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Abstract Sub-Saharan Africa faces huge food

supply challenges due to increasing human pop-

ulation, limited opportunities to increase arable

land, and declining yields associated with contin-

uously declining soil fertility. To cater for their

food requirements, smallholders use only modest

levels of inorganic fertilizers and rely to a large

extent on manure, which is generally of low

quality. To explore factors influencing fertilizer

and manure use at the farm level, 253 farm

households in Vihiga district of western Kenya

were sampled. A pair of Tobit models was used to

relate amounts of manure and fertilizer used to

household variables. The results indicate that the

use of both manure and fertilizer reciprocally

influence each other and are strongly influenced

by household factors, and also imply that manure

and fertilizer uses are endogenous. Policy changes

are required to (1) reduce the burden on farming

alone in rural areas; (2) promote the use of

higher-cost, higher-value inputs such as fertilizers;

(3) improve access to input and output markets;

and (4) encourage farmer education so as to

promote sustainable soil fertility management.

Improved understanding of the biophysical and

socioeconomic environment of smallholder sys-

tems can help target sustainable soil fertility

interventions more appropriately.
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Introduction

The human population in sub-Saharan Africa

(SSA) will reach 1.2 billion by the year 2025 from

its current level of about 611 million (Thornton

et al. 2002). This will have profound implications

for agriculture in all regions of the continent.

Demand for cereals in SSA will treble to 150
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million tonnes by 2020 (Badiane and Delgado

1995), but demand is likely to outstrip supply

even under the most favourable projected

response scenarios. Most tropical soils not only

have low production potential due to inherent

nutrient deficiency, low organic matter, alumin-

ium and iron toxicity, and moisture stress, but

are also vulnerable to chemical and physical

degradation and soil erosion (Place et al. 2003).

In most mixed smallholder systems, low input

levels and poor land management worsen the

situation further. This is caused by shortage of

land and capital resources, which constrain

adoption of economically sustainable land

management practices (Shepherd and Soule

1998). System sustainability in terms of nutrient

depletion1 is thus likely to become an increas-

ingly serious issue, unless there is better inte-

gration of mixed crop-ruminant livestock

systems in the short run and ultimately in-

creased fertilizer use. In mixed systems, live-

stock can maintain some level of sustainability

of heavily cropped land by providing incentives

for increased nutrient inputs via imported feeds

and fodder and through nutrient cycling with

reasonably efficient management of manure

(Shepherd and Soule 1998).

Many parts of sub-Saharan Africa are char-

acterized by soil nutrient depletion (Heisey and

Mwangi 1996; De Jager et al. 1998). Sanchez

et al. (1997) showed annual losses of 4.4 million

tons of nitrogen (N), 0.5 million tons of

phosphorous (P) and 3 million tons of potas-

sium (K) in 37 countries in sub-Saharan Africa.

These losses greatly outweigh the annual addi-

tions from fertilizer applications, at rates of 0.8

million tons of N, 0.26 million tons of P and 0.2

million tons of K. Countries with the highest

levels of nutrient depletion are in eastern and

southern Africa, those with moderate depletion

levels are in coastal western Africa, while those

with the lowest depletion levels are in the Sahel

belt, which extends from Senegal to Sudan, and

central Africa. This pattern mirrors human

population pressure and its toll on natural

resources. The steady fall in soil nutrients

appears to be linked to poor soil fertility

management driven by continuous cropping

under ever-increasing population pressure. But

it has been argued (Omamo et al. 2002; Heisey

and Mwangi 1996) that increasing population

pressure need not lead to soil nutrient deple-

tion; this is demonstrated in Asia with much

higher population densities, where average

grain yields are three times those of Africa

and growing, while those in Africa have stag-

nated. Although the potential returns to fertil-

izer2 use have been demonstrated for a long

time in many places, farmers still use inade-

quate levels of inorganic fertilizers (Heisey and

Mwangi 1996). Fertilizer use in sub-Saharan

Africa has not changed much from the 1960s to

the 1990s (MSU 1998): an increase from 5 kg

per hectare to 8 kg per hectare. In comparison,

fertilizer use in the 1990s rose from 10 kg per

hectare to 110 kg in India and 240 kg in China.

The main constraints to fertilizer use can be

grouped into those related to external factors

and those related to household conditions and

circumstances—internal factors (MSU 1998).

External factors include those related to rainfall

(e.g., greater than 700 mm per year); access to

irrigation that would allow crop production;

infrastructure that minimizes transfer costs;

credit, because the costs associated with pur-

chase, storage and transportation of (bulky)

fertilizer are high; and a critical mass of

commercial farming in the area, which increases

economies of scale in the fertilizer trade.

Internal factors include availability of cash and

access to credit, access to input and output

markets and to complementary inputs which

have ‘‘thin’’ markets (such as manure), and the

appropriate knowledge base. Pockets of high

fertilizer use have been reported in areas with

good market access such as Mutoko, Zimbabwe

and central Kenya; moderate use in western

Kenya and Shurugwi, Zimbabwe; and very low

use in central and western Uganda, which incur

higher transport costs (Palm et al. 1997; MSU

1999a).

1 This is the most devastating form of soil degradation in
sub-Saharan Africa but may also be closely associated with
soil erosion. 2 ‘‘Fertilizer’’ in this paper represents inorganic fertilizer.
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Background

Well-established nutrient management practices

undertaken by smallholders include use of

manure and intercropping legumes while compo-

sting and agroforestry are relatively new and

limited (Place et al. 2003). Manure use is wide-

spread in areas where cattle is a component of the

mixed cropping systems and more so in those

areas that have intensive livestock systems.

Thorne et al. (2002) report substantial manure

use in the relatively intensive systems of central

and western Kenya, Tanga and Kilimanjaro in

Tanzania, Gokwe, Chiota and Chiduku in Zim-

babwe, and limited use of both fertilizers and

manure in the relatively extensive systems of

Ntonda and Chisepo in Malawi.

Manure releases nutrients to the soil slowly and

helps soils to build organic matter with long-term

benefits (Place et al. 2003; Palm et al. 1997).

High soil organic matter contents tend to reduce

infestation of Striga hermonthica, a parasitic weed

which causes major losses to maize yields. In areas

that are susceptible to drought, adequate organic

matter helps to retain soil moisture. Manure and

compost suffer from the fact that they require

much labour to carry and spread on the fields.

Manure generally has only 1.5% to 2% N, but often

may be only 0.5% in these smallholder systems,

and only limited amounts (less than 0.5 tons per

ha per year) are often applied (Shepherd et al.

1995). At these low N concentrations, manure will

decrease N availability to crops, rather than

increasing the supply. Recommended application

rates by the Ministry of Agriculture in Vihiga for

all crops of are 10 tons per ha (Salasya 2005).

Compost making, which can help to reduce carbon

to nitrogen ratios and increase N availability, is

rarely practiced as readily available sources of

material are limited. The system of grazing does

not allow for the collection of good-quality

manure, and farmers generally leave manure to

dry, leading to further loss of nutrients. While there

are slightly more nutrients in urine, farmers rarely

use it because collection and subsequent delivery

to the field is cumbersome and labour intensive.

Only 56% of farmers in Vihiga use manure and the

average quantity used is quite low at 211 kg per ha

(Table 1). In parts of Ethiopia, manure is burned

as fuel (Thorne et al., 2002). As in other parts of

sub-Saharan Africa, crop residues are not retained

in the field as they are used as cattle fodder or

burned as fuel.

In Vihiga, extension workers recommend the

use of organic manure and/or triple super

phosphate (TSP), calcium phosphate (CaP) or

rock phosphate, but not di-ammonium phos-

phate (DAP), which is soil acidifying. However,

DAP makes up about one half of all the

fertilizer used among the 12 types available

(MOA 1994, 2000). There is no good agronomic

reason why DAP should be superior to other

phosphorus sources, since in East African soils

there is a pronounced flush of nitrogen miner-

alization at the start of the rains, and the small

amounts of N supplied in DAP are likely to be

leached out of the root zone by the time that

high crop demand for N occurs. Farmers’

preference for DAP could be due to historic

reasons: DAP has been more readily available

country-wide than TSP or calcium phosphate.

For example, while total fertilizer use increased

gradually from 879 tons in 1994 to 2,356 tons in

2000, there was a decline in the use of TSP and

rock phosphate, largely because of their unavail-

ability. Recommended application rates by the

ministry of agriculture in Vihiga for all crops of

are 130 kg per ha (Salasya 2005). Although 70%

of the farmers in Vihiga use fertilizers, the

amount used is quite low. It was on average

10.7 kg of fertilizer per ha (Table 1), which is

much lower than the already-low Kenyan aver-

age of 46 kg per ha, of which 20–28% goes to

food crops (Mugunieri et al. 1997). Ehui and

Pender (2005) contend that this is due to limited

production of cash crops and low use of hybrid

maize in western Kenya.

Other soil fertility enhancement practices pro-

moted in western Kenya are intercropping with

leguminous plants and improved fallow rotations.

While intercropping of maize and bean or ground-

nuts is common, farmers are reluctant to give

up crop production in a field even for one season

of improved fallow even if total production over

a two seasons would be significantly increased

due to land scarcity (Ehui and Pender 2005).
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In this paper, we identify the factors that

constrain fertilizer and manure use by smallhold-

ers in Vihiga District in western Kenya, as part of

a project on systems prototyping and impact

assessment in East Africa, named PROSAM

(Booltink et al. 1999). PROSAM seeks to contrib-

ute to improved sustainability of mixed farming

systems in the high-potential areas. It incorpo-

rates households’ objectives into a coherent

decision-making framework that can evaluate

the feasibility of alternative practices, and iden-

tify promising options for farmer experimenta-

tion. The framework combines simulation

modelling and participatory approaches that

allow farmers to analyse and define appropriate

agronomic practices that suit their own condi-

tions. The objective of this study was to identify

household-level factors that affect use of fertilizer

and manure (intensity of manure and fertilizer

use in kg per ha) with a view to improving our

understanding of why the intensity of use of

manure and fertilizers has been low despite

prolonged demonstrations of their potential

benefits and improved availability of fertilizers

after market liberalization. Basing the analyses

on use (applying or not applying) rather than on

intensity of use could mask the fact that usage

below recommended threshold levels will gener-

ally limit returns from the use of inputs to

suboptimal levels. We draw policy conclusions

that would be applicable to areas with similar

characteristics to Vihiga, and highlight the

importance of understanding the basic rationale

of small-scale mixed farming in such systems.

This work contributes to our understanding of

smallholder fertility management decisions so

Table 1 Descriptive statistics for key variables

Number of observations 253a

Farmer characteristics
Average age of household head in years 51.1 (13.5)
Average education level of household head in years spent in school 8.1 (4.2)
Percentage of male managed households 41
Percentage of households owning means of transport 47
Average annual total income in US $ 224.3 (524.1)
Average annual farm income in US $ 78.1 (221.1)
Average annual non-farm income in US $ 146.2 (367.1)
Farm characteristics
Average farm size in ha 0.86 (0.98)
Average food crops area in ha 0.48 (0.66)
Average cash crops area in ha 0.11 (0.15)
Average number of casuals engaged 6.1 (2.2)
Percentage of households using fertilizer 70
Average fertilizer use in kg per ha 10.7 (15.3)
Minimum (maximum) fertilizer use in kg per ha 0 (127)b

Percentage of households using more than 100 kg of fertilizer per ha 1
Percentage of households using less than the sample average fertilizer use per ha 67
Percentage of households using manure 56
Average manure use in kg per ha 211.6 (408.46)
Minimum (maximum) manure use in kg per ha 0 (3,237.6)b

Percentage of households using more than 1,000 kg of manure per ha 6
Percentage of households using less than the sample average manure use per ha 75
Average tropical livestock units (TLU5) per ha 0.4 (0.5)
Average household size in number of persons 15.0 (5.6)
Average household members aged 15–61 years 9.3 (5.3)
Average distance to nearest market in km 2.0 (1.5)

a numbers in parenthesis are standard deviation unless otherwise indicated
b number in parenthesis is maximum use in kg per ha
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that R&D efforts to raise incomes and/or

increase sustainability can be more effective in

the future.

Methodology

Vihiga district lies between 1,300 and 1,500 m

above sea level and is predominantly in the upper

midland (UM1) agroecological zone (Jaetzold

and Schmidt 1983), with well-drained Nitosols

that support the growing of various cash and food

crops. The fertility of these soils is low from

continuous cropping with annuals and leaching

over several decades. The area receives adequate

bimodal rainfall that ranges from 1,800 to

2,000 mm per year. The average household has

15 persons living on 0.9 ha of land (a population

density of 886 persons per square km), creating a

very high dependency on agriculture (Central

Bureau of Statistics 2001). Maize is the main food

crop while tea is the main cash crop, and the

predominant livestock is local Zebu. Farming is

mainly low-external-input subsistence production.

Vihiga falls in the maize mixed system of the

FAO farming systems classification3 (Hall et al.

2001). This system extends across the plateau and

highland between 800 and 1,500 m above sea

level. It is common in Kenya, Tanzania, Malawi,

Zambia, Zimbabwe, South Africa, Swaziland and

Lesotho, and accounts for 10% of the cultivated

area and sustains an agricultural population of

some 80 million. In this region, most maize grain

is used for human consumption with only 5%

being used to feed livestock. Green stover (thin-

nings, leaf stripping, plant tops or entire green

plants) and dry stover from the mature plant after

grain harvest are commonly used as ruminant

feeds.

Data for this study were collected in a large

characterization survey covering western Kenya

(Waithaka et al. 2002). Using structured ques-

tionnaires, data were collected on farmer and

household characteristics, crop and livestock

production, income and soil fertility manage-

ment practices. Data from some 253 households

in Vihiga district were extracted from this

sample and used in subsequent stages of the

analysis. Selected household characteristics are

presented in Table 1. Soil samples for analysis

of soil fertility were collected in sample farms

that were monitored over a period of time by

the PROSAM team.

Technology adoption

Assuming that farmers make adoption decisions

based upon the objective of utility maximization,

a farmer will adopt a technology when the utility

of a new technology (Un) exceeds the utility of a

traditional technology (Ut). The utility derivable

from a new technology is postulated to be a

function of the vector of observed farm charac-

teristics (e.g., farm size, distance to the market)

and farmer characteristics (e.g., farm size, age of

farmer), perceived technology characteristics (Xi)

and a disturbance term having a zero mean.

Perceived technology characteristics themselves

are a function of objective/or subjective charac-

teristics of a technology, farm and farmer-specific

characteristics.

Farmers then weigh the consequences of

adoption of a new technology against its eco-

nomic, social, and technical feasibility and choose

the technology (T) that promises higher utility

than the traditional technology (Adesina and

Zinnah 1993; Rahm and Huffman 1984). Suppose

an individual household’s preference or utility of

adopting a new technology, for a given vector of

economic, social and physical factors (X), is

denoted by Un Xð Þ and the preference of adopt-

ing the traditional technology Ut Xð Þ; then the

preference for adopting the new and old technol-

ogies can be defined as a linear relationship:

Un Xð Þ ¼ XBn þ En ð1Þ

Ut Xð Þ ¼ XBt þ Et ð2Þ

where Bn, Bt and En, Et are response coefficients

and random disturbances associated with the

3 This classification, based on available natural resource
base, dominant pattern of farm activities and household
livelihoods, defines eight distinct systems. Thorne et al.
(2003) break down this system by scale of production and
intensity of livestock production.
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adoption of new and traditional technologies,

respectively. If the index of adoption is denoted

by Y, it will take a value of one if the farmer is

willing to adopt the new technology and zero

otherwise. The probability that a given farmer will

adopt the new technology can be expressed as a

function of X as follows:

P Y ¼ 1ð Þ ¼ P Un[Utð Þ
¼ P XBn þ En[XBt þ Etð Þ
¼ P X Bn � Btð Þ[Et � En½ �
¼ P XB[Eð Þ
¼ F XBð Þ ð3Þ

where P is the probability function, B ¼ Bn � Btð Þ
a vector of unknown parameters that can

be interpreted as the net influence of the vector

of independent variables on adoption of the

new technology, E ¼ En � Etð Þ a random distur-

bance term and F XBð Þ is cumulative distribution

function F evaluated at XB (Rahm and Huffman

1984).

Empirical model

Models that are used to study adoption behaviour

range from simple relationships between two

variables to complex multivariate analyses. Sim-

ple and complex multivariate regression models

have been used to analyze factors influencing a

certain outcome, as in Omamo et al. (2002) and

MSU (1999b). However, analyses that seek to

identify factors influencing the use or adoption of

a technology typically use logit, probit and/tobit

models (such as Makokha et al. 2001). Logit and

probit models and their modified forms have been

used extensively to study adoption behaviour of

farmers but they are restricted to functional forms

with limited dependent variables that are contin-

uous between zero and one.

A Tobit model in this study is appropriate

because not all farmers use fertilizer and/or

manure. Tobit models are desirable in that they

measure not only the probability of adoption but

the intensity of use of a technology once adopted

- thus the variable Yi becomes a continuous

function of the explanatory variables. Other

studies that have used a similar approach include

Freeman and Omiti 2003; Adesina and Baidu-

Forson 1995; Adesina and Zinnah 1993. The

model was specified as follows:

Y�i ¼ B1X1 þ ei ð4Þ

Yi ¼ Y�i if Y�i [c ð5Þ

Yi ¼ 0 if Y�i � c ð6Þ

Where Y�i is a latent variable indexing adoption,

Y is an observable variable measuring both the

adoption and intensity of use of fertilizer, c is an

unobservable threshold, B is a vector of unknown

parameters, X is a vector of explanatory vari-

ables, and ei are residuals that are independently

distributed with zero mean and constant variance.

Several farmers did not use any fertilizer and

manure and so c was censored at the lower tail. If

Y�i was greater than zero c then the observation

was on Y�i , and otherwise zero. We did not carry

out estimations of probability of use in this study

because the initial intensities of fertilizer and

manure use were very low and skewed towards

zero (Table 1). The observed data on the amount

of fertilizer and manure used by farmers contain a

cluster of zeros and very low application rates. In

the case of fertilizer even the maximum level of

use at 127 kg per ha is just about the optimal

requirement for all crops in Vihiga (130 kg per

ha) (Salasya 2005). However, only three farmers

(1% of the sample) were using more than 100 kg

per ha while 67% were using rates below the

sample average of 10.7 kg per ha. The case for

manure is even worse given that 10 tons per ha

are required in Vihiga to achieve reasonable

nutrient requirements given the low concentra-

tions of N (1.5 to 2%) and P (0.5%) in the

manures (Salasya 2005). Only 15 farmers (6% of

the sample) were applying more than one ton per

ha and 73% were using rates much lower than the

sample average of 211 kg per ha. Because the

distribution of quantity of fertilizer and manure

use is censored, in the lower tail, we used a Tobit

model. In such cases, Ordinary Least Squares

(OLS) is not suitable as the OLS estimators will be

biased (Greene 2000). Understanding the inten-

sity of use can add to knowledge about the
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reciprocity of fertilizer and manure use which

would not otherwise be forthcoming with other

models. This understanding can help us to propose

more meaningful strategies for soil fertility man-

agement in small-scale mixed farming systems.

The choice of independent variables is driven

by the hypothesis that fertilizer and manure use

are influenced by a combination of farm and

farmer characteristics. Farm characteristics mea-

sure levels of resource management and access to

markets. These are size of the farm, area of the

farm under cash crops, number of casuals

engaged on the farm, size of household depen-

dent on the farm and distance to the market.

Households with large farms are expected to grow

both cash and food crops and practice land

management practices such crop rotation and

fallowing (Crowley et al. 1996). Farm size is

expected to be positively related to intensity of

fertilizer and manure use. Area of farm

under cash crops is expected to relate positively

with fertilizer use and negatively with manure

use (Omamo et al. 2002). Cash crops with

interlinked markets such as tea provide farmers

with fertilizers while they guarantee an outlet for

the final produce. In such systems manure use is

limited by the fact that farmers would expect the

fertilizers to boost yields adequately without

recourse to manures. Further, since such crops

take a large proportion of the farms, farmers will

prefer to use the little amounts of manure

available to crops not benefiting from fertilizer

use. Availability of casual labour will allow

farmers to open more land or improve manage-

ment practices such as land preparation, weeding

and application of fertilizers or manure (Crowley

et al. 1996). Thus availability of casual labour is

expected to be positively related to fertilizer and

manure use. It is also be expected that short

distances to the market will reduce the relative

costs and availability of inputs and improve access

to output markets hence generate better incomes.

Thus distance to the market is expected to be

negatively related to fertilizer use and positively

related to manure use, since farmers located far

away from supply sources are likely to incur

higher transportation and search costs. This is so

because manure markets do not exist as such and

thus distance to markets has a bearing only on

fertilizer costs. However, since manure and

fertilizer also have complementary effects, we

would expect that increasing distance would raise

fertilizer costs, which would tend to make farmers

turn to manure. Households with many members

dependent on the farm are expected to use less

fertilizer, but rely more on manure. This is based

on the assumption that such households will be

more concerned with meeting food security

needs before pursuing income related objectives

(Omamo et al. 2002).

Farmer characteristics used in the analysis

relate to levels of resource endowment and

experience and include education level of the

household head, gender of the farm manager, size

of the household, ownership of means of trans-

port and income of the household. Older farmers

are expected to command more resources and

hence have wider investment options including

use of fertilizers. However, it will be expected

that older household heads will have relatively

large farms while younger household heads will

own smaller parcels of land. Older household

heads will be expected to be less educated and so

may not be able to relate well to complex

fertilizer management, but will be more comfort-

able with using manures. Thus education level of

the household head may be taken as a proxy for

being exposed to (or able to access) technical

information on fertilizer use, and thus may be

positively associated with fertilizer use (Omamo

et al. 2002; Omamo and Mose 2001). Male-

headed households are associated with being in

command of productive resources. Even where

women play key roles in farming decisions, they

may not lack access to inputs, cash incomes, credit

and technical information. It is expected that

female-headed households will be negatively

associated with fertilizer and manure use, because

women may not command the resources that

would allow them access to fertilizers or manure.

Households that have some means of transport

are expected to be able to access input and output

markets and should relate positively with fertil-

izer and manure use (Jayne et al. 2003). House-

holds with higher incomes (often from off-farm

income) have been shown to obtain larger

harvests because they are able to access farm

inputs (Crowley et al. 1996). A positive relation-
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ship is expected between income and fertilizer

use, but a negative relationship is expected

between income and manure use. This is because

with higher incomes, farmers would be expected

to afford fertilizers and because of the reciprocal

nature of manure and fertilizer use, manure use

would be expected to decrease. Salasya 2005,

shows that in Vihiga and Kiambu districts in

Kenya, manure is mainly used on maize produc-

tion and with higher incomes households shift

from maize to cash crops of higher value and rely

on the markets for their maize requirements.

Results and discussions

Mean values and standard deviations of key

variables used in the Tobit model are presented

in Table 1. There was generally low correlation

between most variables (Table 2) implying rea-

sonable independence between the factors iden-

tified above. However, and as expected, there was

a significant correlation between household size

and number of household members aged between

15 and 61 years. Unexpectedly, there was high

correlation between casual labour and household

size, which implies that as household size

increases, the use of casual labour also increases.

This can only hold if the household members are

not available to offer their labour, e.g., if they are

in school or work elsewhere.

The Tobit models results offer some insight

into the relationship between manure and fertil-

izer use (Table 3). The amount of manure used

on-farm increases significantly with increased

fertilizer use, higher education of the household

head, and availability of family labour. However,

it declines with increasing incomes. There is an

unexpected significant decrease in manure use

with increasing casual labour. This could be as a

result of the fact that only small quantities of

manure are collected from tethered cattle and

family labour is adequate for this task. This is

because farmers leave the manure to dry and in

the process much is lost through trampling and

dispersal by the cattle as they walk around. Farm

size, proportion of land under crops, gender of

farm manager, distance to the market, and avail-

ability of means of transport, do not significantly

influence the amount of manure used. These

outcomes are expected because manure is neither

sold nor bought in Vihiga. Increasing the propor-

tion of land under cash crops appears to reduce

the amount of manure used, supporting the

observation that manure is applied mainly for

food crop production using household labour.

The results show that the amount of fertilizer

used on a farm increases significantly with

increasing farm size, larger proportion of land

devoted to cash crops, increasing incomes, own-

ership of some means of transport, higher educa-

tion levels of household head, and use of manure.

The amount of fertilizer used declines with

increasing distance to the nearest market centre.

Gender of farm manager, number of casual

labourers engaged, and family labour, do not

influence significantly the amount of fertilizer

used on a farm.

The significance of increased education level of

the household head on increased amount of

fertilizer used presumably arises from a better

understanding of the usefulness of fertilizers, and

it may also imply better crop management.

Because there are many types of fertilizers,

appreciation of the appropriate types for specific

crops, soil types and their specific requirements,

application regimes, rates and timing increases

with exposure through education. In other situa-

tions, as here gender is not an issue, males may

use more fertilizer simply because they command

most of the household resources, including use of

cash income. In Malawi, for example, an average

female-headed household uses 34 kg per ha of

fertilizer, significantly less than the 51 kg per ha

used by male headed households, and similar

statistics were obtained in Cameroon (Palm et al.

1997). In this study, only 41% of the households

were male-headed (Table 1).

Food production may continue to decline if

most of the incentives to increased fertilizer use

are in the cash crop sector. With the withdrawal

of farm subsidies across the region, input prices

have risen while food prices have dropped. In

Vihiga, the fertilizer to maize price ratio

increased from 1.1 in the pre-liberalization era

to 2.1 in 2002. With the decline in maize prices

over time and continuing unrestricted movement

of maize from surplus to deficit areas, the shift to
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cash crops may reflect the change in comparative

advantage of cash crop production over food

production. This may be desirable because

resources (land, labour and capital) will be shifted

to activities where they receive the highest

benefits. However, in the short and medium runs,

unless concurrent changes occur in improving

access to inputs and opening up of output

markets, improvements in infrastructure to

reduce costs, and generation of rural incomes,

maize production will still be the most important

economic activity in Vihiga and other areas in the

mixed maize system. However, maize yields are

low and national averages are about 1.5 tons per

ha in eastern and southern African countries

(Thorne et al. 2003). From PROSAM surveys,

most smallholder households in Vihiga have

maize deficits for six to ten months each year.

Annual production levels average 287 kg per ha.

At this level of production and fertilizer use, the

net returns to maize cultivation are negative. To

break even, maize production would have to

increase to 660 kg per ha or, alternatively, maize

prices would have to double. These yields are well

below the research potential of 4.5 tons per ha for

hybrid H622 and 4 tons per ha for hybrid H512

within the area.

Higher incomes mean that a household will be

able to satisfy its basic requirements and have a

surplus for productive activities such as buying

fertilizer. Such incomes may also allow a household

to engage casual labour, thereby releasing house-

hold labour to pursue other endeavours such as

keener management of the farm or seeking higher

returns from off-farm employment. Large house-

holds may spend all income on food and other

essential expenditures, leaving little for investment

on farms including the purchase of fertilizers. Such

households may also be tempted to grow food

crops in place of cash crops to satisfy household

food requirements. Average total income is US$

0.734 per household per day, indicating that most

households are mired in poverty. The main sources

of this income are wages and remittances, with an

average of US$ 146 per year, while food and cash

crops and other farm produce gave on average

income of US$ 78 per year. The high contribution

of non-farm income to total income (59%) com-

pares with the 65% quoted in Crowley et al. (1996)

for the same region.

Longer distances to urban centres where major

markets are located increase both the final costs

of fertilizers and the time required to access them.

The implications of these results are that infra-

structure still plays a major role in determining

Table 3 Results of Tobit models on factors influencing use of manure and fertilizer in Vihiga (n = 253)

Variable Amount of manure used as
dependent variable

Amount of fertilizer used as
dependent variable

Manure use (kg applied) 0.009* (0.004)
Fertilizer use (kg applied) 3.503* (1.761)
Ownership of means of transport (1 = yes 0 = none) 326.794 (269.772) 39.851*** (11.720)
Household head education (years spent in school) 53.029* (32.063) 3.709** (1.417)
Gender of farm manager (1 = male 0 = female) 135.261 (248.249) 16.761 (10.920)
Proportion of cash crops (%cash crops area in acres to

total cropped area)
–147.265 (819.691) 127.696*** (35.867)

Farm size (acres) 30.580 (52.367) 10.480*** (2.212)
Income category (1 = <US$ 65; 2 = US$ 65 – US$ 260;

3 = >US$ 260 per year)
–690.802** (258.193) 42.350*** (10.380)

Casual labour (number engaged) –122.183* (67.673) 3.345 (3.030)
Distance to nearest market (km) –54.640 (62.370) –11.248*** (2.670)
Household members (15–61 years) 57.528* (28.300) 0.625 (1.242)
Constant 326.000 (555.866) –114.300*** (24.733)
Log likelihood –1,330.160 –1,072.751
Number of observations 253 253

* Significant at 10% level, ** Significant at 5% level and *** Significant at 1% level

4 1 US$ is equivalent to Kenya Shillings 72 (September
2006)
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the availability of crucial inputs. While this is not

a household factor per se, it still has considerable

influence on decisions made by the household.

Frequent use of manure highlights the crucial

role that livestock play in smallholder farming

systems that are in the process of intensifying, by

allowing the use of manure for food and fodder

crops, leaving the use of high-value, high-cost

fertilizer to enterprises with higher returns. The

average number of tropical livestock units (TLU)

per ha of 0.4 is lower than numbers reported for

other parts of the country (Staal et al. 2000;

Waithaka et al. 2002), and the system of tethering

livestock does not allow for the collection of good

quality manure. This is why farmers in Vihiga use

only 211 kg of manure per ha (Table 1).

The results imply that manure use is more

important to the production of food crops (than

of cash crops), and this is critical to low-income

households. Endogeneity of manure and fertilizer

use is supported in this analysis because both

influence each other positively and significantly.

This suggests that yield improvements observed

from use of manure and/or fertilizer encourage

further use of fertilizer and/or manure to boost

yields of food and cash crops. It can be argued

further that in a smallholder setting, manure use

is critical to food production, because it can

maintain or increase yields at low cost in subsis-

tence systems. In the semi-commercial setting

where cash crops such as tea are grown, manure

use boosts food production on small plots, there-

by allowing larger portions of the land to be used

for cash crops of higher value.

Although manure may never replace fertilizers

in the short- and medium-terms, and as long as

fertilizer-to-maize price ratios remain high, ef-

forts to improve manure management at the farm

level promise high pay-offs with respect to

household food security and overall income

earnings. This calls for more education and

creation of awareness, as well as research on

ways of producing higher-quality manures using

locally available resources (Lekasi et al. 2003).

While use of cattle concentrate feeds would be a

way of improving the levels of phosphorous in

manures, this is only possible in areas where there

is intensive milk production driven by availability

of good markets, such as in peri-urban areas. In

this study, only 13% of the farmers used concen-

trate feeds. At the same time, increasing the

availability of fertilizers, and improving access to

input and output markets that will increase

returns at the farm level, are options that need

to be addressed at the policy level.

Conclusions

The results of this analysis show that the use of

both manure and fertilizer in subsistence and

semi-commercial systems in western Kenya are

strongly influenced by household factors, suggest-

ing several policy implications. First, policy

changes are needed that provide incentives and

opportunities for off-farm employment in the

rural areas. This will reduce the burden on farms

and also boost farm incomes in the form of

remittances. Results of the analysis suggest that

income gained by such employment could further

promote the use of high-cost, high-value inputs

such as fertilizers.

Second, in areas with shrinking farm sizes due

to high population pressure, intensification and

diversification out of maize into high-value crops

and livestock along with increasing off-farm

income are important strategies. Technology

options for smaller farms could include increasing

the quality of manure, composting plant materials

and crop waste, reducing use of dung and crop

residues for fuel, and application of fertilizers.

For larger farms, possibilities of increasing land

under fallow enrichment are needed to maximize

returns to land. To the extent that markets allow,

encouraging smallholders to shift out of maize to

high-value crops and intensive livestock produc-

tion may be called for.

Third, the results of the analysis clearly imply

that policies aimed at improving access to farm

input and output markets would encourage sus-

tainable use of fertilizers. Such policies could

include investment in improved rural infrastruc-

ture and improved marketing mechanisms.

Fourth, education is crucial; soil fertility man-

agement is complex and seems to require formal

learning or at least guidance from extension

providers. The results here show that fertilizer

use increases once the benefits have been seen on
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farmers’ own plots, so it is possible that appro-

priate soil fertility management practices can be

extended relatively easily. Participatory learning

and research on appropriate soil fertility man-

agement practices for smallholders should

encourage sharing of knowledge and experiences.

These approaches must target women particu-

larly, because they may not control sufficient

resources to make meaningful changes to the

farming system where they are held responsible

for day-to-day management.

These results can provide useful insights to

regions with similar characteristics to Vihiga

within the maize mixed system covering most of

eastern and southern Africa. In this system which

is characterized by high population density and

declining land holdings, farmers are struggling to

find the balance between production of food and

cash crops as well as livestock intensification.

A key requirement to overcoming the socio-

economic as well as the biophysical constraints to

improved soil fertility management at the farm

level is an understanding of the basic rationale of

small-scale mixed farming in systems such as

those in Vihiga. The broader aim of the proto-

typing and impact assessment work (Waithaka

et al. 2006) of which the study is a part, is to

incorporate households’ objectives into a coher-

ent decision-making framework that can give

insights into which practices are feasible and

which can then be experimented with by farmers

in their own conditions. With an adequate under-

standing of smallholders’ attitudes and objectives,

this work can greatly facilitate the targeting of

technology and policy-related interventions that

are suited to the biophysical and the socioeco-

nomic environment within which smallholders

operate. Such information is crucial if targeting is

to be effective in the future, to help smallholders

modify their systems within a rapidly-changing

agricultural sector to expand their livelihood

options and combat poverty.
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