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Abstract
Declining soil fertility largely explains the gap between actual and potential yield among
smallholder farmers in sub-Saharan Africa. This study investigates the relationship between
yield variability in smallholder commercial kale (Brasica oleracea) production in Kenya and
farmers’ attitudes for integrated soil fertility management (ISFM) as well as the relationship
to a domain-specific risk-benefit preference scale. Data was collected from 125 peri-urban
commercial kale farmers through personal interviews conducted by trained enumerators using
a pre-tested questionnaire. Results of ordinary least squares regression indicate that farmers
with strong attitudes in favour of ISFM experience decreased variability in yields. A
significant negative relationship was observed between farmers expectation of benefits
associated with soil fertility management technologies and yield variability. Farmers’ risk
perception associated with the use of nonconventional soil fertility management practices,
particularly the use of human faecal manure, increase variability in yields. However, risk
perception associated with the use of conventional soil fertility management practices
including application of animal manure, chemical fertilizers, crop rotation and use of crop
residues significantly reduce yield variability. Individual farmers base their choice of ISFM
practices on their assessment of both risks and benefits. It is argued, therefore, that in order to
scale-up adoption of ISFM, policy should focus on increasing farmers’ access to information
on the benefits associated with the practices while improving farmers’ perceptions of the
risks associated with the use of non-conventional technologies such as human faecal manure
by addressing farmers’ health concerns.
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1.0 Introduction
Risk plays an important role in farmers’ investment decisions (Knight et al. 2003). An
important measure of production risks is the gap between potential and actual yields which is
majorly explained by the declining soil fertility in developing countries (Sanginga and
Woomer, 2009). The increase in demand for food resulting from the growing human
population has led to soil mining without due replenishment of soil nutrients (Shisanya et al.
2009; Henao and Baanante, 2006). Consequently, low soil fertility is a major contributing
factor to the vicious cycle of low agricultural productivity, low incomes, and amplified
poverty among smallholder farmers (Sanchez et al., 1997).
Kenyan farmers have an array of soil fertility management technologies that can be used to
narrow the gap between the expected and actual yield (Odendo et al. 2010; Macharia et al.
2006). Organic soil amendments such as livestock manure, crop residues, green manure, and
human faecal manure are potential technologies that have been used to supplement or
substitute for expensive mineral fertilizers (Sanginga and Woomer, 2009; Akinola et al.
2009). Cultural practices such as crop rotation and intercropping as well as fallow cropping
are also widely used (Place et al. 2003). The success of these technologies at enhancing soil
fertility has however, been partial. Moreover, the degree of adoption of the technologies
varies due to the differences in the demand for labour/effort (i.e., difficulty levels) associated
with individual technologies.
The use of different soil fertility management technologies entails some benefits. Such
benefits include improved crop yields, increased soil fertility, reduced fertilizer costs, and
their overall contribution to sustainable agriculture. However, there are also risks associated
with the use of technologies. Such risks include the lack of adequate amounts of livestock
manure, competition for land between green manure production vis-à-vis food production,
lack of enough crop residues, accumulation of heavy metals in the soil, and the possibility of
disease infection from pathogens that might be in the manures.
Empirical evidence shows that in making their decisions to produce, farmers weigh
alternatives among technological choices available (Barrett et al., 2004). People’s choices are
a result of the trade-offs between the perceived benefits and risks of a particular technology
(Kalogeras et al. 2012; Ueland et al. 2012). In the context of this study, perceived benefits
have to do with those attributes that make a particular soil fertility management practice
attractive to the farmer. On the other hand, risk perception is associated with the adverse
consequences attached to the use of a particular technology and is defined as the subjective
judgment of the probability of a specified type of a risky event (Ahsan, 2011; Ahsan and
Roth, 2010; Sjoberg, 1998). An individual’s risk perception is thus a function of the
probability of a loss occurring as well as the potential effects of such a loss should it occur.
Kalogeras et al., (2012) argues that although both benefits and risks can be measured and
studied separately, benefit and risk perception are often correlated. If there is a greater benefit

associated with a product, more risk can be accepted thus reinforcing that there exists a tradeoff between benefits and risks (Ueland et al. 2012).
Several studies have looked at farmers’ decision making under risk. Nyikal and Kosura
(2005) assessed farmers’ risk preference and optimal enterprise combinations using quadratic
programming approach. Olarinde et al. (2008) using the Target Minimization of Total
Absolute Deviation (T-MOTAD) approach associates the lack of a prior analysis of attitude
towards risk inherent in new technologies and the inability to ascertain farmers’ trade-off
between risk and return with the limited success in rural development programmes.
Subsequently, cooperative marketing, contract farming, and diversified production are
important strategies that farmers might use to reduce risks (Ahsan and Roth, 2010). Other
studies have emphasized the importance of improving and diversifying the skill base of
households and developing the rural non-farm (Karugia et al. 2006; Legasse and Drake
2005).
While these studies provide useful insights on the role that risk plays and the different ways
of coping with the risks, farmers evaluate technologies based on their expectations of benefits
and perception of risks. Hence, two domains, namely benefits and risks determine farmers’
risk preferences. Although studies on risk preference consider the expected utility theory
(EUT) as the underlying approach to measuring risk preferences, EUT does not measure
domain-specific risk preferences. Expected utility theory (EUT) explains risk preference as a
function of economic factors by measuring the curvature of farmers’ utility functions. Hence,
concave utility functions indicate risk aversion convex utility functions indicate risk loving
(Lusk and Coble, 2005). Moreover, EUT violates the assumption of consistency of
preferences (Abrahamsen and Aven, 2008; Kahneman and Tversky, 1979).
Therefore, psychometric approaches have been proposed as an alternative to EUT (Kalogeras
et al. 2012; Ueland et al. 2012; Pohjola et al. 2012; Tijhuis, et al. 2012; Magnússon et al.
2012). Psychometric approach directly measures farmers’ preferences for risks by asking
individual farmers to respond to a set of statements on a Likert scale related to the sources of
risks (Ahsan, 2011; Legesse and Drake, 2005). Hansson and Lagerkvist (2012), using a
psychometric approach, argue that farmers’ risk preferences are domain-specific and that
farmers might be more risk averse in one domain and risk loving in another domain. A
psychometric approach, therefore, allows for simultaneous risk aversion and risk loving
among farmers in different domains.
ISFM involves both conventional 1 and non-conventional 2 technologies with associated
benefits and risks. Hence, farmers’ risk preferences related to ISFM is likely to be specific to
the two domains but has not been adequately explored. Consequently, it is not well known
how farmers evaluate potential benefits and risks associated with ISFM and how they form
domain-specific risk preferences based on the trade-offs between the benefits and risks. This
1

Conventional technologies as used in this study refers to animal manure, chemical fertilizer, crop residues and
crop rotations)
2
Non-conventional technologies in this study refer to human faecal manure, deep-rooting green manure,
improved fallows, and biomass transfer).

study, therefore, specifically seeks i) to assess the influence of farmers’ attitudes on yield
variability; and ii) to assess the effect of farmers’ domain specific benefit-risk preferences
towards soil fertility enhancing technologies on yield variability.
2.0 Theoretical framework
The most commonly used approach for assessing decision making under risk is the expected
utility theory (Teklewold and Kohlin, 2010; Binici et al. 2003; Lusk and Coble, 2005;
Buschena and Zilberman, 2001; Buschena and Zilberman, 1999). The theory states that the
choice facing a farmer (as a consumer of technologies) takes the form of a lottery with
probability (p) of winning a prize x and (1-p) of winning a prize y. Defining the lottery
therefore, as: 𝑝 ∘ 𝑥 ⊕ (1 − 𝑝) ∘ 𝑦, it is assumed that a farmer will not care about the order in
which the lotteries are described and that a farmer’s perception of a lottery depends only on
the net probabilities of receiving the various prizes. Assuming further that an individual
farmer’s preferences are complete, reflexive, and transitive, the theory deduces the existence
of an ordinal utility function that describes the farmers’ preferences under risk. The expected
utility function can be defined as:
𝐸𝑢(𝑥, 𝑦) = 𝑝𝑢(𝑥) + (1 − 𝑝)𝑢(𝑦) … … … … … … … … … … … … … … … … … … … (1)

Accordingly, an individual will choose one prospect over another if and only if the expected
utility is larger for the chosen prospect than for the other prospect.
The expected utility theory has, however, been criticized on descriptive grounds (Ahsan,
2011; Rabin and Thaler, 2001). These studies argue that the expected utility theory fails to
explain actual human behaviour. Kahneman and Tversky (1979), for example, argue that
since utilities in the expected utility theory are weighted by their probabilities, people
overweight outcomes that are considered certain relative to outcomes which are merely
probable. Kahneman and Tversky (1979) define this tendency as the certainty effect and
argue further that it contributes to risk aversion in choices involving sure gains and to riskseeking in choices involving sure losses. The authors indicate that certainty effect leads to
inconsistent preferences thus violating the expected utility theory.
Ueland et al., (2012) argues that in addition to knowledge of risk probabilities and outcomes,
people also take into account their beliefs, attitudes, and dispositions as well as social and
cultural concerns in their perception of risks. The increasing recognition of the role of beliefs
and attitudes in explaining human behaviour has led to the development and use of the
psychometric multi-item scale approach (Hansson and Lagerkvist, 2012; Fischer and Frewer,
2009; Fischer et al., 2006; Pennings and Garcia, 2001).
The psychometric approach measures constructs such as risk attitude by asking respondent to
indicate the extent to which they agree or disagree with a set of statements. Recent studies
measure attitudes, using the Rasch model, as a direct reflection of behaviour and the cost of
performing the behaviour (Kaiser, et al., 2010). Attitudes are thus measured as an arithmetic
difference between peoples’ abilities to perform a particular behaviour and the cost associated

with the behaviour. Consequently, a person is said to have a strong attitude for something if
the ability parameter is higher that the costs parameter.
Kalogeras et al., (2012) argues that benefits and risks perception is context-specific. Decision
makers can simultaneously be risk averse in some domains and risk-seeking in others. A
domain-specific approach of assessing risk preferences is thus recommended (Hansson and
Lagerkvist, (2012). Moreover, benefit and risk perception are to some extent inversely
correlated, so that when something is perceived as being highly beneficial, it is
correspondingly perceived as having low risk (Ueland et al., 2012). It seems that if there is a
greater benefit associated with a product, more risk can be accepted, thus, a certain trade-off
between benefits and risks are present.
The statements captured on a Likert scale are subjected to exploratory factor analysis (EFA)
in order to identify the dimensions in the data. Factor analysis identifies variables that
correlate highly with a group of other variables, but with as little correlation with variables
outside of that group as possible. The variables with high inter-correlations are said to be
loading (i.e. representatives) of an underlying variable called a factor. Based on the factor,
factor loadings are computed as correlations of the original variables with the factor.
Squaring the factor loadings determines the amount of variance accounted for by that
particular variable (Woods and Edwards, 2007).
3.3 Data and empirical methods
3.3.1 Empirical methods
Exploratory factor analysis was conducted in stata 10 in order to extract the benefit and risk
domains and their respective factor scores. To facilitate interpretation of the factor matrix,
oblique (oblimin) rotation was used because it allows for correlations among the factors. The
factor scores were then regressed on the coefficient of variation in yield to explain the
influence of expected benefits and risk perceptions on variability. Kaiser-Meyer-Oklin’s
(KMO) overall measure of sampling adequacy was used to test the suitability of the data for
factor analysis. The individual and overall KMO has to be at least 0.5 to be factorable
(Hansson and Lagerkvist, 2012; Hair et al., 2010). The number of factors to retain was
guided by the Eigen values. Factor loadings of 0.4 are considered significant (Hansson and
Lagerkvist, 2012; Hair et al., 2010). Additionally, item-to-total correlation, and Cronbach’s
alpha were evaluated to assess the reliability of the measurement scales obtained (Hair et al.
2010).
Risk was measured using a coefficient of variation (CV) in yield. Anderson et al. (2007)
argues that CV gives a better measure of risk compared to other measures such as the range
and variance. The author, for example, indicates that using the range as a measure of risk
might not be adequate since it is based on only two of the observations and so is highly
influenced by extreme values. Although using the interquartile range (IQR) overcomes the
dependency on extreme values, IQR also makes use of only two of the observations.
Anderson et al. (2007) further indicate that the squared units associated with variance makes

it difficult to obtain an intuitive understanding and interpretation of the numerical value of the
variance. Weber et al. (2004) defines the coefficient of variation (CV) as the standard
deviation (SD) that has been standardized by dividing by the expected value (EV) and argue
that it provides a relative measure of risk, i.e., risk per unit of return. Several authors have
also used CV as a measure of risk (e.g. Pang et al. 2008; Weber, 2004, Weber et al. 2002).
This study therefore, found CV as an adequate proxy for risk. CV is calculated as a ratio of
standard deviation to the mean as shown in Equation 3.2.
𝐶𝑉 = �

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 (𝑦)
� … … … … … … … … … … … … … … … … … … … … 3.2
𝑚𝑒𝑎𝑛 𝑜𝑓 𝑦𝑖𝑒𝑙𝑑 (𝑦)

Where ‘CV’ is the coefficient of variation in yield and was calculated for a period of three
years (2009 – 20011).
In order to explain variation in yield, ordinary least squares regression (OLS) was estimated,
using Stata version 10, according to equation 3.3:
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𝐿𝑛 𝑐𝑣 = � 𝛽𝑖 𝑋𝑖 + 𝜀 … … … … … … … … … … … … … … … … … … … … … … … … … … .3.3
𝑖=1

Where ln cv is the natural logarithm of the coefficient of variation in yield and Xi is a set of
explanatory variable as described in Table 3.1. Βi is a set of parameters to be estimated. The
random error term (ε) is assumed to be normally distributed with mean (μ) equal to one and a
constant variance (δ).
Table 1: Description of explanatory variables
Variable
Totsc
Ben_noncov
Ben_conv
Risk_nonconv
Risk_conv
Distmkt (km)
Fultmemp
Educ
Grp
Irrigate
Credit
Gender
Kplvsk

Description
Persons total (a measure of attitude) score from the Rasch analysis
Extracted factor representing farmers benefit perception in the domain of nonconventional practices
Extracted factor representing farmers benefit perception in the domain of conventional
practices
Extracted factor representing farmers risk perception in the domain of non-conventional
practices
Extracted factor representing farmers risk perception in the domain of conventional
practices
Distance in km to the nearest local market
Dummy Variable: 1 if full time employed; 0 otherwise
Number of years of formal education
Dummy variable: 1 if a farmer belongs to an agricultural group or association; 0
otherwise
Dummy variable: 1 if a farmer irrigates kale plots; 0 otherwise
Dummy variable: 1 if a farmer access credit; 0 otherwise
Dummy variable representing the gender of the farmer: 1 if male; 0 otherwise
Dummy variable representing livestock ownership: 1 if a farmer owns livestock and 0
otherwise

Expr
Localtrd
Urbantrd
Hfecal

Farmers experience in number of years of growing kale
Dummy variable: 1 if a farmer sells to local traders; 0 otherwise
Dummy variable: 1 if a farmer sells to urban traders; 0 otherwise
Dummy variable: 1 if a farmer would use human fecal manure if animal manure became
unavailable; 0 otherwise

Assumptions of OLS including normality, homoscedasticity, no multicollinearity, and model
specification were tested for to ensure adequacy of the model.
Farmers’ attitudes were measured using Rasch uni-dimensional measurement model (RUMM
2030) software. Persons’ total scores were therefore generated as measures of attitudes
reflecting the number of practices an individual farmer engages in to enhance soil fertility.
The extracted principal factors from the factor analysis were used in the regression as a
measure of the influence of the respective benefits and risks domains on yield variability.
3.2 Data
Primary data was collected from 125 peri-urban commercial kale (Brasica oleracea) farmers
through personal interviews conducted by trained enumerators using a pre-tested
questionnaire. Two administrative locations (Ruku and Chura) of Wangige were selected
because they contained a large number of commercial kale farmers. A numbered list with the
names of all commercial kale farmers was then compiled for each location. The names were
sorted in ascending order and a probability proportionate sampling procedure used to sample
seventy nine and forty six farmers from Ruku and Chura locations, respectively. Research
randomizer was used to randomly generate the numbers to include in the sample. Wangige
was purposively selected because it is one of the leading areas in commercial kale farming
and is a major supplier of kale to the capital city, Nairobi. Kale is a high value crop and
farmers in Wangige grow the crop with a motive of selling and making more profit. Soil
fertility improvement is thus important for this category of farmers for increased yields.
Information on farmers’ attitudes towards soil fertility management techniques, perception of
the benefits of the specific technologies, and risk perception was obtained by asking farmers
to respond to three sets of statements contained in the questionnaire. A binary Rasch scale
was used to obtain responses on farmers’ attitudes. Farmers were asked to respond to a set of
thirty one statements by giving a yes / no answer to a particular soil fertility management
practice to indicate whether they use the practice or not. In order to elicit farmers’ perception
of the benefits and risks associated with soil fertility improvement technologies, respondents
were asked to consider 11 statements about actions suggested to affect yield. Two domains,
namely benefit and risk, were constructed. Actions in the risk domain were worded as the
negative of the suggested strategies in the benefit domain. For example, in the benefit
domain, the strategy combined use of chemical fertilizer and organic manure was suggested
to decrease the variability in yield. In the risk domain, this strategy was negatively worded
into the form not combining chemical fertilizer and organic manure as an action that causes
variability in yield.

The Likert scale for the benefits domain ranged from “not important at all (1)” to “very
important (5)” indicating the extent to which farmers believed that using individual soil
fertility management practices would increase soil fertility and reduce yield variability. The
5-point Likert scale for the risk domain ranged from “to a less extent (1)” to “to a very large
extent (5)” to indicate the extent to which farmers thought not using a particular soil fertility
enhancing technology would lead to low soil fertility thus yield variability.
4.0 Results and discussion
4.1 Characteristics of the respondents
Table 2 presents the characteristics of the farmers interviewed. As shown, the mean age of
peri-urban commercial kale farmers was 47 years with mean years of experience of 19.36.
Okello et al. (2012) found similar results. Older farmers are likely to adopt a technology
because of their accumulated knowledge, capital and experience. However, the degree of risk
aversion increases with age implying that at old age households might adapt less swiftly to a
new phenomenon such as ISFM (Odendo et al. 2010). In addition, with advance in age, the
ability of the household head to participate in strenuous manual activities such as application
of manure decline and this might reduce the speed of the adoption of labour-intensive
technologies.
The mean number of years of schooling was 8.4 indicating a higher level of literacy which
implies that farmers are able to grasp information on soil fertility management. 48 % of the
respondents were male indicating that commercial peri-urban kale farming is female
dominated. Males tend to engage in non-farm activities such as running of small businesses
and bicycle repairs. Most of the households, however, are male-headed with only less than
30% of the households being headed by females.
More than 80% of the farmers keep livestock of one type or another. This implies that
farmers are able to obtain animal manure from their own farm hence substituting for
expensive chemical fertilizer. Livestock keeping might also imply increased competition for
crop residues between manure and fodder.
Table 2: Characteristics of survey respondents
Variable
Age (years)
Gender (1=male; 0=female)
Education (years)
Livestock ownership( 1=own; 0=not own)
Asset value (Kenya shillings)
Experience (Years)
Grow kale for sale and consumption on the same plot (1=yes; 0=no)
Irrigation (1=yes; 0=no)
Group membership (1=belong; 0=not belong)

Mean
47.17
0.48
8.40
0.88
91718
19.36
0.98
0.74
0.49

Standard
deviation
15.79
0.50
3.80
0.33
121218
14.49
0.15
0.44
0.50

Use of human faecal manure (1=yes; 0=no)
Neighbours using human faecal manure (number of persons)
Use human faecal manure if animal manure become unavailable (1=yes; 0=no)
1 US dollar was equivalent to 80 Kenya shillings at the time of the study

0
0.02
0.42

0
0.13
0.50

More than 70% of the farmers interviewed irrigate their kale while more than 90% of the
farmers grow kale both for sale and home consumption on the same plot. Irrigation is an
important complementary input to fertilizers and might reduce variability in yields. Growing
kale on the same plot allows farmers to devote their time, inputs and energy on one plot.
However, when kale for sale and home consumption is grown on the same plot, farmers
might desist from technologies that they perceive are likely to be hazardous.
Results show that although farmers were not using human faecal manure, 42 % of the farmers
indicated that they would use human faecal manure if animal manure became scarce. During
the interviews, however, farmers reported that they would only use human faecal manure if it
does not produce odour and is well sanitized, and certified by the government. The mean
value of assets was 91,718 Kenya shillings.

4.2 Factor analysis
Exploratory factor analysis was used to extract the benefit and risk domains and their
respective factor scores. The factor scores were then regressed on the coefficient of variation
in yield to explain the influence of expected benefits and risk perceptions on variability. The
rotated factor structure of farmers’ benefit domains is displayed in Table 3. Item S2 had an
individual KMO value of 0.4312 lower than the threshold of 0.5 (Hair et al. 2010). Moreover,
the item-to-total correlations for items S2 and S7 were far below the required minimum of 0.2
(Kerlinger 1978). These two items were thus excluded from further analysis. After running
the analysis again in the absence of the two items, item S3 was also dropped from subsequent
analysis on the ground that it had a factor loading less than the threshold (0.4) set in this
study. The items that were removed are displayed in italics in Table 3.

Table 3: Rotated factor matrix, benefit domains

Statement

S1: Use of chemical fertilizer alone
S2: Use of livestock manure alone
S3: Combined use of chemical and livestock
manure
S4: Incorporation of crop residues into the
soil
S5: Use of crop residues as mulch
S6: Crop rotation with legumes
S7: Leaving the farm fallow for sometime
S8: Use of faecal wastes alone
S9: Combined use of faecal wastes and
livestock manure
S10 Combined use of faecal and compost
manure
S11 Use of other compost manure alone
Overall KMO = 0.6985
Item-to-total correlation range: 0.3695 – 0.4808
Cronbach’s alpha:
0.7106

Factor 1
Using
nonconventional
practices

Factor 2
Using common
conventional
practices
-0.4601

0.5180
0.8532
0.7712
0.8309
0.9680
0.9383
0.4279

The Cronbach’s alpha and the overall KMO of the final matrix was 0.7106 and 0.6985
respectively suggesting that the matrix is factorable (Hair et al. 2010). Two factors were
retained in the final factor solution reflecting two benefit domains. Factor 1, interpreted as
reflecting a benefit domain about use of nonconventional soil fertility management practices,
comprised items about use of manure made from human faecal wastes alone or in
combination with livestock and compost manure. Factor 2 comprised items relating to the use
of chemical fertilizer, crop residues as mulch, incorporation of crop residues into the soil, and
crop rotation and intercropping with legumes. This factor was interpreted as reflecting a
benefit domain about use of the conventional soil fertility management practices.
The rotated factor structure of farmers’ perceived risk domains is reported in Table 4. Items
SS1, SS2, SS3, and SS4 were removed from the analysis because they had low values of
corrected item-total correlations (< 0.2). The analysis was then re-run and one more item
SS11 returned a factor loading of less than the threshold of 0.4 set in this study. The item was
subsequently excluded from the analysis. All the items that were removed from the risk
domains are displayed in italics in Table 4. The KMO of the final solution in the risk domains
was 0.7128 while the Cronbach’s alpha was 0.7889 suggesting that the matrix is factorable.

Table 4: Rotated factor matrix, perceived risk domains

Statement

Factor 1

Factor 2

Not using
nonconventional
practices

Not using
conventional
practices

SS1:
SS2:
SS3:
SS4:
SS5:
SS6:
SS7:
SS8:
SS9:

Not using chemical fertilizer alone
Not applying livestock manure alone
Not combining chemical and livestock manure
Not practicing crop rotation with legumes
Not using crop residues as mulch
Not incorporating crop residues into the soil
Not practicing fallow cropping
Not using human faecal wastes alone
Not using combined human faecal manure and
livestock manure
SS10:Not using combined human faecal manure and
compost manure
SS11:Not applying compost manure alone

0.8806
0.8877
0.4423
0.8333
0.9792
0.9614

Overall KMO: 0.7128
Item-to-total correlations range: 0.4474 – 0.5986
Cronbach’s alpha: 0.7889

The exploratory factor analysis extracted two factors very similar to those in Table 3 and
explaining a total variance of 72.16%. Thus, Factor 1 in Table 4 was interpreted as reflecting
the perceived risk domain associated with not using nonconventional soil fertility
management practices while Factor 2 was interpreted as reflecting the perceived risk domain
associated with not using conventional soil fertility management practices. Moreover,
communality was observed for the retained items. All the retained items had communality
greater than the threshold value of 0.5 recommended by Hair et al. (2010). The results of
factor analysis further show that the Bartlett’s test of sphericity both in the benefit and risk
domains was highly significant (p < 0.01), thereby indicating the adequacy of the sample
taken to process the factor analysis.

4.3 Regression analysis
Table 5 shows results of the regression analysis. Both the unrestricted and restricted models
were estimated. In the restricted model, variables that explained very little of the variability in
the coefficient of variation in yield (Wald test p-value = 0.9500) were omitted. As shown in
Table 5 the signs on the coefficients of both the restricted and unrestricted models are the
same, indicating that the results are robust. The discussion below, therefore, focuses on the
results of the restricted model.
Table 1: Linear regression results
Unrestricted model
coefficient p-value
1.46
0.192
-0.78
0.071*
-0.36
0.012**
-0.29
0.023**
0.32
0.003***
-0.26
0.078*
-0.63
0.038**
-0.65
0.047**
-0.09
0.013**
-0.25
0.072*
0.30
0.096*
-0.19
0.518
-0.05
0.868
-0.24
0.502
-0.14
0.747
0.03
0.908
0.09
0.751
0.41
0.585

Restricted model
Coefficient p-value
1.22
0.218
-0.78
0.036**
-0.34
0.006***
-0.27
0.027**
0.32
0.002***
-0.24
0.081*
-0.64
0.029**
-0.66
0.033**
-0.08
0.015**
-0.27
0.041**
0.30
0.084*
-

Variable
Intercept
Lntotsc
Ben_nonconv
Ben_conv
Risk_nonconv
Risk_conv
Grp
Irrigate
Educ
Lnexpr
Lndistmkt
Localtrd
Urbantrd
Kplvsk
Credit
Gender
Hfecal
Fultmemp
N=125
Dependent variable: lncv 3
R2: 0.49 ; p>F: 0.0000
Wald test: p>F: 0.9928
*** indicates significance at 1%; ** indicates significance at 5%; while * indicates
significance at 10%
The mean variance inflation factor (VIF) was 1.45 with individual VIF range of 1.97 to 1.15
indicating absence of multicollinearity. Breusch-Pagan’s test for Heteroscedasticity revealed
constant variance (p=0.1515). Model specification was tested for using Ramsey’s test. There
was no evidence (p>F=0.1113) to reject the null hypothesis that the model had no omitted
variables. The results of restricted model indicate that farmers’ total score (a measure of
attitude from the Rasch model) negatively and significantly (p<0.05) influence yield
3

cv stands for coefficient of variation in yield computed according to equation 3

variability. This implies that farmers with strong attitudes in favour of integrated soil fertility
management (ISFM) technologies experience low volatility in yields. A strong attitude in
favour of ISFM means that farmers view it favourable and try out several soil fertility
management practices. Consequently, these farmers are able to improve soil fertility on their
farms hence stability in yield.
The results show that variability in kale yield significantly decreases with farmers’
expectation of the benefits associated with soil fertility management practices implying that
the greater the perceived benefits the lower the variability in yield. Farmer’s perception of the
benefits associated with the use of nonconventional soil fertility management practices,
specifically use of human faecal manure, significantly (p=0.006) reduces variability in yield.
Similarly, the perceived benefits of using conventional soil fertility management practices
such as the use of chemical fertilizer, livestock manure, crop residues, crop rotation, and
intercropping with legumes significantly (p=0.027) reduces variability in yields at one
percent level of significance. Consequently, farmers who have a strong preference for the use
of conventional and nonconventional soil fertility management practices experience less
variability in yields.
The results however, show that farmers’ perception of risks associated with not using
nonconventional soil fertility management practices increases variability in yields (p=0.002).
On the other hand, farmers’ perception of risks associated with not using conventional soil
fertility management practices reduces yield variability (p=0.081). Farmers are conservative
with regard to acceptance of technologies. Ueland et al. (2012) argue that in evaluating risks
human beings favour traditional practices that are well known and that the same human
beings are suspicious about practices that are not well known. Farmers’ negative evaluation
of the consequences of using human faecal manure might result to strong attitudes
disfavouring use of the technology. Unfavourable attitude coupled with peoples’ culture
against use of human faecal manure might result to communities’ classification human faecal
manure as dirt.
Nevertheless, 42% of commercial peri-urban kale farmers indicated they would use manure
from human faecal waste if cow manure became unavailable. This implies that farmers
perceive that applying cow and human faecal manure could potentially increase soil fertility
but they are cautious about use of human faecal manure. Farmers indicated that they were
willing to use human faecal manure on condition that it is certified by the Government, is
well packaged, and does not produce odour. The biggest concern of farmers regarding the use
of human faecal wastes was that it is unhygienic and might cause diseases.
The results also indicate that irrigation significantly (p=0.033) reduces variability in yield.
Irrigation is a complementary input to fertilizer and thus plays an important role to stabilize
crop yield (Ackello-Ogutu, 2011; Alila and Atieno, 2006). The results further indicate that
distance to the market significantly (p=0.084)) increases variability in yield. An increase in
the distance travelled to the market by one kilometre increases variability in yields by 30%.
Distance constrains market access which affects input use due to the increase in costs of
accessing the input. Munyua et al. (2010) argues that transaction and transport costs increase

with increase in the distance travelled to the market and consequently constrain market
access.
The results further indicate that education significantly (p=0.015) reduces yield variability.
Human capital enables farmers to distinguish more easily technologies whose adoption
provides net economic gains from those that do not. Hence education increases the speed of
adoption of technologies. Wanjiku et al. (2003) also found that education influences adoption
of soil fertility enhancing technologies such as biomass transfer.
Farmers’ membership to groups significantly (p=0.029) reduces variability in yields implying
that farmers who belong to producers and marketing groups are likely to obtain stable yields.
Group membership reduces transaction costs by allowing information sharing, bulk buying,
and bulk selling which allows farmers to exploit economies of scale (Wambugu et al., 2009).
Moreover, membership in farmer groups increases the chances for increased interaction
among farmers thus facilitating the flow of information and learning for farmers. The results
further indicate that a unit increase in years of experience significantly (p=0.041) reduces
variability in yields by 27%.
5.0 Summary, conclusions and policy recommendations
Farmers face production risks in making decisions to adopt agricultural technologies.
Whether a farmer will adopt or not a particular technology will thus depend on the degree of
risk aversion based on the perceived benefits and risks associated with the technology. This
study investigated the relationship between yield variability in smallholder kale production in
Kenya and farmers’ attitudes towards integrated soil fertility management (ISFM) as well as
the relationship to a domain-specific risk-benefit preference scale. Attitudes for ISFM were
measured according to a behavioural cost approach in line with the recent developments
which posits that behaviour is a direct reflection of attitudes instead of attitudes being
considered as a latent construct while emanating from a planned behavioural process.
The study finds a significant negative relationship between individual farmers’ attitudes and
yield variability indicating that farmers with strong attitude in favour of integrated soil
fertility management (ISFM) experience reduced variability in yields. Farmers’ perception of
expected benefits both from the use of conventional technologies (such as crop rotation,
intercropping, use of crop residues, leaving the farm fallow, livestock manure, and applying
chemical fertilizer) and nonconventional soil fertility management practices (such as the use
of human faecal manure) significantly reduce variability in yields. Moreover, farmers’
perception of the risks associated with not using the conventional soil fertility management
practices decreases yield variability. However, risk perception associated with not using
nonconventional soil fertility management practices significantly increases yield variability.
The domain-specific risk-benefit measure recognizes that farmers’ degree of risk-taking in
one domain (a set of related soil fertility management practices) may not correlate with their
risk-taking in another domain. Rather, the same farmer may be more risk-averse in one
domain, and risk-taking in another domain. In this study farmers were risk takers in the
domain of conventional practices and risk averse in the domain of nonconventional soil

fertility management practices. The study further revealed that full-time farming, education,
irrigation, and group membership significantly reduce variability in yields.
Improving soil fertility remains an important goal of the Government of Kenya. Policies
geared towards promoting the flow of balanced information on soil fertility enhancing
technologies should be encouraged. Enhancing information flow through effective
communication of the true level of risk and the probabilities of being exposed to risk content
by farmers could promote use of ISFM technologies. Since the benefit domain associated
with the use of nonconventional technologies potentially reduce variability in yields focus
should be placed on the ways that enhance the promotion of the manures. In Central Kenya,
farmers are exposed to a wide range of traditional soil fertility management practices and
majority keep livestock hence are able to obtain livestock manure. Development and
subsequent dissemination of non-conventional technologies such as human faecal manure
requires that attention be placed on addressing the concerns of farmers regarding the risks
associated with the technologies. For successful adoption of such technologies, it is
imperative to assure farmers of their health safety. Focussing on the extrinsic cues such as
price, packaging and certification coupled with intrinsic cues such as odour, sanitation, and
nutrient contents of the manures will promote the use of the manures.
Furthermore, stimulating agricultural growth and reducing yield variability requires
complementary investment in irrigation, human and social capital, and infrastructure.
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