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SUMMARY
Due to escalating costs of imported fertilizers, there is renewed interest in the use of local nutrient resources
in managing soil fertility in Kenya. We tested the effect of two organic materials, farmyard manure (FYM)
and Tithonia diversifolia (tithonia), and an inorganic N fertilizer, urea, when applied alone or in combination
with three inorganic P sources, triple superphosphate (TSP), Minjingu phosphate rock (MPR) and Busumbu
phosphate rock (BPR), on maize yields and financial benefits. The study was conducted for three consecutive
seasons, from March 2007 to August 2008 in western Kenya. 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 while 40 kg P ha−1 was from the inorganic P sources in the combination. Where urea was used,
the inorganic P sources were applied at 60 kg P ha−1 . When applied in combination with urea, MPR
was a better P source for maize than TSP or BPR. However, when applied in combination with FYM or
tithonia, TSP was the best P source. Treatments including tithonia were more effective in increasing maize
yields than those without it with a similar total P application rate. The agronomic effectiveness of tithonia
did not, however, translate to economic attractiveness, mainly due to very high labour costs associated with
its use. FYM when applied alone at 20 kg P ha−1 was the only treatment that exceeded a benefit:cost ratio
of 2 and, therefore, the most likely, of the tested technologies to be adopted by farmers.

I N T RO D U C T I O N

Crop production by the smallholder farmers in the densely populated humid regions of
western Kenya is commonly constrained by low soil fertility, particularly phosphorous
(P) deficiency (Jama et al., 1997). On such soils, use of other nutrient inputs is not usually
effective in increasing crop yields unless P limitations are overcome. Management
of P deficiency requires application of inorganic fertilizers, organic inputs or their
combinations. However, use of inorganic fertilizers remains negligible among the
farmers in western Kenya because of the high cost of purchased fertilizer inputs, the
low purchasing power of smallholder farmers and their restricted access to credit
(Nziguheba et al., 2002). On the other hand, sole use of organic materials (OMs) to
supply P for crop production is not a practical option because most OMs are low in
P, thus large amounts would be required to produce moderate yield increases (Palm
et al., 2001). There is, therefore, growing interest in integrated soil fertility management
in western Kenya, whereby OMs are judiciously combined with inorganic fertilizers
(Vanlauwe, 2004). There is also shifting emphasis from reliance on imported fertilizer
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inputs to the use of more local nutrient resources in soil fertility management. In
this regard, the use of phosphate rock (PR) as an alternative to soluble inorganic P
fertilizers is attracting increased attention (Jama and van Straaten., 2006).
There have been numerous laboratory incubation studies demonstrating positive
effects of some OMs and PRs on soil chemical properties such as pH, Al and P
sorption (e.g. Iyamuremye et al., 1996; Narambuye and Haynes, 2006; Nziguheba
et al., 1998). Such studies have often implied that these positive effects would translate
into improved crop yields when the OMs or PRs are used for crop production in
P-deficient acid soils. It is also often taken for granted that since these materials
are supposedly cheaper than conventional inorganic P fertilizers, their use for crop
production would be economically more attractive than the sole use of inorganic
fertilizers. However, these concepts have rarely been tested in field experiments
in eastern Africa. We hypothesized that combined application of OMs, which are
commonly found on smallholder farms in western Kenya, and inorganic P fertilizer
inputs would give higher maize yields and financial benefits than the application of
such inorganic P inputs in combination with urea.
The objectives of this study were therefore to: i) evaluate the effects of combined
application of Minjingu phosphate rock (MPR), Busumbu phosphate rock (BPR) or
triple superphosphate (TSP) with urea, Tithonia diversifolia green manure (tithonia) or
farmyard manure (FYM) on maize yields, and ii) compare the financial benefits of
using tithonia or FYM for maize production, when applied alone or in combination
with TSP or PRs.
M AT E R I A L S A N D M E T H O D S

Site description
A field experiment was conducted for three consecutive seasons, from March 2007
to August 2008, at Bukura Agricultural College in western Kenya (0◦ 7 N, 34◦ 30 E).
The average annual rainfall at this site is 1700 mm, which is distributed over two
main cropping seasons, the long rainy season, from March to July, and the short rainy
season, from September to December. The soil is classified as an orthic Ferralsol
(FAO/UNESCO, 1988) with the following characteristics; pH = 4.8; exchangeable
acidity = 0.89 cmol kg−1 ; total soil organic carbon = 20.9 g kg−1 ; exchangeable
potassium (K) = 0.1 cmol kg−1 ; exchangeable Mg = 1.0 cmol kg−1 ; exchangeable
Ca = 1.9 cmol kg−1 ; effective cation exchange capacity (ECEC) = 3.89 cmol kg−1 ;
Al saturation = 23%; Olsen extractable P = 5.6 mg kg−1 . The soil had a moderate
P-fixing capacity with a soil P concentration of 0.2 mg l−1 corresponding to 260 mg
P kg−1 adsorbed by the soil.
Experimental layout and management
The experiment was established in March 2007 and laid out as a randomized
complete block design with three replications with plots measuring 5 m × 3 m. The
treatments consisted of three inorganic P sources (TSP, MPR and BPR), each applied
in combination with two OMs (FYM or tithonia) or with urea, a commercial nitrogen
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(N) fertilizer. Other treatments included a control with no P input but with urea, 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 . This P rate was chosen based on earlier
observations which showed that it gave maximum benefits to maize crops in most soils
in western Kenya (FURP, 1987).
Initial characterization of the OMs showed that on average, the tithonia biomass
had 3.0% N, 0.3% P and 3.8% K, and the FYM had 1.8% N, 0.4% P and 1.2% K.
At the P application rate of 20 kg P ha−1 , both FYM and tithonia therefore provided
adequate N for the maize crop (>80 N kg ha−1 ) as per the recommendations for the
study area (FURP, 1987). Urea was applied to provide 100 kg N ha−1 where it was
used. The nutrient inputs were evenly spread within the appropriate experimental
plots and incorporated to a depth of 0–15 cm at the time of planting in each season.
However, urea was applied at only a third of the full rate and the rest was applied five
weeks after planting. Muriate of potash (KCl) was applied at a rate of 60 kg K ha−1
to all plots without an application of tithonia or FYM at the time of planting maize.
The intention was to supply sufficient amounts of N and K to ensure that the two
nutrients were not limiting factors on plant growth when studying the P effects. Maize
was grown using the recommended agronomic practices for the area.
Analyses of soils and the organic materials
Tithonia was obtained from the hedges bordering the experimental site while the
FYM was from the Bukura Agricultural College farm. Characterization of the OMs
and soils was performed using the following laboratory analyses. Organic C was
determined by Walkley and Black sulphuric acid–dichromate digestion followed by
back titration with ferrous ammonium sulphate (Nelson and Sommers, 1982). Total
N and P were determined by digesting 0.3 g of the soil/OM sample in a mixture
of Se, LiSO4, H2 O2 and concentrated H2 SO4 (Anderson and Ingram, 1993). The
N and P contents in the digests were determined colorimetrically. The particle size
distribution was determined by the Bouyoucos hydrometer method, and the available
P was determined by the Olsen method as described by Okalebo et al. (2002). Soil pH
was determined using a glass electrode pH meter at 1:2.5 soil:water ratio (McClean,
1965). The basic cations (Ca, Mg and K) were extracted using ammonium acetate
at pH 7 (Anderson and Ingram, 1993). Exchangeable Ca and Mg in the extract
were determined using atomic absorption spectrophotometry, and exchangeable K
by flame photometry. Exchangeable acidity and exchangeable Al were extracted using
unbuffered 1M KCl (Anderson and Ingram, 1993).
Economic analysis
The net benefits of each treatment were computed using partial budgeting, which
included only costs and benefits that varied from the control. The prices of maize,
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Table 1. Values used for cost benefit analysis.
Actual values (USD)
Parameter
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 fertilizers ha−1
Price of FYM 100 kg−1 ‡
Cost of application of FYM ha−1‡
Cost of cutting and application of 6.7 t of tithonia‡
Price of maize kg−1
Price of maize stover 100 kg−1
‡ Values

First and second seasons

Third season

0.62
0.35
0.31
0.54
1.75
1.67
0.80
26.00
605.00
0.32
12.00

1.23
0.69
0.61
0.80
1.75
1.67
1.00
26.00
605.00
0.39
12.00

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

FYM, TSP, MPR, BPR, urea and fertilizer transport cost were determined through a
market survey of the area (Table 1). Tithonia was costed in terms of labour involved in
harvesting, transporting and incorporating it into the soil (Mucheru-Muna et al., 2007).
Amounts of labour for application of fertilizer, FYM and tithonia were determined
from observation of the performance of the specific activities in each season. Discount
rate of capital was estimated at 10% per season (20% per year). This discount rate
reflects a farmer’s preference to receive benefits as early as possible and postpone costs
(Jama et al., 1997).
Mathematical calculations and data analysis
The relative agronomic effectiveness (RAE) of the PRs compared to TSP was
calculated as:
RAE = (YPR − Ycontrol )/(YTSP − Ycontrol ) × 100
Where YPR is maize grain yield from MPR or BPR applied at the rate of 60 kg P
ha−1 , YTSP is maize grain yield from the TSP treatment at the rate of 60 kg P ha−1
and Ycontrol is maize grain yield from the control (0 P).
Analysis of variance (ANOVA) was conducted using the Genstat statistical package
(GENSTAT, 1993) to determine the effects of treatments on maize grain yields. The
standard error of difference between means (s.e.d.) was used to compare the treatment
means. Mention of statistical significance refers to p < 0.05 unless otherwise stated.
R E S U LT S

Maize grain yields
The maize grain yields varied among the seasons (Table 2). The mean grain
yields of the third season (2.9 t ha−1 ) were higher than those of the second season
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Table 2. Effect of organic materials and inorganic phosphorus sources on maize grain yield at Bukura, western Kenya.

Season
First
Treatment
1. Control (no P but with urea applied)
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 )
s.e.d.
CV%

Total P added
0
20
60
60
60
60
60
60
60
60
60
60

(kg-1 )

Second
Grain yield t

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
18.00

0.8
1.6
1.4
1.1
0.7
1.0
2.3
1.3
2.4
1.4
1.0
1.4
0.3
28.0

Third
ha−1
1.3
3.6
2.5
2.4
1.4
1.5
4.4
3.9
5.3
2.7
2.4
3.0
0.6
13.0

FYM: farmyard manure; TSP: triple superphosphate; MPR: Minjingu phosphate rock; BPR: Busumbu phosphate
rock; s.e.d. = standard error of difference between means.
CV: coefficient of variance.

(1.4 t ha−1 ) but lower than those of the first season (3.3 t ha−1 ). The highest increase
in maize yields, relative to the control, in each of the three seasons was with tithonia
applied in combination with TSP, while the lowest was by BPR, when combined with
urea. When the total yield of the three seasons is considered, the yield increase by
tithonia combined with TSP was 220% and only 12% when BPR was combined with
urea.
Maize failed to respond to all the inorganic P sources, when applied in combination
with urea in the first two seasons, and responded only to MPR in the third season.
All the treatments with tithonia or FYM, when applied alone or in combination with
the inorganic P sources, significantly increased maize yields above the control in all
the three seasons. The maize yields obtained when tithonia was combined with either
TSP or MPR, at the total P rate of 60 kg ha−1 , were significantly higher than those of
tithonia applied alone at 20 kg P ha−1 in both the second and third seasons but not
the first season. The combination of BPR with tithonia, however, gave yields that were
not significantly different from those obtained with tithonia when applied alone in all
seasons. Combining FYM with the inorganic P sources at the total P rate of 60 kg
ha−1 gave maize yields that were not significantly different from those obtained when
FYM was applied alone at only 20 kg P ha−1 in all seasons. In general, when applied
in combination with urea, MPR was a better P source for maize than TSP or BPR.
However, when applied in combination with FYM or tithonia, TSP was the best P
source. The RAE for MPR applied in combination with urea ranged from 207% to
300%, but BPR had a much lower RAE ranging from −86% to 33%.
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Table 3. Effect of organic materials and inorganic phosphorus sources on added costs (USD ha−1 ) at Bukura,
western Kenya.

Treatment
1. Control (no P but with urea applied)
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 )

Added input cost

Added labour costs

Total added costs

Each of
the first
Third
two seasons season

Each of the three
seasons

Each of
the first
Third
two seasons season

–
0
72
295
270
344
108
91
141
154
137
187

–
0
86
585
541
607
260
230
275
354
316
360

–
605
26
3
3
3
607
607
606
28
28
28

–
605
98
298
273
347
715
698
747
182
165
215

–
605
112
588
544
610
867
837
881
382
344
388

FYM: farmyard manure; TSP: triple superphosphate; MPR: Minjingu phosphate rock; BPR: Busumbu phosphate
rock.

Economic analyses
Total added costs for the tithonia treatments were generally high (Table 3). Tithonia
applied in combination with TSP had the highest added costs while FYM applied
alone had the least added costs in all the seasons. The added costs for the first two
seasons were similar, but in the third season the added costs were higher, mainly
due to increased cost of inorganic P fertilizers. The higher costs for the tithonia
treatments resulted mainly from the high labour cost associated with its use. Labour
costs constituted 100% of the total added costs (input + labour) when tithonia was
applied alone and ranged from 69 to 87% of the total added costs when it was
combined with inorganic P sources. Labour costs for the inorganic P sources, when
not combined with OMs, were small and on average represented < 1% of the total
added costs in all seasons.
The highest net financial benefits in the first and third seasons were obtained with
tithonia when combined with TSP while the lowest net benefits, in all seasons, were
obtained with BPR when applied with urea (Table 4). In the second season, net
benefits were negative for all the treatments apart from FYM when applied alone or
in combination with MPR (Table 4). The net benefits for combination of the OMs
and inorganic P sources depended on the input combinations. Combining FYM with
any of the inorganic P sources resulted in net benefits that were lower than FYM
applied alone, but higher than the inorganic P sources applied without integration.
Combining tithonia with TSP or MPR resulted in net benefits that were higher than
the sole application of tithonia or the two inorganic P sources applied with urea but
the combination of tithonia with BPR was superior to tithonia alone only in the first
season. The benefit cost ratios (BCR) were generally low (< 1) for all the treatments,
apart from those with FYM, in all the seasons (Table 4).
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Table 4. Net financial benefits (USD ha−1 ) and benefit-cost ratio (BCR) at Bukura, western Kenya.
First season
Treatment
1. Control (no P but with urea applied)
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 )

Second season

Third season

Net benefit BCR Net benefit BCR Net benefit BCR
–
144
323
−51
−248
−228
327
172
405
223
100
138

–
0.2
3.3
−0.2
−0.9
−0.7
0.5
0.3
0.5
1.2
0.6
0.6

–
−351
130
−188
−399
−284
−232
−506
−234
25
−95
−10

–
−0.6
1.3
−0.6
−1.5
−0.8
−0.3
−0.7
−0.3
−0.2
−0.8
−0.1

–
306
379
−196
−514
−512
377
232
711
161
114
302

–
0.5
3.4
−0.3
−0.9
−0.8
0.4
0.3
0.8
0.4
0.3
0.8

FYM: farmyard manure; TSP: triple superphosphate; MPR: Minjingu phosphate rock; BPR: Busumbu phosphate
rock.

Sensitivity analyses revealed that net benefits for use of FYM and tithonia were
strongly influenced by labour wage rate, price and their P content (Figures 1 and 2). The
net benefits calculated for this study valued labour cost for collection, transportation
and application of tithonia (0.3% P) at 0.09 USD kg−1 . The labour cost could be
lower for farmers using family labour, especially at non-peak periods with limited
opportunity for off-farm employment (Jama et al., 1998). The labour cost, on the other
hand, could also be higher in environments with greater opportunity for off-farm
employment. Thus in the sensitivity analyses, both scenarios were considered where
labour wages for tithonia use were varied from 0.067 (a reduction in labour wage
rate by approximately 25%) to 0.185 USD kg−1 (if the labour wage is increased by
about 100%). The P concentration of tithonia also varies from 0.24 to 0.56% (Jama
et al., 2000), therefore this range of P concentrations was considered in the analyses.
The net benefits for tithonia with a P concentration of 0.50% were positive at all the
wage rates considered in the first and third seasons. The break-even wage rate, below
which financial returns were negative in the first season, was 0.09 and 0.11 USD kg−1
for tithonia with a P concentration of 0.24% and 0.30% respectively (Figure 1). In
the third season, the break-even wage rates were higher than in the first season, i.e.
0.11 and 0.14 USD kg−1 for tithonia with a P concentration of 0.24% and 0.30%,
respectively (Figure 1). In the second season, financial benefits for use of tithonia were
negative under all the scenarios considered (Figure 1).
The sensitivity analysis considered situations whereby the price of FYM increased
from 0.8 to 4.6 USD 100 kg−1 . Phosphorus concentrations of FYM within the medium
range of 0.2–0.6% were used in the sensitivity analysis. In the first and third seasons,
it was economically attractive to use FYM of 0.4 or 0.6% P concentration at all the
prices considered (Figure 2). Use of FYM with a P concentration of 0.2%, however,
gave net negative financial benefits when the price of FYM exceeded 2.9 and 3.3 USD
100 kg−1 , in the first and third seasons respectively. While use of FYM with a 0.6%
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Figure 1. Effect of change in labour cost and P concentration of tithonia on net benefits at Bukura, western Kenya.

P concentration was economically attractive at all the FYM prices considered in the
second season, reducing its P concentration to 0.2% resulted in net negative benefits
across most of the prices considered (Figure 2).
In general, net benefits increased with increasing P concentration in tithonia and
FYM because of the proportional decreases in the quantity of the OM required to
achieve the desired P application rate of 20 kg P ha−1 . This reduction in quantity of
required OM also resulted in reduced labour costs for collection and application of
the OM. Net benefits, as would be expected, were always higher at the lower prices
of manure or reduced labour wages for tithonia because of the resultant lower costs.
DISCUSSION

Maize grain yields
The variation in maize grain yields observed among the seasons is attributed mainly
to the differences in rainfall. In the first season, the rainfall was adequate (>1400 mm)
during the growing period of maize and the uptake of nutrients by the crop was thus
not inhibited leading to high grain yields. In the second season, the rainfall was low
and poorly distributed. A total of 459 mm of rainfall was recorded in this season with
only 48 mm being received in November, when the crop was tasselling. Uptake of
nutrients was therefore constrained by low available moisture in this season. In the
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Price of farmyard manure (kg ha-1)

Figure 2. Effect of change in price and P concentration of farmyard manure on net benefits at Bukura, western Kenya.

third season, the grain yield was higher than in the second season but lower than
the first season. There was little rainfall (230 mm) received in June and July in the
third season. This coincided with the tasselling period of maize and, therefore, led to
a reduction in grain yield compared to the first season when rainfall was higher (700
mm) during the two months.
The general failure of maize to respond to the inorganic P sources, when applied
in combination with urea at a P rate of 60 kg ha−1 , suggests that some other factor
had a more profound effect on maize yields than P availability. 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. The superior effect of OMs, such as
tithonia and FYM, on crop yield when compared to inorganic P fertilizers is likely
due to their ability to reduce exchangeable Al in soils, provide micronutrients which
are not present in the inorganic fertilizers, and improve soil physical properties such
as soil structure and soil moisture holding capacity, which in turn influence nutrient
acquisition and plant growth (Haynes and Mokolobate, 2001: Palm et al., 1997).
The RAE of MPR was >200% in all seasons, indicating that although statistically
significant differences in maize yields between MPR and TSP were not always attained,
MPR is a potentially better source of P than TSP when both are applied in combination
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with urea in this acid soil. The very low RAE of BPR makes it unsuitable for direct
application at this site.

Economic analysis
The added costs of using tithonia were very high because of its bulkiness. Although
its P content is considered to be high for a plant material (Jama et al, 2000), it had
a very high moisture content (80%) at the time of application and therefore a lot of
the material had to be applied. At the practical farming level, the labour costs for
harvesting, transporting and incorporating it are therefore quite high. Added costs for
use of FYM were relatively lower because of its higher P content and lower moisture
content (∼30%) 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 no inorganic N was used in the FYM treatments,
making use of FYM less costly than the inorganic P sources, where urea had to be
purchased to provide N.
The net financial benefits varied with the seasons and among the treatments.
Although tithonia when applied in combination with TSP had the highest added
costs, it also recorded the highest net benefits in first season, mainly because it had
the highest maize yield increases above the control. In the second season, all tithonia
treatments recorded negative benefits, despite having the higher yields compared to the
non-tithonia treatments. Adequate extra maize yield that would offset the high costs
of using tithonia and allow subsequent economic benefit was barely achieved under
the prevailing low rainfall conditions of second season. FYM when applied alone gave
the highest net benefit in the second season and although its combination with MPR
also gave a positive net benefit, this was small indicating that the combination had
no financial advantage. FYM when applied alone appears to be a more appropriate
intervention during the drier season. Its ability to give higher net benefits than tithonia
in this season is attributed to the fact that the differences in absolute maize yields
between them were not as high as in the first season while the labour costs for
FYM remained lower. In the third season, the net financial benefits for the FYM
and tithonia treatments generally improved compared to the first season, despite
the generally lower maize yields in the third season. This is because of the better
maize price in this season than the first, while the differences in yields between these
treatments (FYM and tithonia) and the control treatment remained almost the same in
both seasons. Net financial benefits in the treatments where inorganic P sources were
applied in conjunction with urea declined in the third season compared to the first
season, mainly due the large increase in fertilizer prices in the third season coupled
with the fact that maize did not generally respond to the inorganic P fertilizers when
applied without tithonia or FYM.
The sensitivity analyses showed that a reduction in the P concentration in the OMs
results in a dramatic decrease in net benefits, mainly due to the increased labour costs.
This highlights the need for high quality OMs as sources of P on P-deficient soils.
Nziguheba et al. (2002) concluded that OMs suitable for use as P sources should have
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a high P content and low cost of production. The P concentration in plant materials
such as tithonia is controlled by genetics and environmental factors (Jama et al., 2000)
and cannot, therefore, be easily manipulated by the farmer through management.
Opportunities for increasing the quality of FYM, however, do exist. Simple practices
such as using pits for manure storage and storing manure under a shade (Rufino
et al., 2006) can greatly enhance the quality of FYM therefore making its use by the
smallholder farmer even more profitable.
The decision by farmers to use fertilizer sources, based on the BCR indicator,
depends on their own standard of profitability (FAO, 2006). However, the general rule
is that a BCR of at least 2:1, i.e. a return above the cost of fertilizer treatment of at
least 200%, 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 in
the first and third seasons at the Bukura site. Despite the good agronomic performance
by tithonia on maize yields, it is unlikely that farmers would adopt its use as a source
of nutrients for maize mainly because of the high labour costs associated with its use.
Among the tested nutrient inputs, only FYM, when applied alone at 20 kg P ha−1 , is
likely to be adopted especially during periods of adequate rainfall.
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