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ABSTRACT 
 
Declining soil fertility is the fundamental biophysical root cause for the declining per 
capita food production in the central highlands of Kenya. Field trials were conducted to 
investigate the feasibility of using organic materials to increase soil productivity in 
central Kenya. The organic materials were either solely applied or combined with 
inorganic fertilizer in a randomized complete block designed experiment. Maize yields 
and soil fertility data were subjected to ANOVA and means separated using LSD at α = 
0.05. Sole application of Calliandra calothyrsus, Leucaena trichandra, Tithonia 
diversifolia and cattle manure or combined application of the organic materials plus 
inorganic fertilizer gave significantly higher maize grain yields than the recommended 
rate of inorganic fertilizer. These treatments maintained maize yields at 4 to 6 t ha-1, and 
are recommended for use by farmers. Cattle manure showed superiority in terms of its 
contribution to soil fertility especially soil pH, total N and C and it significantly increased 
soil pH and amounts of soil Ca, K Mg and C after four years of continuous cultivation 
and application of inputs. Due to its easy accessibility in the region it is likely to remain 
one of the key resources for managing soil fertility in the central highlands of Kenya and 
other areas in sub-Saharan Africa that have crop-livestock farming systems. Reduction of 
soil macronutrients by the high quality organic materials suggests that there could be 
some important tradeoffs between managing nutrient provision for crop production and 
managing soil organic matter contents in the long run. 
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INTRODUCTION 
 
Globally, per capita food production has increased by 30% over the past decade, but it 
has decreased by 7% in sub-Saharan Africa (FEWS-NET, 2003). Low soil fertility has 
been cited as the fundamental biophysical root cause responsible for the declining per 
capita food production (Sanchez and Jama, 2002). Nitrogen (N) and phosphorus (P) 
limitation to crop productivity has been reported widely arising from over 1000 fertilizer 



trials conducted over the past years in sub-Saharan Africa (Okalebo et al., 2003). There is 
an average net mining of 42 kg N, 3 kg P, and 29 kg K ha-1 yr-1 (Stoorvogel et al., 1993). 
This causes increased rates of land degradation (30% of arable land), low per capita food 
production (2% compared to population growth rate of 2.9 %) and rise in food insecurity 
(> 40% of population does not have enough food) in rural areas (Cleaver and Schreiber, 
1994).  
 
Studies conducted in the central highlands of Kenya have shown that, although the area 
has high potential for food production because of the favourable seasonal precipitation, 
many of the soils are deficient in nutrients particularly N and Phosphorus. Nitrogen is the 
key element for crop production and its limitation in the soil has resulted in soil loosing 
its productive capability over time. As a result, farmers have witnessed low and declining 
yields. Several decades of nutrient depletion have transformed originally fertile lands that 
yielded more than 4 t ha-1 of maize into infertile ones where maize yields are < 1.0 t ha-1 
(Wokabi, 2003). Inorganic fertilizers offer a solution towards alleviating the soil fertility 
problems but the high cost of fertilizer, their erratic availability, lack of know-how about 
their usage, have individually or jointly constrained their optimal use by farmers. The use 
of fertilizers by farmers is low, less than 20 kg N ha-1 (Murithi et al, 1994), which is not 
adequate to meet crop nutrient requirements. This is against a recommended rate of 60 kg 
N ha-1. Most farmers use manures but it is usually inadequate in quantity and quality. 
 
To increase agricultural production in these farming systems there is need to provide 
alternative quality organic materials and devise ways of utilizing the available nutrient 
sources (organic and inorganic sources) efficiently and sustainably. This could be 
achieved through integrated nutrient management (INM), a strategy that incorporates 
utilization of both organic and inorganic sources to supply plant nutrients, attain higher 
productivity and prevent soil degradation. Many studies, including long-term, have 
shown that INM results in more yield and improved nutrient use efficiency than that 
expected from mere additives effects of sole applications (Bekunda et al., 1997). 
However, there are no predictive guidelines for their management, such as those that 
exist for inorganic fertilizers due to inadequate experience and little information on their 
use. The success of their use will depend on several factors, such as, types and quantities, 
rates and proportions at which the nutrient sources are combined (Palm et al., 2001). This 
study investigated the feasibility of using organic materials to increase soil productivity 
in central Kenya. In this study, it was hypothesized that the application of organic inputs, 
solely or combined with inorganic fertilizers, into the soil will increase maize yields and 
soil macronutrients. 
 
MATERIALS AND METHODS 
 
Site description and characteristics 
The study was conducted in Chuka division of Meru South district of Kenya. Meru South 
District lies between latitudes 00°03′47′′ N and 0°27′28′′S and longitudes 37°18′24′′ E 
and 28°19′12′′ E. It covers an area of 1032.9 km2 and Chuka division covers an area of 
169.6 km2. The area lies in the Upper Midland Zone (UM2-UM3) (Jaetzold et al., 2006) 
on the eastern slopes of Mt. Kenya at an altitude of 1500 m above sea level with an 



annual mean temperature of 20° C and a total bimodal rainfall of 1200–1400 mm. The 
long rains (LR) commence from March through June, while short rains (SR) start in 
October through December. The soils are mainly humic Nitisols (Jaetzold et al, 2006), 
which are deep, well weathered with moderate to high inherent fertility. The district is a 
predominantly maize growing zone with small land sizes ranging from 0.1 to 2 ha with an 
average of 1.2 ha per household.  
 
The area is characterized by rapid population growth, low agricultural productivity, 
increasing demands on agricultural resources and low soil fertility. The main cash crops 
are coffee (Coffea Arabica L) and tea (Camelina sinensis (L) O. Kuntze) while the main 
staple food crop is maize (Zea mays L.), which is cultivated from season to season mostly 
intercropped with beans (Phaseolus vulgaris L). Other food crops include potatoes 
(Ipomea batatas (L.) Lam), bananas (Musa spp. L.) and vegetables that are mainly grown 
for subsistence consumption. Livestock production is a major enterprise especially dairy 
cattle that is of improved breeds. Other livestock in the area include sheep, goats and 
poultry.  

 
Experimental design  
An experiment was established in March 2000 at Kirege School in Chuka division, Meru 
South district. The trial had 14 treatments comprising of six organic resources applied 
solely or combined with inorganic fertilizer, inorganic fertilizer and a control. The 
organic resources were two herbaceous legumes; Mucuna pruriens and Crotalaria 
ochroleuca (intercropped with maize), two leguminous shrubs; Calliandra calothyrsus, 
Leucaena trichandra (biomass transfer), cattle manure and Tithonia diversifolia (biomass 
transfer) (Table 1). The experiment was a randomized complete block design with three 
replications. Plot sizes measured 6 m x 4.5 m and maize was planted at a spacing of 0.75 
m and 0.5 m inter and intra-row spacing, respectively. Fertilizer N was applied in split 
applications with 33.3% being top-dressed 4 weeks after planting and the rest (66.6%) 4 
weeks later. A uniform P application was done in all the plots at the recommended rate 
(60 kg P ha-1) as triple super phosphate (TSP). Other agronomic procedures for maize 
production were appropriately followed after planting. Maize grain and stover were 
harvested at maturity from a net plot of 21.0 m2 after leaving one row on each side of the 
plot and the first and last maize plants on each row to minimize the edge effect. Maize 
cobs were manually separated from the stover, sun-dried, and packed in brown khaki 
paperbags before threshing. After threshing, moisture content of the grains was 
determined using a moisture meter and grain weights adjusted to 12.5 % moisture 
content. 

 
Table 1 about here 
 

The herbaceous legumes (mucuna and crotalaria) were intercropped between two maize 
rows one week after planting maize. After maize was harvested, legumes were left to 
grow in the field till land preparation for the subsequent season when they were 
harvested, weighed, chopped and incorporated into the soil to a depth of 15 cm. The 
amount of N contributed into the soil via the incorporated biomass was calculated by 
multiplying amount of biomass (kg) with the N concentration in the biomass (%). The 



quantity of herbaceous legumes produced and their N contribution into the soil are shown 
in Table 2. 
 
Table 2 about here 
 
The other organic materials (calliandra, leucaena, tithonia and cattle manure) were 
incorporated into the soil to a depth of 15 cm during land preparation. Sub samples of all 
organic materials were collected uniformly at the beginning of each season and analysed. 
The samples were first washed with distilled water and oven dried at 65 0C for 48 hours. 
The biomass samples were then ground, packed in polythene bags and analyzed to 
determine total N (%) content.  
 
Table 3 about here 
 
Soil sampling to determine changes in soil parameters 
Soil samples were taken at the beginning of the experiment in March 2000 and again 
after 4 years in March 2004, at the end of 2003 SR from a depth of 0-15 cm in all the 
treatment plots (42 plots). Soil samples were taken at random from 6 sampling points to 
make a composite sample.  
 
Laboratory analysis 
The dry plant samples were analysed for total N, P, K, Ca and Mg by Kjedahl digestion 
with concentrated sulphuric acid (Anderson and Ingram, 1993). Nitrogen and phosphorus 
were determined calorimetrically while potassium was by flame photometry (Parkinson 
and Allen, 1975; Okalebo et al., 2002). Magnesium and calcium was by atomic 
absorption spectrophotometer (Anderson and Ingram, 1993). 
 
Soil samples were analysed for pH, total carbon and nitrogen, Calcium, Magnesium and 
Phosphorous. The pH was determined by water extraction in a 1:2.5 ratio and total 
organic carbon was determined by colorimetric measurement of chromic ions (Cr3+) left 
behind after digesting soil at 1300 C for 30 min in acidified dichromate to oxidize organic 
matter. Total N was determined using the Kjedahl digestion method (Anderson and 
Ingram, 1993) and exchangeable bases (Ca and Mg) were extracted in 1M KCl, followed 
by colorimetric and titrimetric determination, respectively. For available P extraction 
with 0.5 M NaHCO3 + 0.001 M EDTA, pH 8.5 solution was used followed by 
colorimetric determination (Molybdenum blue). 
 
Statistical analysis 
Data on maize yields and soil parameters were subjected to ANOVA to test for 
significant differences among the means of various treatments using GENSTAT software 
version 8.0 (Genstat, 2005). Treatment means found to be significantly different were 
separated by Least Significant Differences (LSD) at p ≤ 0.05. To determine the changes 
in soil properties after 4 years, the data of soils sampled during March 2004 were 
compared with data of the soils that had been collected and analysed in March 2000, 
before establishment of the trial. Magnitude of change in a given soil variable is the 
difference between the two sampling periods and t-tests compared means of the two 



sampling periods (2000 and 2004) to determine whether the change was significant (p ≤ 
0.05).  
 
RESULTS 
 
Maize yields 
Maize grain yields were significantly affected by the treatments (p < 0.002). Application 
of external inputs significantly increased maize yields compared to the control (Table 4). 
For example, in 2002 LR yields increased by 92% (sole mucuna) to 295% (Calliandra + 
30 kg N ha-1) while in 2002 SR it increased by 76% and 204% in sole mucuna and sole 
tithonia + 30 kg N ha-1 treatments, respectively.  
 
Table 4 about here 
 
Over the four seasons, application of tithonia, calliandra and leucaena showed superior 
performance. These resources significantly and consistently increased maize yields more 
than application of inorganic fertilizer. For instance, in 2002 LR, yield increases with 
application of a combination of these organic resources with inorganic fertilizer were 
284% for calliandra + 30 kg N ha-1 and 253 % for cattle manure + 30 kg N ha-1 treatments 
compared to 169% for inorganic fertilizer treatment. Also, application of sole organic 
resources especially tithonia, calliandra and leucaena increased yields more than 
inorganic fertilizer in most seasons. For instance, in 2003 LR, sole application of tithonia 
and leucaena increased yields by 204% and 175%, respectively compared to 120% 
increase from the fertilizer treatment. Similarly in 2003 LR, application of inorganic 
fertilizer increased yields by 233% compared to 616% and 550% by calliandra and sole 
tithonia, respectively (Table 4).   
 
Herbaceous legumes yielded significantly less than the other organic materials in most 
seasons. In all seasons, mucuna + 30 kg N ha-1, sole crotalaria and crotalaria + 30kg N ha-

1 gave similar yields to inorganic fertilizer except in 2003 LR when yields were lower. 
For example, in 2002 LR, fertilizer gave 5.8 t ha-1 while herbaceous legumes gave yields 
ranging from 4.6 to 6.1 t ha-1. Sole mucuna gave maize yields that were lower than 
inorganic fertilizer in three seasons (2002 LR, 2002 SR and 2003 LR). 
 
Maize grain yields during 2003 SR were the lowest for the four seasons under study, and 
ranged from 0.6 t ha-1 (control) to 4.8 t ha-1 (tithonia + 30 kg N ha-1) (Table 4). The low 
yields were probably due to low rainfall amount received during 2003 SR compared to 
2002 LR and 2002 SR. The total rainfall received in 2002 LR and SR was 858.1 mm and 
790.1 mm, respectively while in 2003 LR and SR, a total of 840.1 and 241.4 mm was 
recorded, respectively. Herbaceous legumes generally recorded low maize yields ranging 
from 1.5 to 4.2 t ha-1 except in 2002 SR. However, supplementation with 30 kg N ha-1 

increased maize yields slightly. 
 
Soil fertility 
 



At the start of the experiment in March 2000, soil pH was not significantly different (p = 
0.3) among the treatment plots showing uniformity in experimental fields with respect to 
soil pH, but after 4 years of continuous cultivation and application of inputs, soil fertility 
parameters had changed. Soil pH decreased in all treatments except in manure alone and 
crotalaria + 30 kg ha-1 treatments (Table 5). The increment in the manure was significant 
(p = 0.03) but that of crotalaria + 30 kg N ha-1 was slight and insignificant (p = 0.624). 
Generally, overall pH (mean of all treatments) increased from 5.1 to 5.3 (p = 0.207).  
 
Table 5 about here  
 
The amount of exchangeable calcium (Ca) was significantly different (p = <0.001) 
among treatments after the four years. The amount of exchangeable calcium (Ca) 
increased significantly in manure (56%), manure + 30 kg N ha-1 (26%) and tithonia 
(19%) treatments, while it increased slightly in herbaceous legumes treatments 
(Treatments 1, 2, 3 and 4), tithonia alone and leucaena alone treatments (Table 5). All the 
other treatments recorded a slight decrease in calcium content in the soil.  
 
All treatment plots had statistically similar (p = 0.1) amounts of exchangeable potassium 
(K) at the start of the experiment (Table 5), but after 4 years of continuous cropping and 
application of inputs, K content showed significant differences (p = <0.001) among the 
treatments. The amount of K increased significantly in manure, tithonia alone and manure 
+ 30 kg N ha-1 treatments (Figure 1). The amount of K increased significantly in manure, 
tithonia alone and manure + 30 kg N ha-1 treatments (Table 5).  
 
Overall mean Mg content for all the plots increased from 1.25 to 1.38 cmolc kg-1 soil after 
the four years though not significantly (p = 0.195). It generally increased in those 
treatments that had organic materials applied at the rate of 60 kg N ha-1 and increased 
highest in manure alone treatment and slightly in mucuna + 30 kg N ha-1, crotalaria + 30 
kg N ha-1, manure + 30 kg N ha-1, tithonia alone and leucaena treatments. All the other 
treatments recorded a slight decrease in Mg content (Table 6).  
 

Table 6 about here 
 
Soil carbon decreased in all the treatment plots except the manure and manure + 30 kg N 
ha-1 treatments (Table 6) during the four years of continuous cultivation. Overall, it 
decreased from 1.78% in 2000 to 1.70% in 2004 (p = 0.081). The decline was, however, 
only significant in the fertilizer treatment (p = 0.02). Similarly, total N declined over the 
for seasons. The control treatment and the fertilizer treatment, recorded the highest 
decline of 9% and 20%, respectively.  However, it was only in the control treatment 
where the decrease was significant (p = 0.012). 
 
 
DISCUSSIONS 
Maize yields 
The higher yields from organic materials plus inorganic fertilizer treatments compared to 
the recommended rate of inorganic fertilizer is an indication that integrated use of organic 



and inorganic nutrient sources of N is advantageous over the use of inorganic fertilizer 
alone. This observation is consistent with findings of other researchers who reported 
higher maize yields through application of high-quality organic inputs in combination 
with inorganic fertilizer as compared to sole application of inorganic fertilizers (Mugendi 
et al., 1999; Kimetu et al., 2004, Esilaba et al., 2005). This implies that integration of 
inorganic and organic nutrient inputs enhances nutrient use efficiency. Combination of 
organic nutrient resources and mineral fertilizers has been shown to result into synergy 
and improved synchronization of nutrient release and uptake by crop (Palm et al., 1997). 
 
The better performance from application of sole organic resources (tithonia, calliandra 
and leucaena) than inorganic fertilizer is an implication that these organic resources 
provided more nutrients for crop use than the inorganic fertilizer. Several studies that 
have shown large maize yield responses with application of tithonia, calliandra and 
leucaena biomass. For example, in Western Kenya, yield increase of up-to 200% was 
reported following application of tithonia biomass (Gachengo et al., 1999; Jama et al., 
2000), while in central Kenya increases in maize with application of tithonia, calliandra 
and leucaena biomass has been reported (Mugendi et al., 1999; Kimetu et al., 2004). 
Studies from other parts of Africa have also reported increased maize yields following 
incorporation of tithonia biomass (Ganunga et al., 1998; Jiri and Waddington, 1998). 
Apart from providing nutrients, other indirect benefits from the organic materials could 
have contributed to the superior performance. This may include improved moisture 
retention (Wallace, 1996) and provision of additional nutrients such as Ca, Mg and K. 
The availability of C from the organics may also prime the mineralization of N from soil 
organic matter and this adds to the availability N for the growing crop.  
 
The lower maize yields obtained from the herbaceous legumes treatments compared to 
the other organic materials (manure, tithonia, calliandra, leucaena) could be explained by 
low biomass production consequently contributing low amounts of N. The herbaceous 
legumes contributed less than 60 kg N ha-1 (Table 2). This corroborates the findings of 
Baijukya (2004) and Kaizzi et al. (2006) who obtained reduced maize yields in mucuna 
intercropping treatments and attributed it to low biomass production. However, the 
observed increase in maize yield with application of herbaceous legumes compared with 
the control demonstrates that legumes can make a significant contribution to crop 
production. Farmers would therefore benefit by incorporating these legumes in the 
farming systems as an option to their subsistence farming systems where farmers crop 
their farms without any inputs.  
 
Soil fertility  
Generally, the results of changes in soil properties, with some parameters increasing and 
others decreasing, agree with those of other authors. For example, Kang (1993), Scroth et 
al., (1995) and Mwangi (1997) reported a general reduction in some soil fertility 
parameters after input applications and continuous cropping over time. The soil pH 
significant increase in the manure treatment corroborates the findings by Eghball (2002) 
and could be attributed to the increase in the amount of Ca, Mg and K. It was only in 
manure treatment where these base-forming cations increased significantly. Similarly, 
other authors (Kihanda, 1996; Okalebo et al., 1990) reported an increase in exchangeable 



K, Ca and Mg following the application of manure. These basic cations reduce 
exchangeable aluminium in acid soils thus increasing pH.  
 
Though there was a general decline in soil C and N in all the treatments except the sole 
manure treatment, the decline was highest in the control and the inorganic fertilizer 
treatment (the only treatments that did not have organic inputs). This suggests that the 
organic materials had a positive contribution to soil C in comparison to the control and 
inorganic fertilizer. Kapkiyai et al. (1999) reported similar findings where soil C reduced 
in all treatments but treatments that had additions of manure and maize stover recorded 
lower reduction than those that did not have these additions. Further, it has been reported 
that organic materials increases soil C directly while inorganic fertilizer increases C only 
indirectly by improving plant growth (Antil et al., 2001) and since in the current study all 
the maize stover was removed from the plots, the contribution to soil organic carbon was 
limited.  
 
The reduction in C levels even after application of organic materials every season could 
be attributed to rapid decomposition as a result of warm and moist conditions that are 
favourable for decomposition in this area. It has been reported that the rate of 
decomposition and mineralization increases with rising temperature and may be four 
times higher in the tropics than in temperate regions (Barrios et al., 1996). A similar 
decrease in soil C due to high decomposition was reported in Western Kenya by Ndungu 
et al. (2003) and in Zimbabwe (Zingore et al. 2005).  
 
Cattle manure showed superiority compared to the other organic materials. It improved 
soil fertility status by increasing pH, exchangeable Ca, Mg, K, and C. This observation 
reflects the multiple roles of manure that include supply of plant nutrients, and 
enhancement of soil organic matter and soil structure. An explanation could be increased 
contribution to soil organic matter (SOM), compared to the other organic resources, as 
result of low N and high ash content (data not presented) and therefore lower 
decomposition rates compared to other organic materials. The magnitude of contribution 
of organic materials to SOM is a balance between losses by decomposition and gains 
from additions of organic materials (Zingore et al., 2005). Due to the positive attributes 
of manure on soil fertility and its availability, it is likely to remain a key resource for soil 
fertility management in the central highlands of Kenya and in the other mixed livestock-
arable farming systems which characterize agricultural sector in sub-Saharan Africa. 
 
This study has shown that there could be some important tradeoffs between managing 
nutrient provision for crop production and soil organic matter contents in the long run. 
Organic resources that are good for supplying nutrients are those that decompose 
relatively quickly such as the ones used in this study and therefore not good for 
increasing soil organic matter. Therefore, creating a balance between supply of nutrients 
and maintenance of SOM by organic materials is of paramount importance. 
 
 
CONCLUSIONS AND RECOMMENDATIONS 
 



Biomass transfer technologies involving calliandra, leucaena and tithonia applied solely 
or in combination with inorganic fertilizer at 60 kg N ha-1 could be used as nutrient 
sources and can meet N requirement for maize in smallholder farming systems and 
maintain maize yields at 4 to 6 t ha-1. A lower rate of these organic materials (30 kg N ha-

1) combined with mineral fertilizer (30 kg N ha-1) gives better yields than the 
recommended rate of inorganic fertilizer (60 kg N ha-1) an indication that organic 
materials improve nutrient use efficiency from mineral fertilizer.  
 
Though herbaceous legumes yielded the lowest maize yields among the organic resources 
tested in this study, the observed increase in maize yield with application of herbaceous 
legumes compared with the control demonstrate that legumes make a significant 
contribution to crop production. Farmers would therefore benefit by incorporating these 
legumes in the farming systems as an option to subsistence farming where farmers 
currently crop their farms without any inputs. The results further indicate that maize 
yields increased above the control treatment when supplemented with inorganic fertilizer 
and application of mineral fertilizer can be reduced if herbaceous legumes are applied.  
 
Cattle manure showed superiority in increasing soil fertility parameters especially soil 
pH, C and N compared to the other organic materials at the on-station experiment. It also 
gives high crop yields. Due to its easy accessibility in the region and multiple benefits 
recorded it is likely to remain one of the key resources for managing soil fertility in the 
central highlands of Kenya and in other mixed livestock-arable farming systems that 
characterize agricultural farming systems in sub-Saharan Africa.  
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Tables  
Table 1: Treatments showing organic resources and the amount of inorganic N applied in 
the experiment at Kirege School, Chuka, Meru South district, Kenya  
 

Amount of N supplied (kg ha-1) Treatment 
Organic Inorganic 

Cropping system 

Mucuna pruriens alone * 0 Intercropping 
Mucuna + 30 kg N ha-1 * 30 Intercropping 
Crotalaria ochroleuca alone * 0 Intercropping 
Crotalaria + 30 kg N ha-1  * 30 Intercropping 
Cattle manure alone 60 0 Biomass transfer 
Cattle manure + 30 kg N ha-1 30 30 Biomass transfer 
Tithonia diversifolia 60 0 Biomass transfer 
Tithonia + 30 kg N ha-1 30 30 Biomass transfer 
Calliandra calothyrsus 60 0 Biomass transfer 
Calliandra + 30 kg N ha-1 30 30 Biomass transfer 
Leucaena trichandra 60 0 Biomass transfer 
Leucaena + 30 kg N ha-1 30 30 Biomass transfer 
Recommended rate of fertilizer 0 60 monocrop 
Control (no inputs) 0 0 monocrop 
*Total N applied varied among seasons and depended on amount of biomass produced 
during the previous season. Mean applied per season ranged from 34 to 40 kg N ha-1 for 
Mucuna pruriens and 36 to 43 kg N ha-1 for Crotalaria ochroleuca 

 
Table 2: Average amount of biomass of herbaceous legumes applied in the soil during the 
study period at Chuka, Meru south district, Kenya 
Treatment 2002 LR 2002 SR 2003 LR 2003 SR Average Mean N 
 ------------Biomass in t ha-1 season-1----------- kg ha-1 

season-1 
Mucuna 1.7 2.8 0.8 0.2 1.38 34.4 
Mucuna + 
30 kg N ha-1 

1.9 3.2 0.9 0.3 1.60 40.0 

Crotalaria 2.3 2.3 0.6 0.2 1.36 36.7 
Crotalaria + 
30 kg N ha-1 

2.8 2.5 0.8 0.3 1.59 42.9 

SED 0.19 0.17 0.11 0.11 0.08 2.1 
SED = Standard error of differences between means 
 
 
Table 3: Average nutrient composition (%) of organic materials applied in the soil during 
the study period at Chuka, Meru south district, Kenya 
 
Treatment N P Ca Mg K Ash 
Cattle manure 1.3 0.2 1.0 0.4 1.8 45.9 
Tithonia 3.2 0.2 2.1 0.6 3.0 13.0 
Calliandra 3.3 0.2 1.0 0.4 1.2 5.9 



Leucaena 3.6 0.2 1.4 0.4 1.8 8.5 
SED 0.4 0.004 0.04 0.01 0.05 0.27 
SED = Standard error of differences between means 
 
 
Table 4: Maize grain yields from on-station trial under different soil fertility 
replenishment inputs during 2002 LR to 2003 SR at Chuka, Meru South District, Kenya 
Trt no. Treatment 2002 LR 2002 SR 2003 LR 2003 SR 
  --------- Maize yields t ha-1 ------- 

1 Mucuna pruriens 2.5 4.6 3.0 1.5 
2 Mucuna + 30 kg N ha-1 3.1  5.5 4.2 2.1  
3 Crotalaria ochroleuca  3.3  5.2  4.1 1.9  
4 Crotalaria + 30 kg N ha-1 4.1  6.1  4.8 3.3  
5 Cattle manure 3.0  6.1 5.0 2.3  
6 Cattle manure + 30 kg N

ha-1 4.6  5.3  5.6 3.5  
7 Tithonia diversifolia 4.9  7.9  7.3  3.9  
8 Tithonia + 30 kg N ha-1 4.0  7.6  7.1  4.5  
9 Calliandra calothyrsus 3.9  6.5 6.4  4.3  

10 Calliandra + 30 kg N ha-1 5.0 8.0 6.5  4.8  
11 Leucaena trichandra 3.8  7.5 6.6  3.5  
12 Leucaena + 30 kg N ha-1 4.1  7.2  6.1 3.9  
13 Fertilizer (60 kg N ha-1 ) 3.5  5.8  5.3  2.0 
14 Control (no inputs) 1.3  2.6  2.4  0.6  
p  0.002 0.001 <0.001 <0.001 
SED 0.4 0.5 0.5 0.4 

SED = Standard error of differences between means 
 
 
Table 5: Soil pH, exchangeable calcium and potassium during the start of experiment 
(March 2000) and after 4 years of cropping (March 2004) at Chuka, Meru south district, 
Kenya 
 
Treatment pH Calcium (cmolc 

kg -1 soil) 
K (cmolc kg-1 soil) 

 2000 2004 2000 2004 2000 2004 
Mucuna pruriens  5.6 5.6 5.6 6.0 0.31 0.18 
Mucuna + 30 kg N ha-1 5.1 5.1 2.7 3.0 0.30 0.31 
Crotalaria ochroleuca  5.1 4.9 3.2 3.5 0.30 0.17 
Crotalaria + 30 kg N ha-1  5.1 5.2 3.7 4.3 0.26 0.23 
Cattle manure 5.2 5.8 3.9 6.1 0.33 1.08 
Cattle manure + 30 kg N ha-1 5.4 5.1 4.0 5.1 0.34 0.63 
Tithonia diversifolia 5.2 5.1 3.1 3.7 0.22 0.57 
Tithonia + 30 kg N ha-1 5.8 5.5 5.6 5.2 0.38 0.44 
Calliandra calothyrsus 5.1 5.1 2.8 3.0 0.26 0.33 
Calliandra + 30 kg N ha-1 5.0 4.8 2.6 2.2 0.31 0.42 



Leucaena trichandra 5.6 5.4 5.1 5.0 0.48 0.60 
Leucaena + 30 kg N ha-1 5.2 4.9 3.4 3.0 0.29 0.31 
Fertilizer (60 kg N ha-1 ) 5.3 4.9 3.4 3.2 0.35 0.19 
Control (no inputs) 5.2 5.0 2.8 2.7 0.377 0.253 
P value 0.3 0.03 1.1 <0.001 0.10 <0.001 
LSD (0.05) 0.53 0.47 2.02 1.81 0.195 0.202 
 
 
Table 6: Exchangeable magnesium, organic carbon and total nitrogen during the start of 
experiment (March 2000) and after 4 years of cropping (March 2004) at Chuka, Meru 
south district, Kenya 
Treatment Mg (cmolc kg-1 

soil) 
Organic C (%) Total N (%) 

 2000 2004 2000 2004 2000 2004 
Mucuna pruriens  1.57 1.47 1.83 1.71 0.25 0.22 
Mucuna + 30 kg N ha-1 1.07 1.33 1.74 1.69 0.24 0.24 
Crotalaria ochroleuca  1.10 1.10 1.89 1.78 0.24 0.24 
Crotalaria + 30 kg N ha-1  1.03 1.57 1.87 1.79 0.25 0.23 
Cattle manure 1.07 2.27 1.68 1.82 0.24 0.25 
Cattle manure + 30 kg N 
ha-1 

1.47 1.93 1.65 1.64 0.23 0.25 

Tithonia diversifolia 1.37 1.63 1.89 1.79 0.25 0.24 
Tithonia + 30 kg N ha-1 1.53 1.53 1.71 1.57 0.24 0.21 
Calliandra calothyrsus 0.93 1.30 1.79 1.69 0.25 0.25 
Calliandra + 30 kg N ha-1 1.03 0.83 1.92 1.90 0.25 0.27 
Leucaena trichandra 1.57 1.23 1.82 1.65 0.24 0.24 
Leucaena + 30 kg N ha-1 1.43 1.17 1.67 1.54 0.23 0.23 
Fertilizer (60 kg N ha-1 ) 1.30 1.10 1.87 1.60 0.25 0.20 
Control (no inputs) 0.377 0.253 1.66 1.50 0.22 0.20 
P value 0.10 <0.001 0.873 <0.001 0.987 0.024 
LSD (0.05) 0.195 0.202 0.397 0.225 0.042 0.029 
 
 


