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ABSTRACT 

Low soil fertility is a major constraint to maize 
production in the small holder farms of Meru 
South District. This is mainly attributed to the 
mining of nutrients due to cropping without ex- 
ternal addition of adequate nutrients. Mineral 
fertilizers are expensive hence un affordable by 
most small holder farmers. The use of organic 
matter to increase and maintain soil fertility is 
being considered as a solution to help the low- 
income small holder farmers. A study was con- 
ducted in Mucwa location, Meru South District to 
determine the levels of complementarity between 
organic and mineral N amendments on maize 
yields and their influence on soil chemical pro- 
perties. The experiment was set in a complete 
randomized block design (CRBD) with three re- 
plicates. The treatments were compared with the 
response obtained from control. The general soil 
fertility parameters changed slightly with Cal- 
cium, Magnesium and Potassium increasing in 
all treatments. The organic Carbon and total Ni-
trogen was higher in treatments that received 
sole organic N sources than in sole mineral N 
and a combination of organic and mineral N 
sources. The highest maize grain yield of 4.8 
t·ha−1 and 4.2 t·ha−1 were realized from sole ap-
plication of calliandra during the 2005 Short 
rains and 2006 Long rains cropping seasons. 
Generally the maize grain yields were lower in 
treatments with mineral N alone compared to the 
treatments with organics. Treatments with sole 
calliandra and sole tithonia had the highest be- 
nefit cost ratio (BCR), followed closely by ma- 
nure treatment. More so, integration of organic 
and mineral N sources resulted to higher net 
benefit and BCR than the application of the re- 
commended rate of mineral fertilizers. Results 

obtained indicated that the use of either organic 
or combined organic/mineral N soil amendment 
appear to be superior to using mineral amend- 
ment sources alone. 
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1. INTRODUCTION 

Soil fertility depletion in the smallholder farms is the 
fundamental biophysical root cause for declining per 
capita food production in sub-Saharan Africa. The soils 
in the central highlands of Kenya are Humic Nitisols 
with moderate to high inherent fertility [1]. However, the 
area has suffered gross soil nutrient mining due to con- 
tinuous cropping coupled with low levels of nutrient in- 
puts and poor nutrient conservation practices. The situa- 
tion is further accentuated by mounting population growth 
and land scarcity [2,3]. The results of this loss in soil 
productivity has been a continuous decline of maize 
yields in farmers’ fields (to less than 2.0 t·ha−1) whilst the 
maize cultivars grown have a potential of greater than 
6.0 t·ha−1 [4,5]. The use of mineral fertilizers on staple 
food crops of maize (Zea mays L.) and beans (Phaseolus 
vulgaris L.) has generally been restricted to only a few 
farmers endowed with resources, such as cattle and land 
[6] and with high off-farm income [7]. The majority of 
the smallholder farmers, on the other hand have lacked 
the financial resources to purchase sufficient mineral fer- 
tilizers to replace the soil nutrients exported with har- 
vested crop products. The situation is further aggravated 
by the fact that even the farmers using the inorganic in- 
puts hardly use the recommended rates (60 kg·N·ha−1) 
with most of them applying less than 20 kg·N·ha−1 [8]. 

Organic inputs are often proposed as alternatives to 
mineral fertilizer. For instance, [9] reported that soil in- 
corporation of calliandra and Leucaena green biomass 
with or without fertilizer increased soil nitrogen by 1% - 
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8% over a period of 4 years. During the same period, the 
total soil nitrogen declined by 2% - 4% when biomass 
was not applied. [10] reported that combination of min- 
eral fertilizers with organic nutrient sources can be con- 
sidered as better options for increasing fertilizer use effi- 
ciency as a result of improved synchronization of nutria- 
ent release and uptake by the crop [11]. A judicious com- 
bination of organic and mineral sources of nutrients may 
therefore be envisaged as it addresses both the problem 
of insufficient fertilizer supply and the large amounts of 
organic material required for nutrients supply. 

A study was conducted in Mucwa sub location, Meru 
South District with the main objective of determining the 
levels of complementarities between organic and mineral 
N amendments on their influence on soil chemical pro- 
perties and maize grain yields. 

2. MATERIALS AND METHOD 

2.1. Site Description 

The study was conducted in Mucwa sub location, Chu- 
ka Division, in Meru South District. According to [1] the 
area is in upper midland 2 and 3 (UM2 and UM3) with 
an altitude of approximately 1373 m above sea level. 
This is a predominantly maize growing zone in the cen- 
tral highlands of Kenya. It experiences bimodal rains 
which range from 1200 to 1400 mm and mean tempera- 
ture of about 200˚C annually. The long rains (LR) are 
from March to June, and the short rains are from October 
to December. The predominant soil types are humic ni- 
tisols, commonly called the red Kikuyu loams. They are 
deep, well weathered, free draining with a friable clay 
texture and moderate to high inherent fertility [1]. 

2.2. Experimental Treatments and Design 

The experiment was laid out as a randomized com- 
plete block design (RCBD) with 3 replicates. The plots 
were measuring 6 × 4.5 m with 1 m and 1.5 m between 
and within plots respectively. The test crop was maize 
(Zea mays L., var. H513) planted at a spacing of 0.75 and 
0.5 m inter- and intra-row, respectively. Three (3) seeds  
were sown per hole and thinned four weeks later to 2 
plants. Nine external soil fertility amendment inputs 

were applied to give an equivalent amount of the recom- 
mended rate of nitrogen to meet maize nutrient require- 
ments for an optimum crop production in the area (60 
kg·N·ha−1). 

The tenth treatment was absolute control (no soil fer- 
tility enhancement input) representing farmers on the 
lower end of resource endowment. The organic inputs 
(biomass transfer) were harvested, weighed, chopped and 
incorporated into the soil to a depth of 15 cm during land 
preparation. Calcium Ammonium Nitrate (CAN) was the 
source of mineral N and at all its application rates, 
one-third was applied 4 weeks after planting (WAP) and 
the other two-thirds was applied 8 WAP. To prevent 
phosphorous deficiencies confounding N response, all 
plots received P application at 60 kg·P·ha−1. The average 
nutrient composition of the organic inputs that were in-
corporated in the two seasons is shown in Table 1. 

2.3. Sampling and Analysis 

Soil samples were collected from each plot at the be- 
ginning of the 2004 Short rains (SR) and the end of the 
experiment (2006 LR). The sampling depth will be 0 - 15 
cm. Six samplings were taken randomly in each plot us- 
ing an alderman auger and then bulked to one sample to 
eliminate variability. A sub sample was taken for analy- 
sis of total N, C and pH and exchangeable bases (K, Ca 
and Mg) using standard methods. At maturity, maize was 
harvested and the fresh weight of both grain and stover 
taken. The maize was then air-dried and the dry weight 
taken and expressed on a 12.5% water content basis. 
Treatment effects on maize yields and soil chemical pro- 
perties were subjected to analysis of variance (ANOVA) 
using Genstat programme. Treatment means found to be 
significantly different from each other were separated by 
least significant differences (LSD) at p < 0.05. 

2.4. Economic Analysis 

The economic returns from the application of each 
treatment were calculated taking into account the total 
sales and total costs. The information used for benefit- 
cost analysis was collected at the specific time of each 
activity in the course of each season. The benefit-cost  

 
Table 1. Average nutrient composition (%) of organic materials applied in the soil during the 2005 short and 2006 long rains at 
Mucwa, Meru South District, Kenya. 

Treatment % N % P % K % Mg % Ca Ash 

Tithonia 3.0 0.2 2.0 0.7 1.6 13.2 

Manure 1.0 0.3 0.9 0.4 1.4 46.1 

Calliandra 3.3 0.2 1.1 0.4 0.9 5.8 

SED 0.72 0.03 0.34 0.10 0.21 12.39 
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analysis was done using farm gate prices of the various 
inputs, however, all the organic amendments (except 
manure) did not have market prices in the area and were 
therefore costed in terms of labour involved in harvesting 
and incorporation (Table 2). 

Total cost included all the expenses for buying and 
applying the mineral fertilizers and the labor for collec- 
tion, transporting and application of organic resources 
since they were collected near the experimental plots. 
The price of maize was taken to have a market value of 
USD 0.17 kg−1. Maize stover was used to feed cattle in 
the area (with a market value of USD 23 ton−1). To test 
for significant probability differences of the various or- 
ganic and mineral fertilizers, ANOVA was carried out. 
The total cost was subtracted from the total sales to get 
the net benefit for the specific season. The benefit cost 
ratio was calculated by dividing the net benefits with the 
total cost. 

3. RESULTS AND DISCUSSIONS 

3.1. Maize Grain Yields 

One of the objectives of this study was to determine 
the effects of organic and mineral N sources on maize 
grain yields. Table 3 shows grain yields obtained during 
the two seasons (2005 SR and 2006 LR). 

During the first season (2005 SR), sole calliandra treat- 
ment gave the highest maize grain yield of 4.8 t·ha−1, 
followed by tithonia + 30 kg·N·ha−1 and 90 kg·N·ha−1 
(3.6 t·ha−1). The control gave the lowest maize grain yield 
across the treatments with 1.6 t·ha−1 followed closely by 
fertilizer at 30 kg·N·ha−1 (1.8 t·ha−1). The yields obtained 
from fertilizer at 60 kg·N·ha−1 were not significantly dif-
ferent from the 90 kg·N·ha−1 (3.0 t·ha−1 and 3.6 t·ha−1 
respectively). 

The results obtained during the 2006 LR season re- 
 
Table 2. Parameters used to calculate the economic returns for 
the different nutrient replenishment technologies at Mucwa, 
Meru South District, Kenya. 

Parameter Actual values 

Price of TSP (46% N) 0.61 USD·kg−1 

Price of CAN (26% N) 0.77 USD·kg−1 

Labor cost 0.13 USD·h−1 

Labor cost for planting maize 10.5 USD·ha−1 

Labor for applying fertilizer 0.74 USD·h−1 

Labor for applying organic inputs 2.9 USD 100 kg−1 

Price of Maize 0.17 USD·kg−1 

Price of stover 0.023 USD·kg−1 

DM = Dry matter; Exchange rate 65 Ksh = USD 1 (November, 2007). 

Table 3. Maize grain yield (t·ha−1) during the 2005 SR and 
2006 LR at Mucwa, Meru South District, Kenya. 

Treatment 2005 SR 2006 LR 

Calliandra 4.8a 4.2a 

Tithonia 3.1bcd 3.4b 

Manure 3.5bc 2.4d 

Tithonia + 30 kg·N·ha−1 3.6b 3.2bc 

Calliandra + 30 kg·N·ha−1 2.9d 2.5cd 

Manure + 30 kg·N·ha−1 2.9d 3.0b 

Fertilizer (90 kg·N·ha−1) 3.6b 2.3c 

Fertilizer (60 kg·N·ha−1) 3.0bc 2.0de 

Fertilizer 30 kg·N·ha−1) 1.8e 0.4f 

Control 1.6e 0.4f 

Means with same letter in each column are not statistically different at p < 
0.05. 
 
vealed that maize grain yield was between 0.4 t·ha−1 and 
4.2 t·ha−1, which was against the expected grain yield of 
greater than 6 t·ha−1 (Var. H 513) for the area. During 
this season, calliandra treatment gave the highest grain 
yield of 4.2 t·ha−1, while the control and application of 30 
kg·N·ha−1 gave the lowest maize grain yield (0.4 t·ha−1). 
Sole tithonia and tithonia + 30 kg·N·ha−1 gave signifi- 
cantly higher yields than all the other treatments (except 
in sole calliandra treatment). The yields obtained from 
application of 60 kg·N·ha−1 were not significantly differ- 
ent from those obtained in 90 kg·N·ha−1 treatment. Sole 
organics and integration of sole organics with 30 kg·N·ha−1 
had higher yields than the recommended rate of mineral 
fertilizer (60 kg·N·ha−1). The application of organic alone 
or in combination with mineral fertilizers led to increased 
maize yield compared to the control. 

The higher maize grain yields obtained during the 
2005 SR season from mineral fertilizer at 90 kg·N·ha−1 
and 60 kg·N·ha−1 (though not significantly different from 
sole tithonia, sole manure and Tithonia + 30 kg·N·ha−1) 
could be attributed to nutrients being readily available 
from the mineral fertilizers as compared to nutrients from 
organic residues which must first undergo decomposition 
before they are available for crop uptake. The split ap- 
plication of mineral N could have also resulted to mini- 
mal leaching losses and better synchrony of nutrient 
availability to maize crop demand. [12] suggested that 
split N application should be implemented so as to in- 
crease plant N uptake and decrease potential for N losses. 
Another aspect that contributed to high maize yields 
during the 2005 SR season was the even distribution of 
rainfall throughout during the first three months of the 
cropping season. 
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This promoted rapid growth since the soil moisture 
deficits were eliminated. The lower yield obtained from 
fertilizer at 30 kg·N·ha−1 in comparison to the 60 kg·N·ha−1 
is probably because the N supplied was not enough to 
meet the maize crop demand since the recommended 
mineral N application rate for the area is 60 kg·N·ha−1 
[13]. 

Lower moisture regimes characterized the 2006 long 
rains cropping season with 79% of the rainfall being re- 
ceived within the first 40 days of the season. This may in 
part have been responsible for the suppressed perform- 
ance of maize crop during the 2006 LR period. The low 
moisture regimes in the soil could also have meant that 
most of the organic materials did not fully decompose in 
time, thus N was not fully released in time, and if it was, 
water was not available for the mineralized nutrients to 
be taken up by the crop. Soil moisture content influences 
N mineralization and availability and subsequent maize 
growth and uptake [14,15] noted that variability in cli- 
matic factors such as rainfall and temperature make the 
synchrony between nutrient release from tree litter and 
crop uptake an elusive goal to achieve in practical terms. 
Insufficient moisture has also been reported to limit the 
response of crops to nutrients [16]. During this season, 
the better performance in sole tithonia and tithonia + 30 
kg·N·ha−1 is possibly due to high release of N through 
mineralization and this synchronized to plant uptake [17]. 
[18] noted that the overall secondary compounds (lignins 
and polyphenols) in tithonia are low compared with fo-
liage of many trees. Tithonia contains 80% water that 
further contributes to rapid decomposition [19]. 

The relatively better performance from sole organics 
and integration of sole organics with 30 kg·N·ha−1 in  

comparison to sole mineral N sources could be due to 
provision of additional benefits (besides N) by the or- 
ganic inputs to the soil chemical and physical properties 
that in turn influence nutrient acquisition and plant growth 
[11]. Principal among these is the soil moisture holding 
capacity and provision of other macro-nutrients like cal- 
cium and magnesium [20,21]. Higher maize yields with 
organic and/or a combination of organics with mineral 
fertilizer has been reported elsewhere. For instance, re- 
search work by [22] and [23] have demonstrated that 
higher yields can be obtained when sole organics or their 
combinations with mineral fertilizer have been incorpo- 
rated in comparison to sole mineral fertilizer treatment. 
[24,25] reported that a combination of organic and min- 
eral nutrient sources has been shown to result into syn- 
ergy and improved synchronization of nutrient release 
and uptake by plants leading to higher yields. More so, 
addition of green manure and animal waste helps to re-
duce the total concentration of Al in the soils and thus 
reduce Al phototoxicity and increase crop growth [26,27]. 
Another likely cause for the observed higher yields in the 
organic and/or mixed treatments was reduced water 
stress compared with sole mineral fertilizer treatments 
due to the presence of organic materials. The organic 
residues improve water holding capacity and moisture 
retention. 

3.2. Soil Chemical Characteristics 

The second objective of the study was to determine the 
influence of the various organic and mineral N resources 
on soil chemical properties. The general soil fertility pa- 
rameters changed with the application of the various or-
ganic and mineral N sources as shown in Tables 4 and 5. 

 
Table 4. Soil chemical properties (0 - 15 cm) at the beginning of the experiment (2004 SR) in Mucwa, Meru South District, Kenya. 

pH Ca Mg K 
Treatment 

(H2O) Exchangeable (cmol/kg) 
C% N% 

Manure 4.9cd 0.9e 0.18a 0.3c 1.9d 0.23c 

Manure + 30 kg·N·ha−1 5.2a 1.5a 0.18a 0.4b 2.2ab 0.25ab 

Tithonia 5.1ab 1.2bc 0.22a 0.5a 2.3a 0.25ab 

Calliandra 5.0bc 1.1cd 0.18a 0.4b 1.9d 0.24bc 

Tithonia + 30 kg·N·ha−1 4.8d 1.0de 0.20a 0.3c 2.0cd 0.26a 

Calliandra + 30 kg·N·ha−1 5.0bc 1.0de 0.17a 0.3c 2.0cd 0.23c 

Fertilizer (30 kg·N·ha−1) 4.9cd 1.0de 0.19a 0.3c 2.1bc 0.24bc 

Fertilizer (60 kg·N·ha−1) 5.1ab 1.3b 0.23a 0.3c 2.1bc 0.24bc 

Fertilizer (90 kg·N·ha−1) 4.9cd 1.0de 0.18a 0.3c 2.0cd 0.25ab 

Control 4.8d 1.0de 0.20a 0.4b 1.9d 0.24bc 

Means with same letter in each column are not statistically different at p < 0.05. 
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Table 5. Soil chemical properties (0 - 15 cm) at the end of 2006 Long rain season at the experimental site, Mucwa, Meru South Dis-
trict, Kenya. 

pH Ca Mg K 
Treatment 

(H2O) Exchangeable (cmol/kg) 
C% N% 

Manure 5.6a 2.9b 1.5a 1.5a 1.7bc 0.28a 

Manure + 30 kg·N·ha−1 5.2b 3.4a 1.1b 1.3a 2.2ab 0.28a 

Tithonia 5.1bc 2.3c 0.8cd 1.3a 1.4c 0.28a 

Calliandra 4.9de 1.9d 0.7d 0.5bc 2.5a 0.27ab 

Tithonia + 30 kg·N·ha−1 5.1bc 1.3e 0.6d 0.3c 2.0ab 0.22d 

Calliandra + 30 kg·N·ha−1 4.8e 1.9d 1.0bc 0.4c 1.5bc 0.18e 

30 kg·N·ha−1 5.1bc 2.0d 1.0bc 0.5bc 1.7bc 0.22d 

60 kg·N·ha−1 4.9de 2.2cd 0.7d 0.5bc 2.0ab 0.26bc 

90 kg·N·ha−1 5.0cd 1.9d 0.6d 0.4c 1.2cd 0.26bc 

Control 4.8e 1.9d 0.7e 0.5bc 1.6bc 0.25c 

Means with same letter in each column are not statistically different at p < 0.05. 

 
The soil pH increased significantly in sole manure 

treatment (p < 0.05) while it declined (though not sig-
nificantly) in treatments that received fertilizer at 60 
kg·N·ha−1 and calliandra combined with half recom- 
mended rate of fertilizer at the end of the study period. 
However, the pH remained constant in manure + 30 
kg·N·ha−1, sole tithonia and the control treatments. 

The pH of the soils ranged from 4.8 to 5.6 indicating 
that these soils were acidic. Under such conditions, the 
availability of the base forming cations is limited since 
the soil solution is mostly occupied by aluminium and 
hydrogen ions. The increment of soil pH with additions 
of manure could be attributed to the reduction of ex- 
changeable aluminium in the acidic soils. This reduction 
is considered to occur through aluminium precipitation 
or chelation of organic colloids [27]. Increased pH with 
manure additions could also be attributed to increased 
levels of exchangeable bases (K, Mg and Ca). The sig- 
nificant increase in pH with manure application corre- 
sponds with the findings by [28] and [29]. Increasing the 
pH of acidic soils improves plant-availability of macro- 
nutrients while reducing the solubility of elements such 
as Al and Mn [23,30]. The magnitude of the rise in soil 
pH varies depending on the type of manure, its rate of 
application and the buffering capacity of the soil [31]. 
[32] noted that manures have the advantage of supplying 
essential plant elements either directly or indirectly by 
alleviating aluminium toxicity or producing organic ac- 
ids thereby increasing nutrient availability. 

Exchangeable Ca increased significantly (p < 0.05) in 
all treatments with sole manure, manure + 30 kg·N·ha−1, 
sole calliandra and calliandra + 30 kg·N·ha−1 treatments 
having the highest increase in Ca content. Exchangeable 

Mg also increased significantly in all treatments with sole 
manure having the highest Mg increment. Exchangeable 
potassium also increased significantly (p < 0.05) in sole 
manure, manure + 30 kg·N·ha−1 and sole tithonia treat-
ments. The observed increase in exchangeable cations is 
consistent with the work of [33,34] who reported an in-
crease in exchangeable K and Ca after application of 
organic inputs. These are highly leached soils [1] and in 
such soils the order of adsorption of bases is Ca > Mg > 
K. Thus, continued leaching more of potassium followed 
by magnesium ions leaving relatively more calcium still 
adsorbed. In general, these soils were moderately acidic 
with medium to low nutrient stocks of exchangeable 
bases with a consequent effect on the availability of ma- 
cro plant nutrients. This is partly because of the decom- 
position of organic materials yielding acids with release 
of hydrogen ions and also the reduced levels of bases due 
to leaching. Similar observations were made by [13] in 
some humic Nitisols in Kandara (Murang’a District, 
Kenya). 

Organic carbon declined in all treatments except in 
sole calliandra treatment where it increased significantly 
by the end of the study period. The decreased C levels 
could be associated with the rapid decomposition rates in 
the study area and the fact that the organic input (tithonia) 
was of high quality. The N content in the organic materi- 
als also influence decomposition and N release. [11] 
noted that the N concentration in tithonia is higher than 
the critical levels of 2.0% and 2.5% below which net 
immobilization of N would be expected. However, in- 
crease in C levels in sole calliandra treatment could be 
attributed to lower rates of decomposition and miner- 
alization of the biomass as a result of high polyphenol 
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contents which bind with N and hence lower its decom-
position rate and N release [35,36]. On average, the or- 
ganic carbon was higher in soils receiving organic amend- 
ments or a combination of mineral fertilizers with or- 
ganic amendments compared to soils receiving mineral 
fertilizers alone by the end of 2006 LR cropping season. 
This was because whereas the organic material had a 
major impact on mineralization rate by increasing soil C 
directly, the effect of mineral N fertilizer was less pro- 
nounced since it increased C only indirectly by improv- 
ing plant growth [37]. These results corroborates with 
those of [35] who reported that the use of organic amend- 
ments either singly or in combination with mineral fer-
tilizers play a vital role in sequestering C and building up 
soil fertility. 

Total N increased in all treatments except in tithonia + 
30 kg·N·ha−1, calliandra + 30 kg·N−1 and mineral ferti- 
lizer (90 kg·N·ha−1) which recorded an insignificant de- 
crease. On average, treatments that received sole organic 
N amendments were higher in total N than the treatments 
that received integrations (of organic and mineral ferti- 
lizers) and sole application of mineral N fertilizers. The 
relative increase of total N at the end of the experiment 
could be attributed to minimal uptake of total N due to 
poorly distributed rainfall in 2006 LR season (Data not 
shown). The poor distribution of rainfall resulted to re- 
duced nutrient availability to the maize crop. [35] noted 
that even distribution of rainfall and availability of suffi- 
cient amounts of rainfall are very important factors to 
crop production without which crop yields decline or 
even fail. However, total N was highest in all treatments 
that received organic residues in comparison to sole  

mineral N treatments. This could be attributed to the fact 
that the organics must first of all undergo microbial de- 
composition unlike the mineral N fertilizers which are 
applied in plant available form with subsequent losses 
through leaching and denitrification very early in the 
season. 

3.3. Cost-Benefit Analysis 

An economic analysis was done on the different or- 
ganic and mineral N inputs during the 2005 SR and 2006 
LR season. The organic amendments (except manure) 
did not have market prices in the area and were thus 
costed in terms of labour involved in harvesting and in- 
corporation. The results are presented in Table 6. 

Cost-benefit analysis (CBA) during the 2005 SR sea- 
son indicated sole calliandra treatment gave the highest 
net benefit of USD 1089 and was followed by tithonia + 
30 kg·N·ha−1 (USD 844) which was not significantly 
different (p < 0.05) from sole manure and sole tithonia 
treatment (USD 800 and USD 621 respectively). The 
lowest net benefit was recorded in control treatment 
(USD 376) and was followed by 30 kg·N·ha−1 treatment 
with USD 488. The net benefits observed in 60 kg·N·ha−1 
and 90 kg·N·ha−1 were not significantly different from 
each other (707 and USD 733 respectively). This indi- 
cates that the additional mineral N in the 90 kg·ha−1 treat- 
ment did not offer an economic benefit since the ob-
served maize grain yield in the 60 kg·ha−1 and 90 kg·ha−1 
treatment (Table 6) was also not significantly different. 

For the same period (2005 SR) sole calliandra yielded 
the highest benefit-cost ratio (BCR) of USD 12.4 and 

 
Table 6. Cost-benefit ratios for different soil fertility amendments on maize yields during the 2005 SR and 2006 LR at Mucwa, 
Kenya. 

Total sales (USD) ) Total cost (USD) Net benefit (USD) Benefit-Cost ratio 
Trt 

SR 05 LR 06 SR 05 LR 06 SR 05 LR 06 SR 05 LR 06 

1 1176a 3342a 88cd 83cd 1089a 991a 12.4a 11.9a 

2 864bc 2751b 78de 80cd 786bcd 834ab 10.1b 10.4a 

3 884bc 1993d 85cd 76d 799bc 621cd 9.4bc 8.1bc 

4 949b 2609bc 105bc 102bc 844b 779bc 8.0cd 7.6c 

5 764c 2046cd 95cd 92bcd 670cd 605d 7.1def 6.6cd 

6 765c 1195e 98cd 86cd 667d 407e 6.8def 4.7def 

7 922b 1943d 189a 179a 733bcd 522d 3.9g 2.9f 

8 824bc 1734d 117b 109b 707cd 544d 6.0f 5.0de 

9 573d 551f 84cd 74d 488e 261f 5.8f 3.5ef 

10 436e 448f 60e 50e 377e 182f 6.3ef 3.6ef 

Treatment (1 = Calliandra; 2 = Tithonia; 3 = Manure; 4 = Tithonia + 30 kg·N·ha−1; 5 = Calliandra + 30 kg·N·ha−1; 6 = Manure + 30 kg·N·ha−1; 7 = 90 kg·N·ha−1; 
 = 60 kg·N·ha−1; 9 = 30 kg·N·ha−1; 10 = Control. 8   
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was followed by sole tithonia (USD 10.1) and sole ma- 
nure treatment (USD 9.4). The control treatment had 
significantly higher BCR than 90 kg·N·ha−1 (USD 6.3 
compared to USD 3.9 respectively). Treatments involv- 
ing sole organics and/or their integrations with mineral N 
sources recorded a higher BCR during this season. 

During the 2006 LR season, a similar trend was ob- 
served with sole calliandra giving the highest net benefit 
of USD 991 while the control and 30 kg·N·ha−1 recorded 
the lowest (USD 182 and USD 261 respectively). The 
observed BCR was also in the order of sole organic 
treatments > organics + mineral N treatments > sole 
mineral N treatments. 

On average, integrations of organics and mineral fer- 
tilizers had a higher net benefit and BCR than sole ap- 
plication of mineral fertilizers. This indicates that sole 
organics or their integrations with mineral fertilizers is a 
more economically profitable investment amongst the 
small holder farmers in Meru South District. 

Studies indicate that combination of organic and min- 
eral nutrient sources ensure greater synchrony between 
nutrients released and plant uptake and hence improved 
crop yields [37]. This explains the observation that, on 
average, integrations of organic N inputs with mineral 
fertilizers gave higher net benefits than the recommended 
rate of fertilizer (60 kg·N·ha−1). Considering that farmers 
may not be able to afford the high cost of purchasing 
mineral fertilizers, the use of organic inputs or their inte- 
grations with mineral fertilizers may form a major sup- 
plement or complement to replenishing nutrient defici- 
encies and ensuring high crop yields. 

The integration of mineral fertilizers with organic in- 
puts or sole application of organic inputs has been re- 
garded as a more profitable alternative in low input sys- 
tems, countering the large cost of fertilizers [23]. This 
study confirmed that sole application of organic and/or 
their integrations with mineral fertilizers can be an alter- 
native to the limited use of fertilizers. 

However, this strategy may be limited by the high 
proportions of organic inputs required, labour required 
for cutting, carrying and incorporating in sole application 
of organics [37]. Farmers are therefore encouraged to 
establish their own “biomass banks” within their farms 
so as to reduce the transport cost and labour cost that 
may be incurred in search for the biomass. 

4. CONCLUSION AND  
RECOMMENDATIONS 

The results presented herein show that the application 
of organic and mineral N sources improved the general 
soil fertility parameters with Ca, Mg and K increasing in 
all treatments. Organics and/or mineral N soil amend- 
ments produce better maize yields to those obtained 

where the recommended mineral N sources are used 
alone. However, the organic materials may not be avail- 
able in large amounts that are required for sole applica- 
tion. The third objective of this study was to evaluate the 
economic profitability of the various soil nutrient replen- 
ishment inputs. Treatments with sole calliandra and sole 
tithonia had the highest BCR, followed closely by ma- 
nure treatment. More so, integration of organic and min- 
eral N sources resulted to higher net benefit and BCR 
than the application of the recommended rate of mineral 
fertilizers. Farmers are therefore are encouraged to adopt 
the combination of organic and mineral fertilizers as they 
resulted in high maize grain yields and improved soil 
chemical properties. 
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