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Abstract Declining soil fertility and productivity is
a critical problem facing smallholder farmers in the
central highlands of Kenya. A study to improve soil
fertility and farm productivity within the smallholder
farming systems in the area was carried out from
2003 to 2006. The specific objectives were to identify
farming system constraints, evaluate and disseminate
potential integrated soil fertility management (ISFM)
interventions using participatory approaches, assess
achievements and impacts, and document learning
experiences emanating from the methodologies used.
The participatory approaches used were Participatory
Rural Appraisal (PRA), mother—baby approach (with
emphasis on demonstration), farmer groups, stake-
holders planning meetings, village training workshops,
cross-site visits and participatory monitoring and eval-
uation. The core problems identified were low crop
and fodder yields that were caused by erratic rain-
fall, soil erosion, low soil fertility and small land sizes.
There was high participation of farmers in all the part-
nership activities, and this possibly contributed to the
high uptake of the technologies for testing by farmers
whereby after only 2 years a total of 970 households
were testing the new technologies. Maize yields at the
farm level increased by more than 150% following use
of the new ISFM interventions and about half of the
farmers within the groups planted close to 500 trees
propagated in the group nurseries. We recommend that
pathways to reach more farmers should concentrate
on demonstrations, farmer training grounds, field days
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and farmer groups and that a policy framework should
be put in place to impart appropriate skills in ISFM to
the extension workers.
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Introduction

Declining soil fertility in sub-Saharan Africa, a phe-
nomenon that has ultimately led to soil degradation
and reduced per capita food production, has become a
serious issue of global concern (Bationo et al., 2004).
Studies indicate that high population growth rates
in sub-Saharan Africa, resulting in abandonment of
fallow periods and subsequent intensification of agri-
culture without proper land management and addition
of nutrients, is the primary cause of nutrient depletion
in this region (Smaling et al., 1997). As population
grows, soil fertility continues to be depleted by crop-
harvest removals, leaching and soil erosion, as farmers
are unable to sufficiently compensate these losses by
returning nutrients to the soil via crop residues, manure
and mineral fertilizers.

The humid highlands of central Kenya are charac-
terized by high population pressure with growth rate
of about 2.9%. To feed this ever growing population,
the available land is cropped continuously without ade-
quate external inputs of both organic and inorganic
nutrient supplements. This has led to soil nutrient
depletion and land degradation evidenced by declin-
ing agricultural productivity, soil analytical indicators
and soil nutrient balance studies. Use of inorganic
fertilizers to replenish the soil nutrients is one of the
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major ways of counterbalancing this nutrient depletion
but farmers in central Kenya use insufficient amounts
of inorganic fertilizers (Woomer and Muchena, 1996).
High costs of fertilizer, lack of know-how about their
usage and lack of incentives to use fertilizer have indi-
vidually or jointly constrained fertilizer optimal use.
As a result, soil fertility continues to decrease and has
been identified as one of the root causes of declining
per capita food production in the area.

Over the years, integrated soil fertility management
(ISFM) technologies have been developed by scien-
tists to address the problem of soil fertility decline but
the adoption in the farmers’ fields remains minimal.
Poor research extension linkages coupled with poor
dissemination methodologies are some of the causes
of low adoption (MoA, 2002). The successful dis-
semination and adoption of new knowledge-intensive
practices such as ISFM technologies requires much
more than the transfer of knowledge and germplasm;
it involves building partnerships with farmers and a
wide range of stakeholders (participatory), ensuring
appropriateness of the practice, assisting local commu-
nities to mobilize resources and ensuring participation
of farmers’ groups and encouraging adoption (Franzel
et al., 2002). Participatory research methods have been
advocated as a means to improve relevance of the
developed technologies and adoption by smallholder
farmers (Cramb, 2000). According to its support-
ers, the benefits of this approach are twofold: locally
adapted improved technologies and improved exper-
imental capacities of farmers. Practical field experi-
ences reveal that impressive results can be achieved
when farmers and outsiders “join hands” (Haverkort,
1991).

Involvement of farmers in selection of soil fertil-
ity technologies has proved more problematic, with
few successful models (Kanyama-Phiri et al., 1998).
Highly variable performance of technologies is one
challenge, and local adaptation is one of the ways
of optimizing performance in the heterogeneous envi-
ronment that exists in smallholder farming systems.
However, gaps still remain on how this can be
achieved as there are relatively few studies with
farmer-participatory approaches. The purpose of this
study was therefore to use the participatory approach
(Chambers et al., 1987; Okali et al., 1994) to diag-
nose farming system constraints, involve farmers in
ISFM technologies development and dissemination

and document achievements as well as learning
experiences emanating from the methodologies used.
Farmers’ involvement is essential because they (farm-
ers) understand their complex biophysical, social-
cultural and economic environment better than anyone
else and are therefore better in adapting new technolo-
gies which are crucial in accelerating adoption.

Research in ISFM Technologies

Integrated soil fertility management (ISFM) is now
regarded as a strategy that helps low resource endowed
farmers mitigate problems of poverty and food inse-
curity by improving the quantity of food, income and
resilience of soil productive capacity. According to
Kimani et al. (2003), the ISFM approach advocates
for careful management of soil fertility aspects that
optimizes production potential through incorporation
of a wide range of adoptable soil management prac-
tices. It also entails the development of soil nutrient
management technologies using inputs that meet the
farmers’ production goals and circumstances as a way
of enhancing adoption of improved soil management
options (Palm et al., 1997). According to these authors,
there has been a major change in the research and
development paradigms over the years, which has led
to adoption of the integrated soil nutrient management
paradigm.

Integrated nutrient management (INM) is the back-
bone of ISFM approach, which entails integrated use
of organic and inorganic sources of plant nutrients,
as well as the entirety of possible combinations of
nutrient-adding practices. INM emphasizes on improv-
ing the agronomic efficiency of the “external inputs”
that are being used (Kimani et al., 2003). Many stud-
ies including long-term ones have shown that INM
results in more yield and nutrient use efficiency than
that expected from mere additive effects of sole appli-
cations (Bekunda et al., 1997).

One of the organic resources which has generated
a lot of interest among the scientific community is
Tithonia diversifolia (tithonia). Tithonia is a herba-
ceous roadside weed which is also commonly used as
a boundary hedge and has been shown to improve soil
fertility and increase crop yields substantially in west-
ern and central Kenya (Jama et al., 1997; Mugendi
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et al., 2001). The green leaf biomass of tithonia is
high in nutrients, in the order of 3.5-4.0% N, 0.35%
P, 4.1% K, 0.59% Ca and 0.27% Mg on a dry mat-
ter basis (Rutunga, 2000), produces large quantities
of biomass and tolerates regular pruning (Buresh and
Niang, 1997), which is a favourable characteristic for
its use in soil fertility improvement. Application of
tithonia biomass has been shown to double maize
yields without application of mineral fertilizers in a
wide variety of farmer-managed trials (Sanchez and
Jama, 2002). In many cases, maize yields were higher
with application of tithonia biomass than with com-
mercial mineral fertilizer at equivalent rates of N, P
and K.

Fast growing leguminous trees/shrubs have also
been identified to have potential to alleviate farmers’
problems of soil infertility and soil erosion (Mugwe
and Mugendi, 1999). These trees have root nodules
that biologically fix nitrogen from the atmosphere,
making them available to plants via soil incorporated
prunings (Odee, 1996). In addition, when planted on
contour hedgerows, they reduce soil erosion through
the hedge effect and enhance formation of natural ter-
races (Mugwe et al., 2004). Calliandra calothyrsus
(calliandra) and Leucaena trichandra (leucaena) are
some of the key leguminous trees that have shown pos-
itive results in western Kenya and central highlands of
Kenya (Jama et al., 1997; Mugendi et al., 1999). For
example, results from Embu (central Kenya) showed
that the treatment plots that received biomass of cal-
liandra and leucaena (with or without fertilizer) col-
lected outside the plots gave the highest maize yields
(Mugendi et al., 1999).

Researchers have also shown that herbaceous
legumes, also known as legume green manure
crops, are an effective means of sustaining soil
fertility (Abayomi et al., 2001). They have been
found to contribute significant quantities of N
(30-110 kg N ha™!) to the associated or succeeding
crops (Constantinides and Fownes, 1994). Notable
examples include Mucuna pruriens (mucuna or Velvet
bean), Crotalaria ochroleuca (Tanzanian sunnhemp)
and Lablab purpureus (Dolichos or Lablab bean) that
have successfully been intercropped with maize in
many parts of the world with resultant increase in
grain yields of the subsequent maize compared to
continuously grown maize (Giller, 2001).

Cattle manure is another very important resource
that farmers have been using for many years to

effectively alleviate the problem of soil fertility decline
(Probert et al., 1995). Manures have the advantage of
supplying the essential plant nutrients either directly or
indirectly (Palm et al., 1997), add to soil organic matter
(humus) and improve soil physical and chemical char-
acteristics (Kimani et al., 2004). Manure has also been
demonstrated to restock the particulate organic mat-
ter fraction better than fresh residues (Kapkiyai et al.,
1998) and to exhibit a long-term benefit with its abil-
ity to release nutrients slowly, thereby guarding against
loss through leaching.

There was a realization however that even after
many years of research a large yield gap remained
between the yields in the farmers’ field and the on-
station experiments. Therefore, in 2000, a demonstra-
tion trial aiming at offering farmers ISFM technolo-
gies for replenishing soil fertility was established in
Kirege School, Meru South District. Farmers from
Kirege started taking up the technologies and by
2003, about 203 farmers were trying the ISFM tech-
nologies in their farms and they indicated that their
yields were increasing. With this information it was
realized that there was need to expose the tech-
nologies to more farmers in the region; therefore,
a project aimed at increasing the dissemination and
adoption of the technologies to farmers was started in
2003.

Materials and Methods
Description of the Study Area

The study was conducted in Chuka division of Meru
South District of Kenya. Meru South District is situ-
ated between latitudes 00°03'47”N and 0°27'28”S and
longitudes 37°18'24”E and 28°19'12”E. The district
covers an area of 1032.9 km? and Chuka division cov-
ers an area of 169.6 km?. According to agro-ecological
conditions (based on temperature and moisture sup-
ply), the area is in the Upper Midland Zone (UM2-
UM4) (Jaetzold et al., 2006) on the eastern slopes of
Mt. Kenya with an annual mean temperature of 20°C
and a total bimodal rainfall of 1200-1400 mm. The
rainfall comes in two seasons: the long rains (LR) last-
ing from March through June and short rains (SR) from
October through December.
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The area is dominated by farming systems with a
complex integration of crops and livestock and small-
holder farms that are intensively managed. Land sizes
are small ranging from 0.1 to 1.5 ha with an average
of 1 ha (GOK, 2001). The main cash crops are coffee
and tea while the main staple food crop is maize, which
is cultivated from season to season mostly intercropped
with beans. Other food crops include potatoes, bananas
and vegetables that are mainly grown for subsistence
consumption. Livestock production is a major enter-
prise in the region, especially of dairy cattle mostly
consisting of improved breeds. Other livestock in the
area include sheep, goats and poultry.

The study was carried out in four sites. These
were Muthambi Division (Murugi), Chuka Division
(Mucwa and Kirege) and Magumoni Division
(Mukuuni). These sites were chosen using GPS coor-
dinates to try to cover the district as much as possible.
Kirege (00°20'07.1”S; 37°36'50.8"E) is located in
upper midland 3 with an altitude of approximately
1473 m above sea level. Mucwa (00°18'48.2"S;
37°38'38.8"E) is located in upper midland 3 with an
altitude of approximately 1373 m above sea level.
Mukuuni (00°2330.3”S; 37°39'33.7"E) is located in
upper midland 4 with an altitude of approximately
1287 m above sea level. Murugi (00°23'30.3”S;
37°39'33.7”E) is located in upper midlands 3 and 4
with an altitude of approximately 1287 m above sea
level.

The soils in Kirege, Mukuuni and Mucwa are
Rhodic Nitisols while in Murugi they are Humic
Nitisols. These are deep, well-weathered soils with
moderate to high inherent fertility but over time soil
fertility has declined due to continuous cropping and
minimal use of fertilizers. They have generally low
concentrations of organic carbon (<2.0%), nitrogen
(<0.2%) and available phosphorus (<10 ppm) and are
moderately acidic (pH ranges from 4.8 to 5.4). All
these conditions are unfavourable for crop production
and result in low crop yields.

Dissemination Approaches Used
Participatory Rural Appraisal (PRA)

Participatory Rural Appraisal (PRA) is a growing fam-
ily of approaches and methods to enable local people

to share, enhance and analyse their knowledge of life
and conditions and to plan, act, monitor and evalu-
ate their circumstances (Chambers, 1997). The goal of
PRA is to implement a project that is socially accept-
able, ecologically sustainable and economically viable.
PRA helps the community to mobilize its human and
natural resources, define prevailing problems, priori-
tize opportunities, evaluate local institutional capaci-
ties and develop a systematic site plan of action for the
community to adopt and implement in their farms. This
project used the PRA to evaluate the current state of
affairs regarding soil management in the target area in
a participatory manner. The PRAs were conducted in
all the four sites during the month of February 2004
and involved two phases. Phase one involved prob-
lem diagnosis while phase two involved the research
team providing feedback of the diagnosis phase to the
farmers and identification of potential solutions to the
constraints.

Mother-Baby Approach

The mother—baby trial model is an upstream partici-
patory research methodology designed to improve the
flow of information between farmers and researchers
about technology performance and appropriateness
under farmer conditions (Snapp, 1999). The method-
ology was initially developed and implemented to test
legume-based soil fertility management technologies
in Malawi and was later expanded to Zimbabwe. The
trial design consists of two types of trials: mother and
baby. The mother trial is researcher-designed and con-
forms to scientific requirements for publishable data
and analysis. A baby trial consists of a single repli-
cate of one or more technologies from the mother
trial. Each farmer manages their baby trial on their
land. According to Johnson et al. (2003) the mother—
baby trial methodology has three goals. The first is to
generate data on which to assess the technology perfor-
mance under realistic farmer conditions. The second
is to complement the agronomic trial data with farm-
ers’ assessment of the adoption potential technologies.
The third is to encourage farmers to actively partici-
pate in the trials and is expected to stimulate farmer
experimentation with and adoption of new technolo-
gies and practices. In this approach, all the farmers
within the vicinity of the “mother” sites were given
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equal opportunities to participate in the study (Franzel
et al., 2002). The methods used to disseminate and
scale up ISFM technologies included (a) field days
and (b) individual farmer visits to the demo sites. The
objectives of the field days and the visits were to
conduct a field visit for farmers in the demonstration
site and to get feedback from farmers concerning the
performance of the various treatments.

Training Workshops

The project highly borrowed on the methodology
described by Bunch (1982) that advocates a com-
bination of 80% practical training and 20% theory.
Trainings were conducted for both farmers and exten-
sion staff. The objectives of the trainings were to train
farmers and extension staff on the principles of the
ISFM strategies; to practically demonstrate on the use
of technologies in the mother trial; to train farmers
on the best usage and application methods of the dif-
ferent resources into the soil; to advice farmers on
research benefits, record keeping and group dynam-
ics; and to train farmers who in turn can train others.
Each training workshop was organized into six work-
stations, (i) Organic materials (tithonia, calliandra and
leucaena): sole or in combination, (ii) Manure man-
agement, (iii) Mineral fertilizers, (iv) Herbaceous and
grain legumes (v) Community mobilization and tech-
nology transfer and (vi) Soya bean utilization. In the
manure and fertilizer training, appropriate agronomic
procedures (timing, rates and application procedures)
were emphasized. For example, some of the farm-
ers who had prior experience of using some of the
technologies acted as trainers.

Farmers’ Groups

With the realization that it would not be possi-
ble to reach every individual farmer in the project
working area, the farmers were encouraged to form
groups in each village. Farmer groups are formed
on the principle that when farmers come together,
they develop effective working relationships and have
synergy, defined as the ability to combine the per-
spectives, resources and skills of a group of people.
Farmer groups or community-based organizations have
been used successfully in western Kenya to promote

improved fallows technology for soil fertility improve-
ment (Place et al., 2004). In central Kenya, Wambugu
et al. (2001) reported success in scaling up of callian-
dra for fodder using farmer groups.

Stakeholders’ Workshops

A strong partnership with stakeholders that includes
institutional support has been advocated as an impor-
tant factor for a successful scaling-up strategy espe-
cially with soil fertility-related technologies (Snapp
et al., 2002; Sanchez, 1999). The stakeholders
included researchers from Kenyatta University, Kenya
Forestry Research Institute (KEFRI), Katholieke
Universiteit Leuven, Kenya Agricultural Research
Institute (KARI), and Tropical Soil Biology and
Fertility Institute of CIAT (TSBF-CIAT), extension
staff from the Ministry of Agriculture, field technicians
and farmers.

Participatory Monitoring and Evaluation

There is often a danger with all new approaches to
rural development that this “promising idea” will fall
out of favour before its practitioners have had suffi-
cient time to evaluate results and improve on methods
(Belshaw, 1997). Now it is increasingly recognized
that there is a need for greater attention to the moni-
toring and evaluation of participatory research projects
(McAllister and Vernooy, 1999). With this background
a participatory monitoring and evaluation framework
was developed where all the different stakeholders
developed their own indicators for monitoring and
evaluating the project (Mugendi and Mucheru-Muna,
2006). The indicators for technology evaluation that
farmers developed include crop foliage colour, height,
vigour, inflorescence size and general crop condition.

Results and Discussions
Participatory Rural Appraisal

A total of 1,428 farmers (831 males and 597 females)
attended the problem diagnosis meeting while 2,118
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farmers (1186 males and 932 females) attended the
feedback meetings to rank the problems and suggest
solutions. Table 1 shows the problem ranking and their
solutions as done by the farmers.

The results indicate that the immediate or core prob-
lem is food shortage in all the sites in Meru South
District. The farmers associated the food shortage to
low yields from their farms. The causal factors for the
low yields of both crop and fodder were also outlined
as lack of finances to enable farmers allocate adequate
resources to food production. Some also argued that
sometimes seeds purchased from the local shops are
forged and hence did not produce as expected. Low
yields consequently led to low finances, and farmers
were therefore unable to purchase farm inputs. There
was also a problem of inability to connect with exten-
sion workers, and this also linked to lack of knowledge
on what inputs to apply on the farms for efficient pro-
ductivity. The farmers also outlined lack of adequate
water and rainfall, presence of poor soils, soil ero-
sion and small farms as underlying factors impeding
solid production figures. On top of the limited natural
resource base, aggravating factors include poor tillage
methods, lack of proper knowledge on how to manage
soils and lack of finances. Consequently, it emerged
that all these problems have a cyclical nature and are
all inter-related as shown in Fig. 1.

Since it was not practical to address all the problems
identified by the farmers, the project agreed together
with the farmers to focus on soil fertility and food
security-related problems. During the second phase
(feedback meetings), the farmers also identified loca-
tions where the demonstration sites (mother trials)
would be situated. The farmers agreed that the trials
should be (i) on public land, (ii) secure, (iii) accessible
to all participants and (iv) at least 2-3 acres in size.

Mother-Baby Approach

Four demonstration trials (mothers) were established
in Meru South in each of the study sites (Kirege,
Mucwa, Mukuuni and Murugi). They were all situated
in public schools except in one site (Mukuuni) where
not enough public land was available. Here the farm-
ers selected one farmer who agreed to give land for
the demonstration. The mother trials addressed differ-
ent ISFM themes; in Kirege and Mucwa, the theme

was on biomass transfer using tithonia, calliandra, leu-
caena, manure and mucuna while Mukuuni focused on
maize/grain legume intercrops (groundnuts, beans and
cowpea) and Murugi on maize and grain legume (soya
beans and green grams) rotations.

Farmers were invited to attend joint field days in
the mother trials during the grain filling stage every
season. The field days were attended by a wide range
of stakeholders who included farmers, teachers of
the local schools, students from the local secondary
and primary schools, local administration, exten-
sion personnel from the Ministry of Agriculture and
researchers and lecturers from Kenyatta University.
The field days involved field visits to the demonstration
plots and discussions where farmers interacted with
the researchers and extension personnel. Due to the
different themes in each of the sites, cross-site visits
were also organized during the field days. This enabled
farmers to move and share experiences with each other.
During the field days, farmers gained knowledge on
various technologies in learning by seeing what was
being done in the demonstration (mother) plots and
then started testing technologies of their choice on their
farms (babies).

Four field days were held in Mucwa, Mukuuni,
Murugi and Kirege with a total of 1,644 farmers attend-
ing. The data shows that more female farmers attended
the field days during the ond (55%) and 4" (52%)
field days compared to the 1% and 3 field day where
there were 35% and 50% females, respectively. Murugi
recorded a consistent increase in the female farmers’
attendance as time progressed (Table 2). The large
number of farmers who participated in the field days
can be an indication that they perceive soil fertility as
a genuine problem. Versteeg and Koudokpon (1993)
also reported an enhanced farmer participation in their
study when farmers perceived soil fertility to be a
serious problem.

Although the attendance by female farmers (48%)
was less than that of males, their participation was rela-
tively high compared to other activities that report poor
participation by female farmers due to demanding fam-
ily chores. Their participation is crucial at enhancing
transfer of the ISFM technologies because women usu-
ally carry out the bulk of agricultural activities (Adiel,
2004).

Before the start of the project, farmers were using
varied vegetative materials such as maize stover, gre-
villea, banana leaves as bedding material for livestock
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Core Problem: Food shortage

Causal factors

Fake seeds and
fertilizers

Crop and animal

Food Shortage < 7\
i (Immediate problem and status quo)' __/

Low crop yields
Lack of fodder

A

Lack of adequate
farm inputs

pests & diseases
Lack of labor

T

\

Inadequate knowledge
on proper farming

Household social
problems

Lack of extension
and IA services

Underlying factors

Lack of adequate
water/rainfall

Soil erosion

Low soil
fertility

Small
land size

Fig. 1 Diagrammatic presentation of the primary problem status in Meru South District, Kenya, as outlined by farmers during PRA

in 2004

and to increase quantity of manure. Manure made from
such material was however of poor quality and farm-
ers lacked adequate knowledge on its management and
application rates. The use of mineral fertilizer was
also common before the project but farmers lacked
knowledge on types, dosage and management. During

the field days and village training workshops, farm-
ers were trained on proper manure management and
appropriate use of mineral fertilizers. Calliandra, titho-
nia and leucaena were new organic materials intro-
duced to the farmers. A farmers survey conducted
during 2005 LR season, involving 563 farmers who

Table 2 Field day attendance by gender in the different sites during 2004 and 2005 in Meru South, Kenya

First field day Second field day Third field day Fourth field day
Site Male Female Male Female Male Female Male Female
Kirege 64 38 - - - - - -
Mucwa 45 37 20 31 46 40 - -
Mukuuni 145 55 101 114 75 63 80 56
Murugi 81 53 91 109 46 62 77 115
Total 335 183 212 264 167 165 157 171
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Table 3 Soil fertility replenishment technologies tested by farmers during 2005 LR in Meru South, Kenya

Kirege Mukuuni Mucwa Murugi Total
Technology N=T73 N=195 N=062 N=1233 N =563
Tithonia 3 22 11 32 68 (12.1%)
Tithonia + fertilizer 0 10 0 14 24 (4.3%)
Tithonia + manure?® 2 3 8 5 18(3.2%)
Tithonia + manure + fertilizer® 0 1 1 2 4 (0.7%)
Manure 15 63 22 37 137 (24.3%)
Calliandra 1 0 1 2 4 (0.7%)
Fertilizer 27 135 26 78 266 (47%)
Manure + fertilizer 38 69 31 108 246 (43%)
Mucuna + manure? 2 0 0 0 2 (0.4%)
Leucaena 0 0 0 1 1(0.2%)
Leucaena + fertilizer 0 1 0 0 1 (0.2%)
Leucaena + calliandra + manure?® 0 0 1 0 1 (0.2%)
Calliandra + manure + tithonia® 0 0 1 0 1(0.2%)

4Farmers innovated technologies

Percentages add to more than 100% because farmers tried more than one technology

had registered as having tried the new technologies,
showed that farmers were testing a wide range of
inputs (Table 3). The majority of the farmers tried min-
eral fertilizer (47%), and a slightly smaller percentage
tried manure plus mineral fertilizer (43%).

Most of the farmers tried more than one technol-
ogy while others tried various combinations of the
technologies, modifying them based on their own tal-
ent for innovation (Table 3). The modifications of
the technologies mainly involved combining different
organic materials. At the demonstration site single-
type organic materials were solely applied or com-
bined with mineral fertilizer. Farmers indicated that
they combined different organic resources because the
amount of biomass of an individual kind was mostly
inadequate.

Farmers” modification of technologies has been
reported by other authors. For example, Franzel and
Scherr (2002) noted that small-scale farmers are rarely
able to manage any single enterprise in the “opti-
mal” manner prescribed by researchers and there-
fore adapt the technologies to their circumstances.
According to these authors, farmers make compro-
mises in the management of individual enterprises in
order to reduce risk, alleviate constraints and increase
the productivity of the entire household livelihood sys-
tem. Modifications of agricultural technologies have
similarly been reported by other authors (Adesina
etal., 1999; Pisanelli et al., 2000). Adesina et al. (1999)
argued that farmers make modifications to fit their

managerial and production systems, and these modi-
fications often lead to a final technological package for
farmers which is adopted if it is technically feasible,
profitable and acceptable to farmers.

Of the total number of farmers who were trying
the technologies, 88% had attended field days, while
62% had attended village training workshops. This
finding is against our hypothesis where we stated that
the village training workshops will be more effec-
tive in reaching the farmers than the field days. An
explanation for this could be that during the field
days farmers were able to see, learn and evaluate
technology performance while in the village train-
ing workshops, they only learnt how to apply the
inputs.

The yields from the farms (babies) varied among the
treatments during 2005 SR (Table 4). Maize grain yield
from the plots with inputs was significantly higher
(P <0.05) than the control treatment during both sea-
sons. However, during 2005 SR, the lowest yields were
obtained in the control treatment followed by callian-
dra and fertilizer treatments. During 2006 LR, the
highest yields were obtained from tithonia + manure +
fertilizer and tithonia + fertilizer treatments, an indica-
tion that sole organic materials, their combinations or
a combination of organic materials + fertilizer yielded
more than the fertilizer alone treatment. These findings
agree with other authors who reported that integration
of organic and inorganic nutrient gave higher yield than
inorganic fertilizer in the region (Mugendi et al., 1999;
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Table 4 Maize grain yield from the different treatments during long rain 2005 and short rain 2006
in Murugi and Mukuuni, Meru South District, Kenya

Grain yield, mg ha™!

Short rain 2005 Long rain 2006
Treatment Mukuuni Murugi Mukuuni Murugi
Control 1.20 0.9b¢ 0.7¢ 1.0%d
Fertilizer 248 1.92be 1.5b¢ 1.3¢d
Calliandra + fertilizer 2.6 2.0% 1.820 2.1b¢
Manure 2.6 2.0%b 2.28b 1.4¢d
Manure + fertilizer 2.7 2.1% 1.5% 2.3b
Calliandra 2.7 1.8b¢ 1.820 1.7bed
Tithonia 3.0° 2.3%b 2.12b 1.9b°
Tithonia + fertilizer 3.12 2.4% 2.32b 2.92
Tithonia + manure + fertilizer 3.28 2.5 2.5% 3.6%
Tithonia + manure 3.42 2.92 2.6 2.5b
LSD 1.0 1.0 0.9 0.8

Note: Figures in each column followed by the same letter are not significantly different at P <0.05
LSD, average least significant difference in the means at P <0.05

Mucheru-Muna et al., 2007). It has been reported that a
combination of organic and inorganic nutrient sources
ensures synchrony between nutrient release and plant
uptake, increasing nutrient use efficiency (Vanlauwe
et al., 2002).

During the fourth year (2006) farmers shared the
experiences in testing of the technologies on their

farms (Table 5). The farmers used yields, soil improve-
ment seen through crop responses, soil colour change
and labour as their criteria to rank the soil fertility
technologies. Tithonia was ranked the best technology
followed closely by manure + fertilizer and calliandra
and leucaena. The least ranked was fertilizer and as
indicated, the major reason was its high costs.

Table 5 Farmers’ experiences and constraints in adopting soil fertility technologies in Meru South District, Kenya

Technology Experiences Constraints Score Rank
Manure e Requires fertilizer e Labour intensive 5.5 4

e Must be fully decomposed e Cannot be used directly from

e Gives high yields the cowshed

e Encourages soil micro

organisms

Fertilizer e High yields e Costly 5 5

e Required all seasons e Not readily available

e May acidify soils
Manure + o High maize vigour e Fertilizer is expensive 7 2

fertilizer e High yields e No livestock, no manure
e Labour intensive
e Limited know-how on
manure management
Tithonia e Crops are not affected by e Biomass not readily available 8.5 1
nematodes e Labour intensive

e Improved soil fertility

e High yields
Leucaena/ e Good fodder for livestock e Land is limited 7 2

calliandra e Increase milk production e Inadequate biomass

e Increase yields
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Training Workshops

Village training workshops were held at every site in
September 2004 and July 2005 with a total of 1,971
farmers participating (Table 6).

The first village training workshop was well
attended, and most of the farmers were males (58%).
During the second village training, the number of
female farmers attending increased to 55%. The village
workshops provided a forum for learning and sharing
experiences among farmers and between farmers and
scientists. The village training strategy was extremely
important in that it was more attractive to women who
are not able to attend training venues far from their
villages due to their gender roles and relations in the
household.

Farmer Groups

A total of 40 farmer groups were formed and trained on
tree nursery establishment and management (Mugwe
et al., 2007), group dynamics and book keeping. The
group membership consisted of 60% females and 40%
males. A survey carried out in June 2005 indicated
that in Kirege, 43% of the female-headed households
who were trying the technologies were group mem-
bers while they were 42,73 and 78% in Mukuuni,
Murugi and Mucwa, respectively. Male-headed house-
holds who were group members were 70% in Murugi,
56% in Mukuuni, 55% in Mucwa and 27% in Kirege.
This shows that both male- and female-headed house-
holds found group membership an important avenue to
try the new technologies. In Murugi and Mucwa, most
of the farmers who were trying the technologies were
group members indicating the importance of groups as
far as the uptake of the technologies was concerned.

Table 6 Farmers village training workshops attendance by
gender in Meru South District, Kenya

First training Second training

Site Male Female Male Female
Kirege 337 235 62 50
Mucwa 100 33 68 78
Mukuuni 220 185 107 151
Murugi 96 103 72 94
Total 753 556 309 373

One of the major achievements of these groups was
the ability to propagate seedlings in their nurseries and
plant them on-farm. During the three seasons that they
produced seedlings (2004 SR, 2005 LR and 2005 SR)
farmer groups from Murugi produced the largest quan-
tity with 89,631 seedlings followed by Mukuuni farmer
groups with 45,196 seedlings. Kirege and Mucwa
farmer groups produced the least number with 32,343
and 24,130 seedlings, respectively. Difference in the
quantities produced was mainly attributed to the num-
ber of groups in each site and membership per group.
For example, Murugi and Mukuuni had 10 groups
each but had more members per group than Mukuuni,
and this could explain why Murugi produced more
seedlings than Mukuuni. The use of group nurseries as
a means of availing propagation materials to farmers
was effective, and considerable success was regis-
tered as noted in the number of seedlings farmers
received within the short time period. At the end of
the three seasons, about a third of all members in the
group nurseries received close to 500 seedlings, an
amount enough to supplement animal protein for one
dairy cow.

Before 2004, only a few farmers had calliandra and
leucaena on their farms. An on-farm survey carried at
this time showed that Kirege had 8 farmers out of 46
(17%), Mucwa had 7 out of 26 (26%), Murugi had
6 out of 63 (10%), while there was none at Mukuuni
who had calliandra or leucaena. In addition, the mean
number of trees per farmer was few with Murugi hav-
ing a mean of 3 trees, Kirege and Mucwa having 11
and 44 trees, respectively. The relatively higher num-
ber of trees at Kirege and Mucwa was attributed to
past contact of these sites with project activities and
other institutions such as the Ministry of Agriculture
that promoted planting of calliandra and leucaena. By
2006, the mean number of trees surviving and being
utilized had increased to more than 300 trees per
farmer, an indication of a positive impact of the group
nurseries.

Though the major objective of forming the group
nurseries was to enable propagation of calliandra
and leucaena seedlings and consequently increase on-
farm planting, farmers had an opportunity to inter-
act and know each other better and gained confi-
dence of remaining united. Apart from raising cal-
liandra and leucaena seedlings, and other tree and
vegetable species, the groups started other extra activi-
ties. For instance, the groups started trying the different
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technologies in their group farms and also started
activities revolving around generating income for the
group. Merry-go-round was the most common with
more than 50% of the groups having merry-go-round
activities as a way of raising funds for the group and
also as a group welfare activity. This was reflected
by some of the groups transforming themselves to
a more formal grouping through registration in the
Ministry of Culture and Social Services. These groups
are therefore likely to continue even after the end of
the project.

Stakeholders’ Workshops

The partnerships between the different stakehold-
ers were formalized through the signing of mem-
orandum of understanding (MOU) between the
research organizations, farmers and extension person-
nel. Stakeholders’ workshops were held once every
year to evaluate and review the progress of the project.
For the farmers, each group was represented by two
farmers selected by the group, and these representa-
tives were different each year to enhance full par-
ticipation by the members of the groups. A total of
280 representatives attended the stakeholders’ work-
shops during the 4 years. The stakeholders highlighted
the progress they had made during each year and the

Demonstration Farm
(Mother trial)

Fig.2 The adopted new
mode of participatory
technology transfer by
farmers in Meru South
District, Kenya

challenges they had experienced. They also planned
together on activities for the coming year and shared
responsibilities.

During the second annual stakeholders’ workshop
(January 2005), farmers suggested another approach
of “farmers’ training ground” (Fig. 2) to complement
the “mother—baby” approach. Farmers indicated that
they would be more confident to take technologies
to their farms if they first practiced together in small
groups (arrow 3, Fig. 2). They indicated that they
would be able to confirm whether the good perfor-
mance they observed at the demonstration site would
be transferable to their farms. However, they also
indicated that some farmers who were willing to test
straight from demonstration were free to do so (arrow
1, Fig. 2). In the “farmers’ training ground” approach,
the farmers form groups, and one of the farmers avails
a piece of land where the farmers practice some of
the technologies demonstrated at the mother trial site.
The farmers agreed on few technologies to test at the
training grounds.

The farmers noted that the approach was more prac-
tical and realistic as it gives the farmers a hands-on
opportunity to do what is done on the demonstration
site. The farmers planned together on which day to
come and prepare the land, plant, weed, water and
so on. Farmers selected a few technologies from the
demonstration trial which they tried within their groups
and then eventually started trying the technologies in

Farmers’ Training
ground (Groups)

Individual farmers take
technologies to their
farms
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their individual farms. Development of this approach
by farmers was one of the major outcomes from the
annual evaluation and planning meetings. This is an
indication of farmers’ interest, full participation and a
sense of owning the project activities. According to
Franzel et al. (2002) farmers’ workshops can be an
important means for farmers to discuss issues related
to new practices, exchange opinions and lessons, and
come to consensus or clarify differences.

Participatory Monitoring
and Evaluation

Farmers identified four major outcomes which they
expected to achieve by the end of the project and then
identified indicators that they would use to measure
the extent of progress. The first outcome was higher
and better quality yields, and the indicators to mea-
sure this were (i) presence of technologies on farms,
(i) increased food supply at household level and (iii)
increased food for sale. The second outcome was they

gained knowledge on better and improved farming
methods, and the indicators to measure this were
(i) presence of technologies on farms, (ii) increased
knowledge about the technologies, (iii) confidence in
teaching other farmers and (iv) confidence in inviting
other experts to train them and in asking questions.
The third outcome was improved soil conservation,
and the indicators to measure this were (i) reduced
soil erosion and (ii) formation of bench terraces. The
fourth outcome was improved animals, and the indica-
tors to measure this were (i) presence of more healthy
animals and (ii) more milk production. The farm-
ers continuously used these indicators to evaluate the
progress of the technologies in their farms and the
project.

During the third year (2005), farmers in Mukuuni
and Murugi sites scored and ranked technologies they
were testing in their farms in terms of overall benefits
accrued. Results showed that in both sites, the tithonia
+ manure treatment was ranked highest receiving the
highest possible score of 10 in both male and female
groups (Tables 7 and 8). Calliandra alone or combined
with mineral fertilizer was ranked low in both sites.

Table 7 Farmers scoring and
ranking of the technologies on

GI'Ollp mean Scores

basis of benefits in Mukuuni,  lechnology Male Female t-test, P Totalmean  Rank

Meru South District, Kenya Calliandra 2.0 33 0.016 2.7 9
Fertilizer 3.8 2.0 0.038 2.8 8
Calliandra + fertilizer 4.0 4.3 0.768 4.2 7
Tithonia 5.3 5.0 0.768 5.2 6
Manure 6.0 5.3 0.609 5.7 5
Tithonia + fertilizer 8.0 7.3 0.561 7.7 4
Manure + fertilizer 7.3 8.3 0.251 7.8 3
Tithonia + manure 7.67 8.3 0.519 8.0 2
Tithonia + manure + fertilizer 10.0 10.0 Na 10.0 1

Tablg 8 Farmers scoring and Group mean scores

ranking of the technologies on -

basis of benefits in Murugi, Technology Male Female t-test, P Total mean Rank

Meru South, Kenya Calliandra 2.7 23 0.678 25 9
Manure 33 4.0 0.374 3.7 8
Calliandra + fertilizer 3.0 4.3 0.116 3.7 7
Fertilizer 6.7 3.3 0.024 5.0 6
Manure + fertilizer 6.7 7.0 0.768 6.8 5
Tithonia + manure 53 8.7 0.002 7.0 4
Tithonia 8.3 6.3 0.013 7.3 3
Tithonia + fertilizer 8.3 8.0 0.815 8.2 2
Tithonia + manure + fertilizer 9.7 10.0 0.374 9.8 1
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There were significant differences in the scoring of
some technologies by males and females.

The results showed that scores allocated to callian-
dra by the female farmers were significantly higher
than those allocated by males (Table 6). This implies
that female farmers had a higher preference for cal-
liandra than the male farmers in Mukuuni. This relates
to the fact that women are responsible for feeding the
animals in the evening, after milking, and calliandra
serves as a fodder supplement that is cheap. Since most
of the women do not control a lot of cash within the
household, this is a better option for them. On the
other hand, scores allocated to mineral fertilizer by
male farmers were significantly higher than those allo-
cated by female farmers in both Mukuuni and Murugi
(Tables 7 and 8), implying that male farmers had a
higher preference for mineral fertilizer than the female
farmers. This could be because the male farmers can
easily afford to purchase fertilizers since they control
most of the cash in the households.

Preference for tithonia + manure by female farm-
ers was significantly higher than by the male farmers,
while male farmers significantly preferred sole titho-
nia. This could be attributed to the fact that the female
farmers are the ones responsible for collecting and
carrying the biomass and would therefore prefer a tech-
nology that is not very labour intensive (manure). The

male farmers on the other hand being heads of house-
holds can be able to solicit for labour from their wives
and children.

Stakeholders’ workshops are also an important
means to find out farmers’ views on the technologies,
their potential impacts and general project perfor-
mance in terms of achieving its objectives. Therefore,
during the last stakeholders meeting held in March
2007, farmers used the indicators they had developed
during the PM&E activities and evaluated the extent
to which the stipulated outcomes had been achieved
(Table 9). Generally, increased knowledge about the
technologies, confidence in teaching others and more
healthy animals scored highest (80%). This could be
attributed to intensive training that was conducted
throughout the project period in terms of field days
and village training workshops. Using the knowledge
gained, farmers were able to use the technologies on
their farms (68%) and consequently increase food sup-
ply at the household level to about 68%. Increase
in milk production (78%) as a result of improved
health of the animals (80%) could be explained by
farmers feeding fodder trees to the animals. At the
start of the project, farmers had on average less than
10 fodder trees per farmer but after 3 years, the
number of trees per farmer had increased to about
300 trees.

Table 9 Expected outcomes, indicators and farmer assigned percentages of achievements in Meru South

Expected outcome Indicators (%)
High yields Presence of technologies on farms 68.120
Increased food supply at 68.7%
household level
Increased food for sale 33.7¢
Knowledge on better and Presence of technologies on farms 68.12
improved farming Increased knowledge about the 80.0*
methods technologies
Confidence in teaching others 80.0*
Confidence in inviting other 74.52
experts and asking questions
Improved soil conservation Reduced soil erosion 63.8%
Formation of bench terraces 61.3°
Improved animals More healthy animals 80.0*
More milk production 77.7%
LSD 16.3
P <0.001

Percentage means with the same superscript are not significantly different
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Table 10 Farmers’ evaluation of the different approaches used
in the project in Meru South District, Kenya

Approach Mean (%) Rank
Training grounds 77.5% 1
Demo farms 76.28 2
Nurseries 71.22b¢ 3
Field days 68.74b¢ 4
Groups 58.72b¢ 5
Training workshops 55.00¢ 6
Cross-site visits 50.0¢ 7
LSD 22.2

Percentage means with the same superscript are not significantly
different

The farmers also evaluated the participatory
approaches that the project had been using in dissem-
inating the technologies using a score of 10 for most
effective and 1 for least effective. Training grounds
were ranked the best overall followed by demonstra-
tion farms with 77.5 and 76.2%, respectively, while
the least scored were cross-site visits (50%) and vil-
lage training workshops (55%) (Table 10). The training
grounds were significantly more effective in the dis-
semination of the technologies than cross-site visits
and village training workshops (Table 10).

Possible explanation for this could be the fact that
cross-site visits only involved a few farmers due to
transport costs. The reason why the training grounds
were significantly more effective than the village train-
ing workshops could be due to the fact that the farmers
could see the crop growing and they were also involved
in the actual management of the technologies, while in
the village training workshops they were observers and
not doers. In addition the farmers were the inventors of
the training ground concept indicating that they actu-
ally owned the idea. We had earlier anticipated that
the village training workshops would have a higher
contribution to dissemination compared to the field
days, but this was not the case as far as the farmers
were concerned. This agrees with Franzel et al. (2002)
who noted that whereas in many cases the informa-
tion provided by farmers in such workshops is what
the researchers might have anticipated, it is possible
that new information may be obtained.

Lessons Learnt

A number of lessons were learnt during the project, and
this agrees with Franzel et al. (2002) who noted that

participatory research offers researchers, extensionists,
policy makers and farmers themselves an opportunity
to learn important lessons about achieving effective
dissemination of agricultural technologies, as well as
feedback on further research priorities. Some of the
lessons learnt include the following:

(i) The use of “mother—baby” approach to scale up
the technologies may not be very effective for
all technologies. The use of “farmers’ training
ground” approach where the farmers form groups
and one farmer avails a piece of land where
they practice some of the technologies from the
“mother trial” is a better option. This gave the
farmers a hands-on experience to do what is done
on the mother trial. The farmers plan together on
which day to come to carry out various activities
on their plot like prepare the land, plant, weed,
water.
Working in partnership is very constructive and
enhances sustainability as well as impact. For
instance, the project activities have awakened
some retired agricultural officers who are now
being invited by the groups to come and discuss
agricultural matters with the farmer groups. In
this way there is a renewal of synergy and recog-
nition and appreciation of the knowledge of other
professional community members. In other areas,
the farmers have made an effort to forge links with
the Department of Forestry and are being taught
various other methods of handling seedlings. This
is an interesting experience given that only 3 years
ago the very farmers were accusing the Ministry
staff for not being available to assist them.
The framework of participatory interaction has
enabled farmers to view the “outsiders” as part-
ners in development and with whom they do
engage in development discourse. This indicates
that they are in a position to interact very well
with other partners who use the participatory
approaches used in this project.
The use of participatory monitoring and evalua-
tion has been a major eye opener for all stake-
holders on how the farmers would like to direct
the course of a project for their optimal benefit.
(v) Keeping a vibrant and an effective working part-
nership is very challenging and more expensive
than had been anticipated. Constant meetings and
regular field team visits must be put in place.

(i)

(iii)

(iv)
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Conclusions and Recommendations

The farmers’ participation was quite high in most
of the joint activities, and this possibly contributed
to the high rate of farmers’ acceptance to test the
technologies. The immediate problems identified by
the farmers were low crop yields and lack of fodder
which were caused by inadequate finances to purchase
inputs, inadequate knowledge on farming and inade-
quate extension services among others. The underlying
constraints to the causal factors were erratic rainfall,
soil erosion, low soil fertility and small farm sizes. The
current study, however, addressed only two of them
(low soil fertility and soil erosion) and realized posi-
tive impacts. The problem of erratic rainfall is critical
and there is need to address it through exploration of
strategies to conserve moisture and optimize its usage.
As for the problem of small farms, options of opti-
mizing efficiency in agricultural production need to be
sought.

Adoption of the introduced ISFM technologies has
potential to increase crop yields by over 100%, and
the high yields observed from innovations of mixing
organic materials developed by farmers is a reflec-
tion that farmers are modifying the technologies to
fit their needs and circumstances. This is a lesson
that researchers should facilitate the process of farmer
learning, experimentation and modification of tech-
nologies as what is likely to remain on the farmers’
fields is what farmers have modified to suit them
as this is what they can cope with. In addition, the
gender differences observed in the participation of
project activities and preferences of technologies is
also a lesson that gender issues are critical and need
to be put into consideration in dissemination of ISFM
technologies.

This study has provided pathways for future scaling
up of ISFM activities. It is recommended that future
efforts aimed at reaching farmers should concentrate
on demonstrations, farmer training grounds, field days
and farmers’ groups. Farmer groups are particularly
effective in activities that involve bulking of planting
materials as revealed by the success in propagating
seedlings. Since ISFM technologies are management
and information intensive and require skills, there is
need to build capacity for field extension workers. A
policy framework should therefore be put in place to
impart appropriate skills to the extension workers.

It was evident that income generation activities
among the groups were instrumental in keeping the
groups cohesive and individual members interested in
the group activities. Researchers and the other stake-
holders should therefore channel their efforts towards
empowering farmers to engage in income-generating
strategies as these are likely to improve resilience of
the groups.
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