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Abstract 

Digital soil fertility mapping is a paramount approach in precision farming. This will enable a farmer to 
work towards site specific crop management a farming management concept based on observing, 
measuring and responding to inter and intra-field variability in crops. The African Soil Information 
Service (AFSIS) Project was developed digital soil maps, established soil health surveillance system and 
provided evidence-based spatially explicit soil management recommendations. Land Degradation 
Surveillance Framework (LDSF) was used for site selection in sentinel areas where fertilizer validation 
trials were conducted while legacy data for evidence based soil management activities was obtained 
through legacy data collection. Digital soil maps and a soil health surveillance system were achieved by 
setting-up metadata, case definitions, spatial sampling and interpretation standards. Soil legacy data 
acquired was digitized and spectrally characterized; assembling, processing and interpreting existing 
national soil maps. Legacy data showed increasing levels of publication especially maize as a test crop 
under mineral and organic fertilizer application and decreasing soil fertility over time. Validation 
studies in western, central and eastern Kenya showed that three mineral fertilizers blends (NPK) and 
higher altitudes recorded higher maize yields compared to NP fertilizer blends and lower altitude 
zones. Baseline studies to diagnose and characterize the farming systems in western and central Kenya 
showed that the main crop grown was maize which recorded low yields and the farmer’s associated 
low yields with low soil fertility. The key indicators of low soil fertility were low crop yields, presence 
of indicator weeds and soil colour.  

Key words: soil fertility, soil information, end user, nitrogen, phosphorus 

Introduction 

The need for improving soil management is particularly acute in sub-Saharan Africa (SSA), where there 
has been essentially no increase in crop yields or fertilizer use over the last 30 years. Over this same 
period, Africa’s population has more than doubled and is expected to double again within the next 30 
years. Many African landscapes are now characterized by a combination of poor soil health, poor crop 
health, poor water quality and poor livestock health, all major factors contributing to poor human 
health and low levels of economic development. The poverty traps that African smallholder farmers 
and pastoralists are locked into are preventing urgently needed investments to maintain soil resources, 
and are thus likely to result in further losses of agricultural productivity and declining provision of 
ecosystem services. 
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In January 2005 the UN Millennium Project released its recommendations on how to attain the 
Millennium Development Goals by 2015 (Sachs et. al., 2005). A key component was the Hunger Task 
Force recommendations to focus on soil health, small-scale water management and use of superior 
seeds as entry points for drastically increasing agricultural productivity in SSA (Sanchez and 
Swaminathan 2005). In 2007 the Alliance for a Green Revolution in Africa (AGRA) was launched, 
including major programs in improved seeds and soil health. The overall vision is the elimination of 
hunger and absolute poverty in SSA.  

Making these or other future plans operational will require reliable up to date information about soil 
health, including soil maps that are compatible with other natural resource maps, information for better 
targeting of appropriate management options and agricultural input supplies, and more efficient 
learning mechanisms about the impacts of soil management interventions and policies. All the above 
efforts will culminate to site specific crop concept based on observing, measuring and responding to 
inter and intra-field variability in crops. However, knowledge about African soils is highly fragmented, 
outdated and there is thus an urgent need for accurate, up-to-date, geo-referenced soil information that 
will provide for sound decision-making in the implementation of Africa’s Green Revolution. 

The main objectives were: 

 To provide evidence-based, spatially explicit soil management recommendations to national 
research and extension providers and services.  

 To create digital soil maps to aid in precision farming. 
 Compare crop performance as affected by agroecological zone and different fertilizer levels of 

application 
Materials and methods  

The work was carried out in three Sentinel sites, Kandara District in Muranga County in central 
Kenya,Wote and Makindu Districts of Makueni County in Eastern Kenya and in Siaya District in Siaya 
County in western Kenya.  

Description of the study sites 

Kandara District in Muranga County in central Kenya. It lies across four agro-ecological zones namely 
LH, UM1, UM2 and UM3 (Jaetzold et al. 2006). Due to the south eastern trade winds, the larger 
Muranga County has a climate that is typical for increasing altitudes in the area.  

Average annual rainfall is variable and ranges from slightly more than 800 mm in the lower south east 
(UM and LM 4) to more than 2600 mm in the north-west zone. The rainfall pattern is bimodal and rainy 
seasons are clearly separated with the first rain starting at about the end of March, with their peaks in 
April and May while the second rains start from October with the peak in November. The district has 
medium to long (155-174 days) and medium to short (115-134 days) cropping season with a mean 
annual temperature of 18-210C. The soils are largely presented as Humic Nitisols, which are well 
drained, extremely deep, dusky red to dark reddish brown, of friable clay and with high inherent 
fertility and acidic humic topsoil. The soils have very high moisture storage capacity. Kandara District 
covers an area of 235 km2 of which 193 km2 has been put under agricultural production. Maize is the 
main staple food crop, which is produced at subsistence level by small-scale farmers in zones UM1, 
UM2 and UM3.  

Wote and Makindu Districts of Makueni County in eastern Kenya 

This site is in the Wote/Makindu District areas in Makueni County. The climate is semi-arid to arid 
with the mean annual ranging between about 600 and 750 mm as opposed to potential evaporation of 
2100-2150 mm (Achieng and Muchena, 1979). The altitude lies between 150 and 1000 m. The natural 
vegetation is dominated by wooded bush-land consisting of Euteropogon macrostachus and Chloris 
roxburghiana (30% of grasses) with Acacia brevispica, Combretum exallatum, Camiphora spp. and grasses 
such as Premma holstii, Ocinum bassilium and Grewia spp plus other wooded species. All soils in the 
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district are developed on sandstones rich in ferro-magnesium minerals. They have well drained, deep 
to very deep, red to dusky red and are sandy clay to clay (Ekirapa and Muya, 1991). These are 
represented around Kiboko and west of Kibwezi by chromic Luvisols and interfluves of orthic and 
xanthic Ferralsols (Ministry of Agriculture, 1987). Soils are variable in depth depending on parent 
material, slope and are generally low in organic matter and deficient in nitrogen, phosphorus and 
potassium (van Wifngaarden and van Englen, 1994). Makueni County population consists of some 
43,377 households with a density of 10-150 people per square kilometre and farm sizes averaging 3.5 
hectares (ha) per household (De Jager et al, 2006). Of the total farmland an average of 48.5% is under 
cultivation and up to 71% of the households live below poverty line. Farm sizes are on average of 3.3 ha 
per household of which about 1.8 ha are utilized to grow crops with the rest of the land under pasture. 
Apart from rain fed agriculture there are extensive areas where irrigation is practiced.  

Siaya District in Siaya County in western Kenya 

Siaya County (0° 26′ to 0° 18′ N; 33° 58′ East and 34° 33′ W) and covers 1520 km2 with a population 
480,184 persons. It has different relief, soils and land use.. It is located in ecological zone LM1 – LM3 
with a small area under UM1. The attitude ranges from 1140 to 1500 metres above sea level (m.a.s.l). 
The area has two rainy seasons with the average annual rainfall ranging from 800mm to 1600 mm per 
annum, the minimum temperatures is 15° C and a maximum of 30° C. In this region, poverty is still a 
challenge and most families live on less than a dollar a day (Republic of Kenya, 2010). The fertility of 
the soils in Siaya range from moderate to low, and levels of nitrogen (N) and phosphorus (P) are 
particularly low. Vertisols and Ferralsols are the most common soils in the three villages studied. Most 
soils are underlain by plinthite (Murram) at a shallow depth, resulting in low moisture retention.  

Methodologies 

Developing digital soil maps and establishing a soil health surveillance system 

The development of digital soil maps and establishment of soil health surveillance system in Kenya was 
done by setting-up data, metadata, case definitions, spatial sampling and interpretation standards, 
acquiring, digitizing and spectrally characterizing soil legacy data; assembling, processing and 
interpreting remote sensing data and existing national soil maps. Collecting and analyzing soil health 
data from representative sentinel sites, and generating high resolution digital maps of soil functional 
properties in Kenya, including soil degradation status and biophysical and socioeconomic risk factors 
were done. 

Provision of evidence-based, spatially explicit soil management recommendations involved 
development of: norms and standards for locally appropriate soil management practices; protocols for 
demonstrations and testing best-bet soil management practices at sentinel sites in eastern, central and 
western Kenya. This entailed collection, assembly and interpretation of data related to field trials, 
evaluation of appropriate management practices, and ISFM technologies. The development of evidence-
based soil management recommendations involved derivation of descriptive and quantitative models 
to predict the performance of specific ISFM recommendations under varied, soil, climatic and socio-
economic conditions. ISFM technologies refer to fertilizer application rates, soil organic matter 
management, use of legumes, and tillage operations in cropping systems. Additionally, socio-economic 
factors like labor availability, access to input and output markets, access to credit, and other factors 
related to the social and cultural characteristics and the farming systems were considered. Both 
quantitative and qualitative techniques were used to determine how these factors (environmental and 
socioeconomic) were rated. The decision framework was flexible and allowed for comparisons of the 
different ISFM options under different and changing socio-economic and policy scenarios and ratings to 
be adjusted accordingly. Field trials were established in the above sentinel sites within the first two 
years of the project. The project conducted multi-locational, on- farm, controlled standard trials. 
Farmers were involved in the participatory monitoring and evaluation. The teams responsible for the 
implementing this activity worked closely with the AFSIS mapping team to determine where to locate 
the trials based on the prevailing soil conditions and farming systems. All of the sites had a standard 
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nutrient response trial that linked to the soil spectral characterization of the sentinel sites. The trials 
involved a range of fertilizer application rates, application of organic matter in different forms and 
quantities and with the integration of legume crops in the crop rotation or cropping systems that are 
acceptable to farmers and that serve a dual purpose (i.e. provide economic benefits as well as benefits to 
soil productivity). There was also collection and meta-analysis of literature and case-based soil 
management practices; installation and monitoring of additional field trials at sentinel sites, modelling 
all of the above, including expert systems that assisted in the development of soil management 
recommendations in Kenya. 

For capacity building, legacy data was collected was carried in KARI libraries (Headquarters, Muguga, 
Kabete and Katumani stations) to ascertain the extend ISFM research work done in Kenya. This 
involved literature search of all ISFM related publications of research work done in Kenya. The 
collected literature was entered into Filemaker software and later extracted to Ms excel and exported to 
SPSS where meta-analysis was done. A questionnaire was developed to capture the end users 
awareness of ISFM. End users included Africa Green Revolution Alliance (AGRA), national research 
organizations and extension providers, CGIAR centres, UN organizations, NARS, NGO’s, donor 
agencies, private sector companies, other research projects and Government of Kenya (GoK). The 
feedback was analyzed using SPSS. 

Results and discussions  

Application of cluster techniques for soil fertility trial site selection and characterization in central 
and eastern Kenya 

The Land Degradation Surveillance Framework (LDSF) was used while selecting the sites. Soil 
sampling was done according to a structured sampling design (Kamoni et al., 2012a and 2012b). Farms 
were selected from farmer’s fields and from secondary schools. Thirty six farms (sites) in Kandara and 
30 sites in Makueni were selected from which composite soil fertility samples were collected using the 
LDSF Y scheme and analysed at KARI Kabete Laboratories. The purpose of the analysis was to get 
baseline fertility levels of the sites before starting the experimentation. Out of the 36 sites selected in 
Kandara19.4% of the sites had a pH of 4.32-5.0, 30.6% had pH of 5.0-5.5, 38.9% had pH of 5.5-5.94 and 
11.25 had near neutral pH of 6.1-6.7 (Table 1). The results in Table 1 indicate that the selected sites in 
Kandara had suitable soil characteristics for use as fertilizer trial sites. Most of the sites were however 
deficient in nitrogen and phosphorus and had low levels of organic matter and therefore would 
respond to N, P and manure applications. Management measures that aim at raising the soil pH, 
improving soil N and P levels as well as organic matter content would be the most appropriate in the 
Kandara area.  

In Kiboko District, Makueni County in eastern Kenya the site was selected by a Global maize project 
which aims at assessing and promoting nutrient management practices that optimize and improve 
maize productivity. Out of the 30 selected sites, eighty one percent of the sites had a pH of 6.5-7.0, all 
other sites had a pH greater than or equal to 6.0. All sites were deficient in total nitrogen (< 0.2%). 
Ninety six percent of the sites had low levels of total organic carbon (<1.33% OC). Ninety four percent 
of the sites had excessive levels of phosphorus (> 80 ppm Mehlich or Olsen P). Ninety six percent of the 
sites had adequate levels of potassium (>0.24-1.50 me %) (Table 1). 

Table 1: Soil fertility pH, total nitrogen, total carbon, phosphorus and potassium in Kandara and 
Makueni 

Site  Kandara Makueni Remarks 

Soil chemical 
characteristic 

Range/ 
level 

Total (%) 
(n=36) 

Remarks Range/level 
total (n=26) 

pH 4.32-4.98 19.4 Best management require carefully 
chosen combination of manure 

 acidic 



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 

5 

and fertilizers. Liming is necessary 

 5.05-5.46 30.6 Best management require carefully 
chosen combination of manure 
and fertilizers 

  

 5.5-5.94 38.9    

 6.0-6.5 5.6  11.5 Slightly acid 

 6.5-7.00 5.6  80.8 Slight acid to 
near neutral 

Total nitrogen 
(%) 

< 0.2 66.7 Deficient  100 Deficient  

0.2-0.5  23.3 Adequate-highest value was 
0.27% 

0 Adequate  

Total organic 
carbon (%) 

< 1.33  8.3 Deficient 96.2 Deficient  

1.33-2.65  72.2 Moderate  3.8 Moderate  

2.66-5.32  11.1 Adequate  0 Adequate  

Phosphorus 
(ppm) 

< 30  66.7 Deficient  3.1 Deficient  

30-80  30.6 Adequate  3.1 Adequate  

> 80  2.8 Excessive  93.8 Excessive  

Potassium 
(me%) 

< 0.24  2.8 Deficient  0 Deficient  

0.24-1.50  94.4 Adequate  3.8 Adequate  

> 1.5  2.8 Excessive  96.2 Excessive  

 

Response of maize to different soil nutrient intensification and omission regimes in the southern 
rangelands of semi-arid eastern Kenya 

Thirty on-farm soil nutrient agroecological intensification and omission trials were established at 
Makindu in Makueni County in the southern rangelands of semi-arid eastern Kenya to evaluate and 
promote site-specific nutrient management recommendations in eastern Kenya. The results of soil 
analysis showed that the soil reaction (pH) varies from slightly acidic to near neutral. Nitrogen and zinc 
were deficient. Phosphorus was deficient in some cluster fields. Therefore, the most appropriate 
management measures in the area should focus on improving soil N, Zinc and P levels as well as the 
organic matter content. Crop growth and development data was collected at 1, 2, and 3.5 months after 
planting. In Table 2, the results of data collected are presented. Maize plants supplied with NPK, NPK + 
Lime (1T/ha) and NPK + Manure (10T/ha) were significantly (P≤0.05) more vigorous than plants under 
the other treatments one month after planting. At 3.5 months after planting, maize grown under the 
NPK, KP, and NPK + Lime (1T/ha) were significantly taller than those under other treatments. The 
results suggest that treatments with KP had positive effect on plant height. The maize crop was 
harvested 3.5 months after planting. Results indicate that treatments NPK + Mavuno and NPK + Lime 
(1T/ha) had highly positive effects on the performance of the maize crop. 

Higher stover yield and biomass were obtained from maize treatments supplied with NPK + Mavuno 
and NPK + Lime (1T/ha). Consequently, due to the high coefficients of variation, the cob and grain 
yields did not show significant differences between the different treatments (nutrient regimes). Thus 
application of fertilizers alone without addressing issues to do with water supply and conservation in 
the arid and semi-arid areas is not sufficient. Micronutrients (Mavuno) and lime had similar positive 
effects on performance of maize. On the other hand, the maize supplied with NPK and with nothing 
(control- nil fertilizer) had significantly higher harvest index than the other treatments. These highly 
contrasting results between yield and harvest index suggest this parameter is not a good selection 
criteria. Maize plants supplied with NPK, NPK + Lime (1T/Ha), and NPK + Manure (10 T/Ha) were 
significantly (P≤0.05) more vigorous than plants under the other treatments one month after planting. 
At 2 and 3.5 months after planting all maize plants under all eight treatments ranged between weak and 



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 

6 

moderately vigorous plants. Plants grown under NPK, NPK + Lime (1T/Ha), NPK + Manure (10 
T/Ha), and NPK + Mavuno had a significantly higher stay-green ability than those under the other four 
treatments. It seems that plants under intensive multiple plant nutrients regimes had significantly 
higher stay-green ability than those without. Addition of manure, micronutrients (Mavuno), and lime 
had a positive effect on plants performance. Plants with a high stay-green ability tend to have a longer 
photosynthetic period and hence higher dry matter accumulation than those with lower stay green 
ability. This concurs with the results obtained where plants grown under NPK + Mavuno, and NPK + 
Lime (1T/ha) which had the highest biomass yield.  

 

 

Table 2: The effect of INM and plant age on biomass yield (t/ha) and harvest index of maize at 
Kiboko/Makindu semi-arid eastern Kenya during the 2012 LR 

Treatment  Stover yield  Cob yield  Grain yield  Biomass  Harvest 
Index 

Control (0) 0.53 0.05 0.20 0.70 0.35 

NPK  0.73 0.06 0.24 0.92 0.37 

NP 0.48 0.06 0.28 0.82 0.29 

NK 0.66 0.01 0.09 0.76 0.31 

NPK + Mavuno  1.01 0.02 0.09 1.11 0.27 

NPK + Lime (1 t/ha)  0.96 0.04 0.22 1.22 0.35 

NPK + Manure (10 t/ha)) 0.63 0.03 0.22 0.88 0.22 

KP  0.72 0.02 0.07 0.81 0.18 

Means 0.72 0.03 0.18 0.90 0.29 

LSD 0.39 0.05 0.24 0.49 0.16 

CV (%) 54.0 143.3 135.9 54.2 54.3 

 

A similar study was carried out in Central Kenya. Eight diagnostic fertilizer treatments (NPK, 
NPK+lime, NP, PK, NK, Mavuno, NPK+manure and control) were tested in 32 farms selected from 
sixteen clusters of Kandara sentinel site. Soil samples at 0-20cm depth were taken from each farm for 
evaluating soil fertility while the eight fertilizer treatments were laid out in 10 plots in each farm for the 
September-January 2011-2012 season. Thereafter harvest and fertility data from each treatment and 
farms were analyzed to determine difference between farmers and treatments on dry matter and grains 
yield. Results obtained indicated that there was a significant difference in soil fertility management 
between farmers (p<0.001) in relation to dry matter yield and a significant difference in grain yield 
between treatments (p<0.01). Treatments; NPK+Lime, NPK+manure and Mavuno showed higher 
stover and grain yield. The intial soil fertility results indicated that soils of the farms selected for the 
trials were variable and differ from one farm to another(Table 3) . This difference was significant 
(p<0.001) when the soil nutrients from each farm were compared . Soil pH, exchangeable acidity and 
total N were identified by principal component analysis (PCA) as the contibuting factors to the 
difference in soil fertility since they contribute 74% of the variabilty observed with an eigen value of >1. 
Soil pH varied from 4.3 to 6.7 and the difference determines the availability of most nutrients. Farms 
with low soil pH were characterised by low calcium and magnesium content implying an excess 
removal of bases with crop harvests. The results also showed 20 out of the 32 farms had exchangeable 
acidity that requires liming. C: N ratio was 1:4 implying poor management in most of the farms that 
results in lowering of Soil organic carbon (SOC). The SOC has been shown to be affected by the wealth 
of individual farmer and it varied with location and resource endowment of farmers (Cobo, et al, 2009). 
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The difference in soil fertility of farms was further observed when the mean grain yields of maize from 
each farm were compared irrespective of treatments. 
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Table 3: Soil variability in initial soil fertility of the top soil samples of farms in Kandara in central 
Kenya 

  mean 

N Minimum maximum statistic Std error Std dev 

Soil pH 32 4.32 6.72 5.46 0.10 0.57 

Exch. acidity(mg/kg) 20 0.10 0.40 0.22 0.21 0.09 

Total N (%) 32 0.10 2.06 0.39 0.10 0.57 

SOC (%) 32 0.20 2.90 1.54 0.90 0.53 

P(ppm) 32 1.00 156 31.00 5.05 28.57 

K+(mg/kg) 32 0.16 10.70 1.65 0.40 2.29 

Ca2+( mg/kg) 32 0.60 18.60 5.71 0.60 3.39 

Mg2+(mg/Kg) 32 1.31 11.70 4.68 0.43 2.44 

Mn2+(ppm) 32 0.56 16.80 2.51 0.65 3.65 

Cu(ppm) 32 1.50 92.60 14.57 3.80 21.51 

Fe2+(ppm) 32 5.20 90.80 40.69 3.40 19.23 

Zn2+(ppm) 32 0.50 65.60 19.60 3.55 20.08 

Na+(mg/kg) 32 0.10 1.50 0.53 0.05 0.28 

 

NPK+lime, NPK +manure , Mavuno and NP treatments had the highest grain yields and the difference 
was significant(p<0.001) when compared to the control. The observed increase in dry matter and grain 
yield in each diagnostic treatment indicate that the soils of the area are depleted of nutrients and there 
is a response in each intergrated fertility management intervention approach(Table 4). The response to 
treatments varied between farmers (p<0.001) and were consistent with the observed soil fertility 
variability. Farms with high inherent soil fertility had better response to the treatments than those with 
low fertility. These results are consistent with those found on smaller holder farms in Zimbabwe where 
maize yield increased with the wealth of the farm (Cobo et al,2009). There was an increase of over 1.0 
ton/ha in dry matter yield in each fertilizer intervention despite the unfavourable rainfall conditions of 
the season. The increase implys that even under low moisture conditions farmer can harvest adequate 
stovers for dairy cow feeding, a common charactersitic of majority of the farms in Kandara area. Results 
obtained from these diagnostic trials show that various treatments will improve maize yields in Central 
Kenya. However, the approaches to improve these yields must incorporate the inherent soil fertility 
condition of each farm and the resource endowment of the farmer. Soil pH, exchangeable acidity and N 
capital must be improved to obtain increased yields. A stepwise approach is proposed that seeks first to 
increase the inherent soil fertility of each farm by investing in farmyard manure application together 
with NPK applications and secondly, increase maize yield by using NPK+manure or Mavuno that have 
shown promising results. These approaches should be coupled with fertilizer subsidies that have been 
shown in Malawi to improve food security of farmers. More research needs to be done to determine the 
thresholds of the proposed fertlizer treatments for intervention in these small holder farms. 
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Table 4: Maize dry matter, grain and total biomass yield in Kandara in central Kenya 

Treatment Stover (t/ha) Grain (t/ha) Total biomass (t/ha) 

NPK +lime 2.08 3.07 5.16 

NPK +manure 2.48 3.18 5.67 

NP 1.92 3.48 5.4 

Mavuno 2.15 3.90 6.04 

PK 1.66 1.97 3.63 

NK 1.88 2.91 4.88 

NPK 2.26 3.47 5.73 

Control 1.17 1.76 2.96 

 

Maize response to macro and micro nutrient fertilizer combinations across nutrient deficient 
smallholder fields in western Kenya 

Thirty-two field experiments were established during 2010 short rains in Gem and Ugenya districts of 
Western Kenya with similar treatments as was in eastern and central Kenya. Within each field, 8 
partially replicated treatments were established. Maize grain yields and dry matter production were 
evaluated for their response to the application of N, P; N, P, K and multi-nutrient (macro and 
micronutrients) fertilizer combinations under different altitudes, moisture regimes, striga prevalence, 
seasons and farm management conditions. 

The results indicated that treatments located in higher altitudes (above 1350 m.a.s.l) resulted in higher 
(62-72 %) grain yields compared to treatments established in lower altitudes (below 1349 m.a.s.l) with 3-
mineral fertilizer blend giving higher yields relative to 2-mineral blends across both altitudes ranges. 
Similar treatment’s trends were observed in fields located in areas with higher mean monthly rainfall 
(41.7 mm-rainfall regime1) compared to those located in areas with lower mean monthly rainfall (< 20 
mm-rainfall regime3). Multi-purpose (N, P, K and micro nutrients) treatment produced 37-86 % higher 
grain and DM yields compared to two-mineral fertilizer combination across in-fields, mid-fields and 
outfields categories in experimental fields. The results indicated the impact of omitting any of the 
nutrients as compared to the application of all the three macro nutrients (nitrogen, phosphorous and 
potassium). Generally, the application of all the three mineral nutrients (i.e., nitrogen, phosphorus and 
potassium- NPK) fertilizer combined with either lime or dosed with micro-nutrients calcium, 
magnesium and sulphur resulted in significant maize grain and biomass yield increases compared to 
application of either two-mineral (NP, NK, PN) fertilizer or no input control. The yield gap from 
application of NPK + lime fertilizer compared to no-input control (102%) and the best performing two 
mineral NP fertilizer combination (29%) further confirms the effectiveness of combining lime with 
modest recommended amounts of NPK fertilizer for improving maize productivity in nutrient 
depleted, low pH smallholder farms of western Kenya. Moisture is critical for dissolution of applied 
mineral fertilizer in the soil for plant uptake, with delays expected in dry soils or where moisture 
conditions are limiting. Little variations in rainfall patterns within the 10 x 10 km experimental site are 
reflected by low yield gaps to sole inorganic and combined inorganic and organic soil fertility 
amendments. The slightly higher total precipitation in rainfall regime 2 compared to either of the 
remaining two regimes in short rains likely accounts for the slight and insignificant total maize yield 
increment (Table 5) observed for the rainfall regime. Low grain yield differences either resulted from 
application of sole NPK fertilizers or when combined with lime, manure or multi-nutrient fertilizer. 
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However, application of three-mineral fertilizers resulted in higher (between, 0.6 - 1.7 t ha-1) and 
significant maize grain increases compared to application of two-mineral fertilizers.  

Table 5: Effects of different rainfall patterns on maize grain yields (Kg ha-1) under inorganic and 
organic fertilizer inputs in Siaya in western Kenya 

Treatment 

Rainfall regime 

Means 1 2 3 

NPK 3.3 3.0 3.0 3.1 

NPK + Lime 3.6 3.6 3.0 3.4 

NPK + Manure 3.3 3.3 2.9 3.2 

NPK + Micro-Nutrients 3.3 3.3 3.3 3.3 

Control 1.9 1.7 1.5 1.7 

NK 1.9 2.1 2.0 2.0 

NP 2.7 3.1 2.9 2.9 

PK 2.3 2.4 2.2 2.3 

Mean 2.7 2.8 2.5 2.7 

CV 51.12 41.40 47.38 46.44 

LSD (0.05 %) 9.4 7.0 7.7 4.6 

 

Altitude effects on maize grain yield and biomass production responses to applied treatments  

Altitude effects on applied inorganic and organic fertilizer treatments were observed from increased 
canopy vigor in fields within and beyond 1400 m. Established crop had a dark green color, larger stem 
girdle and height when compared to crops in cluster lying in lower altitudes. Cluster analysis along 
altitude show a yield gap close to 0.5 t/ha in fields lying above 1350 m compared to fields lying below 
this range. Additionally, all treatments lying above 1350 m fared consistently better, underpinning the 
importance of altitude considerations not only in maize breeding but also in recommending strategies 
for soil fertility replenishment in western Kenya. NPK + Lime treatment performed best with yield 94 % 
and 107 % increase in grain yield when compared to no input control at both altitudes (below and 
above 1350 m) ranges respectively. Addition of manure, lime or micro-nutrients had a net positive 
effect on NPK fertilizer combination and resulted in the highest grain yield increases. Result from this 
study indicate that repeated additions of manure, lime or multi-nutrient fertilizer may have important 
beneficial effects on the physical and chemical soil properties, either as a soil conditioner or a source of 
plant available nutrients. Further, most soils in the study area were of low pH making some of the 
nutrients such as P be fixed by the aluminum of hydrogen ions. Acidity in soils comes from H+ and Al3+ 
ions in the soil solution and sorbed to soil surfaces. While pH is the measure of H+ in solution, Al3+ is 
important in acid soils because between pH 4 and 6, Al3+ reacts with water (H2O) forming AlOH2+, and 
Al(OH)2

+, releasing extra H+ ions. Every Al3+ ion can create 3 H+ ions. Many other processes contribute 
to the formation of acid soils including rainfall, fertilizer use, plant root activity and the weathering of 
primary and secondary soil minerals. Applied organic and inorganic treatments tested in this study 
exhibited a definite response trend and, according to their effect on maize grain and dry matter 
production can be grouped into three broad categories; Top performers: NPK + Lime; NPK + Manure; 
NPK + Multi-nutrient fertilizer; Moderate performers: NPK, NP and Low performers: PK, NK (Table 6). 

For Integrated soil fertility management research legacy data collection in Kenya, the results showed 
that 57% of the materials were published in conference proceedings, 21% scientific journals and 14% 
thesis, which may not be accessible to all end users or may not contain all the necessary information 
needed or the information could be in a format that is difficult for end users to interpret. Still there 
remained 1% of the data which was still not published (Table 7).  
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Table 6: Altitude influence on maize grain yield (t ha-1) to applied fertilizer treatments in Siaya in 
western Kenya 

Fertilizer type 1250-1349 m 1350-1450 m Overall mean 

NPK 2.90 3.30 3.40 

NPK + lime 3.00 4.00 4.10 

NPK + manure 3.10 3.30 3.30 

NPK + micronutrients 3.20 3.40 3.70 

Control 1.50 1.90 2.00 

NK 1.80 2.30 2.10 

NP 2.70 3.20 3.20 

PK 2.20 2.50 2.60 

Mean 2.50 3.00 3.00 

CV 39.51 53.22 43.12 

LSC (0.05%) 4.60 9.40 7.00 

 

Table 7: Type and level of publication 

Publication type Frequency Percentage 

Book 14 11.1 

Conference proceedings 57 45.2 

Master thesis 1 0.8 

PhD thesis 8 6.3 

Scientific Journal 27 21.4 

Technical report 18 14.3 

Unpublished 1 0.8 

Total 126 100 

 

The main nutrient management intervention was use of combined organic and inorganic resource 
inputs (72%) followed by inorganic resource inputs (16%) (Table 8). The nutrients inputs focused 
mainly on organic and inorganic resource inputs, with few studies focusing on liming, tillage, drainage 
and water harvesting. Drainage, tillage and water harvesting was done together with nutrient 
interventions in the studies recorded 

Table 8: Type of soil amendment intervention 

Type of intervention Frequency Percentage 

Liming 1 1.1 

Organic and inorganic resource inputs 68 72.3 

Resource inputs (Inorganic) 16 17.1 

Resource inputs (Organic) 7 7.4 

Resource inputs (Rock phosphate) 1 1.1 

Tillage operations 1 1.1 

Total 94 100 
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This study concluded that there is need to consolidate ISFM findings into an easy to understand format 
and make it available to end users 

Soil information user needs assessment  

A Soil Information User Needs Assessment survey carried out within Nairobi and its environs and 
Western revealed that accessing soil information was difficult among the end users and the information 
accessed was scanty; and thus there is need forsetting up an up-to date soil information source. Soil 
information was mainly acquired in the form of hard copies including soil profile descriptions. The soil 
information acquired was used in advising farmers on the fertility status of their soils including 
potential for specific crops and integrated soil fertility management.  

Conclusions and recommendations 

About three quarters of the sites tested were deficient in nitrogen, low levels of organic matter and 
therefore responded to N and manure applications. Soil fertility management recommendations 
targeting these environments must strive to identify the criterion or ‘factors’ that improve the efficiency 
per unit of input applied for optimized cereal crop production.  

The influence of different rainfall regimes on maize grain yield response to applied fertilizer were 
varied, suggesting that rainfall may not be a reliable localized parameter on which to anchor fertilizer 
recommendations in western Kenya. In contrast, higher grain yields achieved by mid-field and 
outfields and at higher altitudes ranges from application of organic and inorganic inputs indicate both 
parameters have a significant influence on crop fertilizer responses and are preferable indicators for 
tailoring fertilizer use options in nutrient depleted smallholder systems of western Kenya. From the 
study, the following conclusions are made;  

 Application of 3-nutrients fertilizer NPK and its combination with manure, lime and micro-nutrients 
at applied rates is favourable for maize production compared to application of 2-nutrients fertilizer 
combination (NP, NK or PN). 

 Application of NP fertilizer a preferable alternative when NPK fertilizers are scarce or not available. 
 Field management category and altitude ranges are stable parameters in tailoring fertilizer use 

options for Siaya and Gem districts in western Kenya. 
 There is need to investigate and incorporate other covariates (soil types, soil physical, chemical and 

biological characteristics), farmer tastes and preferences and household socio-economic conditions 
in further studies for a more comprehensive fertilizer recommendation assessment for the region  

 

Soil pH, exchangeable acidity and N capital must be improved to obtain higher yields. We thus propose 
a stepwise approach that seeks first to increase the inherent soil fertility of each farm by investing in 
farmyard manure application together with NPK applications and secondly, increase maize yield by 
using NPK+manure or Mavuno that have shown promising results. More research needs to be done to 
determine the thresholds of the proposed fertlizer treatments for intervention in these small holder 
farms. 

There is need to demonstrate to farmers the need to adopt an integrated natural resource management 
approach in crop production and train farmers on appropriate soil and water management options in 
the semi-arid areas. Scaling up ISFM should consist of simple practical processes that farmers can 
understand, adapt and share with others while interacting with researchers. The process needs long-
term farmer empowerment and dialogue that leads to demystification of science from “known 
certainties and facts” to continuous processes that generate better opportunities. A proper information 
base is a precondition for improved soil fertility management and hence increased food production and 
sustainable natural resource management. Adequate data on soil types and properties, fertilizer types 
and their suitability for different crops and soil types, available basket of technologies for soil fertility 
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management, fertilizer traders and stockists, institutions involved in research on soil fertility and 
service providers need to be available at all levels for decision-making at farm, local and national levels. 
Thus farmers need to be educated on the right maize varieties; proper maize spacing; the right 
fertilizers and quantities to use during planting and top dressing; be encouraged to continue using 
manure and to increase input to 5 t ha-1 per season (50 wheel barrows) or 12 bags ha-1or more in 
combination with the fertilizers and besides high dose of manure, liming is recommended for those 
farms with pH below 5.0 A combination of NP, FYM and liming will give best results.  

Way forward for ISFM in Kenya 

An essential condition for integrated soil fertility management (ISFM) adoption is access to farm inputs, 
produce markets, and financial resources. To a large extent, adoption is market-driven as commodity 
sales provide incentives and cash to invest in soil fertility management technologies, providing 
opportunities for community-based savings and credit schemes. Policies towards sustainable land use 
intensification and the necessary institutions and mechanisms to implement and evaluate these also 
facilitate the uptake of ISFM. Policies favoring the importation of fertilizer, its blending and packaging, 
or smart subsidies are needed to stimulate the supply of fertilizer as well. Specific policies addressing 
the rehabilitation of degraded, non-responsive soils are required since investments to achieve this may 
be too large to be supported by farm families alone. While dissemination and adoption of complete 
ISFM is the ultimate goal, substantial improvements in production can be made by promoting the 
greater use of farm inputs and germplasm within market-oriented farm enterprises. Such dissemination 
strategies should include ways to facilitate access to the required inputs, simple information fliers, 
spread through extension networks, and knowledge on how to avoid less-responsive soils. To support 
productivity gains and income generation, novel soil- and crop specific technologies should be 
developed, pilot-tested and transferred in a relatively short time frame. Issues such as increasing 
fertilizer use efficiency, balanced nutrition, identification and development of crop germplasm with 
superior resource use efficiency and adaptation to harsh environments, improved crop rotations and 
cropping systems and efficient water use practices need to be investigated. One of the main challenges 
would be to identify appropriate integrated management practices best suited for a particular agro-
ecosystem, considering the availability of the inputs and socio-economic conditions. Research on 
inorganic fertilizers should consider its effect on aspects of climate change such as green gas emissions 
and carbon sequestration, water quality and interaction with pests and diseases. The challenge is to 
establish and quantify the global benefits resulting from sustainable land management. The use of 
decision-support tools can help predict and unravel some of these challenges facing integrated 
sustainable management of resources.  

Acknowledgement 

The authors are grateful to Bill and Melinda Gates Foundation (BMGF) / Alliance for A Green 
Revolution in Africa (AGRA) for funding the African Soil Information Service (AFSIS) Project. The 
authors acknowledge the Tropical Soil Biology and Fertility (TSBF) Institute of the International Centre 
for Tropical Agriculture (CIAT) for technical support, International Atomic Energy Agency (IAEA) for 
financial support and the Director KARI for financial, administrative and technical support. We are 
indebted to all who participated in the project in various objectives including technicians, enumerators, 
respondents and farmers who gave their time to make the project a success.  

References 

Cobo, J.G. Dercon, G. Monje. C. Mahembe, P., Gotosa, T. Nyamangara, J. Delve, R.J. and Cadisch, G. 
(2009). Cropping strategies, soil fertility investment and land management practices by smallholder 
farmers in communal and resettlement areas in Zimbabwe. Land Degrad. Develop.20: 292-508(2009) 

Ekirapa and Muya (1991). Federal Democratic Republic of Ethiopia (FDRE) [1997]. Environmental 
Policy of Ethiopia, Addis Ababa: Environmental Protection Authority with Ministry of Economic 
Development and Cooperation, Addis Ababa, Ethiopia. 



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 

14 

IFAD (International Fund for Agricultural Development).(2003). Agricultural marketing companies as 
sources of smallholder credit in eastern and southern africa:Experiences, Insights and Potential 
Donor Role. Eastern and Southern Africa Division. 

IFDC (2007).International Fertilizer Development Center. IFDC. 

Jaetzold, R., Schmidt H, Hornetz B and Shisanya C. (2006). Farm Management Handbook of Kenya. 
Natural Conditions and Farm Management. 2nd Edition. MoA/GTZ, Nairobi, Kenya. 

Kamoni, P. T. J. Kimigo, C. N. Mugambi, A. Chek, M.O. Radiro, A. O. Esilaba, C. N. Kibunja, P. Okoth 
and S. Zingore.(2012). Application of cluster techniques for soil fertility trial site selection and 
characterization in Central Kenya. A paper presented at the 13th Kenya Agricultural Research 
Institute (KARI) Biennial Scientific Conference held at KARI Headquarters, Kaptagat Road Loresho, 
Nairobi, Kenya 22-26 October 2012. 

Kamoni, P. T. C. N. Mugambi, A. Chek, M.O. Radiro, A. O. Esilaba, S. Zingore and P.Okoth. (2012). 
Application of cluster techniques for soil fertility trial site selection and characterization in Eastern 
Kenya. A poster presented at the Integrated Soil Fertility Management (ISFM) in Afica: from 
microbes to markets Conference held at Safari Park Hotel, Nairobi, Kenya 22-26 October 2012. 

Lal, R. (2000). Soil management in developing countries. Soil Science 165: 57-72. 

Muchena, F. N. and Hinga, G. (1991). An overview of soil and water management in Kenya. 
Proceedings of the First KARI Scientific Conference held from 14-16 August 1991 at Panafric Hotel, 
Nairobi Kenya. Pp. 73-82. 

Mango, N.A.R. (1999) Integrated soil fertility management in Siaya District, Kenya. Networking on soil 
fertility management: improving soil fertility in Africa-Nutrient networks & stakeholder perceptions 
(NUTNET).Managing Africa’s Soils No. 7, 28 pp. 

Republic of Kenya (2010). Population & Housing Census Results. Ministry of State for Planning, 
National Development and Vision 2030. 31st August, 2010. pp. 16.  

Sachs et al (2005). Investing in Development: A practical plan to achieve the Millennium Development 
Goals. United Nations Millennium Project, New York. Earthscan 

Sanchez, P. A and Swaminathan, M.S. (2005). Cutting world Hunger in half. Science Magazine Volume 
307:1-3. 

 


