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Abstract 

Quantification of nutrient balances under integrated soil fertility management practices is important in 
ensuring sustainable crop yields in sub-Sahara Africa. A study, involving Participatory Learning and 
Action Research and nutrient monitoring, was carried out in central Kenya. A multidisciplinary team of 
scientists, extension agents and farmers conducted the exercise. The study was carried out to 
complement the Kenya National Agricultural Livestock and Extension Program focal area approach, 
involving about 300 farmers in each district. Farms were stratified on the basis of soil fertility 
management and resource endowment into three farm typologies. The typologies were classified as 
good, medium and poor. Stratification was also done within individual farms at three levels of good, 
medium and poor soil fertility management patches. Soils were sampled in the patches of the various 
classified farms after which wet chemistry was run. The farm typologies differed significantly (P = 0.05) 
in soil fertility levels. In Kiambu, significant differences were observed in soil nutrient content across 
the farm typologies and also in soil fertility patches within the same soil fertility management class. 
Nutrient monitoring carried out across the farm typologies for two cropping seasons showed negative 
nutrient balances.  

Key words: soil fertility classes, nutrient balances, nutrient mining. 

Introduction 

Declining soil fertility resulting from continuous cropping without adequate nutrient replenishment is a 
major concern in mixed farming systems of the central highlands of Kenya. Continuous cultivation in 
these areas without requisite management has resulted in accelerated soil erosion, depletion of the soil 
nutrient reserves and a decline in the soil physical and chemical characteristics (Kilewe and Thomas, 
1992; Gachene, 1989; Mahaney, 1979; Mwonga and Mochoge, 1989). The depletion of some soil 
nutrients, especially nitrogen (N), is particularly high in the densely populated Kenya highlands 
(Smaling, 1993; Smaling et al., 1993; Stoorvogel et al., 1993). The declining productive capacity of the soil 
is demonstrated by the yield decline in experimental and farmers’ fields over time. An analysis of a 
long-term experiment in the highlands of central Kenya showed a decline in maize yield from three to 
one tonne per hectare for 20 years of continuous cropping (Swift et al., 1994). Variable organic inputs at 
the farm level have been used to mitigate this decline in soil fertility (Vanlauwe and Sanginga, 2004). 
The factors influencing the level of soil nutrient depletion are many and complex, including nutrient 
management, regeneration and plant protection, livestock integration, soil and water conservation, 
biodiversity management, agricultural policies and marketing structures. Nutrient depletion is the 
result of a net imbalance, between incoming and outgoing nutrients in farm inputs and outputs. Causes 
are high crop yields in most cases accompanied by inadequate, untimely or inefficient application of 
manure or fertiliser, farm management practices, leading to high levels of losses such as leaching and 
erosion, and inefficient recycling of existing nutrients on the farm and decreasing fallow rates (de Jager 
et al., 1998). Farmers are primarily concerned about the short-term crop and animal production, for 
present and possibly the forthcoming season. Long-term processes that adversely affect sustainability, 
such as decrease of soil nutrient stocks, are less conceptualised and may therefore, receive a lower 
priority at farm level. Importantly, however, soil fertility management takes place at farm level and at 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

2 

the level of farm activities such as crop and livestock activities, since decisions are taken by individual 
farm households or by groups of households at community level. Decision concerning soil fertility 
management, are determined by the household objectives on the one hand and the available resources 
and the socioeconomic environment on the other hand (Van den Bosch et al., 1998). The sustainability of 
a farming system can then be estimated through calculating nutrient balances and relating the costs of 
replacement to the net farm income. This study sought to understand soil fertility status and capture 
nutrient flows in farming systems in central Kenya. While studies on nutrient balances are common in 
Kenya, there is very limited consideration of variability within an ecosystem. This study therefore went 
a step further to capture variability across farms (catchment level) and within individual patches of the 
same farm. Documentation of such variability will lead to better understanding of management options 
that need to be effected, in order to stem the decline in soil fertility. This in turn would lead to increased 
agricultural productivity and better livelihoods for smallholders. 

The objectives of this study were to 

 To stratify farm typologies based on farmers’ perception of soil fertility management, and soil 
chemical analysis 

 To monitor nutrient flows within the farm typologies using nutrient monitoring package 
 To determine nutrient balances under different crops within an individual farm. 
 

Methodology 

Study sites 

The study was carried out in Kirinyaga District, central Kenya. Kirinyaga District occupies 1437 km2. 

Mukanduini village (S 0°34.68 E 37°16.22) where the study was carried out is in Kerugoya Division at 
an altitude of 1303 m. The soils are Humic Nitisols. Eighty percent of the district is arable. It has about 
97,970 farm families occupying about 96,938 farm holdings with an average farm size of 1.25 ha. per 
family. Main agroecological zones include UH0, LH1, UM and LM3 while main enterprises include 
maize-bean, tomatoes, French beans and bananas production. Mukanduini village is in UM2 AEZ, 

(Jaetzold et al., 2006) which is a marginal zone characterised by coffee, maize-bean, tomatoes and 

bananas production. 

Participatory learning and action research 

A multidisciplinary team of scientists from the Kenya Agricultural Research Institute (KARI) and 
extension agents from the Ministry of Agriculture (MoA) conducted a participatory learning and action 
research (PLAR) in two districts of central Kenya: Kirinyaga within National Agricultural Livestock and 
Extension Program (NALEP) focal areas. One NALEP focal area covers a minimum of 300 farmers. The 
facilitators held discussions with 20-30 farmers in each focal area, who were representatives of about 
300 farmers in each focal area. The discussions in each focal area took three to four days. The first day 
was for a team building.  During this exercise, tools such as introductory village meetings, village (focal 
area) maps, transects, organisation diagrams, wealth ranking, soil fertility management diversity and 
farm classification, resource flow models and closing village meetings were reviewed according to 
methods described by Defoer et al. (2000). The team facilitators were divided into five sub-groups, 
mainly socioeconomics, crops, livestock, land use, soils and agroforestry. One of the days was devoted 
to learning about resource flow maps. The facilitators held group discussions followed by plenary 
sessions to share the findings. Farmers determined the criteria to be used in ranking the households in 
soil fertility management. Three categories or classes were determined comprising of good (class I), 
average (class II) and poor (class III) soil fertility management. The farmers classified all the households 
within the focal area according to the above categories. Among the classified farms, ten were selected to 
represent the group for soil fertility management. The classified farms were further stratified according 
to crop performance and fertility perceptions of particular portions in the farms. Based on crop 
performance, patches were classified as good soil fertility patch (SFP), medium SFP and poor SFP. 
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Topsoil samples (0-20 cm) were taken from each farm and analysed in laboratory according to methods 
described by Okalebo et al. (2002).  

Nutrient monitoring 

After PLAR was carried out, nutrient monitoring (NUTMON) studies were introduced to the farmers 
through individual farm visits. In each class, two farmers were selected for NUTMON questionnaire 
administration. The farmers were visited in their farms during cropping season for two cropping 
seasons. During the visits which involved systematic discussions, farm plans were drawn and soil 
fertility gradient and cropping pattern in the farms observed. Within the farm, sections with different 
characteristics based on slope, crop performance, soil colour or presence of stones or sandy areas was 
marked as farm section units (FSU). Portions in the farm occupied by different crops such as coffee 
(Coffea canephora) sole crop or intercropped with maize (Zea mays) or beans (Phaseolus vulgaris), maize-
bean intercrop or maize sole crop were marked as primary production units (PPU). The types and 
number of livestock, owned, whether confined or grazed was captured as secondary production unit 
(SPU). The demographic household structure was also captured, as the number of people living 
together and sharing food, the age and academic level. Nutrient flows were quantified in different 
ways. Flows directly related to farm management were quantified by asking the farmers on inputs to 
and outputs from the different compartments in their farm on monthly or a cropping season basis. 
Flows quantified this way were the use of mineral fertilisers (IN1), organic inputs (IN2), farm products 
(OUT1) and removal of crop residues (OUT2). Soil nutrient level, soil physical characteristics and 
percent nutrient level in farm products was analysed in the laboratory, climatic characteristics obtained 
from the nearest Ministry of Water weather stations and crop classification like C-factor obtained from 
the literature. The NUTMON questionnaire findings were entered into the NUTMON data entry model 
and analysed using the NUTMON data processing model. 

Results 

Findings of the Participatory learning and action research  

During the PLAR exercise, the farmers identified some factors which were perceived as indicators of 
declining soil fertility. These included low and declining crop yields over time (from 25 bags of maize to 
three bags per hectare). Poor performance of certain crops such as citrus, pigeon pea (Cajanus cajan), 
bananas (Musa (genus)., arrowroots and pumpkins (Cucurbita pepo) over time, and dominance of some 
weed species in spots of the farm. Other indicators included low crop yields and change in soil colour 
(from dark colour when soils are fertile to reddish as they become infertile) were also cited by farmers. 
Other observations associated with low soil fertility included change in leaf colour of crops for example 
maize from green to yellowish and purplish during the crop growth period, an increased disease and 
pest incidences, as well as declining soil water holding capacity. The causes of soil fertility decline were 
listed as soil erosion, continuous cultivation, inadequate organic matter, improper crop rotation 
practices, poor tillage practices, use of inappropriate fertilisers, and poor organic matter management. 
These results were ranked by farmers and are shown in Table 1. 

Table 1: Pair-wise ranking of causes of overall decline in soil fertility 

Causes of fertility decline SE CC IOM ICRP PTP UIF POM Score Rank 

Soil Erosion (SE)  SE SE SE SE SE SE 6 1 

Continuous Cultivation (CC)   CC CC PTP UIF CC 3 4 

In-adequate Organic Matter (IOM)    ICRP PTP UIF POM 0 7 

Improper crop rotation practices (ICRP)     ICRP UIF POM 2 5 

Poor Tillage Practices (PTP)      UIF POM 2 6 

Use of In-appropriate Fertiliser (UIF)       POM 4 3 

Poor Organic Matter Management (POM)        4 2 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

4 

 

According to the classification by the PLAR exercise, class I farmers used manure and mineral 
fertilisers, construct soil conservation structures and performed deep tillage. Class II farmers used 
fertilisers and mineral fertilisers but at a lower rate than the class I farmers and had less elaborate soil 
conservation structures thanthose in class I. Class III farmers applied manure at very low rates with 
little-to-very little mineral fertiliser and had poorly maintained soil conservation structures. The 
differences in soil nutrient levels among the Classes were associated with the farmers’ resource 
endowment levels. Class I were seen as more resource endowed than those in Class I according to the 
classification. This is in agreement with similar studies done in western Kenya (Tittonell et al., 2005).  

The participatory studies identified the soil fertility management problems and ranked them (Table 1). 
This made it easy to target soil fertility problems facing the farmers in the villages. The soil analysis 
showed a close relationship between the farmers’ observations and interpretations (according to how 
they classified the farms into different classes) that is the farmers’ perception on soil fertility and the 
chemical laboratory analysis results. At Mukanduini village, Kirinyaga district, N (%) levels in soils 
were low in all the Classes (0.05-0.12% N), the coefficient of variation of N (%)  levels in the soils was 
about 36%, showing a moderate variation of N (%) content in soils among classes (Table 1). Potassium 
levels in the soils were generally high (> 300 ppm K) in all the classes  and showed a higher variation 
among the classes. Carbon (%) content in soils in Classes I and II was moderate (1.5-3.0% C) but low in 
Class I farms (0.5-1.5% C), though the variation from class to class was low (16.2%). There were no 
significant (P = 0.05) differences in pH level, K, CEC contents in the soils between the classes. 
NNitrogen (%), ppm P and content (%) in the soils differed significantly (P = 0.05) between Classes I 
and III and between Classes II and III but the nutrients had no significant differences between Classes I 
and II. 

It is a common phenomenon in smallholder Kenyan agroecosystems to find variability within the same 
farm. In this study there were portions/patches within the same farm which were lower in fertility 
/crop yields than others as reported by Giller et al. (2005) and Tittonel et al. (2005) on work done in 
western Kenya. The soil analyses results for these patches in Mukanduini (Table 3) show that there 
were no significant (P=0.05) differences in soil in nutrient content within patches of the same farm 
within the soil fertility management classes. The variation in N (%), ppm P and ppm K between good, 
medium and poor patches were high (48-62%) in Class I farms, but within the other classes a close 
variation was observed. Rather surprisingly, enormously high amounts of P were observed in 
Kirinyaga. This could be attributed to commercial farming mainly for tomatoes and French bean, which 
have higher returns on fertiliser inputs. 

Table 2: Soil nutrient levels in soils in Classes within farm typologies in Mukanduini village, 
Kirinyaga District, central Kenya 

 
 
SF Class 

Farm nutrient levels 

pH N (%) ppm P Ppm K C (%) CEC cmol/100g 

Class I 5.60 0.10 441.23 410.45 1.59 7.21 

Class II 5.75 0.07 632.67 384.62 1.52 7.95 

Class III 5.78 0.09 649.83 428.52 1.39 6.82 

Mean 5.72 0.09 582.10 409.93 1.49 7.28 

Cv % 7.17 35.68 24.84 45.49 16.21 19.61 

r2 0.04 0.12 0.31 0.01 0.12 0.11 

Rating 

High  >0.25 >40  175-300 >3.0   

Moderate  0.12-0.25 20-40 50-175 1.5-3.0   

Low  0.05-0.12 10-20 50-100 0.5-1.5   
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Very low  <0.05 <10 <50 <0.5   

 

 Variability within and among farms 

There was a narrow variation (6-19.99) in soil nutrient levels of pH, N (%), P, C and CEC but the level of 
K in the soil varied widely in Class II farms in good, medium and poor patches of the same farm. A 
similar variation in soil nutrient content was observed in Class III but N (%) and ppm K showed a wide 
variation in nutrient content in good, medium and poor soil fertility patches in the same Class (Table 3). 

Table 3: Soil fertility patches within soil fertility classes in Mukanduini village 

 
SF Class 

 Farm patches nutrient levels 

SF Patches pH N (%) ppm P ppm K C (%) CEC cmol/100g 

Class I Good 5.62 0.09 447.31 428.90 1.52 7.20 

Medium 5.71 0.11 400.87 384.63 1.48 6.41 

Poor 5.48 0.10 475.52 417.83 1.75 8.03 

Cv% 9.20 37.27 62.32 48.77 9.24 14.81 

SE 0.21 0.02 158.77 115.57 0.08 0.62 

Class II Good 5.91 0.09 681.52 528.52 1.67 8.81 

Medium 5.58 0.07 657.80 351.42 1.55 8.32 

Poor 5.77 0.06 558.67 273.93 1.36 6.73 

Cv% 6.11 19.99 10.09 40.08 9.43 19.12 

SE 0.20 0.01 36.85 89.01 0.08 0.88 

Class III Good 5.60 0.10 674.21 456.57 1.21 6.87 

Medium 6.04 0.09 596.75 480.35 1.58 7.36 

Poor 5.72 0.09 678.53 348.65 1.38 6.25 

Cv% 7.16 43.91 9.66 49.88 20.85 22.26 

SE 0.21 0.02 31.37 106.88 0.15 0.76 
 

Findings by NUTMON 

The nutrient balance is a mixture of primary data, estimates and assumptions. To make clear distinction 
between primary data and estimates and assumptions, two different balances were defined. The partial 
balance at farm level (IN1 + IN2-OUT1-OUT2) is made up solely of primary data and mainly reflects 
the ‘way of farming’ though there are background calculations, which cannot be directly quantified. 
OUT1 only reflects the farm products that leave the farm to external destinations for example what is 
sold to the market or to neighbours. Home consumed farm products are reflected by OUT6. The full 
balance defined as (IN1-IN4)-(OUT1-OUT6) is a combination of partial balance and the emissions 
(atmospheric deposition and N fixation) and emissions (leaching, gaseous losses erosion losses and 
human excreta) from and to the environment respectively (Table 6). 

Nutrient balances 

In Kirinyaga District, maize-bean mixtures, maize monocultures, coffee and tomato farming 
characterised most of the farms. A few farmers in Class I planted French beans both under irrigation 
and rainfed. They had extreme nutrient input and mining and could not represent the other farmers 
well. 

In class I farm (Table 7), high levels of mineral fertiliser input (IN1) were observed, 80 kg N, 21 Kg P 
and 14 kg K. Harvest of crop products (OUT1) was the leading channel through which most of the 
nutrients were lost. About 75 kg, 7 kg and 18 kg of N, P, and K, respectively, was lost through crop 
harvest. This was more prevalent in coffee and tomato fields. Food consumption within the farm was 
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the second channel through which nutrients were lost from the farm. Working nutrient balances (partial 
balances) were positive but full balances in kg ha-1 turned out to be negative, -2.1 for N and -4.1 for K. 

 

 

 

Table 6: Nutrient flows and descriptions for NUTMON 

Nutrient flows Description 

IN1 Mineral fertiliser 

IN2 Manure 

IN3 Atmospheric deposition 

IN4 Biological nitrogen fixation 

OUT1 Harvested products 

OUT2 Removal of crop residues 

OUT3 Leaching 

OUT4 gaseous losses 

OUT5 Erosion 

OUT6 Human excrement 

 

Table 7: Nutrient flows and balances in three farm typologies in Mukanduini, Kirinyaga District 

 
Nutrient flows 

Class I Class II Class III 

N P K N P K N P K 

IN1 79.9 21.1 14.7 30.3 5.8 6.9 20.4 7.5 5.1 

IN2 7.0 2.3 5.8 5.6 1.3 4.8 3.2 1.2 3.6 

OUT1 74.7 6.9 18.3 27.6 2.3 15.1 50.9 7.1 25.1 

OUT2 0.6 0.1 0.8 0.2 0.0 0.2 2.6 0.5 0.7 

OUT3 3.3 0.0 4.3 4.6 0.0 5.7 0.0 0.0 0.0 

OUT4 3.3 0.0 0.0 4.6 0.0 0.0 0.0 0.0 0.0 

OUT6 7.1 1.9 1.2 5.8 1.6 1.0 4.0 1.1 0.7 

Full balance (kg ha-1) -2.1 14.5 -4.1 -6.9 3.9 -10.3 -8.2 0.3 -17.8 

Partial balance (kg) 11.6 16.4 1.4 8.1 4.7 -3.6 -29.9 1.1 -17.1 

 

In Class II (Table 7), lower level of mineral fertiliser inputs were observed 30, 6 and 7 kg N, P and K 
respectively. Removal of nutrient through crop harvest reflected high nutrient mining compared to 
input (about 10 kg K was removed than was input). Other channels through which N was lost was 
leaching and gaseous losses covering up to 30% of N lost in both gaseous losses and leaching. Partial 
balances was positive for N and P but K was negative (-3.6), while full balances were negative for N and 
K. In Class III, very low mineral nutrient inputs were reflected (20, 7.5 and 5.1 kg ha-1 year-1, N, P and K 
respectively). Nutrient mining through crop harvest exceeded nutrient inputs by more than 100% for N 
and K. Both partial and full nutrient balances were negative in Class III farm, giving negative nutrient 
balances. A similar scenario was observed in western Kenya (Vitousek et al., 2009). 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

7 

Cropping pattern and nutrient balances in Mukanduini 

Mukanduini village farms are characterised by well-designed primary production units in the farm, 
whereby a particular portion of the farm’s main crop is coffee or maize-beans intercrops, or Napier 
grass. The largest primary production unit in Class I farms was occupied by maize-bean intercrop 
followed by coffee while the largest in class III was maize-bean intercrop. In Class I farm, maize 
monoculture, maize-bean intercrop occupied 0.07% and 36% of the cultivated land, while Coffee, 
tomato and Napier grass occupied 29, 14 and 0.07%, respectively (Table 8). Coffee fields received high 
amounts of mineral fertiliser at 69, 108 and 302 kg ha-1, N, P and K, respectively; and organic fertilisers 
at 12.3, 4.3, and 12 kg ha-1, N, P and K, respectively. Removal of nutrients through crop harvest (OUT1) 
was high, but nutrient inputs (IN1 and IN2) exceeded output, thus giving positive nutrient balance, 
both partial and full balances in coffee fields. Negative nutrient balances were recorded under Napier 
grass, maize, maize-beans fields. These fields received low mineral and organic nutrient inputs (4.2, 0.7 
and 1.4 kg ha-1, N, P and K, respectively, mineral fertilisers and 1.2, 0.2 and 0.8 kg ha-1, N, P and K,  
respectively, organic nutrient inputs). The partial balances in the food crops were negative, indicating 
that the farming system was unsustainable. A similar study carried out in western Kenya recorded 
negative nutrient balances in food crops (Roy et al., 2003); confirming that most of the farming systems 
were unsustainable due to more soil nutrients being removed than added. 

Table 8: Nutrient mining level in major crops grown in a Class I farm in Mukanduini 

 
 
 
Crops grown 

 
 
Cultivated 
area (m2) 

 
 
Total yield 
(kg) 

Nutrient balances 

Full balance (kg ha-1 yr-1) Partial balance (kg) 

N P K N P K 

Maize, bean 5058 765 -37.2 -5.7 -21.6 -8.1 -1.0 -4.2 

Sweetpotato 1012 70 -0.9 -0.2 -1.4 -0.1 0.0 -0.1 

Tomato 2023 2650 -27.2 23.7 -53.4 -2.8 2.4 -5.4 

Maize 1012 360 -52.0 -12.7 -14.5 -5.3 -1.3 -1.5 

Coffee 4047 5870 8.6 6.1 2.8 3.5 1.5 2.7 

Napier grass 1012 1200 -47.2 -5.0 -63.4 -4.8 -0.5 -6.4 
 

In Class II farm, 12% of cultivated land was allocated to maize while and 63% was allocated to maize-
bean intercrops (Table 9). Napier grass had 0.01% while coffee-maize fields had 12%. Very high 
negative nutrient balances (-393 N kg ha-1 yr-1) and (–157.4 N kg ha-1 yr-1) were observed under Napier 
grass and maize-bean intercrop, respectively. Napier grass fields rarely receive mineral nutrient inputs 
except occasional organic inputs while harvesting goes on throughout the year. Maize-bean fields 
received no mineral fertiliser inputs but received organic inputs, farmyard manure (0.9, 0.3 and 1.0 kg 
ha-1, N, P and K, respectively) and in fields with maize-tomato received 0.4 kg N mineral fertilisers. 

Table 9: Nutrient mining levels  in major crops grown in a Class II farm, in Mukanduini 

 
 
 
Crops grown 

 
 
Cultivated 
area (m2) 

 
 
Total yield 
(kg) 

Nutrient balances 

Full balance (kg ha-1 yr-1) Partial balance (kg) 

N P K N P K 

Maize, beans 10118 538 -157.4 -13.0 -83.0 -17.8 -1.8 -9.5 

Maize, tomato 1012 530 -23.9 -3.0 -17.0 -2.4 -0.3 -1.7 

Irish potato 809 100 91.2 4.9 -24.8 7.4 0.4 -2.0 

Coffee, maize 2023 1185 -8.6 12.7 23.3 -1.7 2.6 4.7 

Napier grass 202 2000 -393.4 -41.8 -528.6 -8.0 -0.8 -10.7 
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Maize 2023 180 -13.0 -3.2 -3.6 -2.6 -0.6 -0.7 
 

In Class III, 72% of the cultivated area was allocated to maize-bean intercrop and 25% to coffee (Table 
10). Napier grass was not grown. In the primary production units, negative nutrient balances prevailed 
in both partial and full balances. 
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Table 10: Nutrient mining level in major crops grown in a Class III farm, in Mukanduini 

 
 
 
Crops grown 

 
 
Cultivated 
area (m2) 

 
 
Total 
yield 
(kg) 

Nutrient balances 

Full balance (kg ha-1yr-1) Partial balance (kg) 

N P K N P K 

Coffee, tomato 9105 3500 -8.9 2.7 -13.7 -8.1 2.5 -12.4 

Maize, bean 26305 5190 -14.7 0.3 -7.4 -38.7 0.7 -19.4 

Sweetpotato 1012 700 -8.0 -1.9 -
12.2 

-0.8 -0.2 -1.2 

 

Discussion 

Soil fertility sustainability is a major concern in the fragile agricultural ecosystems in central Kenya. In 
Kirinyaga District at Mukanduini village, there were low levels of soil N (%) content, pH and high 
extracTable K values. Class I farms had high soil organic carbon while Classes II and III had moderate 
soil organic carbon. According to farmers’ observations, the fertility varied within farms. However, 
there were no significant differences in soil nutrient contents among the three patches within a farm, 
though there was a wide variation (45.5%). This indicates that a blanket recommendation made for all 
the farms would not be desirable. Just as observed in other parts of Kenya (Roy et al., 2003; de Jager, 
2005; Tittonell et al., 2005; Vitousek et al., 2009), negative nutrient balances dominated the farming 
systems. A more targeted recommendation regime would result in better efficient resource allocation. 
In Kirinyaga, There was decreasing preference to napier grass growing from Class I to Class III farmers. 
This was associated with the fact that Class I owned two to three heads of cattle and Class III owned 
one or none, according to participatory learning and action research carried out in the area. In the 
longer term, soil fertility in these agroecosystems may not be unsustainable due to higher negative 
nutrient balances.  

Conclusions 

The PLAR exercise showed that farmers in central Kenya can use indigenous technical knowledge to 
identify indicators of soil fertility potential. In addition farmers were able to stratify the environment 
they live in with regard to soil fertility management. This in turn shows that using farmer knowledge, it 
is possible to target soil fertility efforts to address “hot spots” within a farming system. This has two 
implications that it is possible to target intervention measures to for instance through subsidies, to 
vulnerable areas, which would lead to improved livelihoods. The general soil fertility decline as shown 
through NUTMON studies confirm that soil fertility decline continues to be an insidious process, and is 
likely to remain so in the foreseeable future. This study however presents an opportunity to better 
target the decline, by considering the variability concept, and possibly the choice of crop. 

The nutrient concentrations show that P levels in the study area are not limiting. This is possibly due to 
increased use of mineral fertiliser levels usually in combination with organic fertiliser. This has been 
driven by the responsiveness of farmers in this area to the use of fertiliser, propelled by the market 
demand for horticultural crops. This suggests that a market driven agricultural production is possibly 
the way forward in addressing the problem of nutrient mining, and presents a window of opportunity 
towards general increase in productivity and general livelihoods in smallholder farms of central Kenya. 

Recommendations 

 Indigenous knowledge on soil fertility and soil fertility declined need to be supported scientifically 
and not overlooked 
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 Farmers understand their soils well and support is needed to enable them be more productive 
 With proper soil fertility amendments, high crop yields can be achieved; and hence application of 

both organic and inorganic fertilisers should be encouraged 
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