.47 1.61

Membership to network

Environmental - - - - - -
Economic 0.59 1.80 0.33 1.39 0.97 ** 2.64
Social 0.78 2.18 −0.62 0.54 0.08 1.08
None 0.20 1.22 0.97 2.64 0.65 1.92

Access to credit −0.39 0.67 −0.58 0.56 −0.79 ** 0.45

Access to extension

None - - - - - -
Government 0.71 * 2.04 0.18 1.19 −0.11 0.89
Private 0.87 2.38 1.37 3.94 −0.06 0.94

Farm distance from water sources

Less than 1km - - - - - -
1–3 km −0.71 ** 0.49 −1.43 *** 0.24 0.32 1.38
4–5 km −2.00 *** 0.13 −2.34 ** 0.10 0.49 1.63
Over 5 km −1.44 0.24 −0.08 0.92 1.55 4.70

Type of land ownership

Private - - - - - -
Communal −1.46 *** 0.23 −1.47 0.23 −0.51 0.60
Leasehold 0.27 1.30 0.57 1.77 −0.66 * 0.52

Note: *** significant at 1% level; ** significant at 5% level; * significant at 10% level.

3.4. Farmers’ ‘Attitude’ Towards Water Resource Conservation

Results from the binomial regression model of the determinants of Attitude towards water
resource management are presented in Table 5. The model analysed farmers’ attitude towards soil
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conservation, pollution reduction, and on-farm surface water storage practices (Table 4). Most (75%) of
the respondents were inclined to construct on-farm water storage systems. Only 3% of the respondents
reported no willingness to engage water conservation practices.

Table 5. Results of the binary logistic regressions for water resource management practices.

Variable Collaborative Water Management On-Farm RWH Compliance to Abstraction Permit

Monthly Income Coefficient Odds Ratio Coefficient Odds Ratio Coefficient Odds Ratio

Up to US$ 100 - - - - - -
US$ 101–300 0.66 * 1.93 0.99 2.68 −0.43 0.65
US$ 301–500 −0.16 0.85 0.96 2.61 −0.20 0.82
Over US$ 500 −2.44 ** 0.09 1.56 4.75 −0.38 0.69

Membership to network

Environmental - - - - - -
Economic −0.93 ** 0.39 0.03 1.03 1.18 ** 3.27
Social −2.33 *** 0.10 −0.98 0.38 0.62 1.85
None −1.51 *** 0.22 −0.77 0.46 0.75 2.11

Access to extension

None - - - - - -
Government 2.11 *** 8.26 −2.41 *** 0.09 0.99 ** 2.70
Private 1.80 * 6.05 −0.47 0.62 1.40 4.06

Type of land ownership

Private - - - - - -
Communal 0.06 1.06 −0.26 0.77 1.19 *** 3.29
Leasehold 1.63 *** 5.08 −0.91 0.40 0.93 *** 2.52

Note: *** significant at 1% level; ** significant at 5% level; * significant at 10% level.

Socio-economic, institutional and farm characteristics were significant in influencing farmers’
attitude to water conservation practices. Access to government extension, farm distance from a
stream or spring and land tenure were predictive factors of willingness to engage in soil conservation
practices. Farmers with access to government extension were twice more inclined to engage in soil
conservation practices than those who had no access (odds = 2.04). In contrast, proximity to water
sources, such as stream or spring had negative influence on farmers’ willingness to implement soil
conservation. Being situated less than a kilometre from water sources is associated with 0.49 and 0.13
times lower odds of willingness to engage in soil conservation activities for farmers situated 1–3 km
and 4–5 km, respectively.

The connection between tenure rights and soil conservation is significant; farmers who had access
to irrigated land through communal tenure had less favourable attitude towards soil conservation.
Secure land tenure was associated with 0.2 and 1.3 times higher odds of willingness to support soil
conservation practices than communal and leasehold tenure, respectively. In contrast, income was
significant and positively correlated with farmers’ preparedness to support water pollution reduction
measures (odds = 0.13). Proximity to water sources has negative coefficient on farmer attitude towards
pollution reduction, suggesting that farmers situated close to water sources have less favourable
attitude towards pollution reduction practices. Being situated less than a kilometre from water sources
is associated with 0.24 and 0.1 times lower odds of willingness to engage in pollution reduction
strategies for farmers situated 1–3 km and 4–5 km, respectively. Members of economic networks
are twice more willing to construct on-farm water storage facilities than non-members (odds = 2.64).
However, the willingness to construct on-farm water storage systems was negatively influenced by
access to credit (odds = 0.5), suggesting that farmers with access to credit are 0.45 times less likely to
invest in on-farm water storage systems than farmers with no credit.

3.5. Practice in Water Resources Management

The practice in water resources management were categorised into two: water resources
management practices and farmers’ response to water scarcity during seasons of low stream-flows.
These practices were supported by water policies and promoted by grassroot institutions.
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3.5.1. Water Resource Management Practices

Thirty-seven percent (37%) of the respondents were already engaged in cooperative management
of water resources, while 32% had indicated that they were abstracting within permitted levels. Only 1%
had constructed on-farm water storage systems. Table 5 shows the results of the binomial regression
model of the determinants of water resource management practices. These practices are modelled
by three binary variables: collaborative water management, construction of on-farm surface water
storage systems and compliance to water allocation permit. Membership to environmental network
and access to extension had positive and significant influence on participation in cooperative water
management. Being identified as a member of environmental network leads to odds of 0.39 and 0.10
likelihood of participating in collaborative management of water resources for economic and social
networks, respectively. Similarly, those who have access to land through leasehold tenure have higher
odds of participating in collaborative water management by 5.08 times than farmers with secure tenure.
Access to government and private extension was associated with increasing the odds of engaging in
collaborative activities by 8.26 and 6.05 times, respectively. However, farmers with higher income were
less likely to participate in collaborative water management.

Access to government extension service was associated with decreasing the odds of constructing
on-farm water storage facilities by 0.09 times. On the other hand, membership to economic network,
access to extension and land tenure had significant and positive effect on compliance to water allocation
permit. Members of economic network are twice more likely to comply with water allocation permit
(odds = 3.27). Similarly, access to extension is associated with 2.70 times higher odds of compliance to
water allocation permit. Moreover, land ownership through communal tenure and leasehold tenure is
associated with 3.29 and 2.52 times higher odds of compliance to abstraction permit, respectively. It is
important to note that regression results of this study coincide with the findings of chi-square tests
(Table 6).

Table 6. Socio-economic factors influencing water resource management practices.

Socioeconomic Characteristics

Measures Taken for Water Conservation

On-Farm RWH Collaborative Water Management Compliance to Abstraction Permit

χ2 p Value χ2 p Value χ2 p Value

Level of education 17.1 0.004 15.2 0.009 11.6 0.04
Access to extension 31.8 <0.001 28.9 <0.001 8.1 0.017
Length of residency 35.0 <0.001 - - - -
Size of household 30.6 0.004 - - - -

Mean monthly household income 8.2 0.042 11.1 0.011 - -
Access to credit 4.5 0.034 - - - -

Type of land ownership - - 12.1 0.002 12.3 0.002

3.5.2. Farmers’ Response to Water Scarcity

Farmers’ response to water resource scarcity is modelled by three variables: use of boreholes to
supply irrigation, reduction of acreage under irrigation, and suspension of farm operations (Table 7).
Levels of income, attendance to farmers’ educational meetings, and proximity to stream or spring
are the key predictive factors of using boreholes to supply irrigation during dry season. Farmers
with average monthly income in excess of US$ 500 had higher odds of augmenting irrigation water
supply with boreholes during dry season by 31.26 times than farmers with a monthly income of US$
100. Moreover, farmers with access to credit were twice more likely to use boreholes than those who
lack access (odds = 1.90). Further, attendance to farmers’ educational meetings was associated with
2.60 times higher odds of using boreholes for irrigation than non-attendance. Being situated more
than five kilometres away from water sources was associated with 7.8 times higher odds of using
boreholes as a source of irrigation water supply during dry season than farmers situated less than a
kilometre from streams or springs. Communal or leasehold tenure was associated with 2.73 and 2.27
times higher odds of using boreholes during dry season, respectively, than secure tenure.
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Table 7. Results of the binary logistic regressions for responses to water scarcity.

Variable Using Boreholes Reducing Farm Size Suspending Irrigation

Monthly Income Coefficient Odds Ratio Coefficient Odds Ratio Coefficient Odds Ratio

Up to US$ 100 - - - - - -
US$ 101–300 1.18 *** 3.26 0.40 1.49 0.38 1.46
US$ 301–500 0.88* 2.41 −1.08 * 0.34 −0.67 0.51
Over US$ 500 3.44*** 31.26 −4.7 *** 0.01 −0.62 0.54

Membership to network

Environmental - - - - -
Economic 0.56 1.76 -0.10 0.91 −1.02 * 0.36
Social −0.77 0.46 0.37 1.44 −0.42 0.65
None −0.40 0.67 0.87 2.38 −0.48 0.62

Access to credit 0.64 * 1.90 −0.95 ** 0.39 −0.42 0.66

Attendance to workshop 0.96 *** 2.60 −0.31 0.73 0.07 1.07

Access to extension

None - - - - - -
Government 0.19 1.21 1.40 *** 4.04 −1.26 *** 0.28
Private −0.35 0.70 1.21 3.35 −0.84 0.43

Farm distance from water sources

Less than 1 km - - - - - -
1–3 km 0.28 1.33 −1.19 *** 0.30 0.38 1.46
4–5 km −0.87 0.42 −1.83 *** 0.1 1.45 *** 4.25
Over 5 km 2.05 7.80 −3.18 *** 0.04 1.11 3.02

Type of land ownership

Private - - - - - -
Communal 1.00 ** 2.73 0.82 2.27 −0.39 0.68
Leasehold 0.82 ** 2.27 −1.82 *** 0.16 −0.59 0.56

Note: *** significant at 1% level; ** significant at 5% level; * significant at 10% level.

While farmers with higher income and access to credit are less likely to reduce the acreage under
irrigation, those with access to government extension had a contrary opinion. Access to government
extension is positively correlated with a reduction of farm size during drought (odds = 4.04). However,
leaseholders had lower odds of reducing the acreage under irrigation by 0.16 times than farmers
with secure and communal tenure. Proximity to water sources had negative and significant effect
on reducing the acreage under irrigation during dry season, suggesting that farmers situated close
to water sources are less likely to reduce the size of land under irrigation. Membership to economic
network and access to government extension have negative predictive influence on farmers’ decision
to suspend farm operations.

The knowledge of IWRM principles among irrigators was statistically significant in relation
to attitude and practice variables. Chi-square (χ2) tests show the relationship between irrigators’
knowledge of water resources management and their inclination to engage in soil conservation
(χ2 (2) = 21.8, p = 0.000), and pollution reduction measures (χ2 (2) = 40.6, p = 0.000). Similarly,
the association between knowledge of IWRM and participation in cooperative management of water
resources (χ2 (2) = 40.7, p = 0.000), and compliance to abstraction permit (χ2 (2) = 24.5, p = 0.000) was
statistically significant.

4. Discussion

Farmers’ knowledge, attitude and practice regarding water resources management is
culture-dependent being impacted by demographic, socio-economic and institutional factors
(Tables 3–7). Privileged groups, such as wealthier and better educated individuals are better able to
understand local environmental challenges and more likely to express concerns about the deteriorating
environmental conditions, suggesting their sensitivity to changes in water quantity and quality.
Similarly, individuals with low education and income may encounter various stressors that limit their
knowledge and engagement in water management issues. This finding is supported by previous
studies [25,26,28,49]. Our findings further suggest that participation in community networks can
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enhance knowledge and understanding of water issues. Participation in community networks can
improve issue awareness and cultivate support for water policies and sustainable technologies and
practices. However, low social capital exerts significant, but negative influence on social learning and
sharing of information. These results are consistent with other findings [25,26,50,51] that knowledge of
water issues can be effectively disseminated in social networks.

The predictors of attitude and practices in sustainable water resource management were similar
to the ones determining knowledge of water resource management (Tables 3–5). These included
levels of income, participation in community networks and extension services. However, proximity
to a water source (stream or spring), land tenure and access to credit were the most significant
explanatory variables for attitude and practice in water resources management (Tables 4–7). The role
of extension services in building understanding and support for sustainable agricultural practices is
well demonstrated [52]. We found that farmers with access to extension had better knowledge of water
issues, and were more inclined to engage in soil conservation practices. Similarly, access to extension
services improved participation in collaborative management of water resources and compliance
with water permit, and such farmers were more likely to scale down farm operations during dry
season in response to water scarcity (Tables 4–7). Access to extension can improve knowledge of water
management issues, local climate and agronomy that can ultimately enable farmers to adjust their
practices [53]. This finding highlights the importance of extension services in cultivating support
for water policies and sustainable practices. While it is beyond the scope of water authorities to
review farmer extension systems and design farm water management programmes, they can use
and enrich existing extension services by disseminating and enhancing understanding of water
resource management issues among farmers in the Tsavo sub-catchment. Our results further showed
that, among water conservation practices in the sub-catchment, on-farm water storage was the least
common. Moreover, farmers with access to government extension were less likely to adopt on-farm
water storage-based production systems. This result is surprising because with greater access to
government extension, farmers would be expected to demonstrate better knowledge of on-farm water
storage, including recognition of its benefits that might improve adoption rate and farm performance.
More interestingly, access to credit had negative significant influence on willingness to invest in on-farm
water storage systems (Table 4), suggesting that farmers are risk averse and less likely to commit
short-term credit on long-term investment [54].

Social networks serve as serve as platforms for exchange of information and experiences which
ultimately build trust and norms of reciprocity among members. This is comparable to other
studies [51,55] that communication within networks enhances sustainable management of water
resources. These results resonate with our study which showed that social network enhanced
compliance to water allocation regulations and participation in cooperative management (Table 5),
and such farmers were likely to use boreholes to supplement irrigation needs during dry season
in response to water scarcity (Table 7). This is further supported by a previous study [56] that
networks support their members to access extension services, lobby for better policies and overcome
financial challenges.

The study has also shown the importance of farm location in predicting attitude and practices
towards water management. Farmers situated close to spring or stream had less favourable attitude
towards pollution reduction measures (Table 4), suggesting the association between crop habitat and
occurrence of pests and diseases. This finding is comparable to a study by [57] that crop habitat might
constrain pest management efforts and necessitate heavy use of farm chemicals that ultimately result
in land and water pollution.

The role of land right security in farmers’ decision to invest in land management has been
demonstrated [58]. We found that farmers who rent agricultural land under tenure rights that permit
cultivation for a specified period were less inclined to engage in soil management and water harvesting
practices (Table 4). This finding is consistent with common knowledge and established literature [59]
that poorly defined land rights can limit sustainable investments in agricultural land and water
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management. Although clearly defined land rights may bolster incentives for investment in land and
water resources, literature on property rights and sustainability shows mixed results on investment
outcomes [60]. This suggests that well-defined land rights do not guarantee sustainable investment in
agricultural land and water management. This finding is comparable to our result showing that farmers
who rent agricultural land under insecure property rights were more likely to invest in boreholes to
supplement irrigation needs (Table 7). Our results further suggest the connection between land rights
and participation in collaborative water management and compliance to water allocation regulations
(Table 5). Farmers who rent agricultural land were more likely to collaborate with other stakeholders
and comply with water permits, probably to win trust of the landowners and avoid confrontation
with the water authority. This finding is supported by previous literature [51] that collaboration
approaches to water management can serve as ‘catalysts of trust’ and build support for policies and
sustainable practices.

Other social factors influencing practice in water resources management included length of
residency and household size. Length of residency as a surrogate of age and farming experience is
associated with better knowledge and understanding of the local environment due to interactions
with ecosystems over the years. Such farmers accrue more information that can allow them to adjust
farming practices to changes in environmental conditions. Although this finding is aligned with
previous literature [43], it is at odds with other studies [61] that youthful farmers are more receptive
to alternative farm technologies and practices. Household size as a proxy to labour availability is
associated with investment in on-farm surface water storage. This suggests that large household is
more likely to adopt labour-intensive technologies. This is consistent with previous studies [62,63] that
large households are more likely to overcome labour constraints and adopt new farming practices.

This study has highlighted the link between knowledge of IWRM and attitude and practice in water
resource management. Thus, better knowledge and understanding of water resource management
issues appears as a pre-condition for sustainable water resource management. This information is useful
to policy-makers and water managers in their attempt to build trust and support for water policies
and sustainable practice. Promoting awareness and understanding of water policies, and improving
farmers’ participation in water management decision-making processes would be a logical starting
point for any water resource management intervention. Key messages of awareness campaigns
should focus on water resource conservation, but also ecosystem conservation and integrated water
resources management. These campaigns can be done through farmer educational meetings and
Chief’s baraza (forums). Further, this study provides evidence base for rethinking water resource
policies and strategies to improve their acceptability. Water policies focusing on balancing irrigation
water supply with the necessity to safeguard ecosystems and address vulnerabilities to climatic and
non-climatic stressors are most likely to get wide support among farmers in the Tsavo region. In
light of the study results, future water resource management interventions should take into account
underlying institutional and socio-economic factors, including livelihood challenges facing irrigators
in the Tsavo sub-catchment.

5. Conclusions

This study has analysed how irrigators in the sub-catchment are engaged in water management,
specifically what they know and value, and their practices in water management; and explores how
this can inform water resource planning. Ordinal regression model was used to assess knowledge
of IWRM principles, while binary logistic regression was used to estimate the predictors of attitude
and practice regarding water resources management. The results show that knowledge, attitude and
practice are culture-dependent being impacted by local networks, access to extension, attendance to
farmers’ education meetings, level of income, access to credit, land tenure and proximity to stream or
natural spring. Farmers have better knowledge of IWRM if they are better educated, more affluent,
belong to a local network, and have access to extension services. The predictive factors for attitude
and practices towards sustainable water resource management are similar to the ones predicting
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knowledge. These include levels of income, membership to local networks and access to extension.
However, proximity to water sources (stream or spring), land tenure and access to credit were the most
significant explanatory variables for attitude and practices. Since knowledge of water management
issues informed attitudes and practices, improved awareness and targeted extension support are
necessary in the development and implementation of policy decisions on water resources management.
Although this study has highlighted the need for targeted extension services and awareness, future
education-based interventions must move beyond information sharing and spreading awareness and
focus on specific policy decisions and water management practices. These interventions should mainly
target farmers who have demonstrated favourable attitude towards water resource management
practices, such as on-farm surface water storage.
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