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ABSTRACT 
Apart from nitrogen and phosphorus, other secondary nutrients and micronutrients are 
below critical levels in some soils within Western Kenya and are some of the causes of 
low maize yields. Combinations of organic resources with different fertilizers containing 
wide range of nutrients can improve and sustain soil productivity and consequently 
increase maize yields. Therefore, a study was carried out to assess the effects of 
phosphate fertilizers with wide range of nutrients on maize yields and evaluate the effect 
of combinations of the fertilizers and organic inputs including farmyard manure (FYM), 
maize stover (Ms) and Tithonia diversifolia (tithonia) on maize yields. The following 
treatments were laid in a randomized complete block design at four sites: Diammonium 
phosphate and calcium ammonium nitrate (DAP/CAN); Mavuno/CAN; Minjingu 
phosphate rock (MPR)/CAN; single super phosphate (SSP/CAN); Mavuno/CAN + 5 tons 
Ms; MPR/CAN + 5 tons Ms; SSP/CAN + 5 tons Ms; 10 tons FYM ha-1; Mavuno/CAN 
(30 kg P2O5 + 30 kg N) + 5 tons FYM ha-1; MPR/CAN (60 kg P2O5 + 30 kg N) + 5 tons 
FYM ha-1; and MPR (60 kg P2O5) + 5 tons tithonia) ha-1. The inorganic fertilizers were 
applied at the rate of 60 kg P2O5 and 60 kg N ha-1 unless otherwise specified. At KARI-
Kitale site, the DAP/CAN, MPR/CAN and MPR/CAN (60 kg P2O5 + 30 kg N) + 5 tons 
FYM ha-1 treatments performed well in terms of maize yields. The best treatments in 
Itigo included Mavuno/CAN (30 kg P2O5 + 30 kg N) + 5 tons FYM ha-1, SSP/CAN and 
10 tons FYM ha-1. A similar trend was observed at Kaisagat where the treatments with 
Mavuno and SSP basal fertilizers and 10 tons FYM ha-1 performed well. 
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INTRODUCTION 
There is sufficient evidence of declining maize yields in Trans Nzoia District (Wanyama 
et al., 2005), despite stable hectarage for maize production and sufficient rainfall. 
Declining soil fertility is one of the major causes of declining maize yields in North West 
Kenya. Some farmers in Uasin Gishu and Nandi Districts use a mixture of different 
brands of fertilizers commonly found in the market for planting maize in an effort to 
contain the low soil fertility problem (Mwangi et al., 2005). In addition to deficiencies in 
nitrogen (N) and phosphorus (P), other nutrients such as potassium (K) have become 
limiting in western Kenya. Soil samples from Kakamega and Busia Districts showed that 
low N, P and K affected maize production (KARI, 1996). The K deficiency has been 



reported in 25% of the farms in Western Kenya (Lijzenga, 1998). Other secondary 
nutrients such as calcium (Ca), magnesium (Mg), and sulphur (S) together with 
micronutrients such as molybdenum (Mo) may also have become limiting due to 
continuous removal by the maize crop. Thus, other elements including K, Mg, Ca and Mo 
are also below critical levels in some soils within western Kenya and are some of the 
fundamental causes of low maize yields. More than 50% of the farms in Suwerwa and 
Kipsaina (Trans Nzoia District) had deficiencies in exchangeable bases including K, Ca 
and Mg (Onyango et al., 2000). According to Njeri and Okalebo (1999), the Uasin Gishu 
soils are characterized by inadequacy of key elements including molybdenum (Mo).  
 
One way of replenishing nutrients in arable land is to recycle them through application of 
organic materials (Lekasi et al., 2000). Minjingu phosphate rock (MPR) can also be used 
to rejuvenate soils with low agricultural productivity because it contains a wide range of 
plant nutrients. Apart from supplying P, the MPR can also provide a cocktail of other 
nutrients to the soil including Mg, Ca and eight other essential micronutrients (Mwaluko, 
1996). Mavuno planting fertilizer from Athi River Mining Company also contains 
multiple nutrients including N, P, K Ca, Mg, S and other essential micronutrients that 
include boron (B), manganese (Mn), zinc (Zn), Mo and copper (Cu) that are displayed on 
the fertilizer bags. This fertilizer has become one of the most common fertilizers in the 
market within Kitale region. Apart from providing P, single super phosphate (SSP) 
supplies Ca and S as well. Hence, these phosphatic fertilizers can replenish essential 
nutrients in impoverished soils within North West Kenya.  
 
Combined use of organic and inorganic fertilizer inputs in low input systems may 
promote better biological cycling (Ayaga and Brookes, 2003), thus enhancing availability 
and improved plant uptake of both soil and fertilizer P. Just like MPR and Mavuno basal 
fertilizers, organic inputs such as maize stover (Ms), farmyard manure (FYM) and 
Tithonia diversifolia (tithonia) contain a wide spectrum of nutrients that are slowly 
mineralized when organic inputs are applied to the soil. Therefore, judicious 
combinations of these organic resources with different types of fertilizers that contain 
multiple nutrients may improve and sustain soil productivity and consequently increase 
maize yields. The major objectives of this study were to assess the effects of phosphatic 
fertilizers that contain a wide range of both secondary macronutrients and micronutrients 
in addition to N and P on maize yields and to evaluate the effect of combinations of 
fertilizers with multiple nutrients and organic inputs on maize yields.  
 
MATERIALS AND METHODS 
Description of the study sites 
The trial was conducted in four sites namely KARI-Kitale, Kaisagat, Kimuri and Itigo 
within North West Kenya in 2005 for one season. The KARI-Kitale and Kaisagat sites 
were located in Trans-Nzoia District in agro-ecological zone (AEZ) UM4 with average 
annual rainfall of between 1050 and 1250 mm. The sites were situated at an altitude of 
between 1700 and 1950 meters above sea level with annual mean temperatures range of 
between 17.9 and 19.4oC. The predominant soil type was Rhodic Ferralsols developed on 
undifferentiated basement system rocks (Jaetzold and Schmidt, 1983). Kimuri site was in 
Uasin Gishu District and lies within AEZ LH3 with average annual rainfall of between 



900 and 1100 mm. The site was situated at an altitude of between 1900 and 2400m above 
sea level with annual mean temperature range of 15.1 and 17.9oC. The predominant soil 
type was Rhodic Ferralsols developed on intermediate igneous rocks (Jaetzold and 
Schmidt, 1983).  
 
Itigo site was in Nandi North District within AEZ LH3 that had an annual average rainfall 
of between 1280 and 1650 mm. The site was situated at an altitude of between 1900 and 
2300m above sea level with annual mean temperature range of 15.7 and 18.0oC. The 
predominant soil type was Humic Nitosols developed on biotite gneisses (Jaetzold and 
Schmidt, 1983). At Itigo site, maize was grown on farms that were previously under 
wattle tree plantations. The rainfall pattern in all the sites was unimodal and usually 
began in March/April to November every year. The dry spell was between December and 
February.  
 
Experimental layout and management 
The experiment was comprised of the following fertility treatments: 

• DAP + CAN (60 kg P2O5 + 60 kg N) ha-1 (farmers’ practice) 
• Mavuno + CAN (60 kg P2O5 + 60 kg N) ha-1 

• 10 tons Farmyard manure (FYM) ha-1 

• Mavuno + CAN (30 kg P2O5 + 30 kg N) + 5 tons FYM ha-1 

• Minjingu rock phoshate (MPR) + CAN (60 kg P2O5 + 60 kg N) ha-1 

• SSP + CAN (60 kg P2O5 + 60 kg N) ha-1 

• MPR + CAN (60 kg P2O5 + 30 kg N) + 5 tons FYM ha-1 

• SSP/CAN (60 kg P2O5 + 60 kg N) + 5 tons Ms ha-1 

• Mavuno/CAN (60 kg P2O5 + 60 kg N) + 5 tons Ms ha-1 

• MPR/CAN (60 kg P2O5 + 60 kg N) + 5 tons Ms ha-1 

• MPR + Tithonia (60 kg P2O5 + 5 tons tithonia) ha-1 
 
The treatments were laid in a randomized complete block design (RCBD) in four sites. 
The maize stover (Ms) was chopped before it was incorporated into the soil to increase 
surface area and therefore enhance microbial activity. However, during the first season in 
2005, the maize stover was not incorporated in most of the sites except in Kaisagat as 
there was no stover left in the farms at the time the experiment was started. The treatment 
with tithonia was included only in Kaisagat site where it was locally available. Tithonia 
hedgerows are common in Kaisagat and therefore it was included in one of the treatments 
as a way of biomass transfer to the cropped fields in Kaisagat. Tithonia was applied in 
two splits whereby during the first half 2.5 tons ha-1 was applied into the planting holes 
and mixed with the soil before planting while 2.5 tons ha-1 was applied as surface mulch 
(top-dress) six weeks after planting. The plot sizes were 6 by 6m. At the on-station site, 
the experiment was replicated four times. The trial was also planted on-farm; seven (7) 
farms in Kaisagat, 5 farms in Kimuri and six (6) farms in Itigo.  
 
In all the three on-farm sites, each farmer served as a replicate. Maize hybrid 614D was 
planted in May, 2005 rainfall season following the recommended cultural practices 
except for the fertilizer types and rates. The fields were ploughed by oxen or tractor. 
Maize was planted two seeds/hill at a spacing of 75cm between rows and 30cm in 



between hills followed by thinning 3 to 4 weeks after emergency to one plant per hill. 
Stock borer was controlled by use of dipterex at 4-5 kg ha-1. The crop was hand weeded 
twice during the season. The basal fertilizers were applied in holes and mixed with the 
soil to avoid seed scorching just before planting. Topdressing fertilizer (CAN) was 
applied at six weeks after planting. At the on-farm sites, farmers provided land and 
carried out all the necessary operations including ploughing, planting, weeding and 
harvesting. They also helped in experimental layout and data collection with supervision 
of researchers and extension officers. Maize was harvested in the month of November of 
the same year. 
 
Data analysis 
Data on stand count, grain moisture content and grain yield was taken from the central 
rows after the crop reached physiological maturity. Two guard rows were excluded on 
each edge. Grain weight was adjusted to 12.5 percent moisture content. The maize yield 
data was subjected to analysis of variance (ANOVA) using Genstat statistical package. 
Mean separation of the treatments was carried out using the least significant difference 
(LSD). Economic data was recorded during major farm operations. The prevailing prices 
for commodities, transport and labor costs during the 2005 rainfall season were used for 
calculations. Economic analyses of the treatments were done by benefits cost ratio 
method. That is, the total returns of maize from a unit area divided by the total cost of 
producing it.  
 
RESULTS AND DISCUSSION 
Effect of fertility treatments on maize yield at the KARI-Kitale site 
Although the F-test probability (P=0.058) at the on-station site was slightly above the 
commonly accepted level of significance (P=0.05), the LSD test (P=0.05) for mean 
separation showed that the effect of treatments on maize yield was also significant at the 
on-station site (Table 1). However, different fertilizers performed differently at different 
sites. At the on-station site, the DAP/CAN was the best treatment and yielded 6.13 t ha-1 
which was significantly higher than Mavuno/CAN, 10 tons FYM, Mavuno/CAN (30 kg 
P2O5 + 30 kg N) + 5 tons FYM and SSP/CAN treatments whose yields were 4.53, 5.09, 
5.07, and 4.55 t ha-1, respectively. However, the MPR/CAN and MPR/CAN (60 kg P2O5 
+ 30 kg N) + 5 tons FYM treatments whose yields were 5.43 and 5.33 t ha-1, respectively 
performed just as well as the DAP/CAN treatment whose yield was 6.13 t ha-1. Unlike the 
on-farm sites, where maize was grown every season on the same fields, the on-station 
fields were sometimes left fallow for a long period, thus allowing natural rejuvenation of 
soil fertility. Hence, the low soil fertility problem in the station was not as severe as on 
the farmers’ fields. Therefore, the soil at the on-station site was probably higher in 
organic matter, less acidic than farm soils and may have been just deficient in P and N 
(Mwangi et al., 1998). This is in comparison to the on-farm soils, which apart from P and 
N, may also have been deficient in other essential nutrients (Onyango et al., 2000). The 
on-station soil characteristics probably favored DAP basal fertilizer whose formulation is 
such that when the recommended rate of 60 kg P2O5 is applied at planting, a good amount 
of starter N is also applied to the soil. The Mavuno basal fertilizer has a lower content of 
starter N (10%) as compared with DAP (18%). The SSP fertilizer does not have starter N 



while the N in FYM treatments is usually released slowly especially if the manure is of 
low quality (Gichangi et al., 2003).  
 
The good performance of MPR/CAN and MPR/CAN (60 kg P2O5 + 30 Kg N) + 5 tons 
FYM treatments whose maize yields were 5.43 and 5.33 t ha-1 respectively, was not 
expected especially during the first season of the trial. This phenomenon may have been 
caused by the marginal amounts of soil organic carbon (2.0 – 2.2 %) of the topsoil 
usually recorded at the on-station site (Mwangi et al., 1998). The organic carbon in the 
on-station site might have sustained higher counts of microorganisms than at the on-farm 
sites where most soils have low organic carbon and therefore accelerated the 
mineralization of P in MPR fertilizer for immediate uptake by the crop. According to 
Ayaga and Brookes (2003), combined use of organics and inorganic inputs may promote 
better biological cycling, enhanced availability and consequently improved plant uptake 
of soil and fertilizer P.  
 
Influence of fertility treatments on maize yield at Itigo and Kaisagat on-farm sites 
The effect of different fertilizers and organic sources of nutrients on the yield of maize 
was significant (P=0.032) at Itigo and Kaisagat (P=0.005) sites (Table 1). In Itigo, the 
best treatments included Mavuno/CAN (30 kg P2O5 + 30 Kg N) + 5 tons FYM and 
SSP/CAN whose maize yields were 5.72 and 5.11 t ha-1, respectively. The trend in 
Kaisagat was almost similar to the one of Itigo where the treatments with Mavuno and 
SSP basal fertilizers performed well. In Itigo, the MPR/CAN and also MPR/CAN (60 kg 
P2O5 + 30 Kg N) + 5 tons FYM treatments had significantly lower maize yields than that 
of the other treatments. This may have been attributed probably to low organic carbon in 
the soils of Itigo and Kaisagat. This may explain why the treatments with organic inputs; 
Mavuno/CAN (30 kg P2O5 + 30 Kg N) + 5 tons FYM and 10 tons FYM were among the 
best in Itigo while SSP/CAN + 5 tons maize stover and Mavuno/CAN (30kg P2O5 + 30kg 
N) + 5 tons FYM were the best in Kaisagat. The soils in these two sites might also have 
had a broad spectrum of nutrient deficiencies and may have been acidic. This was 
probably the reason why the treatments with fertilizers like Mavuno that contain a 
cocktail of nutrients including Ca, and SSP that has a lot of Ca to neutralize soil acidity 
performed well. 
 
 
Table 1: Effects of fertilizers with multiple nutrients and organic sources of 
nutrients on maize in Trans-Nzoia, Uasin Gishu and Nandi districts of North Rift 
Kenya 

Maize yields (t ha-1) 

Treatments KARI-Kitale 
(Trans-Nzoia) 

Kimuri  
(Uasin  
Gishu) 

Itigo  
(Nand
i) 

Kaisagat 
(Trans- 
Nzoia 

DAP + CAN (60 kg P2O5 + 60 kg N) ha-1 6.13 7.08 4.36 2.97 
Mavuno + CAN (60 kg P2O5 + 60 kg N) ha-1 4.53 6.68 4.68 3.39 
10 tons Farmyard manure (FYM) ha-1 5.09 5.84 4.83 3.01 
Mavuno/CAN (30 kg P2O5 + 30 kg N) + 5 
tons FYM ha-1 

5.07 6.49 5.72 3.71 



MPR + CAN (60 kg P2O5 + 60 kg N) ha-1 5.43 5.72 3.40 2.48 
SSP + CAN (60 kg P2O5 + 60 kg N) ha-1 4.55 6.98 5.11 3.07 
MPR/CAN (60 kg P2O5 + 30 kg N) + 5 tons 
FYM ha-1 

5.33 5.80 3.56 - 

SSP/CAN (60 kg P2O5 + 60 kg N) + 5 tons 
Ms ha-1 

- - - 3.88 

Mavuno/CAN (60 kg P2O5 + 60 kg N) + 5 
tons Ms ha-1 

- - - 3.58 

MPR/CAN (60 kg P2O5 + 60 kg N)+ 5 tons 
Ms ha-1 

- - - 2.16 

MPR + Tithonia (60 kg P2O5 + 5 tons 
tithonia) ha-1 

- - - 1.71 

SED 0.49 0.76 0.71 0.57 
F-Test (level of significance) NS NS 0.032 0.005 
LSD (P=0.05) 1.029 - 1.451 1.145 
CV (%) 13.4 18.8 27.2 35.6 
Key: MS = Maize stover; MPR = Minjingu phosphate rock 
 
The MPR + CAN, MPR/CAN + 5 tons maize stover and MPR + 5 tons tithonia 
treatments yielded significantly lower maize yields than the other treatments in Kaisagat. 
This may have been attributed to the slow release of nutrients by the MPR fertilizer 
(Okalebo and Woomer, 1994; Nyambati, 1999). Thus, the organic inputs were combined 
with MPR in an effort to enhance the dissolution of the fertilizer and therefore accelerate 
the release of nutrients from the fertilizer (Ndungu et al., 2003: Kifuko et al., 2003). 
However, since Itigo and Kaisagat sites had soils that were highly depleted, the soil 
organic carbon might have been very low. This may have resulted in high C:N ratio, a 
situation that was probably worsened by the fact that MPR fertilizer does not have starter 
N. This situation may have facilitated immobilization of nutrients by soil microorganisms 
resulting in low maize yields even in treatments where MPR was combined with organic 
inputs. Maize stover was considered to be material of low quality (Kifuko et al., 2003), 
and may therefore have immobilized soil nutrients in Kaisagat resulting in low maize 
yields during the first season.  
 
Comparison of DAP with other fertilizers on maize yields in various sites within North 
Rift Kenya 
At KARI-Kitale on-station, Kimuri and Itigo sites, none of the tested fertilizer 
combinations significantly out-yielded the commonly used DAP/CAN fertilizers on 
maize yields in North Rift Kenya during the first year of the trial. The DAP/CAN 
treatment even significantly out-yielded the recently introduced Mavuno basal fertilizer 
combined with CAN by 35% at the on-station site. Though the maize yield from 
Mavuno/CAN treatment was 14% higher than the yield of the commonly used DAP/CAN 
fertilizer treatment in Kaisagat site, the difference was not statistically significant.  
 
Economic analysis of fertility treatments on maize yields at Kimuri site 
The effect of fertility treatments on maize yield was not statistically significant at Kimuri. 
However, partial budget analysis indicated that the highest benefit cost ratios of 2.32, 



2.16 and 2.06 were obtained from DAP + CAN, Mavuno/CAN (30 Kg P2O5 + 30 kg N) + 
5 tons FYM and Mavuno + CAN treatments, respectively (Table 2). Hence, according to 
the results of the first season, the three treatments were the most profitable in Kimuri. 
The lack of evidence of statistical significance on maize yield due to fertility treatments 
may have been caused by  
 
Table.2: Partial budget analysis of different fertility treatments on maize grown in 
Kimuri, Uasin Gishu district of North Rift Kenya 
 
 
 
 Treatments 
 Full 

DAP 
+ CAN 

Full 
Mavuno 
+ CAN 

10 
tons 
FYM 

5 tons 
FYM + 
½Mavuno 
& ½ CAN 

Full 
MPR  
+ CAN 

Full 
SSP  
+ 
CAN 

5 tons 
FYM 
+ full MPR 
½ CAN 

Yield 90 Kg 
bags/acre (614D)  

31.5 29.7 26.0 28.8 25.4 31.0 25.8

Price 90 Kg bag  1,000 1,000 1,000 1,000 1,000 1,000 1,000
Gross benefits 31,500 29,700 26,000 28,800 25.400 31,000 25,800
Variable costs per 
acre 

  

Ploughing and 
maize seed 

3,650 3,650 3,650 3,650 3,650 3,650 3,650

Basal fertilizers 1,700 1,176 - 588 1,800 2,990 1,800
Topdressing 
fertilizers 

1,480 2,338.4 - 1,169.2 2,738 2,738 1,369

FYM preparation, 
transport & 
application 

- - 4,200 2,100 - - 2,100

Planting and 
weeding 

2,600 2,600 2,600 2,600 2,600 2,600 2,600

Thinning and 
topdressing 

200 200 200 200 200 200 200

Stocking and 
dehusking 

1,130 1,094 1,020 1,076 1,008 1,120 1,016

Transport and 
loading 

1,067 1,034.6 968 1,018.4 957.2 1,058 964.4

Shelling 945 891 780 864 762 930 774
Cost of bags 787.5 742.5 650 720 635 775 645
Total variable costs 
(KShs/acre) 

13,559.5 13,726.5 14,068 13,985.6 14,350.2 16,061 15,118.4

Net benefit 
(KShs/acre) 

17,940.5 15,973.5 11,932 14,814.40 11,049.8 14,939 10,681.6

Benefit/Cost ratio 2.32 2.16 1.85 2.06 1.77 1.93 1.71 
Key: 



Full implies basal/topdressing fertilizers were applied at 60 kg P2O5 or 60 kg N ha-1 
½ implies basal or topdressing fertilizers were applied at 30 kg P2O5 or 30 kg N ha-1 
MPR = Minjingu phosphate rock 
 
Assumption 
- Mavuno planting fertilizer contains 28% P as shown on the bag and not P2O5 
- Marginal to moderate soil fertility of the selected experimental farms in this site. 
However, it would be advisable to encourage farmers in Kimuri to use the Mavuno/CAN 
(30 kg P2O5 + 30 kg N) + 5 tons FYM treatment whenever possible for long-term 
sustainability of soil organic matter and hence soil fertility. 
 
 
CONCLUSIONS  
 
The DAP/CAN, MPR/CAN and MPR/CAN (60 kg P2O5 + 30 kg N) + 5 tons FYM ha-1 
were the best options for soils at the on-station site. The Mavuno/CAN (30 kg P2O5 + 30 
kg N) + 5 tons FYM, SSP/CAN and 10 tons FYM ha-1 were the best treatments for soils 
at Itigo site. Similarly, Mavuno/CAN and SSP/CAN alone or in combination with organic 
inputs and 10 tons FYM ha-1 options performed well in Kaisagat. The DAP/CAN, 
Mavuno/CAN and Mavuno/CAN (30 kg P2O5 + 30 kg N) + 5 tons FYM ha-1 were the 
most economical treatments in Kimuri site.  
 
RECOMMENDATION 
 
The experiment need to be conducted over along period of at least five years in order to 
document soil chemical changes due to treatments and its effect on maize yield. 
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