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Abstract 

The objective of this work was to evaluate the effects of FYM and tithonia, when applied alone or in 
combination with Minjingu phosphate rock (MPR), Busumbu phosphate rock (BPR) or triple 
superphosphate (TSP), on maize yields and financial benefits in acid soils at Bukura and Kakamega in 
western Kenya. The response of maize to the nutrient inputs was site specific. At Bukura maize did not 
respond to inorganic P sources applied in combination urea but responded when the inorganic P 
sources were applied in combination with FYM or tithonia while at Kakamega maize responded to TSP 
but not MPR or BPR when applied with urea. Tithonia combined with TSP gave the highest yields and 
net financial benefits at both sites but this did not translate to economic attractiveness since the benefit 
cost ratio was lower than 2, which is considered the threshold below which farmers will not adopt a 
technology. Only FYM when applied alone seemed to meet this criterion at Bukura and therefore the 
most likely of the tested practices to be adopted at this site while at Kakamega none of the tested 
technologies was economically attractive. 
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Introduction 

Western Kenya is dominated by Ferralsols, Acrisols and Nitisols whose agricultural productivity is 
commonly limited by low availability of phosphorus with 80% of the soils across farms in this region 
being severely P-deficient (Jama et al., 1998). The situation is exacerbated by the high acidity of these 
soils with possibility of aluminum phytotoxicity (Jama and van Straaten, 2006). Although these soils can 
be managed by use of P fertilizers and lime, this has not been widely adopted by the smallholder 
farmers due to their high costs. Thus, there is growing interest in finding alternative affordable and 
sustainable technologies to replenish soil fertility with focus shifting to solutions that utilize local 
resources such as organic materials (OMs) and phosphate rocks (PR).  In western Kenya, the most 
widely used OM is farmyard manure (FYM) whose use is however often constraint by its poor quality 
and inadequate quantity (Okalebo et al., 2006). Other alternative non-traditional sources of nutrients, 
such as Tithonia diversifolia (tithonia) are therefore being explored. The sole use of OMs source of P is, 
however, likely to be constrained their low P content and they may need, therefore, to be combined 
with inorganic P sources in order to meet the crop demand for P. The use of PR as P source has been 
recognized for a long but early studies with PRs produced results that have been reported as erratic and 
sometimes conflicting, leading to confusion and disagreement on their utilization of PRs (Khasawneh 
and Doll, 1978). There has, however, been renewed interest in the use of PRs, especially when combined 
with OMs as low cost alternatives to conventional inorganic P fertilizers and lime in developing 
countries. The objective of this study was therefore to determine the effect of FYM and tithonia, when 
applied alone or in combination with Minjingu phosphate rock (MPR), Busumbu phosphate rock (BPR) 
or triple superphosphate (TSP), on maize yields and financial benefits in acid soils of western Kenya.  

Materials and methods 

The study was conducted in April to July 2007 at Bukura and Kakamega, in western Kenya, chosen on 
the basis of contrasting soil characteristics. The soil at Bukura is a Ferralsol with the following 
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characteristics; pH = 4.8; exchangeable acidity = 0.89 cmol kg−1; organic C = 20.9 g kg−1; cation 
exchange capacity (CEC) = 3.89 cmol kg−1; Al saturation = 23%; Olsen extractable P = 5.6 mg kg−1. The 
soil at Kakamega is Cambisol with the following characteristics; pH = 5.1; exchangeable acidity = 0.35 
cmol kg−1; total organic C = 27.9 g kg−1; CEC = 4.85 cmol kg−1; Al saturation = 7.2%; Olsen extractable 
P = 2.5 mg kg−1. A randomized complete block design with three replications was used. The treatments 
consisted of three inorganic P sources; TSP, MPR and BPR each applied in combination with FYM, 
tithonia or urea. Other treatments included a control with no P input, and FYM and tithonia, each 
applied alone. FYM and tithonia were applied to supply 20 kg P ha−1 in treatments where they were 
used either alone or in combination with the inorganic P sources. The inorganic P sources were applied 
to provide 40 kg P ha−1 in the OM/inorganic P source combinations, but when they were used in 
combination with urea, they were applied at 60 kg P ha−1. Tithonia had 3.0% N, 0.3% P and 3.8% K, 
and FYM had 1.8% N, 0.4% P and 1.2% K. Urea was applied at 100 kg N ha−1 where it was used. Maize 
was grown using the recommended agronomic practices and harvested at maturity. 

Table 1: Values used for cost benefit analysis (USD) 

Parameter Value 

Price of TSP kg-1 

Price of MPR kg-1 

Price of BPR kg-1 

Price of urea kg-1 

Transport of fertilizers to the farm 100 kg-1 

Labour for applying fertilizer per hectare 

Price of FYM‡  100 kg-1 

Cost of application of FYM ha-1‡ 

Cost of cutting and application of 6.7 t ha-1 of tithonia‡ 

Price of maize kg-1 

Price of maize stover 100 kg-1 

 0.54 

 0.27 

 0.23 

 0.46 

 1.75 

1.67 

0.80 

  26 

 605 

 0.32 

  15 

0.62 

0.35 

0.31 

0.54 

1.75 

1.67 

0.80 

26 

605 

0.32 

12 

‡Values of FYM (farmyard manure) and tithonia are expressed on dry matter basis. 

 

The net financial benefits were computed using partial budgeting. The costs of maize, and nutrient 
inputs were determined through a market survey of the area (Table 1). Grain yield data were subjected 
to analysis of variance using the Genstat statistical package and treatments means compared using the 
standard error of difference between means at p < 0.05. 

Results 

Maize grain yields 

 The grain yield data are presented in Table 2. There was no significant response by maize to 
application of the inorganic P sources when applied in combination with urea at Bukura. At Kakamega, 
maize responded to application of TSP but not MPR or BPR when applied in combination with urea. All 
the treatments with tithonia applied alone or in combination with PRs or TSP increased yields above 
the control at both sites.  
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Table 2 : Effect of phosphorus sources on maize grain yield at Bukura and Kakamega 

Treatment Total P (kg-1) Kakamega Bukura 

Grain yield t ha-1 

1. Control (no P input addition) 

2. Tithonia (20 kg P ha-1) 

3. FYM (20 kg P ha-1) 

4. MPR (60 kg P ha-1) + urea 

5. BPR (60 kg P ha-1) + urea 

6. TSP (60 kg P ha-1) + urea 

7. Tithonia (20 kg P ha-1) + MPR (40 kg P ha-1) 

8. Tithonia (20 kg P ha-1) + BPR (40 kg P ha-1) 

9. Tithonia (20 kg P ha-1) + TSP (40 kg P ha-1) 

10. FYM (20 kg P ha-1) + MPR (40 kg P ha-1) 

11. FYM (20 kg P ha-1) + BPR (40 kg P ha-1) 

12. FYM (20 kg P ha-1) + TSP (40 kg P ha-1) 

SED 

   0 

 20 

 20 

 60 

 60 

 60 

 60 

 60 

 60 

 60 

 60 

 60 

   2.6 

   4.2 

   3.5 

   3.4 

   2.4 

   3.9 

   4.7 

   4.1 

   5.4 

   3.7 

   2.7 

   3.8 

  0.50 

  1.9 

  4.3 

  3.2 

  2.6 

  2.0 

  2.2 

  4.9 

  4.4 

  5.1 

  3.2 

  2.7 

  2.9 

 0.49 

FYM= Farmyard manure; TSP= triple superphosphate; MPR= Minjingu phosphate rock; BPR= Busumbu phosphate 
rock; SED = standard error of difference between means 

 

 FYM significantly increased grain yields above the control when combined with TSP or MPR but not 
when combined with BPR at both sites. Maize yields with application of tithonia applied alone or in 
combination with inorganic P sources, were on average higher at Bukura than Kakamega while yields 
with inorganic P sources applied with urea or FYM were higher at Kakamega than Bukura. Among the 
OM/inorganic P source combinations, only tithonia when combined with TSP increased yields 
significantly above that of the application of the sole tithonia at the Kakamega site. At Bukura, none of 
the OMs/inorganic P fertilizer combinations gave yields that were significantly higher than the sole 
application of the OMs despite having an additional 40 kg P ha-1. Averaged across OMs at the P rate of 
60 kg ha-1, the grain yield at Kakamega, as affected by the inorganic P sources, followed the order TSP  
> MPR > BPR. At Bukura the order was MPR > TSP > BPR. Averaged across inorganic P sources, the 
grain yield as affected by the OMs followed the order tithonia > FYM > urea at both sites. 

At Bukura, none of the OMs/inorganic P fertilizer combinations gave yields that were significantly 
higher than the sole application of the OMs despite having an additional 40 kg P ha-1. Averaged across 
OMs at the P rate of 60 kg ha-1, the grain yield at Kakamega, as affected by the inorganic P sources, 
followed the order TSP  > MPR > BPR. At Bukura the order was MPR > TSP > BPR. Averaged across 
inorganic P sources, the grain yield as affected by the OMs followed the order tithonia > FYM > urea at 
Kakamega, and tithonia > FYM > urea at Bukura.  

Economic analysis 

The highest added costs were obtained with the tithonia treatments while the least costs were obtained 
with FYM treatments (Table 3).  
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Table 3 : Effect of phosphorus sources and organic materials on added costs (USD ha-1)  

Treatment  fert.  cost* labor # cost Total added costs 

KK  BK KK & BK    KK   BK 

1. Control (no input addition) 

2. Tithonia (20 kg P ha-1) 

3. FYM (20 kg P ha-1) 

4. MPR (60 kg P ha-1)  

5. BPR (60 kg P ha-1)  

6. TSP (60 kg P ha-1)  

7. Tithonia (20 kg P ha-1)+ MPR (40 kg P ha-1) 

8. Tithonia (20 kg P ha-1)+ BPR (40 kg P ha-1) 

9. Tithonia (20 kg P ha-1) + TSP (40 kg P ha-1) 

10. FYM (20 kg P ha-1)+ MPR (40 kg P ha-1) 

11. FYM (20 kg P ha-1)+ BPR (40 kg P ha-1) 

12. FYM (20 kg P ha-1) + TSP (40 kg P ha-1) 

    - 

    0 

    0 

276 

250 

298 

108 

  91 

122 

154 

137 

168 

  - 

    0 

    0 

295 

270 

344 

108 

  91 

141 

154 

137 

187 

  - 

605 

  26 

    3 

    3 

    2 

607 

607 

606 

  28 

  28 

  27 

     - 

    605 

      72 

    279  

    253 

    300 

    715 

    698 

    728 

    182 

    165 

    195 

 - 

 605 

  72 

298 

273 

346 

715 

698 

747 

182 

165 

214 

KK = Kakamega; BK = Bukura; FYM= Farmyard manure; TSP= triple superphosphate; MPR= Minjingu phosphate 
rock; BPR= Busumbu phosphate rock. *Added fertilizer costs; # Added labor costs 

 

Tithonia applied with TSP gave the highest net financial benefits while BPR applied with urea had the 
least at both sites (Table 4). The net benefits for the OM/inorganic P combinations appeared to be site 
specific and depended on the input combination. For example, at Kakamega, combining tithonia with 
TSP or MPR resulted in net benefits that were higher than the sole use of TSP, MPR or application of 
tithonia alone. However, combining tithonia with BPR at this site led to lower net benefits than sole 
application of tithonia. At Bukura, however, combining tithonia with any of the inorganic P sources 
resulted in net benefits that were higher than the sole application of the tithonia or inorganic P sources. 
The benefit cost ratios (BCRs) for all treatments, apart from those with FYM were, however, generally 
low. The highest BCR at Kakamega (1.1) and Bukura (4.5) were obtained with FYM applied with MPR 
and FYM alone respectively. 

Table 4. Net financial benefits (USD ha-1) and benefit-cost ratio (BCR) 

Treatment Kakamega  Bukura  

Net benefit BCR Net benefit BCR 

1. Control (no input addition) 

2. Tithonia (20 kg P ha-1) 

3. FYM (20 kg P ha-1)  

4. MPR (60 kg P ha-1) + urea 

5. BPR (60 kg P ha-1) + urea 

6. TSP (60 kg P ha-1) + urea 

7. Tithonia 20 kg P ha-1 + MPR (40 kg P ha-1) 

8. Tithonia 20 kg P ha-1 + BPR (40 kg P ha-1) 

9. Tithonia 20 kg P ha-1 + TSP (40 kg P ha-1) 

10. FYM 20 kg P ha-1 + MPR (40 kg P ha-1) 

11. FYM 20 kg P ha-1 + BPR (40 kg P ha-1) 

12. FYM 20 kg P ha-1 + TSP (40 kg P ha-1) 

     - 

   -2 

   35 

     1 

-329 

 146 

   58 

-145 

 300 

 194 

-130 

 139 

- 

-0.03 

0.50 

0.03 

-1.3 

0.50 

0.08 

-0.20 

0.41 

1.10 

-0.79 

0.71 

- 

 144 

 323 

  -51 

-248 

-228 

 327 

 172 

 405 

 223 

 100 

 138 

- 

0.23 

4.50 

-0.17 

-0.90 

-0.65 

0.47 

0.25 

0.54 

1.22 

0.61 

0.64 

FYM= Farmyard manure; TSP= triple superphosphate; MPR= Minjingu phosphate rock; BPR= Busumbu phosphate 
rock;   BCR is the benefit cost ratio 
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Discussion 

Effect of phosphorus sources on maize yields 

The good response of maize observed due to the application of tithonia when combined with inorganic 
P sources, especially TSP, is consistent with results of similar studies in East Africa (Ikerra et al., 2006). 
The failure of maize to respond to the inorganic P sources, when applied in combination with urea at 
Bukura, suggests that some other factor had a more profound effect on maize yields than P availability 
at this site. In fact, higher maize yields were obtained with tithonia and FYM when applied at a lower P 
rate of 20 kg P ha−1. The Al saturation (23%) in the soil, which was above the critical value of 20% that 
has been reported to cause Al toxicity in maize (Farina and Chanon 1991), points to a possibility of Al 
toxicity at this site. At Kakamega, where the Al saturation was 7.2%, maize responded to TSP but not 
MPR and BPR whose solubility is low and thus could have resulted in low P availability. The 
combination of TSP with OMs, gave higher maize yields than combination of OMs with MPR or BPR 
because of the higher solubility of TSP. Presumably the OMs were able to remove the Al toxicity and 
allow maize to respond better to applied inorganic P input where they were used in combination. 

Economic analysis 

The added costs of using tithonia were very high because of its bulkiness. At the rate of 20 kg P ha-1 
used in this study, almost 30 t ha-1 of fresh tithonia biomass were applied. Added costs for use of FYM 
were relatively lower than tithonia’s because of its higher P content and lower moisture content hence 
the FYM applied was less bulky. The other advantage of FYM, which it shared with tithonia, compared 
with inorganic P sources, was its ability to provide N in addition to P thus making use of FYM less 
costly than the inorganic P sources which had to be combined   purchased urea to provide N. Although 
tithonia applied with TSP had the highest added costs, it recorded the highest net benefits at both sites 
because it effected the highest yield increases above the control. All the BPR treatments at Kakamega 
had negative net financial benefits because BPR generally tended to depress maize yields at this site. 
Tithonia applied alone at this site also had negative net benefits because of the very high labour costs 
which were not offset by the additional maize yield accruing from its use. However at Bukura, tithonia 
applied alone gave positive benefits because of its ability to effect a large increase (126%) in yield over 
the control. The decision by farmers to adopt nutrient inputs depends on their profitability but as a 
general rule, a BCR of at least 2:1 is attractive to farmers (FAO, 2006). The BCRs in the present study 
were generally low and only FYM when applied alone at 20 kg P ha-1 met this criterion. 

Conclusions and recommendations 

Use of inorganic P sources in combination with urea was not agronomically effective but maize 
responded to them when applied with OMs. Averaged across OMs, the grain yield at Kakamega, as 
affected by the inorganic P sources, followed the order TSP > MPR > BPR. At Bukura the order was 
MPR > TSP > BPR. Averaged across inorganic P sources, the grain yield as affected by the OMs and 
urea followed the order tithonia > FYM > urea at both sites. At Kakamega, none of the tested 
technologies was economically attractive while at Bukura, only FYM when applied alone at 20 kg P ha-1 
achieved a benefit cost ratio of 2 and thus the most likely to be adopted among the tested nutrient 
sources and combinations. Differences in response by maize to the different P inputs at the two sites 
indicate that P recommendations for maize cannot easily be transposed among diverse soils of western 
Kenya. 
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