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Abstract

adopting these innovations on enhancements of yields.

Background: Potato yields in Kenya are less than half the amount obtained by some developed countries. Despite
more acreage being dedicated to the crop, annual production has not improved. Kenya's low yields have been
blamed on a failure to use clean seeds, fertilizers, fungicides and irrigation. The article examines the impact of

Results: The regression coefficients indicate that clean seeds have the greatest impact followed by irrigation,
fungicides and fertilizers. However, clean seeds have the lowest adoption rate, with only 4.5% of the respondent
sample using such seeds. Irrigation adoption was also low at 23% but there is widespread usage of fungicides and
fertilizers at 92% and 96% respectively. Adoption of the four innovations more than doubled the yields but the
absolute amount remained less than 50% of the 40 tons per hectare obtained by the leading world producers. The
less than optimal gains can be attributed to the nonlinear relationships of the variables, which indicate the
importance of more precise, proper application of inputs in order to obtain higher yields. Linear regression could
only explain 10% of the variation but nonlinear regression improved R squared to 80%. The unexplained variables
accounting for 20% appear to be essential for a further enhancement of yields, given the big difference between
those currently achieved in Kenya and those in developed countries.

Conclusions: Whereas adoption of the inputs is important, there is a need to use precise, recommended
application regimes in order to obtain better potato yields. Training, in the form of visits by innovation propagation
agents, are shown to improve adoption rates although only about half (55%) of farmers reported receiving such
visits in the preceding three years. This points to a need for the Ministry of Agriculture to lead in increasing the
coverage of such visits. Taken together, the four innovations account for only a fraction of the yield variances
highlighting the need for further research to identify other determinants of Kenya's low potato production.
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Background

The most consumed food crop in the world is rice,
followed by wheat, potatoes and maize in that order [1].
In Kenya, the potato is the second most important food
crop after maize, which contributes 32% of overall diet-
ary energy consumption and 68% of energy consumption
from cereals [2]. The recurrent episodes of famine in pe-
riods of drought in recent years, coupled with Kenya’s
reliance on maize imports to meet its domestic needs
suggest that the country has not thus far succeeded in
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realizing successful food security strategies. Indeed, con-
trary to other African countries, for example, Malawi,
which have significantly reduced their dependence on
cereal imports over the few years, in Kenya it has risen
from 20.7% in 2000 to 2004, to 36.1% in 2007 to 2009 [3].

The potato has a demonstrated capacity to feed large
populations. Nunn and Quin [4] showed how popula-
tion and urbanization in Europe and America increased
sharply during the eighteenth and nineteenth century
following the introduction of the potato as a new food
crop. The potato provides more food per hectare than
other staples, given its short time to mature (80 to
120 days), which allows two crops per year. Now con-
sumed in most regions of Kenya, the potato deserves
consideration, therefore, as a potential focal crop in the
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country’s quest to attain food security. This would call for
an enhancement of the potato sector, which is currently
classified under ‘orphan crops’ by the Kenyan Ministry of
Agriculture due to its relatively low level of development.

Kenya’s potato yields have remained low even as more
land is devoted to the crop. This contrasts with the
experience of other regions that have experienced the
green revolution. Between 1966 and 1980, the acreage
under potatoes in North America and Western Europe
decreased annually by more than 2% but yields increased
by almost 1% [5]. In Asia, the acreage increased by about
7% in the same period and was accompanied by annual
yield growth of 2%. In Africa, however, despite a 4% rise
in potato-farmed land, yields remained constant in the
same period.

Indeed, yields in the continent are remarkably low at less
than 20 tons per hectare for Africa compared to over 40
tons for developed regions like North America (Table 1).
This suggests that there is an immense potential for
improvement of potato yields in Africa. A set of ‘green
revolution’ innovations that can lead to increased potato
yields - clean seeds, fertilizers, chemicals and irrigation -
are well known and considerable debate has focused on
approaches to enhancing their rate of adoption. However,
there has been virtually no formal evaluation of the out-
comes of their use. This paper assesses the relative im-
pacts of the adoption of clean seeds, fertilizers, fungicides
and irrigation on potato yields in Kenya.

Theoretical framework
Increased productivity for sub-Saharan Africa and Kenya
in particular is only going to be obtained through the

Table 1 Potato production, by region, 2009 and 2010
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adoption of innovative approaches. An innovation has
been defined as a new product, new technique, new prac-
tice or a new idea [6].

We look at key demand and supply factors contribut-
ing to the low level of adoption of conventional input in-
novations as well as their impact once used, as we seek
to examine to what extent a greater adoption of such
measures would significantly improve potato yields in
Kenya. Existing literature on demand factors typically fo-
cuses on individual characteristics. Studies have shown,
for example, that a younger age and better education of
a household head, as well as a larger farm size are asso-
ciated with a higher likelihood of adopting innovations
[7,8]. Rogers [7], moreover, suggests that farmers with
contacts outside the local community are more likely to
embrace new techniques than those embedded in a trad-
itional lifestyle, while Unwin [8] finds people who have
been farmers all their lives to be more likely to adopt
innovations.

Available research on the supply-side factors shaping the
uptake of innovations considers the extent to, and ways in
which an innovation is made available to potential users.
The innovation is usually availed by institutions and
groups outside the farming community. Constraints sup-
ply or supply constraints are viewed as being established
and controlled mainly by government and private institu-
tions [6].

Ruttan [9] has drawn several generalizations from lit-
erature on green revolution. Notwithstanding exceptions
due to environmental differences, these include: (1) that
new high yielding varieties (HYVs) were adopted at ex-
ceptionally rapid rates in those areas where they were

2009 2010
Country/region Production (tons) Area (Ha) Yield/Ha Production (tons) Area (Ha) Yield/Ha
Kenya* 2,299,090 120,246 1912 2,725,940 121,542 2243
Uganda 689,000 101,000 6.82 695,000 102,000 6.81
Tanzania 860,980 195,690 440 1,472,560 172,970 851
Eastern Africa 9,414,400 866,491 10.86 11,403,695 912,817 1249
Malawi 3,427,660 161,923 2117 3,673,540 160,600 22.87
South Africa 1,866,580 55,000 33.94 2,090,210 62,200 33.60
North Africa 8,446,031 376,750 2242 9,522,340 386,350 24.65
Africa 22,047,635 1,691,139 13.04 25,378,948 1,827,282 13.89
Asia 145,841,189 9,031,772 16.15 159,055,291 9,193,486 17.30
European Union 62,694,978 2,087,172 30.04 57,485,831 2,018,117 2848
South America 13,880,831 874,378 15.88 14,475,788 942,423 15.36
USA 19,622,500 422,492 4644 18,337,500 407,923 44.95
North America 24,151,275 569,249 4243 22,760,270 547,868 4154
WORLD 329,581,307 18,651,838 17.67 324,420,782 18,653,007 17.39

*FAO yield estimates from 1999 to 2004 were all less than 10 tons per hectare and it is not clear what changed from 2005 onwards when estimates were more
than doubled. Source: Food and Agriculture Organization (FAO), accessed April 2013.
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technically and economically superior to local varieties.
This illustrates that technical and economical evaluations
have an impact on adoption; (2) neither farm size nor ten-
ure has been a serious constraint to the adoption of HYVs
of grain. While smaller farmers and tenants tended to lag
behind larger farmers in the early years following their
introduction, these lags typically disappeared within a few
years; (3) the introduction of HYVs has resulted in an in-
crease in the demand for labor; and (4) land owners have
gained relative to tenants.

The adoption of an innovation is primarily the out-
come of a learning and communication process. This
implies that there are factors related to the effective flow
of information and the characteristics of information
flows, information reception and resistance to adoption.
Adoption will depend on an individual’s general propen-
sity to adopt innovation or his innovativeness [7]. It will
also depend on the congruence between the innovation
and the social, economic and psychological characteris-
tics of the potential adopter.

Most studies on innovation diffusion end with a dis-
cussion of its resultant adoption but do not look at
outcomes of the adoption process. Until the 1960s, an
underlying assumption of diffusion theory was that a
new product or practice offered an indisputable benefit.
Innovations were viewed as pure gains - a replacement
of the outdated and inefficient with something better
[10]. However, more recent research has drawn attention
to negative social and environmental effects of innova-
tions. Additionally, new technologies may not always re-
sult in expected improvements in outcomes such as
yields. Given the poor potato yields in Kenya, we sought
to establish whether the adoption of a package of the
well-established innovation inputs would lead to signifi-
cant improvements in yields. To this end we examined
the extent and drivers of adoption rates and analyzed
their impacts on yields.

Methods

A survey was conducted in 2010 and the first quarter of
2011 in three counties of Nakuru (Njoro and Kuresoi),
Nyandarua (Nyandarua South, Nyandarua West and
Nyandarua Central) and Meru (Meru Central and Buuri).
The three counties are located in in the Rift Valley,
Central and Eastern regions of Kenya, respectively. Cen-
tral region is the leading producer of potatoes in Kenya
followed by Rift Valley and Eastern Region. The study
counties are the main potato growing areas in their re-
spective regions and together account for approximately
95% of total potato production in Kenya [11].

The areas studied are all in high altitude- (between
1,400 and 2,700 meters above sea level) and high-rainfall
zones, experiencing mean annual rainfalls of 1,000 mm
or greater. Nyandarua County has temperatures ranging
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from a minimum of 2°C to a maximum of 25°C. The
rainfall ranges between 700 and 1,500 mm per annum
[12]. In Meru County, annual temperatures range from a
minimum of 16°C to a maximum of 23°C and rainfall
from 500 to 2,600 mm. Temperatures in Nakuru County
range from a minimum of 12°C to a maximum of 26°C
per year with rainfall ranging from 1,800 to 2,000 mm.
Maximum temperatures across all study counties, there-
fore, are sufficiently temperate, as are minimum temper-
atures - with the exception of Nyandaura. The highest
variability in rainfall is recorded in Meru, where some
areas receive less than 1,000 mm per year, which may
explain the high usage of irrigation in the county. The
predominant soil type is volcanic in Nyandarua and
Meru but some parts of Nyandarua have red clay soil.
Nakuru mainly has loamy soils.

Since no complete household survey has been carried
out in in the last 5 years, we used data from the Kenya
Integrated Household Budget Survey (KIHBS) 2005/
2006 [13] to estimate the number of households produ-
cing potatoes. The total number of such households
was 790,752, of which virtually all (97%) were located
in the main Central, Rift Valley and Eastern producing-
regions.

KIHBS data also provided estimates of the share of
potato-growing households in each target county. In
Nyandarua, 97% of farmers grew potatoes compared to
34% in Nakuru and 31% in Meru. Together, the three
counties accounted for about 33% of all potato growing
households in Kenya.

Relevant KIHBS data is aggregated at the level of house-
holds. Equally, the respondents targeted in our study were
the heads of households. Interviews captured the demo-
graphic characteristics of the household head. The house-
hold is defined as a place where members ‘eat from the
same pot’. In the regions studied, this was also synonym-
ous with housing units since independent households in
these rural areas do not share the same house.

To be able to generate a random sample from the
three regions, we used administrative district-level infor-
mation gathered through a 2009/2010 enumeration of
potato farmers by the Ministry of Agriculture. For some
parts of Nakuru (Njoro and Kuresoi), data were incom-
plete, requiring us to employ a stage-wise stratified sam-
pling approach, estimating the number of farmers in a
village and selecting one at a constant interval.

The required sample size (n) was 381 as per the for-
mula below. We however, targeted 419 farmers, assum-
ing a 10% non-response rate and ended up with 402
completed questionnaires.

Formula:

t> 1-
qo B 1:»(2 p)
m
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Description:

n = required sample size

t = confidence level at 95% (standard value of 1.96)

p = estimated proportion of farmers growing potatoes -

used 55% average as per occurrence in KIHBS [8]

m = margin of error at 5% (standard value of 0.05)

Using the KIHBS [8] data for the farmers involved
in potato production, the average occurrence was 54%
as below:

0.97 % 104637/264729 + 0.31 * 40660,/264729 + 0.34
% 90381/264729 = 54.7%

Calculation:

1.96% x .55(1-0.55)
n—=
0.052
_ 3.8416 x 0.2475

0.0025
~0.9508

"~ 0.0025
n = 380.32 Approximately 381

The survey questionnaire was designed to collect data
that could be used to generate additional variables. To
increase the reliability of self-reported data, the ques-
tions asked were simple and information sought easy to
recall. For instance, on yields, farmers were asked about
the portion of their land they had dedicated to potatoes
in the last season and the production thereof. Total pro-
duction was divided by the area to generate yield data.
Since the study sought to examine production in gen-
eral, data on the varieties grown were not collected. The
specific fertilizers and fungicides used were recorded but
the ranges of fungicides were too wide to be analysed
meaningfully. Several types of fertilizers were reportedly
used but most farmers were unable to recall the specific
kind used. As they put it, they simply follow sellers’
advice on the type to purchase. The analysis, therefore,
ignores fertilizer distinctions. For irrigation, the data col-
lected were on installed irrigation facilities as opposed to
actual use. It was assumed that those who had installed
facilities actually used them.

The analysis used the Chi-square and Fisher’s test, regres-
sion and logistic regression, where the dependent variable
was dichotomous. Stata/SE 10.1 was used for the analysis.

Study results and discussions

The study found clean seeds, fungicides and fertilizers
to be the most important production inputs that could
easily be identified by the farmers and impacted on
yields. Irrigation, the other key innovation was captured
alongside other household characteristics as opposed to
a farm input.
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We used logistic regression to investigate the relation-
ship between household characteristics, communication
variables and adoption of the three focal input innova-
tions. Table 2 presents results of estimating the probabil-
ity of adopting the three innovations. The Chi-square
statistic indicates strong significance (P <0.01) of two of
the models (seeds and fertilizer) over the simple model
that includes only a constant. The goodness of fit for
each of the models can be assessed through the pseudo
R-square measure, which in our models ranges from 7.2
to 20.2%. Our models thus have good predictive ability
for adoption. We will look at each of the adoption out-
comes separately.

We conducted both linear and nonlinear regression
analyses to determine the contribution of farm inputs to
yields. In both cases, we controlled for household cha-
racteristics and communication variables. A step-wise
regression process was introduced given a very low R
squared value in the linear regression. This led us to a
nonlinear equation for regression analysis.

Adoption of clean seeds

A very high proportion of farmers (79%) are aware that
they should use clean seeds but only 4.48% actually did so.
This figure, moreover, is likely to be higher than in other
less dominant potato growing areas. In the study, we only
considered seeds bought from certified seed producers as
clean. The price of clean seeds is more than double that of
recycled uncertified seeds and readily obtainable. Our
estimation based on data from the Kenya Plant Health
Inspectorate Services [11], the sole certifier of seeds in
Kenya, indicates that available stocks of certified seeds are
only about 2% of the country’s seed potato requirements.
FAO estimates for 2009 put the acreage on which potatoes
are grown in Kenya at 120,246 ha, suggesting a seed
requirement of 240,492,000 kg (120,246 x 2,000). Kenya
Plant Health Inspectorate Services (KEPHIS) data, there-
fore, indicates that the certified seeds quantities were only
0.21% of the seed potato requirements in 2009 (Table 3).
Assuming that certified seeds are multiplied at least once
to give clean but not certified seeds, that is, presuming a
multiplication ratio of 1:10, we estimate that clean seeds
available to farmers in 2009 may only have ended up
meeting 2.1% of the seed potato requirement. With such a
low percentage of supply in the market, the odds are that
many farmers who may wish to adopt clean seeds have
not been able to do so.

As mentioned above, existing research suggests that
the younger the head of household, the better the educa-
tion and the larger the farm, the more likely is a house-
hold’s adoption of an innovation [7,8]. Though Obare
et al. [15] had contrary findings that education has no
effect on adoption, our results indicated no statistically
significant relationship between the level of education
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Table 2 Descriptive statistics for the full dataset

Variable Mean value/percent sD Min Max
Adoption of clean seeds 0.0447761 0.20707 0 1
Proper fertilizer use 0.181592 0.385988 0 1
Use of fungicides 0.9179104 0.274843 0 1
Age (young = less than 40 yrs, old = above 40 yrs) 0.2835821 0451298 0 1
Gender (1841% female) 0.1840796 0.388032 0 1
Education (None & Primary =0, Secondary, Post-secondary=1) 04825871 0.500319 0 1
Size of land 4457916 5873537 0 60
Employment status (Employeed=1) 0.0895522 0.285895 0 1
Irrigation 0.2338308 0423793 0 1
Number of cows 2375622 2413739 0 20
Region (Eastern=1) 0.2985075 0458174 0 1
Visited (Visited=1) 0.5472637 0498381 0 1
Ownership of media equipment 0.920398 0.271013 0 1
Member of farmers group 0.3109453 0463457 0 1

and the adoption of clean seeds, In contrast, land size
and number of cows owned by the household head,
indicated no significant results. Having been visited by
propagation agents, had a significant positive associ-
ation with adoption, the latter pointing to the import-
ance of communication about clean seeds. The gender,
age, employment status, use of irrigation and region of
residence of the household head did not significantly
predict adoption.

Some contextual considerations can help in inter-
preting these findings. Land is in many cases a sign of
wealth, as is the number of cows owned. Given the high
cost of clean seeds, it would have been expected that
higher adoption would be found among those with more
land and cows is not surprising and, indeed, is to be
expected. Similarly, the scarcity of seeds likely renders
efforts to procure them more worthwhile for farmers
who will use them on a larger area. Clean seeds are not
distributed but instead have to be sourced directly from
the producers. Because procurement in most cases in-
volves transportation, there are economies of scale when
procuring for a bigger farm. The number of cows owned
by a potato farmer (typically used for dairy production)

Table 3 Seed potatoes certified by Kenya Plant Health
Inspectorate Services (KEPHIS) in kilograms

Year Quantity in kg
2005 64,800.00
2006 418,300.00
2007 230,600.00
2008 369,091.00
2009 496,100.00

Source: KEPHIS [14].

is an important determinant of the income available to
be invested in purchasing expensive seeds. However,
only education and visits by innovation propagation
agents influenced adoption meaning that failure to adopt
clean seeds can largely be as a result of lack of know-
ledge. Visits by innovation propagation agents influenced
the level of awareness of clean seeds - a prerequisite for
their adoption. Taken together our findings suggest that
although there is high awareness on the existence of
clean seeds, it takes a higher level of education to appre-
ciate the need to navigate the highly inefficient clean
seeds supply chain. Interviews with seed producers indi-
cated that in addition to a highly insufficient quantity of
clean seeds in Kenya, the few existing seed multipliers
lack effective marketing and distribution systems. As a
result, farmers have to incur transport costs to collect
seeds. The experience of one of the authors illustrates
the long distances and attendant costs that can be in-
volved: to obtain a large enough quantity of seeds for a
field experiment, trips to two seed producers located
more than 200 km apart were necessary. In addition to
incurring transport costs, farmers pay high prices for
certified seeds, which cost on average Ksh 2,000 per
50-kg bag compared to less than Ksh 1,000 for recycled
or unclean seeds. Unless one fully appreciates the be-
nefits of clean seeds, he or she is unlikely to take the
trouble to source them.

Fertilizer usage

The proportion of farmers using fertilizer in the potato
growing areas is higher than the national average of 69%
[13]. Potatoes respond better to chemical fertilizers than
do other crops that thrive with animal manure. Use of ani-
mal manure, which may be contaminated with bacteria
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wilt, carries the risk of serious disease for potato plants.
Farmers are, therefore, discouraged from using animal ma-
nure unless they are sure it is clean. A large majority of
interviewed farmers (96%), therefore, reported using fertil-
izers. This raises a key question as to how their usage
compares to recommended practice.

We asked each farmer about the size of land on which
they grew potatoes and the amount of fertilizer they
used. Using a standard recommended rate of four 50-kg
bags per acre, we were able to examine the extent of
adoption of fertilizers. Our findings show that only 18%
of those using fertilizers are using the required quan-
tities, 72% use less than the requirement and 8% use ex-
cess quantities. The under-use of fertilizer is certain to
affect yields, given that the land on which potatoes are
grown is typically over farmed - making fertilizer-use
paramount for obtaining good harvests. It would appear
that the recommended quantity of fertilizer per area is
not commonly known.

Among the characteristics of the household head,
only—ownership of irrigation equipment and the region
the farmer come from were found to have a significant
relationship with fertilizer usage. Age, education level,
employment status and size of land were found to be in-
significant. Irrigation is mainly applied in only one of the
regions studied. The fact that proper usage of fertilizer is
associated with irrigation use and the region of residence
from indicates that proper usage is more prevalent
among commercial farmers. These are farmers who are
investing more on farming including the use of irrigation
equipment. They therefore go an extra mile to ensure
that they use the appropriate quantity of fertilizer in
order to obtain optimum yields.

Among the communication variables only membership
of farmer group was significant predictors of correct
fertilizer use. It was surprising that visits by innovation
propagation agents did not influence proper usage of
fertilizer. Those who have been visited by innovation
propagation agents in the last three years are more likely
to apply the right quantity of fertilizer (24.54% compared
to 10.44% for those not visited). The visits are highest in
Eastern Region (73%), second highest in Central Region
(61%) and lowest in the Rift Valley Region at 30%. This
difference arises from the region of residence which
emerged as a significant factor for proper application of
fertilizers. The Ministry of Agriculture was identified as
the leading innovation propagation agent that had vis-
ited farmers in the last three years, accounting for 80%
of total visits. Though about half (55%) of the farmers
were visited, the visits were very high in the Eastern re-
gion at 73% as compared to 61% for Central and 30% for
the Rift Valley region. The Ministry of Agriculture has a
strategy of only seeing farmers who are involved in par-
ticular projects or specifically requests a visit.
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There are significantly better results for fertilizer usage
for those who also use clean seeds (Table 4). The high
cost of clean seeds may encourage efforts to properly
apply fertilizer in order to ensure that investment in
such seeds is properly recovered through good yields.

Use of fungicides

Besides bacteria wilt, another serious disease for potatoes
in the tropics is late blight. The disease is controlled by
spraying fungicides. Virtually all respondents (92%) re-
ported using fungicides. Computing the extent of usage
was not possible, however, given the different brands in
the market, the different application regimes and the fact
that application is in most cases dependent on the weather
conditions. We were therefore unable to work out the
extent of usage.

A correct, early timing of the first fungicide applica-
tion is as important as its extent for forestalling disease.
However, clearly not all farmers are cognizant of this.
Responses to the question ‘what prompts first applica-
tion of fungicides’ included, ‘after germination for control
purposes’, ‘as a preventive measure’, ‘when symptoms of
disease are identified’, and ‘when weather changes’ (rain
and cold temperatures). About a quarter of the farmers
did not answer the question and some gave multiple an-
swers. We therefore considered it inappropriate to
analyze the quality of usage. We therefore focused only
on application and non-application. The number of cows,
size of land owned and the region of residence emerged
as a significant predictors. The first two are proxies for
wealth indicating that there is more adoption of fungi-
cides by well to do farmers. The log likelihood was only
significant at 10%.

Fungicide manufacturers and retailers in Kenya engage
in aggressive marketing and distribution, among some
including through use of dedicated field officers to work
with farmers. This likely explains the many different
brands being used and the high level of uptake. Know-
ledge of fungicides is well-spread in the farming commu-
nities. Semi-structured interviews with the farmers
revealed that most of them routinely shop for fungicides.
Their application regime, however, appears to be rather
haphazard.

Clean seeds, fertilizer use, fungicides, irrigation and yields
As a next step in the analysis we introduced irrigation into
a regression model comprising all key variables, with a
view to investigating their impacts on yields. Though irri-
gation has mainly been considered a household character-
istic, experiences of other potato-producing countries, like
South Africa and Egypt, suggest that it is an important de-
terminant of productivity. South Africa and Egypt have
average yields of 33 and 25 tons per hectare respectively,
with 75 and 100% of the crop, respectively, grown under
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Table 4 Adoption of clean seeds, proper use of fertilizers and use of fungicides

Seeds Fertilizer Fungicides
Variable Coefficient Robust SE P Coefficient Robust SE P Coefficient Robust SE
Age -1.480892 1.045255 0.157 -0.3782178 03851948 0326 -0.1278965 04698768
Gender -0321191 0.7842926 0.682 -0.1184211 04007041 0.768 -0.4856607 04495826
Education 0.9821727 05520274 0.075% 0.2845236 0.3259048 0383 04638435 0.3788872
Size of land 0.0258104 0.0465198 0.579 -0.0391673 0.0398019 0325 -0.0846073 0.0458748
Employment status 0.0255295 0.8811416 0977 0.8092282 0.5437259 0.137 -0.0704882 0.8370973
Irrigation 04484032 0.799934 0.575 -1.18545 0392375 0.003** 04234932 05356169
Number of cows 0.1624452 0.1127645 0.15 0.016982 0.0854269 0.842 0.2514047 0.1170051
Region -0.2813659 0.8075803 0.728 2297463 0.3866888 0*** -1.164979 05331393
Visited 1.692598 0.6676563 0.011** 04122967 0.3488554 0237 0343017 04321116
Ownership of media equipment -0.8326009 0.8493516 0327 0.6678926 0.8132582 0412 0.193444 0.6770312
Member of farmers group 0.242039 0.5296039 0.648 0.7640476 03192164 0.017** 0.2863781 05342112
Use clean seeds 1.280824 0.5803187 0.027** -0.1089398 1.212624
Proper fertilizer use 1.293441 0.6205842 0.033%* 06277023 0.7238252
Use fungicides 0.2355052 1.908216 0.879 0.5306858 0.7029454 045
Constant —5.995303 3.703948 0.036 -3.941271 1307758 0.003 2065371 0.761221
Log likelihood -56.639018 0.0%%* -143.30835 0.0%%* -97.736995
Chi-square statistic 50.79 63 18.55
Pseudo-R2 02179 0.2097 0.068*
Number 379 379 379

Results as presented are for estimation of the probability of adopting the three innovations. *P <0.1, **P <0.05, ***P <0.01 (two tailed test).

irrigation [16,17]. The regions studied in this research had
an irrigation rate of 4, 59 and 13% for Central, Eastern and
Rift Valley, respectively, with an overall average of 23%.
Our findings presented in Table 5 show an average yield
of 14.48 tons per hectare for those using fertilizers in the
right proportion as compared to 11.68 tons per hectare
for those using lower than the recommended quantity of
fertilizer. Farming households using in excess of the
recommended quantity produce only marginally more
(12.91) than those using less than the suggested amount.
Those using clean seeds have an average yield of 15.75 tons
per hectare as compared to 12.00 tons per hectare for those
not using clean seeds. There is less variation in yields for
those who use fungicides and those who do not, with 12.42
and 9.45 tons per hectare, respectively. Similarly, house-
holds applying irrigation had an average yield of 13.81 as
compared to 11.66 tons per hectare for those without irri-
gation facility. Those both using clean seeds and applying
the appropriate quantity of fertilizer were obtaining an
average yield of 18.35 tons per hectare as compared to
16.39 tons per hectare for households combining the use
of clean seeds and fungicides. The overall average yields for
the whole sample studied was 12.17 tons per hectare. The
apparent differential impact of innovations is underscored
in Table 6, which shows linear and nonlinear regression re-
sults for clean seeds, proper fertilizer use, use of fungicides
and irrigation as independent variables and yield as the

dependent variable. The results show a considerably higher
coefficient for clean seeds than for fungicides or fertilizers,
suggesting a greater impact of clean seeds on enhancing
yields. Regressing the three variables on yields (seeds, ferti-
lizer and fungicides), a low R* value of 5% was obtained,
which only rose to 12.3% when introducing socio-
economic characteristics® to the model. The low R* value
may be attributable to nonlinearity where a number of fac-
tors contribute to random or unpredictable behavior. In-
stances of heteroskedasticity or even non-normality may
also be contributing factors. We therefore tested whether
or not linear regression assumptions were violated by
examining the residuals for normality. The Smirnov-
Kolmogorov test gave a probability of less than 0.05 in-
dicating that the residuals are non-normally distributed.
However, the values of the standardized residuals did not
exceed 3.5 or fall below —3.5 suggesting that there were no
outliers. We used the Cook-Weisberg test to check for
heteroscedasticity. We obtained an insignificant result,
indicating lack of heteroscedasticity or homoscedasticity
(presence of equal variance of the residuals along the pre-
dicted line). We tested for multi-co-linearity but obtained
variance inflation factors of less than 5, indicating that the
multiple models did not include two or more highly corre-
lated predictor variables.

The histogram of the independent variable (yield) indi-
cates that it is not normally distributed. Statistical and
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Table 5 Fertilizer use per acre, clean seeds, irrigation and average yields

Average yield (Tons/Ha) SD Min Max
Fertilizer use
Proper use 14.47705 5.640542 2.7181 25.00652
Underuse 11.68091 6.224888 1.019287 33.16082
Overuse 1291097 6.671999 2.17448 26.09376
Seeds
Clean seeds 15.74899 4371697 54362 21.7448
Non-clean seeds 12.00645 6.340899 0.81543 33.16082
Fungicides
Use fungicides 1241601 6.268137 0.81543 33.16082
Do not use 9454046 6.229853 2.71810 27.18100
Irrigation
Has irrigation 13.81068 5936193 1.08724 33.16082
Does not have irrigation 11.66037 6.345868 081543 28.26824
Combined
Clean seeds and proper fertilizers 1834717 2639298 13.04688 21.74480
Clean seeds and fungicides 16.39354 3.58500 9.78516 21.74480
Proper fertilizers and fungicides 14.57256 5.603104 2.71810 25.00652
Clean seeds and irrigation 13.81068 5936193 1.08724 33.16082
Clean seeds, proper fertilizers and fungicides, irrigation 18.34717 1.545576 16.03679 19.29851
Overall (general) 1216793 6310752 0.81543 33.16082

graphical tests on Stata software indicate nonlinearity
for fertilizer use per acre and yields. Yields increase with
additional fertilizer application up to a certain point after
which they decrease. The graph of yields on fertilizer
approximates a parabola with a vertex points (279.50,
14.15) representing the highest point for which fertilizer
usage per acre gives the highest yield on the fitted curve.
The function can be expressed as:

Y = 0.0402097 * F — 0.0000678 * F « F

Where F is the fertilizer use per acre. The peak for the x
axis is 279.5, which is the optimal quantity of fertilizer
recommended. The peak the y axis is 14.15 tons per hec-
tare (Figure 1).

We then conducted a nonlinear regression analysis of
yields on the four independent variables, where b1, b2,
b3 and b4 are the coefficients for the independent vari-
ables, as follows:

nl(yield = (bo + {61} * (fertuseacre
+ b2 fertuseacre * feruseacre )
+ {63} * seedsciean + {64} * usefungicides.

The coefficients in the nonlinear regression still show that
clean seeds have the highest impact (also in Table 6). Remov-
ing the linearity assumption improves the R* value to 8.54%

leaving a whole 93% unexplained variance. The inclusion of
social economic characteristics in the regression equation
above improves R value to 13.82%. We speculate that the
unexplained variance could be due to other ecological factors
in the value chain that have not been incorporated in the
regression model. These include a high micro-variability in
land quality - that is a relative instability of soils and their
different responses to application of inputs [18], as well as
soil conditions prior to use of clean seeds, fertilizer, or fungi-
cides. Soils that already contain bacteria wilt will limit yields
even when all required inputs are used correctly. Over-
mined soil may require additional organic materials besides
fertilizers to obtain optimum results for a fertilizer. Climate
variations are also important, given that potato diseases such
as late blight are made worse by temperatures variations.
These other factors not included in the model may explain
the large confidence intervals reported in the model.

Conclusions

Determinants of innovation adoption

In the three models of clean seeds, proper fertilizer use and
use of fungicides, age, size of land, education level, number
of cows, region, visits of innovation agents, possession of
irrigation equipment and membership of farmers’ groups
are shown to have a significant positive association with



Wang'ombe and van Dijk Agriculture & Food Security 2013, 2:14
http://www.agricultureandfoodsecurity.com/content/2/1/14

Table 6 Nonlinear and linear regression on yields

Page 9 of 11

Linear regression

Nonlinear regression

Yield Coefficient P value Coefficient P Value
Fertilizer use per acre 001168 0.001** 0.0362579 0.00%**
Fertilizer use per acre squared -0.0000605 0.007%**
Clean seeds 3.11066 0.041% 2450674 0.109
Use fungicides 1.84136 0.138 2322216 0.037**
Constant 9.06671 0 7.172435 o
R 478 8.54
Controlling for social-economic characteristics

Linear regression Nonlinear regression
Yield Coefficient P Value Coefficient P Value
Fertilizer use per acre squared -0.0000483 0.009**
Fertuse per acre 0.0070554 0.056* 0.0273886 0.007***
Use clean seeds 2.190173 0.165 1.805383 0.25
Use fungicides 2667031 0.018** 2352725 0.037*
Has irrigation equipment 0.5149959 0.56 0.6793034 044
Size of land owned 0.0548732 0427 0.0420069 0.541
Education - Secondary Sch. & above 0.3303141 0.624 0.387795 0.563
Gender (Female) -1.812674 0.027** -1.794205 0.027**
Not employed -0.3628529 0.751 -0.1604294 0.888
Retired -1.093352 0415 -1.040537 0434
Age (40 -49 years) -1.060726 0.225 -1.005677 0.246
Age (50-59 years) 0.1877138 0.833 04085131 0.646
Age (Above 60 years) -1.264216 0.204 -0.9387634 0.345
Region - Central -2.018409 0.033** -1.752407 0.064*
Region - Rift Valley -2.733439 0.006** -2.257026 0.025**
Visited by Agr. Officer 04646729 0.507 0.2337566 0.738
Own Radio or TV -1.090301 0.365 -1.092433 0.36
Member of farmer group 0.1880047 0.794 0.1577523 0.826
Number of cows 0.0860794 0.601 0.0973959 0.551
Constant 11.76595 0.000*** 10.34928 0.000%**
R squared 123 13.82

* P <0.1,** P <0.05, *** P <0.01.

adoption in at least one model, with the region of residence
being significant in two models (Table 4).

Usage of clean seeds is influenced by awareness levels as
indicated by the education level (secondary school and
above) and visits by innovation propagation agents. The
low supply of clean seeds and the complex procurement
issues make only those who fully appreciate the impact of
using clean adopt them. Proper fertilizer usage is evident in
the region that have also adopted irrigation indicating
commercialization of agriculture including the usage of irri-
gation is a stronger factor in the usage of appropriate quan-
tities of fertilizers. Use of fungicides appears to be
influenced by wealth levels as represented by the size of
land and the number of cows that a farmer has. The region

of residence which is also significant for use of fungicides
could also be pointing to the different levels of wealth in
the three regions studied.

The importance of communication variables is clearly
shown in the case of usage of clean seeds. Visits by in-
novation propagation agents were significantly associated
with the use of clean seeds. Communication variables influ-
ence adoption and when lacking in supply they constrain
adoption. Visits by innovation propagation agents positively
influenced the adoption of clean seeds and proper usage of
fertilizers. The Ministry of Agriculture may need to review
its visits strategy to accommodate routine visits to farmers
at least once a year. This used to be the practice in the
1970s but was abandoned due to resource constraints.
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More investments in agriculture to allow increased visits to
farmers, combined with strategies to successfully and sys-
tematically convey information on ‘best’ agronomic prac-
tices to farming communities may help enhance the
currently poor performance of potatoes in Kenya. Issues
like improper use of fertilizer could likely be resolved to a
great extent if farmers were adequately trained.

Adoption of innovations and yields
The adoption of clean seeds, proper usage of fertilizers, fun-
gicides and irrigation enhances potato yields, with clean seed
use giving the greatest enhancement. The existence of
nonlinear relationships suggests that precision in fertilizer
usage is critical since there is an optimum application
point. This further underscores a need for effective trai-
ning or raising awareness among potato farmers about
key recommended practices for optimum yields of their
crop. Given the importance of precision, the low average
potato yields in the study area, reaching a maximum of
18.35 tons are unsurprising. To achieve harvests of up to
40 tons per hectare as in some developed regions, more
precise application is required. Additionally, Innovations
such as soil testing to determine the input requirements
will help determine the appropriate application regime.
Better control of adverse factors like bacteria wilt, which
manifest when clean seeds are used on diseased farms,
would also contribute to enhancing yields. Other factors
may be uncontrollable, such as climate.

Though a wider adoption of clean seeds, proper usage of
fertilizers, fungicides and irrigation as they are applied cur-
rently is unlikely to contribute to drastic improvements in

potato yields for Kenya, it is still a worthwhile goal to pur-
sue, as the present low national outputs do not do justice
to the huge tracts of land devoted to the crop. An adoption
of these key inputs by a higher percentage of farmers could
lead to more than a doubling of Kenya’s output. If this is done
alongside a promotion of more potato consumption, Kenya
would reduce its maize imports and enhance its food security.

Endnote

#Social economic characteristics used were education,
employment status, gender, region, whether visited by
agricultural officials, possession of radio, whether they
keep records, distance from a paved road and whether a
member of a farmer’s group.
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