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Abstract- Watershed degradation is an example of natural resource degradation that affects environment and food security
negatively. Integrated Land and Watershed Management Project in Kibuon and Tende catchments (ILWMKTP) ran from 2009 to
2014. The programme focused on reduction of degradation by using soil and water conservation practices. The survey was carried
out in Kisii, Nyamira and Homa Bay Counties which were purposively selected since they implemented the project. The study
was an ex post facto research design which used cross sectional survey approach that applied qualitative and quantitative data
collection procedures. The survey targeted a population of 9,475 respondents who implemented ILWMKTP project while the
accessible population was 370 farmers who were proportionately selected through simple random method. The survey used a
questionnaire and an interview schedule to collect data from farmers and key informants. A research tool was used to gather data
on attitude farmers’ in terms of practices used to control watershed degradation. Data analysis was done using SPSS version 25.
There were significant differences in levels of positive attitude on watershed management practices. Responses captured were
rated on a five point likert scale and frequencies were run for respondents who agreed on positive statements on the practices and
their percentages were between fifty one and seventy one percent. This implied that respondents had different levels of positive
attitude on watershed management practices in the catchments.

Index Terms- Attitude, watershed, practices and management

. INTRODUCTION
Water and soil are key in economic development of any nation through agricultural production (Heiner, Shames & Spiegel,
2016). Globally, watershed degradation has become severe affecting more than 20 percent of agricultural land, 30 percent of
forested and 10 percent of grassland. Affected areas range between 20 percent to 50 percent of land in Sub Saharan Africa
inhabited by 200 million people (Tamene, IKindu, Woldearegay & Aberra, 2014). Watershed degradation is the most serious
natural resource degradation affecting environment and socio-economic factors (Atnafe, Ahmed & Adane, 2015). It threatens food
security making watersheds prone to climate change variability including poverty (Mesfin, 2010; Ibido, 2015; Kieti, Kauti &
Kisangau, 2016). Kibuon and Tende catchments are on Eastern side of Lake Victoria in South West Kenya and were characterized
with degradation which contributed to less water base flow and enhanced poverty. Benefits of watershed management cannot be
overstated, therefore Integrated Land and Watershed Management Project in the catchments was implemented from 2009 to 2014
to enhance land productivity and water base flow in the in the two rivers. The agricultural extension programme planning and
implementation interventions used an Integrated Project Extension Approach in ILWMKTP to disseminate watershed
management practices. The approach is the best for dissemination of soil and water conservation practices among smallholder
farmers who are resource limited.
Literature Review
Global Degradation of Watersheds
Most developing countries in the world are keen on watershed management because of its negative effect on food security
(Swallow, Onyango & Meinzen-dick, 2008). Watershed degradation and limited land resources have a negative impact on systems
used in food production expected to feed a world population of 9 billion people by 2050 (Manuelli, Hofer, & Vita, 2014). Soil
erosion contributes to watershed degradation which reflects in a decline in food productivity (Blinkov, Kostadinov & Marinov,
2013).
Degradation of Watersheds in the Tropics

Watershed degradation is an economic constraint that affects livelihoods in many nations. Its management in Ethiopia enhances
effective use of natural and social capitals in the Country (Tiki, Kewessa & Wudneh, 2016). According to Mondal, Singh, Singh,
Singh and Kumar, (2013), Indian watershed projects address protection of natural resources to increase production. Profitability is
crucial in conservation of watersheds because benefits from some of the practices are not felt immediately (Darghouth et al.,
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2008). According to Mesfin, (2010) the decision to implement practice watershed management starts with accepting erosion as an
issue since some of the structures take between 5-15 years before their effects are felt. Their uptake is determined by social and
economic factors, and demographic factors (Ibido, 2015 & Adjaye, 2008).

Degradation of Watersheds in Kenya

Watershed degradation in Kenya is caused by high population, over-use of natural resources, climate variability and release of
pollutants in the environment (GoK, 2014; Kieti, Kauti & Kisangau, 2016; Gunya, 2009). Degradation reduces forest cover
despite their products being used by eight percent of Kenyans (Swallow & Meinzen-dick, 2008 & Lake Victoria South Catchment
Area, 2012). Like many countries, Kenya is faced with inter-related constraints in terms of limited resources, food insecurity and
competition for natural resources due to watershed degradation (Heiner, K. , Shames, S. & Spiegel, 2016). It affects well- being of
watersheds which provides goods and services to communities (Kieti et al., 2016). The country is experiencing faster depletion of
natural resources than they are replenished for example around Lake Naivasha there is water scarcity due to water over use by
horticulture and industries in the area (World Bank, 2016). Watershed degradation results in low productivity of watersheds due
to human activities (Mainuri & Owino, 2016).

Farmers’ Attitude on Watershed Management Practices promoted in the Catchments

Farmers’ attitude plays a major role in uptake of watershed management practices and they may choose to take up the practices or
not. Positive attitude contributes to high uptake of watershed management practices (Hosseini, Daryaei, & Rahnama, 2014).
Farmers’ positive attitude in terms of water resource management and behavioral change contribute to enhanced responses on
watershed conservation and enhance investment in the practices (Pino, Toma, Rizzo, Miglietta & Peluso, 2017). Their positive
attitude, beliefs and readiness to change increases uptake of the practices (Wisdom & Chor (2013). Positive environmental attitude
encourages farmers to take up watershed management practices as they anticipate positive change (Prokopy, Towery & Babin,
2013). The positive attitude towards land degradation, benefits of soil and water conservation practices and increased land
productivity enhance uptake of the practices (Kipngeno, 2007). Farmers with positive attitude towards alleviation of soil erosion
on their farms take up soil and water conservation practices to reduce the erosion and improve productivity (Kerse, 2018). Further,
attitude shapes the farmers’ opinion in terms of uptake of watershed management practices. Positive attitude is significant in
uptake of practices and maintenance of degraded watersheds (Wolka & Negash, 2014). A study in Iran showed that farmers’
positive attitude on uptake of watershed practices and acceptance of soil erosion as a major constraint contributed greatly to
uptake of the practices (Hosseini et al., 2014). Support from the Government and private organizations motivated development of
a positive attitude among farmers to take up soil and water conservation practices leading to enhanced uptake of the practices
(Zerssa, Bezabih & Dinkecha, 2017). High rate of uptake for soil and water conservation practices is enhanced by ease of use, low
cost and their effectiveness among farmers with positive attitude (Junge, Deji, Abaidoo, Chikoye & Stahr, 2009). In addition, most
farmers who take up soil and water conservation practices show interest in taking up the practices. Short term impact, positive
attitude of the practices and benefits increase the rate of uptake of the practices among farmers (Mithun, 2013). They can take up
many practices as long as benefits are higher than their cost of implementation (Kipngeno, 2007).

1. IDENTIFY, RESEARCH AND COLLECT IDEA
Geographical Description of the Study Area

The survey was conducted in rivers Kibuon and Tende catchments which cover Kisii, Nyamira and Homa Bay Counties in South
West Kenya. The area was purposively selected because of having implemented a project on watershed management. The study
area receives rain two times in per year; Homa Bay County is located between LM; to LM, agro ecological zones and receives
450-1000 mm of rain per year. Kisii County lies between LH; to LH; agro ecological zones and receives rainfall range between
1500mm to 2000mm per year while Nyamira County is situated between LH; to UM, agro ecological zones and receives between
1500 mm to 2000mm of rain per year. The catchments run from Nyamira, Kisii Counties through Homa Bay County into Lake
Victoria. Kibuon catchment was divided in 3 sub catchments; Kibuon (K1, Kabondo (K2) and Kasipul (K3) sub catchments while
Tende catchment was divided in three sub catchments namely; Tende (T1), Isanta T2 and Mogusii (T3) sub catchments. Tende
(T1) and Kibuon (K1) are situated in the upper part of the two catchments. Kibuon (K2) and Tende (T2) are found in middle
catchments while Kibuon (K3) and Tende (T3) are situated in the lower parts of both catchments.

Research Design

The design was an ex post facto research design with cross sectional survey approach which combined qualitative and quantitative
data collection methods. Ex post facto is a systematic empirical enquiry without alteration of independent variables since they had
already taken place (Manjunath, 2014). Both primary and secondary data were utilized. Primary data was gathered from
respondents and key informants using interview schedules and questionnaires respectively. Additional data was collected through
observation. Reports, policy documents and books from Government institutions provided secondary data. The design was
suitable because the farmers interviewed had equal opportunities to participate in the research since they implemented the project
and conditions were not changed during the interview.

Population of the Study
The target population was 68 CBOs that participated in implementation of ILWMKTP project with a membership of 9,475
farmers in the project area (Ndeda, 2014). The accessible population was 370 members of 34 CBOs.
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3.5. Sample Size and the Sampling Techniques

The research area was selected purposively because it implemented a project on watershed management. Proportionate multiple-
stage cluster sampling method was used and the study area divided into sub catchments based on the area where the project was
implemented and each sub catchment was represented by a number of CBO members. Through proportionate simple random
sampling, 50 per cent of the CBOs were selected for the survey. Simple random sampling method was used to get respondents
proportionately in every CBO. From 68 CBOs, 34 CBOs were systematically selected each member was selected through simple
random sampling procedures. A sample size table by Krejcie and Morgan (1970) in a research paper by Hashim, (2010)
recommends a sample size of 370 people from a population of 10,000 people. Nine staff who participated in implementation of
the project were interviewed and 370 respondents who were distributed to each sub catchment proportionately were also
interviewed.

Instrumentation

The study applied interview schedule and questionnaire to respondents and key informants respectively to gather data. A research
tool was developed to examine respondents’ attitude on watershed management practices. This ensured that data collected met the
objective of the study. The study also used observation to gather additional data. Data collected was generalized to a wider area
although care and more research needed to be conducted since there are different factors which contribute to uptake of watershed
management practices in different areas.

Data to be collected
Data was collected from respondents and key informants from both Kibuon and Tende catchments. The data gathered was on
general characteristics of respondents and farmers’ attitude on watershed management practices promoted in the catchments.

Data Collection Procedures

Through Kisii University, a research permit was sought from National Commission of Science, Technology and Innovation
(NACOSTI). Agriculture Department in the study area was informed and data was collected from respondents through face to face
interview. The research utilized primary and secondary data which was collected from books, journals, reports, policy documents
and research papers. Secondary data collected was complemented by data from face to face interview that was conducted in the
sub catchments. Data from the farmers and extension staff was triangulated to inform conclusions that were drawn.

Data Analysis

Quantitative data was analyzed using statistical package for social sciences version 25 while qualitative data was dummy coded
and analyzed using SPSS also. Descriptive statistics was used to determine frequencies, means and standard deviations among sub
catchments in terms of watershed management practices. For inferential statistics, ANOVA was used to compare means in sub
catchments on watershed management practices. Tukey post hoc determined significant differences on watershed management
practices. The results were rated on a 5 point likert scale where 1 represented strongly disagree, 2 was disagree, 3 was neutral, 4
was agree and 5 represented strongly agree. Level of significance for inferential statistics was set at 0.05% (Table 3).

Table 1: A Summary of Data Analyses for the Hypothesis

Hypothesis Independent variables Dependent variable Statistical method
Ho1 There is no statistically significant -Attitude -Terracing ANOVA, Tukey post hoc
difference in farmers’ attitude on watershed -Cover cropping test, frequencies, mean,
management practices promoted in the -Grass strip standard deviations were
catchments. establishment used

Agro forestry

Il. RESULTS AND DISCUSSIONS
General Respondents’ Characteristics

Gender of the Respondents

The study interviewed 370 respondents who constituted by 63.2 percent men and 36.8 percent women. Most of the project
implementers (234) out of 370 were men while 136 were women. Many women participated in biological and alternative
economic enterprises that were not labour intensive to manage for example poultry production, goat rearing and fish farming in
the catchments. Decisions on land use were made by men who also provided labour for tedious work in terms of terraces
construction. Men were expected to motivate women positively towards watershed management practices and engage them in
field activities through provision of labour. These findings agreed with a research report by Wagayehu and Lars (2015) in their
study on adoption of soil and water conservation measures which established that although men were heads of households and
responsible for decision making on farm activities, women provided primary labour. Increase in labour requirements in soil and
water conservation activities is achieved through involvement of women in farm activities to control soil erosion by implementing
decisions made by men (Tennyson, 2005). Promotion of gender participation by FAQ in activities in watershed programmes and
their direct involvement has been successful through provision of labour and skills in uptake of practices in watersheds thereby
increasing uptake rate (Table 4).

Table 2: Gender of the Respondents

Gender Frequency Percentage
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0 (Male) 234 63.2
1 (Female) 136 36.8
Total 370 100
Age of Respondents

Most of the farmers interviewed (74.3 percent) were above 40 years of age and majority were between 50-60 years old while 5.7
percent were below 40 years of age. The lowest percentage (1.4%) was represented by respondents who were below 30 yearsout
of the total sample size (Table 5). Data analysis indicated that participation in watershed management technologies was influenced
by age. Land was valued by older people compared to young people therefore they made the decision to participate in soil and
water conservation activities to conserve the watersheds which improved soil fertility and translated in increased productivity.
This is in line with findings by Bayard, Jolly and Shannon (2006) in their study on adoption and management of soil conservation
practices in Haiti which indicated that age influenced participation in soil and water conservation whereby uptake increased with
progression in age which was also reported by (Sheikh, Redzuan, Samah, & Ahmad, 2014) in their study on factors influencing
farmers’ participation in water management.

Table 3: Age Ranges for Respondents

Age ranges Frequency Percentage
20-30 years 5 14

30-40 years 16 4.3

40-50 years 58 15.7

50-60 years 221 59.7
Above 60 years 70 18.9

Total 370 100

Marital Status

Many farmers interviewed were married (99.5 percent). Married men had more labour for soil and water conservation practices
implementation provided by wives and children compared to those who were not married. The project worked with men, women
and youth who were either married or single (Table 6). Men made decisions on which soil and water conservation practices to be
taken up on their farms while women and youth implemented decisions made by providing family labour. They participated in
watershed management to restore productivity in maize, milk and forage for improved household income through enhanced
watershed management. Similar observations were reported by Rehema (2014) in her study on factors influencing adoption of soil
conservation measures in Tanzania which established that married women participated in soil conservation to increase family
income although decisions on practices were made by men. German, Mansoor, Alemu, Getachew, Mazengia, and Stroud, (2006)
confirmed in their study on participatory integrated watershed management that successful watershed management needed to
address constraints affecting both women and youth in relation to decision made by men in the catchment for active participation
by family members. There was need to consider female domains like reduced areas under agroforestry reflected in less wood fuel
and how land use practices affected livelihoods of the people living in catchments.

Table 4: Marital Status

Marital status Frequency Percentage
Married 368 99.5

Not married 2 5

Total 370 100

Farmer’s Level of Education

Majority of the respondents had primary level of education followed by secondary level while the least percentage (1.4 percent) of
respondents attained tertiary level of education (Table 7). This implied that farmers were able to participate and implement soil
conservation practices as long as they had basic education and were taken through the trainings which was similarly reported by
Lesch and Wachenheim (2014) in their study on factors influencing conservation practice adoption in Agriculture which reported
that education was inconsistent in participation of respondents in soil and water conservation practices. Uptake of watershed
management technologies increases with proper trainings regardless of education level which does not agree with findings by
Sheikh et al. (2014) in their study on factors influencing farmers’ participation in water management who found out that education
influenced implementation of soil and water conservation technologies in the catchment.

Table 5: Farmers’ Level of Education

Age ranges Frequency Percentage
Not gone to school 33 8.9
Primary level 193 52.2
Secondary level 130 35.1
Middle level college 9 24
Tertiary 5 14

Total 370 100
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Size of Family

There were varied family sizes whereby majority had more than 5 family members (70 percent), followed by 5 members (23.8
percent) and the rest had between 2- 4 family members (Table 8). Many households provided labour needed for implementation of
watershed management practices in the catchments which did not agree with a study by Tadesse and Belay (2004) on factors
influencing adoption of soil conservation measures in Southern Ethiopia which established that family size affected participation
in watershed management practices negatively. High number of households capitalized on short term benefits and would not
consider participating in soil conservation whose benefits are long term. Similar findings were reported by Mutuyimana (2015) in
her findings on effects of integrated soil and water management on livelihoods which reported family size being important for
active participation by farmers in soil and water conservation.

Table 6: Family Size for Respondents

Number of family members Frequency Percentage
2 2 5

3 5 1.4

4 16 4.3

5 88 23.8
Above 5 259 70

Total 370 100

Size of Land

Sizes of land ranged between % an acre to more than one acre. Half of the respondents (49.7 percent) owned more than one acre,
thirty nine point nine percent (39.9 percent) owned one acre and 10.8 percent had less than one acre of land (Table 9). Most of the
respondents who implemented Integrated Land and Watershed Management Project in Tende and Kibuon had more than 1 acre of
land because some of the practices required more space for their construction while those with smaller pieces of land put one
retention ditch on the upper part of their farms and invested in cover crops and agroforestry along the fence. These findings were
also reported by Tadesse and Belay (2004) on factors influencing adoption of soil conservation measures in Southern Ethiopia
who reported size of land being positive and significantly influenced uptake of soil conservation technologies. Smaller sizes of
land restricted implementation of physical technologies which agreed with findings by Mutuyimana (2015) in effects of integrated
soil and water management on livelihoods in Rwanda which established that size of land affected uptake of soil and water
conservation technologies.

Table 7: Size of Land

Acreages Frequency Percentage
Y% acre 10 2.7

Ya 30 8.1

1 acre 146 39.5

More than one acre 184 49.7

Total 370 100

FARMERS’ ATTITUDE ON WATERSHED MANAGEMENT PRACTICES

Attitude towards watershed management practices was determined on a five point likert scale in which 1 represented strongly
disagree, 2 was disagree,3 was neutral, 4 was agree while 5 represented strongly agree. Data was subjected to ANOVA to
compare means, descriptive statistics determined frequencies, means and standard deviations while Tukey post hoc was used to
determine significant differences. Responses rated on a 5 point likert scale were analyzed, discussed and presented in a frequency,
mean and standard deviations, ANOVA and Tukey post hoc tables.

Productivity is Reducing because of Soil Erosion

The following means and standard deviations were achieved; Kibuon K2 had a mean of 4.30 and standard deviation of 0.709,
Kibuon K1 had a mean of 4.20 with a standard deviation of 1.082, Tende T1 had a mean of 4.01 with a standard deviation of .595,
Mogusii T3 had a mean of 4.00 with a standard of .795. This was followed by Kasipul K3 with a mean of 3.94 and standard
deviation of .785. Sub catchment with the least mean was Isanta T2 with a mean of 3.83 and .601 standard deviation (Table 157).
Table 8: Means on Productivity Reducing because of Soil Erosion

Sub catchment N Mean Standard deviation
Kibuon K1 15 4.20 1.082

Kibuon K2 70 4.30 .709

Kasipul K3 51 3.94 .785

Tende T1 148 4,01 .595

Isanta T2 47 3.83 .601

Mogusii T3 39 4.00 795

Total 370 4.04 .703
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ANOVA results showed that there were significant difference at F = 3.277, p = .007 on the level at which productivity was
reducing due to soil erosion in different sub catchments. This indicated that sub catchments were significantly different which
implied that attitude on soil erosion reducing productivity varied from one sub catchment to the other (Table 158). Multiple
comparisons showed that Kibuon K2 and Isanta T2 had significant mean difference of .470 significant at .005 which indicated that
scores on productivity reducing due to soil erosion varied in Kibuon K2 and Isanta T2.

Table 9: ANOVA Results on Productivity Reducing because of Soil Erosion

Variations Sum of squares DF Mean square F Sig.
Between Groups 7.857 5 1.571 3.277 .007
Within Groups 174.535 364 479

Total 182.392 369

Through Tukey post hoc, Isanta T2 was similar to Kasipul K3, Mogusii T3, Tende T1 and Kibuon K1 and significantly different
from Kibuon K2. Many respondents in Kibuon K2 reported productivity reducing due to soil erosion followed by Kibuon K1,
Tende T1, Mogusii T3, Kasipul K3 and Isanta T2. Kasipul K3, Mogusii T3, Tende T1 and Kibuon K1 were not significantly
different from any sub catchment (Table 159).

Table 10: Tukey Post Hoc Analysis Results on Productivity Reducing because of Soil Erosion

Sub catchment N 1 2
Isanta T2 47 3.83

Kasipul K3 51 3.94 3.94
Mogusii T3 39 4.00 4.00
Tende T1 148 401 4,01
Kibuon K1 15 4.20 4.20
Kibuon K2 70 4.30
Significant 174 .203

A high mean value (4.30) of respondents from Kibuon K2 reported productivity reducing because of soil erosion. Kibuon K1
followed closely with a mean difference of 3.20. Tende (mean- 4.01) was third followed by Mogusii T3 (mean- 4.0), Kasipul K3
(3.94) and lastly Isanta T2 (mean of 3.83). Most means were above 4.00 an indication that the respondents were aware that
productivity was reducing due to soil erosion which was an indication of positive attitude towards watershed management
practices promoted in the catchments. The positive attitude encouraged implementation of soil conservation practices improving
on productivity. Analyzed data had an average mean running from 3.83 to 4.30 which indicated that many respondents had a
positive attitude towards watershed management practices because of soil erosion which was confirmed by Worku and Tripathi
(2015) in their research on watershed management in Highlands of Ethiopia which reported that land degradation, soil erosion and
deforestation have contributed to reducing productivity and food shortage in Ethiopia. These findings were also reported by Abebe
(2018) in his study on impact of soil and water conservation for improved agricultural production in Ethiopia who reported
annual yield in Ethiopia was decreasing due to soil erosion and soil fertility due to absence of soil conservation practice.

Absence of Soil Conservation Practices on a Farm Contributes to Low Yields

Data gathered was subjected to the descriptive statistics and various means and standard deviations achieved; Kibuon K2 had a
mean of 4.04 with a standard deviation of 1.060, Isanta T2 had a mean of 3.77 with a standard deviation of .520, Kasipul K3 had a
mean of 3.75 with a standard deviation of .997, Mogusii T3 had a mean of 3.67 with a standard deviation of .662 and Tende T1
had a mean of 3.62 and standard deviation of .654. Kibuon K1 had a mean of 3.47 and a standard deviation of 1.060 (Table 160).
Table 11: Means on Absence of Soil Conservation Practices on a Farm Contributes to Low Yields

Sub catchment N Mean Standard deviation
Kibuon K1 15 3.47 1.060

Kibuon K2 70 4.04 731

Kasipul K3 51 3.75 997

Tende T1 148 3.62 .654

Isanta T2 a7 3.77 .520

Mogusii T3 39 3.67 .662

Total 370 3.74 744

There were significant differences at F = 3.692, p = .003 through ANOVA on the levels at which absence of soil conservation
technologies contributed to low yields in different sub catchments (Table 161). Multiple comparisons showed Kibuon K2 and
Tende T1 had significant mean difference (mean difference .421, significant at .001) which implied that respondents in the two
sub catchments scored differently on absence of conservation technologies contributing to low yields.

Table 12: ANOVA Results on Absence of Soil Conservation Practices Contributes to Low Yields

Variations Sum of Squares DF Mean Square F Sig.
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Between Groups 9.849 5 1.970 3.692 .003
Within Groups 194.194 364 534
Total 204.043 369

Homogenous sub sets displayed results in two columns. Kibuon K1 reported less on absence of soil conservation technologies
contributing to low yields in comparison with Tende T1, Mogusii T3, Kasipul K3 and Isanta T2. It was significantly different
from Kibuon K2 which reported more absence of soil conservation technologies contributing to reduced yields. Tende T1,
Mogusii T3, Kasipul K3 and Isanta were not significantly different from any sub catchment (Table 162).
Table 13: Tukey Post Hoc Results on Absence of Soil Conservation Practices Contributing to Low Yields

Sub catchment N 1 2
Kibuon K1 15 3.47

Tende T1 148 3.62 3.62
Mogusii T3 39 3.67 3.67
Kasipul K3 51 3.75 3.75
Isanta T2 47 3.77 3.77
Kibuon K2 70 4.04
Significant 462 114

Kibuon K2 was ranked first in responses on absence of soil conservation practices contributing to low yields. This showed that
many respondents in the sub catchment knew that absence of soil conservation practices contributed to low yields. Isanta T2 was
second in the ranking while Kibuon K1 had the least report which implied that a smaller number of respondents knew that absence
of soil conservation practices on a farm contributed to low yields. Sub catchments had means ranging from 3.47 to 4.04 which
showed that they agreed to the positive statement which was an indication of positive attitude which contributed to
implementation of soil conservation practices improving yields. Those who did not implement them had low productivity
confirmed by Worku and Tripathi (2015) in their report on watershed management in Highlands of Ethiopia which reported that
fertile land for agricultural production was reducing in Ethiopia due to soil erosion following absence of soil conservation
practices. This hampered the country from producing enough food for the increasing population which agreed with findings by
Govers, Merckx, Wesemael, VVan and Oost (2017) in their study on soil conservation in the 21% century who reported soil erosion
contributing to imbalances in soil thereby outstripping productivity resulting in decreased yields.

Generally Yields Correspond Positively to Soil Depth

Data collected was subjected to descriptive statistics and the following means and standard deviations were achieved: Kasipul K3
had the highest mean of 3.92 and a standard deviation of .744. Kibuon K2 had a mean of 3.89 and a standard deviation of 0.843,
Kibuon K2 had a mean of 3.89 and a standard deviation of .843, Mogusii T3 had a mean of 3.72 with a standard deviation of
0.759. Isanta T2 had a mean of 3.55 and a standard deviation of.686, Tende T1 had a mean of 3.49 and standard deviation of .778
while Kibuon K1 had a mean of 3.20 and standard deviation of 1.082 (Table 163).

Table 14: Means on Yields Correspond Positively to Soil Depth

Sub catchment N Mean Standard deviation
Kibuon K1 15 3.20 1.082

Kibuon K2 70 3.89 .843

Kasipul K3 51 3.92 744

Tende T1 148 3.49 778

Isanta T2 47 3.55 .686

Mogusii T3 39 3.72 759

Total 370 3.65 .808

Further, ANOVA test results indicated that there were significant differences at F = 4.819, p = 0.000 on the level at which yields
correspond positively to soil depth in different sub catchments (Table 164). Multiple comparison presented 4 pairs of sub
catchments that were significantly different from each other; Kibuon K2 and Kibuon K1 had significant difference, 686 significant
at 0.028, Kibuon K2 was different from Tende T1 with 0.392 mean difference significant at 0.009, Kasipul K3 and Kibuon K1
were significantly different with 0.722 mean difference and 0024 significance while Kasipul K3 was significantly different from
Tende T1 with a mean difference of 0.428 mean difference significant at .011.

Table 15: ANOVA Results on Yields Correspond Positively to Soil Depth

Variations Sum of squares df Mean squares F Significant
Between Groups 14.939 5 2.989 4.819 .000
Within Groups 225.680 364 .620

Total 240.619 369
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Homogenous sub sets were in two columns. Kibuon K1 reported less on yields corresponding to soil depth compared to Tende T1,
Isanta T2, Mogusii T3, Kibuon K2 and Kasipul K3. Tende T1 and Isanta T2 were not significantly different to any sub catchment

(Table 165).

Table 16: Tukey Post Hoc Analysis Results on Yields Correspond Positively to Soil Depth

Sub catchment N 1 2
Kibuon K1 15 3.20

Tende T1 148 3.49 3.49
Isanta T2 47 3.55 3.55
Mogusii T3 51 3.72
Kibuon K2 70 3.89
Kasipul K3 51 3.92
Significant .357 .159

Kasipul K3 had higher responses on yield corresponding positively to soil depth while Kibuon K2 was second. Kibuon K1 had the
lowest responses on yields corresponding positively to soil depth. Low mean values for sub catchments indicated that some
respondents did not know that yield generally corresponded positively to soil depth. There were high means ranging from 3.20 to
3.92 which indicated positive attitude by agreeing that yield corresponded positively to soil depth which agreed with a study by
Hirzel and Matus (2013) in their study on effect of soil depth and increasing fertilization rate on yield and its components which
reported that soil depth was found to affect crop yield, the height and number of tillers. Jabro, Stevens, Iversen and Evans ( 2010)
in their study on tillage depth effects on soil physical properties reported that tillage depth loosened soil, increased water
infiltration and fertilizer placement which contributed to higher yields than crops grown on shallow soils that reduce water
infiltration.

Investing in Soil and Water Conservation on the Farm is Important

The following means and standard deviations were attained: Kibuon K2 had a mean of 3.97 and a standard deviation of .868.
Kasipul K3 had a mean of 3.84 with a standard deviation of 0.903. Mogusii T3 had a mean of 3.72 and a standard deviation of
0.857. Tende T1 had a mean of 3.52 and a standard deviation of 0.884 which was followed by Isanta T2 with a mean of 3.51 and
standard deviation of 0.718. Sub catchment with the least mean was Kibuon K1 with a mean of 3.47 and a standard deviation of
1.060. Many farmers in Kibuon K2 responded positively to investing in soil and water conservation on the farm being important
thereby showing their positive attitude towards watershed management technologies (Table 166).

Table 17: Means on Investing in Soil and Water Conservation is Important

Sub catchment N Mean Standard deviation
Kibuon K1 15 3.47 1.060

Kibuon K2 70 3.97 .868

Kasipul K3 51 3.84 .903

Tende T1 148 3.52 .884

Isanta T2 47 3.51 718

Mogusii T3 39 3.72 .857

Total 370 3.67 .884

ANOVA test results showed that there were significant differences at F= 3.470, p = 0.004 on the level at which investing in soil
and water conservation was important in different sub catchments (Table 167). Multiple comparisons showed Kibuon K2 and
Tende T1 sub catchment were significantly different (.451 mean difference significant at 0.005.

Table 18: ANOVA Results on Investing in Soil and Water Conservation is Important

Variations Sum of squares DF Mean squares F Significant
Between Groups 13.108 5 2.622 3.470 .004
Within Groups 13.108 364 .756

Total 288.111 369

Homogenous sub sets were displayed in one column. Few respondents in Kibuon K1 were aware that investing in soil and water
conservation on the farm was important compared to Isanta T2, Tende T1, Mogusii T3, Kasipul K3 and Kibuon K2. The sub
catchments had more similarities on importance of investing in soil conservation on the farm which placed them in one column

(Table 168).

Table 19: Tukey Post Hoc Results on Investing in Soil and Water Conservation being Important
Sub catchment N 1
Kibuon K1 15 3.47
Isanta T2 47 3.51
Tende T1 148 3.52
Mogusii T3 39 3.72
Kasipul K3 51 3.84
Kibuon K2 70 3.97
Significant 110
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There were higher numbers of responses on investment in soil and water conservation being important from respondents in
Kibuon K2 followed by respondents in Kasipul K3. Fewer respondents were from Kibuon K1 sub catchment. Means ranged
between 3.47 and 3.97 which showed respondents’ positive attitude towards investing in soil and water conservation on the farm
to be important. Those who had positive attitude invested in soil conservation technologies which controlled soil erosion and
improved productivity. This was reported by (Dollinger, Dages, Bailly, Lagacherie and Voltz, 2015) on managing ditches for agro
ecological engineering of landscape who reported that through food production agriculture was predisposing land to soil erosion,
water pollution and biodiversity reduction which called for control of watershed degradation for continued agricultural production.
This was supported by Mutuyimana (2015) in her study no effects of integrated soil and water management on livelihoods in
Rwanda who reported increase in agricultural productivity in Rwanda due to .investment in soil conservation on farms.

Property Increase on the Farm through Soil and Water Conservation

Through descriptive statistics the following means and standard deviations were attained; Kasipul K3 sub catchment had the
highest mean of 4.04 and a standard deviation of 0.916. Kibuon K2 sub catchment had a mean of 3.96 with a standard deviation
of. 875, Mogusii T3 had a mean of 3.64 and a standard deviation of .873. Tende T1 had 3.55 mean and a standard deviation of
0.868. Isanta T2 had a mean of 3.47 and a standard deviation of 0.873. Kibuon K1 had a mean of 3.13 with a standard deviation of
1.246 (Table 169).

Table 20: Means on Increase in Property on the Farm via Soil and Water Conservation.

Sub catchment N Mean Standard deviation
Kibuon K1 15 3.13 1.246

Kibuon K2 70 3.96 .875

Kasipul K3 51 4.04 916

Tende T1 148 3.55 .868

Isanta T2 47 3.47 .873

Mogusii T3 39 3.64 .873

Total 370 3.68 918

ANOVA test results indicated that there were significant differences at F = 5.327, p = .000 on the level at which property increase
on the farm through soil and water conservation in different sub catchments (Table 170). Multiple comparison showed that:
Kibuon K2 and Kibuon K1 had .824 mean difference significant at .016, Kibuon K2 and Tende T1 had .410 mean difference
significant at .021, Kibuon K2 and Isanta had 0.489 mean difference significant at 0.045, Kasipul and Kibuon K1 had 0.906 mean
difference significant at 0.008 and Kasipul K3 and Isanta T2 had 0.571 mean significant at 0.021. The findings showed that the
sub catchments had some differences in their scores in relation to increase in property through investment in soil and water
conservation.

Table 21: ANOVA Results on Increase in Property via Soil and Water Conservation

Variations Sum of squares df Mean square F Significant
Between Groups 21.209 5 4.242 5.327 0.000
Within Groups 289.872 364 .796

Total 311.081 369

Homogenous sub sets were displayed in two columns. Kibuon K1 reported less increase of property through soil and water
conservation compared with Isanta T2 Tende T1 Mogusii T3, Kibuon K2 and Kasipul K3. Isanta T2, Tende T1 and Mogusii T3
were not significantly different from any sub catchment. Kasipul K3 reported high increase of property through soil and water
conservation (Table 171).

Table 22: Tukey Post Hoc Results on Increase in Property on the farm via Soil and Water Conservation

Sub catchment N 1 2
Kibuon K1 15 3.13

Isanta T2 47 3.47 3.47
Tende T1 148 3.55 3.55
Mogusii T3 39 3.64 3.64
Kibuon K2 70 3.96
Kasipul K3 51 4.04
Significant 0.124 0.056

Kasipul K3 had a high number of respondents who reported property increase on the farm through soil and water conservation by
improving soil fertility to enhance productivity. Improved productivity would be reflected in high income that could be used to
buy assets on the farm. Kibuon K2 was second in reporting on the same variable followed by Mogusii T3 and the last sub
catchment was Kibuon K1. The results indicated that some respondents in Kibuon K1 were not aware that investment in soil and
water conservation could lead to acquisition of more property on the farm. The mean ranged from 3.13 to 4.04 which showed that
many respondents agreed that investment in soil and water conservation led to increased property on the farm which was an
indication of positive attitude. The positive attitude encouraged investing in soil conservation practices and improved agricultural
productivity. Wolancho (2015) in his study on evaluating watershed management activities in Ethiopia reported that watershed
management technologies enhanced ecological and environmental conditions of watersheds. It improved income of the
community members who were able to use their income to increase their property on the farm. This was in agreement with
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findings by Tugizimana (2015) in his study on effects of soil and water conservation techniques which reported that soil
conservation practices reduced soil erosion, increased soil fertility and improved crop yields which resulted in high maize yields
in Ghana that was reflected in improved income which was used to buy and improve on farm implements.

Replacement of Eucalyptus Trees with Agroforestry Trees in the Riparian Areas Contributed to an Increase in Water Levels in
Kibuon and Tende Rivers

Through descriptive statistics, different means and standard deviations for the sub catchments were attained. Kibuon K2 had a
mean of 3.91 with a standard deviation of 0.794, Kasipul K3 had a mean of 3.84 with a standard deviation of 0.880, Isanta T2 had
a mean of 3.79 and a standard deviation 0.657, Tende T1 had a mean of 3.68 with a standard deviation of 0.835, Mogusii T3 had a
mean of 3.64 with a standard deviation of 0.843. Kibuon K1 had the lowest mean of 3.60 and a standard deviation of 0.910 (Table

172).

Table 23: Means on Replacement of Eucalyptus with Agroforestry trees in Riparian Areas

Sub catchment N Mean Standard deviation
Kibuon K1 15 3.60 910

Kibuon K2 70 391 794

Kasipul K3 51 3.84 .880

Tende T1 148 3.68 .835

Isanta T2 47 3.79 .657

Mogusii T3 39 3.64 .843

Total 370 3.75 .818

The ANOVA test result did no show significant difference at F= 1.202, p = .308 on the level at which replacement of eucalyptus
trees were replaced by agroforestry trees in riparian area in different sub catchments (Table 173). Multiple comparisons failed to
show sub catchments that were significantly different which implied similarities among sub catchments.

Table 24: ANOVA Results on Replacement of Eucalyptus with Agroforestry Trees in Riparian areas

Variations Sum of squares Df Mean square F Significant
Between Groups 4.014 5 .803 1.202 .308
Within Groups 243.110 364 .668

Total 247.124 369

Homogenous sub sets displayed one level that Kibuon K1 had the lowest report on replacement of eucalyptus trees with
agroforestry in riparian areas contributed to increased water levels in Kibuon and Tende rivers while Kibuon K2 had the highest
report on replacement of eucalyptus with agroforestry increased water in Kibuon and Tende rivers. Kibuon K1 reported less
compared to Mogusii T3, Tende T1, Isanta T2, Kasipul K3 and Kibuon K2 (Table 174).

Table 25: Tukey Post Hoc Results on Replacement of Eucalyptus with Agroforestry Trees in Riparian Areas

Sub catchment N 1

Kibuon K1 15 3.60
Mogusii T3 39 3.64
Tende T1 148 3.68
Isanta T2 47 3.79
Kasipul K3 51 3.84
Kibuon K2 70 3.91
Significant .535

Kibuon K2 sub catchment had high number of respondents who agreed that replacement of eucalyptus trees with agroforestry
trees in riparian areas would contribute to water levels in Kibuon and Tende rivers. They knew that agroforestry trees do not have
high water abstraction like eucalyptus which was planted near rivers and in swamps in the catchments. Kasipul K3 also had a fair
level of knowledge on replacement of eucalyptus trees with agroforestry trees in riparian areas would increase water levels in
rivers Kibuon and Tende. Kibuon K1 had the least number of responses although the differences were not significant. Most of the
respondents interviewed agreed (mean of above 3) that eucalyptus trees should be replaced with agroforestry trees which agreed
with (Kenya Forest Service, 2009) in their Guide to on-Farm Eucalyptus Growing in Kenya which indicated that they should not
be planted in riparian areas, along rivers within less than 30 metres, on irrigated farms and areas that receive less than 400 mm of
rainfall. This was confirmed by Khonkaen (2011) in his study on use of check dams in Watershed Management in which they
determined that when eucalyptus trees were cut down from riparian areas water flow in rivers increased.

A Summary of Sub Catchment Ranks on Farmers’ Attitude on Watershed Management Practices

Using Tukey post hoc means, Kibuon K2 was ranked first in column | in three practices. The sub catchment had more responses
on respondents’ attitude on watershed management practices promoted in the catchments. This showed that many respondents in
Kibuon K2 sub catchment had positive attitude towards watershed management practices. In column 2 Kibuon K2 was ranked
first in two practices. In column 3 Mogusii T3 was ranked first in three practices while in column 4 Mogusii T3 and Tende T1
were both ranked first in two different practices. In column 5 Tende T1 and Isanta T2 were ranked first each in two different
practices. In column 6 Kibuon K1 was ranked first in 4 practices. Kibuon K1 had the least responses on respondents’ attitude on
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watershed management practices promoted in the catchments because it was ranked last (6) in four practices. This implied that
fewer respondents had positive attitude towards watershed management practices in Kibuon K1 (Table 175).

Table 26: Ranked Levels of Farmers’ Attitude on Watershed Management Practices

Variable 1 2 3 4 5 6

Productivity is reducing because of soil Kibuon K2 ~ Kibuon K1 ~ Tende T1 Mogusii T3 Kasipul K3  Isanta T2
erosion

Absence of soil conservation Kibuon K2  Isanta T2 Kasipul K3~ Mogusii T3  Tende T1 Kibuon K1
technologies on the farm contributes to

low yields

Generally yields correspondent  Kasipul K3 Kibuon K2 ~ Mogusii T3  Isanta T2 Tende T1 Kibuon K1
positively to soil depth

Investing in  soil and water Kibuon K2  Kasipulk3  Mogusii T3  Tende T1 Isanta T2 Kibuon K1
conservation on your farm is important

Property increase on the farm through Kasipul K3  Kibuon K2~ Mogusii T3  Tende T1 Isanta T2 Kibuon K1
soil and water conservation

Summary for Sub Catchments on farmers’ Attitude on Watershed Management Practices

Data on farmers’ attitude on watershed management practices was analyzed and sub catchments attained different positions.
Kasipul got position 1 because it appeared in 4 columns. Position 2 was taken by Kibuon K2 which appeared in three columns and
Isanta was third by appearing in 3 columns. Tende T1 was 4 because it was ranked in 3 columns. Mogusii T3 was 5 due to
appearing in 2 columns while Kibuon K1 was in position 6 for appearing in 2 columns. The positions were assigned to sub
catchments based ranks attained in practices tested on. The ranks ran from 1 (highest) to 6 (the lowest) and were based on means
in Tukey post hoc tables. The means indicated differences in the level of attitude on different watershed management practices
promoted in the catchments (Table 176). The higher the means the more positive attitude respondents had towards watershed
management practices.

Table 27: Summaries for Ranks on Attitude on Watershed Management Practices

Sub catchment Ranks attained Position
Kibuon K1 2 and 6 6
Kibuon K2 1,2and 6 2
Kasipul K3 1,2,3and 5 1
Mogusii T3 3and 4 5
Isanta T2 2,4and 6 3
Tende T1 3,4and5 4

Respondents who Agreed to the Positive Statements on Soil Conservation practices

A frequency table was run on respondents who agreed to the positive statements on soil conservation practices. About 39 percent
of the respondents agreed that cover cropping contributed to watershed management. More than half (59.4 percent) of the
respondents agreed that terracing controlled runoff speed while 51 percent reported that contour ploughing controlled watershed
degradation. Majority of the respondents (70 percent) agreed that check dams controlled soil erosion. Grass strips reduced runoff
flow was reported by 52.4 percent. About 71 percent agreed that retention ditches increased infiltration thereby reducing soil
erosion. The findings showed that more than half of the respondents agreed that soil conservation practices contributed to
watershed management which was an indication of positive attitude (Table 177).

Table 28: Frequency of Respondents who Agreed to the Positive Statements on Soil Conservation Practices

Practices SD D N A SA Total (Agreed)
Cover cropping contributed to watershed 1.6 8.9 50.3 27.8 114 39.2
management

Terracing controlled runoff speed 1.4 7.8 31.4 43.2 16.2 59.4

Contour ploughing controlled watershed degradation 3.8 111 33.8 38.4 13 51.4

Check dams controlled soil erosion 3.2 6.2 21.1 54.6 14.9 69.5

Grass strips reduced runoff speed 3.8 10.8 33 37 154 52.4

Retention ditches increased infiltration 2.7 8.6 17.3 57 14.3 71.3

V. GET PEER REVIEWED
1. Conclusions should be derived from the findings. They should have supportive information emanating from the findings
before they are stated.
2. All tables in the research paper should be formatted using guidelines provided by APA manual.
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The information provided by the peer helped in deriving conclusions by describing how the conclusion was drawn as opposed
to stating the conclusion without explaining how it came about.
Formatting of all tables was done according to APA manual

VL. CONCLUSION

Data analysis indicated different levels based on means in the sub catchments. Responses to test farmers’ attitude towards
watershed management practices were analyzed and results indicated different levels (1-6 ranks). A frequency table for those
who agreed to positive statements on watershed management practices ranged from 39.2 to 71.3 percent. The findings on
farmers’ attitude towards different watershed management practices and frequency on those who agreed to positive
statements on the practices showed various levels with an average mean of 3.00 which indicated positive attitude towards
watershed management technologies. It was therefore concluded that respondents in the sub catchments had different levels
of positive attitude towards watershed management practices.
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