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Abstract 

Availability of water in quantity and quality affects economic growth. The aim of this study was to 
assess water resource conservation under fluctuating inter-annual rainfall regimes in Imenti North 
District, Kenya. Unsustainable use of water resources has drastically affected the volumetric flows of 
Ngaciuma/Kinyaritha River rendering some of its tributaries seasonal. This has adversely affected 
accessibility to adequate water for both domestic and agricultural use. A study was carried out to 
understand the adoption levels of water conservation practices in Imenti North. The influence of water 
resource accessibility on adoption of water conservation (WC) practices and constraints were assessed. 
Primary and secondary data were utilized. Descriptive statistics was used to analyse socioeconomic 
parameters. Regression, correlation and spearman’s t-test were used to compare the relationship 
between variables. Tree planting, roof catchment and bench terraces were the major WC practices in 
use. Multiple regression analysis revealed that lack of technical knowhow could explain 83.5% 
variations of adoption level of WC practices. One sample t-test comparing the means of WC practices 
among respondents’ was significant at P<0.01. Spearman’s rank test revealed a decreasing trend during 
the long rains (March-May) for the period 1986-2008 at P<0.05. The disparity between the levels of 
adoption among water users coupled with the decreasing seasonal rainfall calls for urgent and better 
management of water resources in the study area. 
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Introduction 

Critical discussions and negotiations on water resources have been on the international agenda and 
have elevated water resource to a greater global awareness. Water is a scarce resource, yet an essential 
component for human survival. This scarcity is linked to climate change; demand that exceeds available 
water resources and most importantly unsustainable use of the resource (Molle, 2000). Many parts of 
the world, markedly the Middle East and the sub Saharan Africa are experiencing intense competition 
over limited inland water resources. This situation is serious in shared drainage basins where it has 
heightened political conflicts (McCartney, 2000). The situation in Kenya is not any better. Kenya 
receives less than 647/m3 of fresh water per capita per year, making it one of the most water scarce 
countries in Africa and the world (WRI, 1994). Competition over water between agricultural, industrial, 
domestic and municipal needs has worsened, stretching the recovery of hydrological systems (Orie, 
1995). Kenya experiences high rainfall variability, low investment in water resources development and 
poor protection of the existing water resources resulting in extensive degradation (Were et al., 2006). 

A basic water management challenge is to find ways to satisfy human needs while coping with climatic 
changes and protecting the water resource from long-term degradation. With regard to water resource 
management, the use of participatory approach is one of the principles of the Dublin convention 
(Cosgrove and Rijsberman, 2000). The concept partly reflects the observation that people who inhabit 
an environment over time are often the ones most able to make decisions about its sustainable use. 
However, the vast majority of people have become passive observers, and a few people are taking 
decisions for everyone else. That is one of the prime reasons why the water resources are being 
destroyed (McLvor, 2000). The real revolution in water resources management will therefore come 
when all stakeholders, where possible, have the power to manage their own water resources. Efforts 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

2 

should be made to maximize productive water use. This could be by finding and stopping wasteful 
leaks, enhancing focused irrigation techniques, using less water-intensive industrial processes, 
implementing wastewater recycling, and overall conservation of water catchment areas (Mitchell et al., 
2004).  

Most of the people living in the rural areas tend to overexploit their immediate environments. 
According to Gikonyo (2004) indiscriminate cutting of trees has impacted negatively on precipitation 
and river systems in the Tana Catchment which houses Ngaciuma/Kinyaritha watershed, the study 
area. Some tributaries in the watershed have become seasonal due to increased land use changes and 
direct over-abstraction (WRMA, 2008). The sub-catchment also experiences temporal variations in water 
demand that creates a negative balance between demand and supply during the dry season (DAAD, 
2008). This study addresses the following key 

questions: How has been the trend in rainfall for the period 1986-2008 in the study area? What is the 
level of adoption of water conservation practices in the study area? Which are the constraints faced? 
Does accessibility and participation in local Water Resource Users Associations (WRUAs) affect 
adoption of water conservation practices? 

Materials and methods 

Study area 

Ngaciuma/Kinyaritha watershed is located within Meru municipality geographically bound by 
latitudes 37.5° E and 37.75° E and 0.04°N and 0.15° N. The watershed covers an area of 167 km2 in 
Imenti North District, Kenya. Climatic conditions range from humid to semi-humid with Agro-
ecological zones UM1=Coffee-Tea Zone, UM2= Main coffee Zone and UM3= Marginal coffee zones 
(Jaetzold et al., 2007). Rainfall is bimodal with mean annual rainfall range of 1100-1600 mm and annual 
temperatures range of 10-30oC. Altitude ranges from 1120- 2600 m. Geology of the catchment comprises 
pyrocrasts (Plate1) and the major soils are nitisols (Plate2) which are poorly consolidated hence 
susceptible to erosion, mass movement and high seepage where water is conveyed in open channels. 

 

 

      Plate 1: Nitisols    Plate 2: pyrocrasts 

Data collection 

Data was negated from primary and secondary sources. Primary sources included administering of 
questionnaires, focus group discussions, key informant interviews and non-participatory observations. 
The fieldwork was conducted between the months of June and October 2011. Secondary data included 
rainfall data acquired from Kenya Meteorological Department in Nairobi and Water Resource 
Management Authority in Imenti North sub-regional office. Before the main study, a reconnaissance 
survey was carried out to pre-test the research instruments and work out modalities of identifying 
respondents in the study area.  
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Data analysis 

Descriptive statistics were used to analyse socioeconomic parameters. To measure the adoption level of 
water conservation practices, a weighting system was used that assigned values to each conservation 
practice based on its importance as perceived by the respondents relative to all other conservation 
practices. The weighted importance score for each practice was multiplied by reported answers of 
implementation from respondents. Finally, respondents were categorized as "low", "fairly low", "fairly 
high" and "high" adopters based on the collective ‘adoption score’. Score ranges for low, fairly low, 
fairly high and high adoption categories were determined by mean and standard deviation, as follows 
(equation 1): 

Min<A<Mean-St.d: A= Low 

Mean-St.d <B<Mean: B = Fairly Low…………………………………………………………1 

Mean <C<Mean+St.d: C= Fairly High 

Mean+St.d <D<Max: D = High 

Trends in rainfall were analyzed using the Ms Excel software to generate graphs. Spearman Rank 
Correlation test was used to test the null hypothesis of no significant variations in trends of rainfall and 
stream flow for the period 1986 - 2008 in Ngaciuma/Kinyaritha watershed. Rainfall data was ordered 
and ranked from the lowest to highest. The differences between the rankings were computed and 
squared. The latter were summed up to yield ∑∂i2. The Spearman Rank Correlation (rs) was computed 
using equation 2. 

                                 N 

rs= 1- 6∑∂i2∕ N(N2-1)………………………………………………(2) 

                                i=1 

 

Where, ∂i=ki-I, ki is the rank of the series xi and N the total number of observations. The approximate 
significance of rs2 for N>8 and df =N-2 was calculated by computing: 

 

t=rs {df∕ (1-rs2)}0.5……………………………………………….. (3) 

 

Coefficient of variation was computed to compare variability of each water conservation methods 
adopted among the respondents. Correlation analysis was used to measure the association between 
dependent and independent variables. Stepwise multiple linear regression model was used to explain 
variations in adoption level of WC practices among respondents. Eleven independent variables: Age, 
Education level, Household size, participation in WRUA conservation activities, Farm size, level of 
information sources and channels, economic motivation, stewardship motivation, level of awareness on 
sustainable WC practices, attitude towards conservation practices and level of technical knowhow were 
fitted in model. Backward elimination approach which involved starting with all independent variables 
and testing them one by one for statistical significance, deleting any that was not significant was used to 
fit the regression model. 

Results and discussion 

Household characteristics for each zone are given in Table 1. Majority of the respondents’ were farmers 
at 83.7%. Due to unreliability of rainfall, rain fed agriculture is no more reliable and thus majority of the 
farmers are practicing irrigated agriculture. Despite the perception that the study area is well watered, 
lack of adequate water supplies was the major hindrance to the expansion of irrigation and livestock 
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keeping having up to 75% of mentions (Table 2). This is an indicator that Ngakinya/Kinyaritha 
watershed is faced with inadequate water supplies against the perception that the watershed is well 
watered. 

Table 1: Summary characteristics of selected households according to Zones 

Household 
Characteristics 

Description                                  Locations 

  Upper Zone Middle Zone Lower Zone Average (%) 

Sex (%) 

 

Male 

Female 

66 

34 

82 

18 

80 

20 

76 

24 

Education (%) level 
of respondents 

 

Primary 

Secondary 

Tertiary 

None 

50 

26.7 

13.3 

10 

48.6 

20 

22.9 

8.5 

54 

25 

10 

11 

50.9 

23.9 

15.4 

9.8 

Age (%)  

 

18-36 

37-54 

>54 

33.3 

50 

17.7 

28 

56.7 

15.3 

21 

66.4 

12.6 

27.4 

57.7 

15.2 

Occupation of 
household heads 

 

Farmer 

Civil servants 

Business persons 

90 

6.7 

3.3 

78 

12 

10 

83 

8 

9 

83.7 

8.9 

7.4 

 

Table 2:  Major constraints limiting expansion of irrigation agriculture 

Constraint Number of times Mentioned Percentage of Mentions 

Land size 60 50 

Water accessibility 48 40 

Lack of adequate water 90 75 

Market problems 6 5 

Cost of farm inputs 30 25 

Note the percentages do not add to 100% because the respondents answered to more than one constraint. 

 

Analysis of rainfall trends for the period 1986-2008 Analysis of rainfall for the period 1986 - 2008 shows 
an inter-annual fluctuation in rainfall and declining rainfall trends both linearly and in five year moving 
averages (Figure 2). 
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Figure 2: Inter-annual fluctuations in rainfall for the period 1986-2008 

The Spearman test showed a significant decreasing trends for the long rains (March-May) for the period 
1986- 2008 at a statistically significant level of p<0.05 (Table 3). This indicates reduction in water 
resources as rainfall is the major source of water for rivers and ground water replenishment. This 
would therefore imply inadequate water supply for both domestic and agricultural uses. 

Table 3: Spearman’ test for annual, long (Mar-May) and short (Oct-Dec) rainfall 

 Period 1986-2008 1986-1995 1996-2008 

 Df 20 8 10 

Annual rainfall 

 

rs 

T 

-0.22179 

-0.9500 

0.29697 

0.0857 

-0.2940 

-0.5620 

Long rains(Mar-May) 

 

rs 

T 

-0.4048 

-1.9563a 

0.0303 

0.0857 

-0.2940 

0.46905 

Short rains(Oct-Dec) 

 

rs 

T 

0.03500 

0.1566 

0.1636 

0.46905 

0 

0 

a Trends statistically significant at p<0.05.  

 

Analysis of perceived indicators of sustainable water conservation practices Tree-planting; Rainwater 
harvesting by use of roof catchments; Bench terraces and Mulching are top of the list in terms of 
prioritization by the respondents (Table 4). Drip irrigation according to respondents required a lot of 
expertise and finances to put up the systems hence the least water conservation method in 
Ngaciuma/Kinyaritha watershed. 
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Table 4: Prioritized indicators of sustainable water conservation practices 

Conservation method Mean Standard deviation 
(Std) 

Coefficient of Variation 
(CV) 

Priority 

Tree planting 

Rainwater harvesting 

Bench terracing 

Mulching 

Vegetative strips 

Infiltration ditches 

Waste water reuse 

Fanya juu 

Water metering 

Drip irrigation 

0.670 

0.767 

0.667 

0.500 

0.750 

0.308 

0.322 

0.256 

0.287 

0.156 

0.140 

0.161 

0.300 

0.225 

0.338 

0.302 

0.395 

0.376 

0.422 

0.293 

0.209 

0.210 

0.450 

0.450 

0.451 

0.980 

1.227 

1.469 

1.470 

1.878 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

 

Analysis of adoption level of WC practices and the constraints Table 5 shows the levels of adoption of 
water conservation practices. It could be inferred from the Table that majority of respondents fell into 
either fairly low or high ranking. 

Table 5: Adoption level of water conservation practices by respondents 

Group Scale Frequency %of frequency 

Group1 (low) 

Group2 (Fairly low) 

Group3 (Fairly high) 

Group4 (High) 

Total 

3.817 

3.818-5.280 

5.281-6.743 

7.9 

21 

48 

21 

30 

N=120 

17.5 

40.0 

17.5 

25.0 

100 

                      Max:7.9,                  Min: 1.4,                           Mean: 5.28,                        Std:1.463 

 

The community faces constraints despite the efforts to participate in water conservation practices (Table 
6). However, an important finding from this study was that some of the listed adoption constraints 
decreased with increase in the number of water conservation practices adopted. Similar findings have 
been observed elsewhere by others (Tenge et al. 2004). Lack of capital was a major constraint. Wealth is 
linked to power and property rights over natural resources affecting peoples’ option for adopting 
technology (Knox and Meinzen, 1999). Those who posses a higher quantity and quality of endowment 
will place a higher future on medium and longterm benefits produced by investment in water 
conservation technologies. Majority of the farmers enjoyed security of tenure having title deeds for their 
land, thus land tenure was not a major constraint. 

Table 6: Observed constraints in relation to the number of WC practices adopted 

  Scores by number of WC practices adopted a (%) 

Adoption constraints Frequency 

 

Overall score 
(%) 

 

1(n=8) 

 

2(n=15) 

 

3(n=62) 

 

4(n=35) 

Lack of capital 

Lack of technical  

Land tenure insecurity 

Small farm size 

Benefit not known 

100 

72 

9 

90 

8 

83.3             

60.0 

7.5 

75.0 

6.7 

41.65 

28.80 

6.4 

22.5 

6.03 

24.99 

19.8 

1.1 

7.5 

0.67 

8.33 

9.00 

0.00 

15.0 

0.00 

8.33 

2.40 

0.00 

30.0 

0.00 
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a Types and numbers of adopted WC measures may have included the following measures either singly or in 
combination: Fanya juu; bench terraces; grass strips; mulching; tree planting rain water harvesting; waste water 
reuse(Kitchen gardens) and water metering 

Correlation analysis of adoption level of WC Practices and Selective Variables 

 Table 7 shows there is a positive association between adoption of WC practices and information 
sources as well as communication channels at P<0.01. The positive association implies that as the level 
of information and communication channels increase, the adoption of WC practices increases and vice 
versa among farmers’ in Ngaciuma/Kinyaritha watershed. Similarly economic motivation/income 
level was positively associated P<0.01 with adoption. Sinder and King (1990) in their study on water 
conservation technologies adoption found that economic factors promote actual adoption by farmers. 
There was a positive and significant correlation (P<0.01) between the level of awareness about the 
effects of water conservation practices and level of adoption. A similar finding was reported by 
Mahboubi, 2005 in their study on factors affecting adoption behaviour of water conservation 
technologies in Gol watershed in Iran. Similarly the level of knowledge is positively and significantly 
(P<0.01) correlated with the WC practices adopted. 

Table 7: Correlation between adoption level of WC practices and selective variables 

Variables  Coefficient of variation 

Age   

Education level 

Household size 

Participation in WRUA conservation activities 

Farm size 

Level of information sources and channels 

Level of economic motivation(Income level) 

Level of stewardship motivation 

Level of awareness on sustainable WC practices 

Level of technical know- how 

 

 

 

 

 

 

 

-0.033 

-0.013 

-0.013 

0.126 

0.353** 

0.460** 

0.334** 

0.331* 

0.136 

0.918** 

* (P<0.05) and ** (P<0.01) 

 

Regression analysis explaining variations in adoption level of WC Practices In order to explain 
variations in adoption level of WC practices, stepwise linear regression analysis was used. The results 
show that the level of technical know-how could explain 83.5% of variations in adoption level of water 
conservation activities among respondents (Table 8). 

Table 8: Regression analysis computing variations in adoption level of WC practices 

Description Label Water conservation practice 

B T 

Constant  2.158 7.084** 

Level of knowledge (Technical 
know-how) 

∂ 0.693 18.255* 

F=333.237** R2=0.835 R2adj=0.832  * (P<0.05)  and 

** (P<0.01). 

* (P<0.05) and ** (P<0.01) 

 

According to the results presented in Table 8, the following model could be used to explain 
respondents’ adoption level of water conservation practices in the study area: 
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Y= 0.695∂+ 2.157.     Where Y=Dependent variable representing respondents adoption level of water 
conservation practices and ∂ is the level of technical know-how of the respondent. 

Conclusion and recommendations 

Accelerated water resource degradation is among major constraints to agricultural production. The 
result of analysis of rainfall indicates reduction in water resources as rainfall is the major source of 
water for rivers and ground water replenishment. Since adoption of many recommended water 
conservation measures is still minimal in many areas, paying attention to the factors which determine 
adoption is a priority. Looking at the factors expected to influence adoption of water conservation 
practices, participation in Water Resources User Association (WRUA), information sources and 
channels, economic motivation, level of awareness and level of technical knowhow appear important 
factors due to their positive and significant correlation with independent variable adoption. These 
factors interact with each other logically to influence adoption. Additionally the research provides 
evidence showing that the level of technical knowledge received notable support regarding water 
conservation practices in the regression model. The findings provided a basis for the following 
recommendation. It is generally true that access to information sources and communication channels 
with relevant content may increase awareness about the effects and consequences of water conservation 
practices among farmers while providing them with required technical knowledge. By understanding 
the economic and environmental effects of water conservation practices, effective uptake of WC 
technologies may occur. Thus, provision of required information via various information sources and 
communication channels in order to raise farmers’ awareness is suggested. Community awareness on 
the conservation measures should be promoted through the use of mass media. The solution is to better 
target extension services and improve the methods of information delivery. Whereas lack of technical 
knowhow is cited as a hindrance to adoption, the farmers should be made to know the practices and 
how best to integrate or incorporate these practices in their agricultural activities for better living as 
well as protect the environment. 
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