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ABSTRACT 
The processes of nutrient depletion and soil degradation within smallholder farms of 
central highlands of Kenya are spatially heterogeneous, determined by both biophysical 
and socio-economic factors. The farms consist of multiple plots managed differently in 
terms of crops planted, nutrient inputs and labour allocation; resulting into within-farm 
soil fertility gradients. A monitoring study involving nutrient stocks, flows and balances 
was conducted in Kirege Location, central highlands of Kenya to explore soil 
heterogeneity with the aim of improving soil fertility management. Focus group 
discussions were conducted where criteria for wealth ranking and grouping farmers into 
different wealth status was developed. The farms were grouped into wealthy, medium 
and poor. Nine case-study farms were randomly selected for detailed resource flow 
mapping (3 from each of the 3 farm types). The farms were visited to record movement 
of nutrients stock materials using a monitoring protocol covering household, crops, 
livestock, soil and socio-economic aspects of the farm. Soil in the plots identified in 
resource flow mapping at different distances from the homesteads were sampled at a 
depth of 0 - 20 cm and analyzed for pH, C, N, P, K, Mg and Ca. Results revealed that use 
of nutrient resources varied for different field types and was strongly influenced by 
distance from the homestead. In wealthy farms, home fields received 109.1 kg N ha-1, 
72.9 kg P ha-1, and 379 kg K ha-1, compared to 42 kg N ha-1, 32.1 kg P ha-1 and 55 kg K 
ha-1 in the outfields. In poor farms, home fields received 56.8 kg N ha-1, 32.8 kg P ha-1 
and 106 kg K ha-1 compared to 8.1 kg N ha-1, 4.6 kg P ha-1 and 16 kg K ha-1 for the 
outfields. Variations in resource allocation were also observed with regard to farmers’ 
level of resource endowment. Wealthy farmers used a mean of 74.5 N kg ha-1, 50.9 kg P 
ha-1 and 244 kg K ha-1, compared to 27.3 kg N ha-1, 16.2 kg P ha-1 and 50.7 kg K ha-1 for 
poor farms. Due to nutrient heterogeneity in smallholder farms, there is a need for a more 
targeted approach to soil fertility intervention that differentiates between farm fields, 
agro-ecological zone and resource endowment status. 
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INTRODUCTION  
 
Soil fertility depletion has been described as the major biophysical root cause of 
declining per-capita food availability in smallholder farms in Sub-Saharan Africa 



   

(Sanchez, et al., 1997). Aggregated nutrient balance estimates at national and regional 
levels have shown overall large negative balances (Stoorvogel et al., 1993; Van den 
Bosch et al., 1998). An average of 660 kg N ha-1, 75 kg P ha-1, and 450 kg K ha-1 has 
been lost during the last 30 years from about 200 million ha of cultivated land in 37 
African countries excluding South Africa (Stoorvogel and Smaling 1990; Smaling, 1993; 
Smaling et al., 1997). 
 
At farm level, soil fertility status of different plots on smallholder farms in sub-Saharan 
Africa may vary considerably due to both inherent factors and different resource 
management strategies (Rowe et al., 2005; Tittonell et al., 2005). Smallholder farms 
consist of multiple plots managed differently in terms of crops grown, fertilizers and 
labour resources; making within-farm soil fertility gradients caused by management 
strategies a common feature (Scoones and Toulmin, 1998; Tittonell et al., 2005). In most 
cases, both organic and mineral fertilizer resources are preferentially allocated to plots 
close to the homestead whilst plots further away are neglected. Even where small 
quantities of manure and mineral fertilizers are available, farmers still apply these at high 
rates by concentrating them on small areas (Vanlauwe et al., 2006). The underlying 
reasons for targeting of nutrient resources to few fields are not fully understood, but 
important factors include farm size, distance of different plots from the homestead, 
restricted availability of fertilizers and manures, availability and efficiency of labour use, 
risk of theft and the need to reduce risk associated with erratic rainfall (Carter and 
Murwira, 1995). 
 
Availability of organic and mineral nutrient resources and their management under 
spatially variable soil fertility conditions has consequences on the soil resource base, 
cropping patterns and crop yields on smallholder farms. Understanding the spatial and 
dynamic resource use strategies is necessary as a foundation for designing relevant and 
sustainable interventions to improve resource use efficiency at the farm level. Past studies 
have ignored variation in soil fertility associated with resource management despite 
evidence that this affects nutrient use efficiencies and productivity of both crops and 
livestock (Scoones and Toulmin, 1998). There are strong indications that nutrient 
balances differ widely between farms in different wealth categories and between plots at 
different distances from homesteads (Tittonel et al., 2005: Giller et al., 2006). 
 
Here, we describe a monitoring study that was undertaken to understand within-farm 
variability in soil fertility management in smallholder farms of Kirege location, Central 
highlands of Kenya. This was seen as a necessary step in identifying spatial-temporal 
niches for targeting of soil fertility management strategies and technologies. The 
objectives were (i) to construct farm typologies that reflect potential access of households 
to resources for managing their soils, (ii) to determine the magnitude of the nutrient 
flows, stocks and balances at farm scale, and (iii) to compare soil nutrient inputs between 
home fields and outfields and, (iv) to assess the influence of resource endowment on soil 
fertility management and nutrient balances. 
 
 
MATERIALS AND METHODS  



   

 
The study site 
The study was conducted in Kirege location, Chuka Division, in Meru South District. 
This area is a predominantly maize growing zone. It is in the upper midland zones two 
and three (UM2-UM3) (Jaetzold et al., 2006). The area lies on the eastern slopes of Mt. 
Kenya at an altitude of approximately 1500 m above sea level within an annual mean 
temperature of 20° C. It has an annual rainfall ranging from 1200 to 1400 mm and is 
bimodal, falling in two distinct seasons. The long rains (LR) occur from March to June, 
and the short rains (SR) from October to December. The soils are deep, well-drained, 
weathered Humic Nitisols (commonly called red Kikuyu loams) with moderate to high 
inherent fertility (Jaetzold et al., 2006). However, soil fertility has been declining due to 
continuous cropping without adequate nutrient addition. 
 
Smallholder mixed farming is the most predominant farming system in the area. Coffee 
(Coffea arabica) and tea (Camellia sinensis) are the major cash crops, while maize (Zea 
mays) and beans (Phaseolus vulgaris), are the main food crops in the area. Other food 
crops include potatoes (Solanum tuberosum), cassava (Manihot esculanta), bananas 
(Musa sp.), sweet potatoes (Ipomea batatas), and various fruits and vegetables. Cattle, 
sheep, goats and poultry are the most common livestock species in the area. 
 
Development of farm topology and selection of case study farms 
Focus group discussions were conducted with the community members in Kirege to 
identify farmer criteria to be used as a basis for grouping themselves into different wealth 
classes. Farmer-identified indicators of wealth status were ranked, and this formed the 
basis for grouping farmers into different wealth status. A rapid survey was conducted 
using a sample of 50 households randomly selected out of the list of households in Kirege 
obtained from the local chief’s office to characterize and classify the farms into three 
different groups (rich, medium and poor). Nine case-study farms were randomly selected 
for detailed resource flow mapping. There were three farms for each of the three wealth 
categories (referred to as resource endowment groups or farm types) that had been 
identified.  
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Figure 1: Location of study area in Kenya 
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Development of field topologies 
The farms selected in 2.2 above were visited to sensitize the farmers on the nutrient monitoring 
exercise. During the visit, the researcher together with the farmers drew sketch farm maps to 
indicate location of farm plots under various activities/enterprises. An inventory was conducted 
to identify the important features of the farm to be studied, such as fields, crops, animals, 
compost pits, household composition, farm size, farm implements and facilities. Area of farm 
plots, their coordinates and distance from the homestead were obtained by use of a Global 
Positioning Unit (GPS). The fields within each farm were visited and classified using a field 
typology that described resource allocation patterns and internal (within farm) nutrient flows that 
affect soil fertility (Mapfumo and Giller, 2001). Land use and distance from the homestead were 
the main criteria used to classify field types (home fields, mid-fields and outfields) (Tittonell, 
2003).  
 
Resource flow mapping at household level 
The farms were first visited in August 2006 and farmers asked to draw schematic maps, indicate 
all production units and the flows of nutrients to and from the units identified. Additionally, the 
type and number of crops grown, use or destination of the outputs, type and amount of inputs 
used, timing of crop and soil management activities and sequential order within the farm, sources 
of labour, off-farm income, average yields and general crop and livestock husbandry practices 
adopted were recorded using IMPACT tools (Integrated Modelling Platform for Animal-Crop 
systems (Herrero et al., 2005). A seasonal time frame was used, considering the long rains 
(March to August) of 2006 and short rains (October to February) 2006/2007. A monitoring 
approach was adopted where farms were regularly visited from land preparation to harvesting to 
monitor the flow of nutrients in the farms. During the monthly visits, farmers were interviewed 
to provide information on crop and livestock husbandry practices between then and the previous 
visit. 
 
During resource flow mapping, farmers indicated quantities of inputs and outputs to the different 
production units / fields in local units, such as tins (±2 kg of grains), debes (±16 kg of grains), 
bags (±90 kg of grains), bunches of bananas (±40 kg) head loads (±40 kg of Napier grass or 
maize stover) and these were converted into SI units. Many of the values in kg given to local 
units were taken from previous work in the region and farmers own experiences with the 
products. Parameters such as dry matter and nutrient contents (N, P, and K) of materials that 
were most frequently used and therefore core determinants of nutrient movements were taken 
from literature (Rotich et al., 1999, Palm et al., 2001, TSBF, 2001) The main groups of these 
products included crop products, crop residues, manure and compost. This data was entered into 
IMPACT program version 2.0 for further analysis. This is an Integrated Modelling Platform for 
Animal- Cropping systems. It is able to integrate all the aspect of crop and animal management 
and aggregate the nutrient inputs, outputs and balances from the different production systems 
(Herrero, et al., 2005). Calculations of partial N, P and K balances for the cropping system 
considered the N, P and K content of the fertilizer inputs (organic resources and mineral 
fertilizer). The partial balances were derived using the model: 
 
PNB = ∫area ∫time [∑In -∑Out].  
Where: PNB - partial nutrient balance (N, P, and K)  
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 ∫area – Area of plot / field (ha) 
 ∫time – time duration (1 yr) 
∑ - is sum of 
In – nutrients added via mineral fertilizer and organic resources 
Out – nutrients lost via harvested product and residues removal 

 
Soil sampling and analysis 
Soil in the plots identified in resource flow mapping at different distances from the homesteads 
were sampled at the end of 2006/2007 short rains cropping season. The sampling depth was 0-20 
cm plough layer to capture the level of nutrient stock. Soil sub-samples (number dependent on 
plot size) were taken randomly in each plot using an alderman auger and then bulked to one 
sample to eliminate variability. A soil sample from each plot was taken for N, P, K, C and 
exchangeable bases (Ca and Mg) analysis at ICRAF laboratory using Infra Red spectroscopy 
method (Shepherd and Walsh, 2002). 
 
Data analysis and presentation 
Data obtained during the study was analyzed by use of nutrient analysis tool in IMPACT 
program Version 2.0. Nutrient inputs and balances were calculated at both field and farm levels, 
separating nutrient sources into off-farm and on-farm sources. Data obtained was subjected to 
ANOVA using GenStat Discovery edition program with farm types and field types used as 
factors and nutrient inputs, stocks and balances as variates (Genstat, 2007). Comparisons were 
made between ‘farm types’, and ‘field types’ for nutrient inputs, stocks and balances. Separation 
of means was done using least square difference (LSD) at 5% level of significance.  
 
RESULTS AND DISCUSSION 
General description of households in Kirege 
In order to provide a contextual background to farmers’ soil fertility management practices and 
to explain their choice of strategy, this section examines the empirical results of a household 
survey on socio-economic characteristics (Table 1). 
 
Table 1: Socio-economic characteristics of households in Kirege, central Kenya (n=50) 
 
Characteristic Type Frequency Percentage 

Male 39 78 Gender of household head 
(HH) Female 11 22 

25-40 25 53 
41-60 14 30 

Age of HH (years) 

> 60 8 17 
Single 2 4 
widow/er 5 11 
married spouse present 34 72 

Marital status of HH 

married spouse absent 6 13 
None 1 2 Education level of HH 
Primary 22 47 
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Secondary 20 43 
Tertiary 3 6 
0-4 23 48 Average family size 
5 – 8 24 52 

HH – Refers to household head 
 
About 78% of the sampled households were male headed as compared to 22% female-headed 
households. Seventy (70%) of the household heads were married with spouse present, 12% 
married with spouse absent, 12% widows or widowers and 6% single. In many communities, 
gender influences access to resources that are vital in farm management in general and soil 
fertility management in specific. Approximately 52% of the households were headed by people 
of 25 – 40 years of age as compared to 30% of 41-60 years and 18% of above 60 years. 
Considering the age of the household head and the family structure is important because it 
introduces the concept of the ‘farm developmental cycle’ (Crowley et al., 1996). The attitudes 
towards risk (investments) and innovation are highly variable according to the phase of the farm 
developmental cycle in which the household is (land, capital and/or labour constraints are also 
related to this). Young people work hard to improve their status, are receptive of new ideas and 
are therefore more likely to adopt new technologies for soil fertility replenishment.  
 
Education level of the household head also influences the kind of decisions made regarding 
general farm management. At least 96% of the household heads had basic (primary) education, 
while about 50% had received at least secondary education and only 8% had tertiary education.  
 
Table 2. Indicators of the wealth status of the farmers and the characteristics of the different 
groups at Kirege, central Kenya 
 
Indicator of wealth 
status 

Rich Medium Poor 

Type of housing Concrete floor, 
stone wall, tiled 
roofing 

Concrete floor, 
timber wall, iron 
roofing 

Earth floor, timber/ 
mud wall, iron 
roofing 

Livestock 
ownership 

Own more than 2 
cattle 

Own 1 cattle No cattle but own 
goats/sheep and 
chicken 

Type of livestock 
housing 

Roofed and with 
concrete floor 

Roofed without 
concrete floor 

No roofing and 
concrete floor 

Production 
orientation 

Produce surplus for 
sale 

Produce mainly for 
subsistence 

Produce mainly for 
subsistence 

Mineral fertilizer 
use 

Use regularly and in 
large amounts 

Use regularly but in 
smaller amounts 

Not regularly and in 
small quantities 

Hire or sell labour Afford to hire 
regularly 

Do not afford to 
hire regularly 

Sell labour locally 

 
Results from participatory wealth ranking revealed that the type of housing is an important 
indicator of wealth in the community. This is in agreement with observation by Tittonel et al. 
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(2005) who reported that the type of housing is an important wealth indicator in western Kenya. 
Other indicators identified by farmers were type of livestock housing, livestock ownership, 
intensity of use of mineral fertilizer and the households’ frequency of hiring or selling labour 
(Table 2). Most farmers in the medium and poor resource groups use their family as the main 
source of farm labour and they rely on reciprocal arrangements with neighbours to provide extra 
hands for planting, weeding or harvesting. Hired labour is used by better-off farmers, mainly in 
exchange for cash or food. 
 
 
Table 3. Average resource endowment on the farms in Kirege location (n=50) and in selected 
case study farms (n=9) in the different farmer resource groups. 
 
Level  

Farm type No. of 
farms 

No. of 
plots 

Farm 
size (ha) 

No. of 
cattle 

No. of 
shoats 

Village Rich 9 7 0.5 3 5 
 Medium 28 5 1.1 2 3 
 Poor 13 7 0.9 1 2 
Case farms       
 Rich 3 7 0.5 2 5 
 Medium 3 5 0.5 2 3 
 Poor 3 7 1.2 1 3 
 
The distribution of household types (wealthy, medium, poor) in Kirege location revealed that out 
of the 50 farms studied during rapid survey, 18% were wealthy (9 households), 56% medium (28 
households) and 26% were poor (13 households). In terms of farm size, the poor owned more 
land the wealthy class (Table 3). Farmers’ soil fertility management strategies are also shaped by 
the size of the farm. Owning more land allows a farmer to grow a wider range of crops and to 
use different niches, thereby increasing the household’s food security (Tittonel, et al., 2005). 
Livestock are a key productive asset and a major component of the farming system. They 
influence soil fertility not only by providing manure but can also be sold to purchase fertilizer. 
Wealthy farmers owned more cattle than any other group but the differences between the groups 
were not significant. Poor farmers try to raise goats, sheep and poultry and use their dung to 
fertilize their land. Similar observations were made by Zingore et al. 2006 who reported farm 
size, livestock ownership, production orientation, use of mineral fertilizers and labour supply as 
important wealth indicators for smallholder farmers in Murewa, Zimbabwe.  
 
Categorizing and describing field typologies 
Different field types were identified within a farm, varying in enterprises/ production activities, 
resource allocation and management practices, as revealed by the farm transects (see example in 
Fig. 1). These fields were distinct in terms of distance from the homestead, crop allocation and 
management strategies employed by farmers 
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Figure 1. Example of a farm transects drawn during a farm walk in Kirege, Central Kenya 
(modified from original field notes). 
 
 
Crop allocation in smallholder farms of Kirege, was most diversified in the home fields which 
had an average of 8 crops compared to outfields with 4 crops (Table 4). 
 
 
Table 4. Average area, distance from the homestead, and most frequently grown crops for the 
different field types, averaged over all farm types in Kirege, central Kenya (n = 9 farms) 

 Home fields 
(n=35) 

Mid-distance fields 
(n=15) 

Outfields 
(n=12) 

Average area (ha) 0.07 0.18 0.23 

Average distance (m) 25 84 158 

Min. distance (m) 5 45 85 

Max. distance (m) 40 80 180 

Most frequently grown crops (frequency %) 

Maize/beans 35 83 0 

Maize 25 7 18 
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 Home fields 
(n=35) 

Mid-distance fields 
(n=15) 

Outfields 
(n=12) 

Beans 12 0 7 

Bananas 19 0 0 

Coffee 2 20 0 

Tea 0 7 0 

Vegetables* 23 13 6 

Potatoes 18 9 0 

Napier grass 9 13 41 
* Include kales, cabbages, tomatoes and onions 
 
The home fields were small fields around the homestead, with a variety of crops sharing small 
pieces of land or intercropped (grains and pulses are normally intercropped). Most of the home 
fields were put under high value crops such as fruits and vegetables while low value crops were 
allocated to the outfields (Table 4). The home fields were normally managed by women and 
often the first fields to be planted and weeded, receiving kitchen wastes and the sweepings from 
the house. The home fields were also receiving spills of manure from animal shed or manure 
stored in heaps due to their proximity to these structures. In some cases, the cattle manure was 
collected in compost pits instead of heaps.  
 
The mid-distance and outfields were those in which fewer crops were grown. The diversity of 
crop types decreased with increasing distance from the homestead hence outfields had the lowest 
diversity of crops (Table 4). In the mid-fields, an intermediate management situation was found, 
strongly influenced by the farm type. In wealthy farms, they were managed in a similar way to 
the home fields, though input use was less intense. Most of the cash crops such as tea and coffee 
were grown in the mid-fields. The outfields were distant and/or difficult to access, and the crop 
produce more prone to theft, particularly in areas of steep slopes. In this type of field, associated 
with poor quality land, farmers planted their woodlots or crops that are known to produce under 
poor soil fertility conditions, such as sweet potatoes, cassava or Napier grass. In some farms, 
outfields were located in the flood plain (riverbanks) and in such cases, farmers planted 
vegetables such as arrowroots and kales (Fig. 2, Table 4). 
 
Crop diversification is one of the strategies that farmers have adopted to cope with declining land 
sizes and changes in livelihood in many parts of Sub-Saharan Africa. In a previous study in the 
Central highlands of Kenya, Njuki and Verdeaux (2001) observed that farmers were growing 
between six and eight crops because of reduction in land size, loss of market for old crops, and 
opening of new markets for new crops. 
 
Variability in resource allocation within farms 
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Resource allocation studies revealed that farmers in Kirege location allocated most of the 
nutrients (organic and mineral fertilizers) to the home fields with outfields receiving very little 
inputs and this was the case across farm types (Table 5, Fig 2a-d).  
 
Table 5. Allocation of organic resources and mineral fertilizer to different field types by 
different resource endowment groups in Kirege, central Kenya 
 
Resource 
 group Field type Organic nutrient inputs 

(kg ha-1) 
Mineral nutrient inputs 

 (kg ha-1) 
    N P K N P K 
Rich Home fields 75.0 a 61.3 a 379.0 a 12.5 c 7.0 bc 0
 Mid-fields 60.0 abc 40.7 b 298.0 a 23.0 b 11.6 b 0
 Outfields 19.0 d 9.1 cd 55.0 cde 34.1 a 23.0 a 0
 Mean/farm 51.3 a 37.0 a 244.0 a 23.2 a 13.9 a 0
Medium Home fields 73.0 ab 42.7 b 145.0 b 28.6 ab 24.9 a 0
 Mid-fields 57.0 bc 36.2 b 119.0 bc 1.8 d 6.3 bc 0
 Outfields 15.5 d 16.1 c 33.0 de 5.6 cd 2.0 cd 0
 Mean/farm 48.5 ab 31.7 a 99.0 b 12.4 ab 11.1 a 0
Poor Home fields 54.2 c 30.5 b 106.0 bcd 2.6 d 2.6 cd 0
 Mid-fields 15.5 d 8.5 cd 30.0 de 2.3 d 2.3 cd 0
 Outfields 8.1 d 4.6 d 16.0 e 0.0 d 0.0 d 0
 Mean/farm 25.9 b 14.5 b 50.7 b 1.6 b 1.6 b 0
  LSD (field) 17.8 12.9 84.7 8.7 6.1 0
 LSD (farm) 25.4 14.4 116.1 11.4 7.4 0
 
LSD (field) was used for within farms comparisons (home fields, mid-fields, outfields) while 
LSD (farm) was used for between farms (Rich, Medium, Poor) comparisons. Values along the 
column with same letter denotes no significant difference between means at p = 0.05 
 
The use of organic resources varied clearly for different field types and was strongly influenced 
by distance from the homestead. Variations in resource allocation were also observed with regard 
to farmers’ level of resource endowment. Wealthy farmers used large amounts of organic 
resources, which provided 33.9 – 105.2 kg N ha-1, 19.4 – 64.8 kg P ha-1 and 69.4 – 208.5 kg K 
ha-1 compared to the poor farmers who used about 29.2 – 39.5 kg N ha-1, 14.7 – 22.3 kg P ha-1 
and 50.3 – 77.0 kg K ha-1 from organic resources (Table 5, fig. 2a-d). 
 
Vegetable crops grown in the home fields received most of the organic resources, followed by 
the cash and grain crops grown in the mid-distance fields. Very little organic resources were 
applied to the outfields, due to the extra effort required to transport coarse, heavy and bulky 
materials to distant parts of the farm (Table 5). Crop residues were used either as fodder for the 
livestock, composted to make manure or incorporated in situ. Residues used as fodder were 
collected, transported to the homestead and kept in fodder store from where they were fed to 
animals restricted in stalls. In some instances, crop residues were taken from the field to a 
compost pile or pit, mixed with animal manure, ashes and kitchen wastes and used as organic 
fertilizers when planting while in others, a small proportion of the residues were incorporated 
into the soil directly. Similar results have been reported in a study in Uganda, where crop 



 

   

  

12 
 

residues from the ‘outfields’ are harvested, fed to livestock and manures applied to crops 
intended for the market, resulting in nutrient mining of ‘outfield’ soils and the creation of 
characteristic patches, plots and fields of nutrient-deficient crops (Woomer et al., 1998). 
 
Mineral fertilizers were used with varying intensities in the different field types (Table 5). The 
wealthy farmers applied mineral fertilizers in all field types, and relatively high rates (34 kg N 
ha-1 and 23 kg P ha-1) were used in the outfields. Poor farmers did not apply mineral fertilizers in 
outfields because the resources were not enough to be used in all the fields. With regard to farm 
type, there was a large gap in amounts of mineral fertilizers used by the wealthiest farmers (18.6 
– 28.5 kg N ha-1 and 13.8 – 20.7 kg P ha-1) and the poorest farmers (0.4 – 4.6 kg N ha-1 and 0.4 – 
4.6 kg P ha-1). The wealthy farmers distributed mineral fertilizers evenly across their farms, but 
preferentially targeted organic resources (mainly manure) to the plots closest to the homesteads. 
The home fields received about 75 kg N ha-1 and 61 kg P ha-1 from manure compared with 60 kg 
N ha-1 and 40 kg P ha-1 on the mid-fields, and 19 kg N ha-1 and 9 kg P ha-1 on the outfields.  
 
As previously observed (Brouwer et al., 1993; Carter and Murwira, 1995; Tittonel et al., 2005; 
Zingore et al., 2006), distance from the homestead tended to affect the allocation of production 
activities and resources (Table 5). It can be argued that the role of livestock in the farming 
system and the amount of manure reaching certain plots largely determines within-farm 
differences in nutrient stocks and flows (Van den Bosch et al., 1998). Other strategies used by 
farmers to maintain or replenish soil fertility included natural fallow, cereal-legume 
intercropping and crop rotation (Table 6). The low use of natural fallow and crop rotation 
practices especially among the wealthy farmers can be attributed to lack of land. Furthermore, 
wealthy farmers can afford adequate mineral fertilizers and manure to replenishing soil fertility 
and this could partly explain the low use of natural fallow and crop rotation practices amongst 
this group. 
 (a) (b) 
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Figure 2a-d. Allocation of organic resources and mineral fertilizer to different fields and farm 
types in Kirege, central Kenya 
 
 
Total nutrient inputs and partial nutrient balances 
The total nutrient inputs calculated for different field and farm types in Kirege location indicated 
that most inputs (N, P and K) were applied to the home fields. It was further observed that partial 
nutrient balances were higher in home fields compared to the outfields. In general, wealthy farms 
received more nutrients inputs and had higher partial nutrient balances compared to the poor 
farms (Table 6). 
 
Table 6. Total nutrient inputs and partial balances of different field types for the three different 
resource endowment groups in Kirege, central Kenya 
Resource 
group Field type Total nutrient inputs 

(kg ha-1) 
Partial nutrient balances 

(kg ha-1) 
  N P K N P K 
Rich Home fields 109.1 a 72.9 a 379.0 a 41.0 a 46.8 a 29.0 a 
 Mid-fields 72.5 b 47.7 b 298.0 a 8.0 b 33.8 bc -20.0 abc
 Outfields 42.0 cd 32.1 bc 55.0 cde 2.0 b 21.2 d -15.0 abc
 Mean/farm 74.5 a 50.9 a 244.0 a 17.0 a 33.9 a -2.0 a 
Medium Home fields 101.6 a 67.3 a 145.0 b 16.1ab 39.0 b 47.0 a 
 Mid-fields 58.8 bc 42.5 b 119.0 bc 2.1b 34.0 bc 4.0 ab 
 Outfields 21.1 de 18.1cd 33.0 de -43.2c 11.0 e -84.0 c 
 Mean/farm 60.5 a 42.6 a 99.0 b -8.3 a 28.0 a -11.0 a 
Poor Home fields 56.8 bc 32.8 bc 106 bcd -29 c 27.9 c -57.0bc 
 Mid-fields 17.3 e 11.1d 30.0 de -77 d 6.0 ef -171.0 d 
 Outfields 8.1e 4.6 d 16 e -169 e 2.6 f -188.0 d 
 Mean/farm 27.3 b 16.2 b 50.7 b -91.7b 12.2 a -138.7 b 
 LSD (field) 24.0 16.0 84.7 26.0 6.0 65.0 
 LSD (farm) 28.0 22.0 116.1 66.0 33.0 88.0 

LSD (field) was used for within farms comparisons (home fields, mid-fields, outfields) while LSD 
(farm) was used for between farms (Rich, Medium, Poor) comparisons. Values along the column 
with same letter denotes no significant difference between means at p = 0.05 
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Although the average rates of nutrients inputs at farm level for wealthy and medium groups were 
close to the recommended rates for this region (60 kg N and 60 kg P ha-1), calculations at field 
level revealed that little nutrients were applied to the outfields and especially in the medium and 
poor farms. Total N and P inputs differed insignificantly in the home fields of rich and medium 
farms i.e. 109 kg N ha-1, 72 kg P ha-1 and 101 kg N ha-1, 67 kg P ha-1 respectively. On average, 
more than 50 kg ha-1 were applied to all farm types and all this was obtained from organic 
resources as no K was available from mineral fertilizers because farmers used nitrogenous and 
phosphate fertilizers whose potassium content, if any, is negligible. The large amounts of K 
additions were as a result of high levels of K in materials used e.g. up to 3.31% for manure, up to 
4.1% in banana residues, and up to 2% for beans residues. 
 
Partial nutrient balances at field scale revealed an existence of N ‘accumulation’ areas within the 
wealthy farms and home fields of medium farms. N, P and K partial balances were largest on the 
wealthy farms, averaging 17 kg N ha-1, 34 kg P ha-1 and -2 kg K ha-1. The partial balances on the 
wealthy farms were large and positive on the home fields (41 kg N ha-1, 46 kg P ha-1 and 29 kg K 
ha-1), but decreased to (8 kg N ha-1, 33 kg P ha-1 and -20 kg K ha-1) in mid-fields and (2 kg N ha-

1, 21 kg P ha-1 and -15 kg K ha-1) in the outfields. The partial N balances were negative for 
outfields in medium farms and all fields of the poor farms, illustrating that the amount of N 
added from both organic and mineral fertilizer was obviously less than the amount of N 
harvested with the biomass removed (Fig. 4a-d). Phosphorus balances were positive in all the 
farms and field types although in some fields, the situation was almost equilibrium (see Table 7, 
Fig. 4c and d). Similar trends have been reported in other studies by Tittonel et al. (2006) and 
Vanlauwe et al. (2006) in western Kenya. Figure 4a-d provides a graphical representation of this 
nutrient allocation within farms and the partial nutrient balances. 
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Figure 4a-d. Total nutrients inputs and partial balances for the different fields of the case study 
farm types (Rich, medium and poor) at Kirege, Central Kenya 
 
The areas being depleted were much larger than the areas of ‘accumulation’, leading to an 
overall negative nutrient balance at farm scale for medium and poor farms. This agrees with 
observations by Mapfumo and Giller (2001) that larger areas of smallholder farms in Zimbabwe 
were highly depleted while nutrient accumulations were observed in home fields. Household 
wastes and crop residues from other fields were brought to the home fields in the form of 
compost. Besides, nutrients accumulated in the home fields would not be efficiently used by 
grain and pulse crops often sparsely planted and shaded by banana plants and trees, affecting the 
magnitude of nutrient outflows as harvested crop parts. Typically, most inputs (e.g. fertilizers, 
manure, improved seeds) were applied in the home fields and farmers reported high productivity.  
 
Production orientation and soil nutrient balances 
The influence of production orientation on farm management cannot be overlooked because this 
has an influence on soil fertility status of different field types within a farm. A study in Kirege 
location revealed that cash crop fields had higher soil nutrient balances compared to food crop 
fields (Table 7).  
 
Table 7. Influence of production orientation on soil nutrient balances in smallholder farms of 
Kirege, Central Kenya 
Production orientation Nutrient balances (kg ha-1yr-1) 
 N P K 
Cash (coffee, tea, bananas, kales) 75 a 66 a 38.3 a 
Food (maize, beans, potatoes) -54 a -4 c 51.3 b 
Pasture (Napier) -452 b 20 b -213 c 
Mean -91 -23 42.2 
LSD 158.8 20.5 86 
Same letters along the columns denotes no significance difference between means at p = 0.05 
 
As a result of high inputs in fields planted with cash crops (mainly coffee, tea, bananas and 
vegetables) in terms of mineral fertilizers and manure, nutrient balances were found to be highly 
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positive in the cash crop fields i.e. 75 kg N ha-1, 66 kg P ha-1 and 51.3 kg K ha-1 compared to -54 
kg N ha-1, -4 kg P ha-1, 51.3 K ha-1 for pasture fields (Table 7). In particular, most of the nutrients 
applied to tea fields were mainly from mineral fertilizers availed to farmers on credit by farmers’ 
co-operatives. For coffee and bananas, the nutrients were mainly from manure because few 
farmers reported use of mineral fertilizer in these fields. However, farmers combined mineral 
fertilizers and manure in the vegetables’ fields largely because these fields were the smallest and 
therefore required little amounts of manure and mineral fertilizers as compared to the other 
mentioned above. As mentioned earlier in section 3.2, vegetables were hugely found in near the 
homestead and therefore the issue of distance of contributed to the large nutrient balances in 
these fields. 
 
Food crops received limited amounts of mineral fertilizer and farmyard manure. Maize and beans 
were grown at subsistence level; most of the harvest was used for home consumption and hardly 
any products left the farm for marketing. Despite low outputs, the balances for maize and beans 
fields were negative because very little inputs were used for these crops. Coffee, tea, bananas and 
vegetables fields had positive balances resulting from high inputs of both mineral fertilizer and 
manure. Similarly, nutrient balance studies in Kisii, Kenya revealed that most of the nutrients 
were allocated to cash crops while food crops had little received little inputs hence large negative 
balances in food crop fields compared to cash crop fields (Smaling et al., 1997). It has been 
argued that application of sufficient nutrients to food crops is not viable in the current economic 
environment owing to high cost of inputs compared to prices of outputs such as maize (de Jager 
et al., 1998). 
 
Hardly any mineral fertilizer was used in Napier grass fields, whereas high outflows of N and K 
were recorded resulting in low/negative balances. The severe nutrient mining under Napier grass 
is explained by high fodder removal, which was not offset by manure application despite 
considerable amounts being applied. Discussions with farmers revealed that on average about 20 
% of the available manure was used for fertilization of Napier grass fields. It was also observed 
that farmers usually applied their manure in large quantities, often on a bare plot where Napier 
grass was to be planted or had just been harvested and left uncovered. Such a mode of 
application induces high losses by volatilization and leaching. Low P circulation (though positive 
balance) was recorded and this could be as a result of low P values in Napier grass and manure 
(about 2.4 and 5 g kg-1 respectively) which would mean that little amounts of P were removed 
from the fields via harvesting and also little inputs through manure. Similar results were reported 
by Njuki and Verdeaux (2001) who found that farmers in central Kenya had diversified their 
crops to adapt to reduction in land sizes and were now producing some traditionally known food 
crops for commercial purposes. Bananas and annual vegetables such as kales, cabbages, 
tomatoes, cowpeas and arrowroots are grown as cash crops in small areas of good quality land 
mainly in the fields close to the homesteads. Mairura et al. (2007) reported that farmers in Chuka 
division preferred growing staple and high value crops on fertile soils near the homesteads 
compared to other crops such as Napier that were mainly grown on poor soils in the outfields. 
 
Soil fertility status 
The analytical results of soil collected from the different farms and fields in Kirege are 
summarized in Table 8. The results show that the soil pH ranges from acidic (4.83) to near 
neutral (6.01). The optimum pH range for most agronomic crops is between 6.0 and 7.0 



 

   

  

17 
 

(Kanyanjua et al., 2000), meaning that this level is likely to affect growth of most crops. 
Manganese toxicity also increases with decrease in soil pH and can occur along aluminium 
toxicity at low pH. At a pH of below 5.5, elevated levels of manganese and aluminium can 
seriously reduce crop growth. High amounts of rainfall in this area may have contributed to the 
acidic condition of the soils. High rainfall causes leaching of bases mainly K+, Mg2+ and Ca2+ 
leaving excessive acid-causing ions (H+, Fe2+ and Al3+) in the soils. Mineralization and 
nitrification processes also contribute to soil acidification via ammonium and nitrate ions. The 
nitrate ions are strongly acidic but are largely leached while H+ accumulates in the soils leading 
to low soil pH.  
 
The P levels in all the fields and farms were found to be above critical level of 10 mg kg-1 (ppm), 
which could be related to the moderate/ near equilibrium balances. Under acidic conditions, P in 
the soil is normally in fixed form and therefore unavailable to plants. This implies that 
phosphorus is one of the major limiting nutrients in soils of this area. Phosphorus inputs to 
farmer fields consist primarily of mineral fertilizers and organic sources such manures. The P 
content of plant residues and manures is normally insufficient to meet crop requirements. 
Consequently, P fertilizer, e.g., triple super phosphate is necessary to overcome P depletion or 
maintain the equilibrium status of these soils. Other nutrients were above the critical levels as 
shown in Table 8. 
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Table 8. Variability in soil nutrient stocks as influenced by resource endowment and distance from the homestead in Kirege, central 
Kenya 
Farm type Field type   Average content 

  pH SOC Total N Extractable P Exchangeable cations (cmolc kg-1) 
    (in H2o) (%) (%) (mg kg-1) K+ Ca2+ Mg2+ 

Rich Home fields 5.72 b 2.75 b 0.28 b 16.50 a 1.01 ab 2.64 ab 0.74 cd 
 Midfields 6.01 a 2.61 bc 0.27 bc 16.90 a 1.12 a 3.26 a 1.10 bc 
 Outfields 5.12 c 2.20 e 0.22 f 10.70 d 0.57 de 0.88 cd 0.34 de 
 Mean/farm 5.62 a 2.52 b 0.26 a 14.70 a 0.90 a 2.26 a 0.73 b 
Medium Home fields 5.90 ab 2.51 cd 0.26 cd 13.63 bc 0.92 bc 3.05 a 1.21 b 
 Midfields 5.29 c 2.46 cd 0.25 de 13.07 bc 0.76 cd 1.39 c 0.58 de 
 Outfields 5.04 cd 2.46 cd 0.24 e 12.06 cd 0.50 e 0.56 d 0.24 e 
 Mean/farm 5.41 ab 2.46 b 0.25 b 12.92 b 0.73 b 1.67 ab 0.68 b 
Poor Home fields 5.65 b 3.01 a 0.31 a 16.70 a 1.04 ab 2.30 b 2.31 a 
 Midfields 5.04 cd 2.39 d 0.24 e 14.08 b 0.50 e 0.77 cd 0.21 e 
 Outfields 4.83 d 2.52 cd 0.24 e 11.27 d 0.43 e 0.55 d 0.16 e 
 Mean/farm 5.17 b 2.64 a 0.26 a 14.02 a 0.66 b 1.21 b 0.89 a 
 LSD (field) 0.28 0.16 0.02 1.58 0.18 0.74 0.46 
  LSD (farm) 0.26 0.10 0.01 1.02 0.14 0.60 0.12 

LSD (field) was used for within farms comparisons (home fields, midfield, outfields) while LSD (farm) was used for between farms 
(Rich, Medium, Poor) comparisons. Values along the column with same letter denotes no significant difference between means at p = 
0.05. 
Critical values: N = 0.2%; P (Olsen) = 10 ppm (mg/kg); Organic carbon =2%; pH = 6 - 7 (Okalebo et al., 2002) 
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Soil organic carbon, total N and CEC decreased with distance from the homestead on 
most farms. For most of the soil nutrients, there were significant differences between 
home fields and outfields in the different farm types, with home fields having the 
highest nutrient stocks compared to the outfields. In wealthy farms, there were 
significant differences between soil pH in home fields, mid-fields and outfields. For 
SOC, total N, P, K+, Ca2+ and Mg2+, there were no significant differences between 
home fields and midfields. However, very clear differences were observed between 
home fields and outfields for the aforementioned soil properties. Similar trends were 
observed with regard to medium and poor farms where significant differences 
between home fields and outfields were observed for pH, total N, K+ , Ca2+ and Mg2 + 
but no clear differences for SOC and P. In wealthy farms, home fields had 2.75% C, 
0.28% N, 16.5 mg kg-1 P, CEC of 4.39 cmol kg-1 (K+ + Ca2+ + Mg2+), compared to 
2.2% C, 0.22% N, 10.7 mg kg-1 P, and CEC of 2.79 cmol kg-1 in the outfields. Similar 
trends were observed in the medium and poor farms (Table 8). This trend can be 
explained by preferential allocation of nutrient resources to the home fields compared 
to the outfields as observed earlier in section 3.4. 
 
At farm level, significant differences were observed between farms of different 
resource endowment levels. There were significant differences between wealthy and 
poor farms for soil pH, P, and CEC but no clear differences between wealthy and poor 
farms for total N and SOC. The high SOC content in home fields of poor farms 
(3.01%) compared to home fields of wealthy farms (2.75%) can further explain the 
issue of differential allocation of nutrient resources within farms. Wealthy farmers 
tried to distribute nutrient resources in all fields compared to poor farmers who 
accumulated the resources in the home fields. This could be as a result of differences 
in availability and affordability of labour resources especially considering that 
manure, which is the major source of soil organic matter, is bulky and therefore high 
amounts of labour are required to enable even distribution within the farms. In 
general, it can be concluded that soil fertility status decreased with decrease in level 
of resource endowment among smallholder farms in Kirege. This can be attributed to 
the decrease in amount of nutrients used in farms with decrease in resource 
endowment. The results are in agreement with studies by Zingore et al (2006) who 
reported a decline in soil fertility status with declined resource endowment amongst 
smallholder farmers in Zimbabwe. Similar results were also reported by Tittonel et al 
(2006) in Emuhaya, Shinyalu and Aludeka divisions of western Kenya.  
 
CONCLUSIONS AND RECOMMENDATIONS 
The participatory monitoring approach adopted in this work helped increasing the 
understanding of diversity within smallholder farms and management aspects that 
affect soil fertility. Results revealed that the allocation of both organic resources and 
mineral fertilizers varied clearly for the different field types and was strongly 
influenced by distance from the homestead. Home fields received more nutrient inputs 
compared to the outfields. It was further observed that wealthy farmers used large 
amounts of nutrient inputs (both organic and mineral fertilizers) compared to the poor 
farmers. N, P and K partial balances were largest on the wealthy farms and lowest in 
poor farms. The partial nutrient balances for the different farm types were largest in 
the home fields and decreased with distance from the homestead. The soil nutrient 
stocks were higher in home fields compared to the outfields. Additionally, soil 
nutrient stocks were higher in wealthy farms compared to the poor farms.  
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It can be concluded that smallholder farms in Kirege location, central Kenya exhibit a 
high degree of spatial heterogeneity that emanate from a complex set of socio-
economic and biophysical factors. The farms consist of contiguous plots managed 
differently in terms of allocation of crops, nutrient inputs and labour resources 
resulting to within-farm soil fertility gradients. Due to this heterogeneity in 
smallholder farms, there is a need for a more targeted approach to soil fertility 
intervention that differentiates between farm fields, agro-ecological zone and resource 
endowment status. Farm and field heterogeneity should be regarded as an asset 
especially by those who are resource poor and risk averse, their goal being food 
security rather than bumper harvests. Out of this study, the following are 
recommended to improve and sustain productivity of smallholder farms in the central 
highlands of Kenya: 

• .In many cases, nutrients were found to be concentrated in the home fields 
while outfields were neglected. It would be more beneficial to the farmer to 
distribute such resources more equitably in the farm to enhance productivity of 
mid-fields and outfields. 

• Farmers need to invest more in manure and other organics to improve soil 
structure and especially in the outfields for them to respond better to mineral 
fertilizers. 

• There is need to focus on strategies to overcome acid infertility (soil acidity) 
in order to improve crop nutrition. Liming will help to neutralize excess 
aluminium ions while addition of organic matter helps in that organic acids 
produced from it complex with aluminium hence reducing P sorption 
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