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ABSTRACT

Experiments were conducted in western Kenya to determine the agronomic and economic benefits of applying
Nitrogen (N) and Phosphorus (P) to maize. These factors were identified through an informal survey to be the main
cause of low maize yield in the area. The experiments were conducted in 2 locations on farmers’ fields in
1994,1995 and1996. Four levels of Nitrogen (0, 30, 60, 90-Kg ha'') were combined with three levels of
Phosphorus (0, 40, 80-Kg ha!) to constitute twelve treatments which were tested on arandomized complete block
design. Statistical analyses of yicld data revealed that N application consistently affected grain yield significantly
in all locations. Phosphorus had a significant effect on yield once in each [ocation. There was significant nitrogen
by phosphorusinteraction (N*P) effects onceineach location. Analysis across sites showed N and N*P interaction
to be statistically significant. The statistically significant treatments of this experiment were subjected to
economic analysis using the partial budget procedure to determine rates of N: P that would give acceptable returns
at low risk to farmers. Economic analysis on the interaction across location showed that two N: P combinations
i.e. 30:0 and 60: 40 kg ha'! are economically superior and stable within a price variability range of 20%.
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RESUME

Les expériences étaicnt conduites a1’ Oucst du Kenya pour déterminer les bénéfices agronomiques et économiques
de I’application de I’ azote (N) et lc phosphore (P) dans le champs de mats. Ces facteurs étaient identifiés a travers
un survey informel comme les causes majeures de faible rendement du mats dans le milieu. Les expériences étaient
conduites dans deux locations dans les champs de fermiers en 1994, 1995 et 1996, Quatre niveaux d’azote (0, 30,
60 ct 90 kg ha'!) étaient combinés avec trois niveaux de phosphore (0, 40, 80 kg ha') pour constituer douze
traitements qui étaient testés dans des blocs complétement au hazard. Les analyses statistiques des données de
rendements ont montré que I”application de I’ azote a atfecté de maniére consistente et significative le rendement
en grains dans les différents endroits. Le phosphore avait un effet significatif sur le rendement a chaque endroit,
L’interaction entre le phosphore et |’ azote était significative. Les traitements statistiquement significatifs ont été
soumis a une analyse économic utilisant la procédure du budget partiel pour déterminer les taux N:P qui
donneraient des dividendes acceptables pour des faibles risques des fermiers. L’analyse économique sur
I’intéraction entre les différentes locations a montré que les deux combinaisons i.e 30:0 et 60:40 kg ha™' étaient
économiquement supéricures et stables ct avait une marge de variation de 20%.

Morts Clés: Analyse de dominances, rendement en grains, effects d’intéraction, budget partiel, variation du prix
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INTRODUCTION

Kenya’s agricultural sector faces the challenge of
producing food for arapidly increasing population
estimated to be growing at 2.5% per annum
(CIMMYT, 1996, 2002). The need to raise
productivity is greatest on small farms where
paradoxically the population is rising faster than
the capacity to sustain decent livelihoods. Over
the 1985 to 1995 CIMMYT (1996) has estimated
that Kenya’s per capita cereal production grew at
negative 3.2%. In the last decade, the estimated
national production of the main staple food, maize,
has been declining with some years being as low
as 22 million (90 kg) bags compared to over 30
million (90 kg) bags attained during bumper
harvests (KenyaEconomic Survey, 1993). Kenyan
small-scale farmers apply lower rates of inorganic
fertilisers on their maize crop than is usually
considered economically optimal (Hassan et al.,
1998). Allan (1972) demonstrated the importance
of inorganic fertiliser in maize yield productionin
Kenya.

Hassan et al.. (1998) have observed that due to
differences in agroclimatic conditions, soil type
and farmer groups, potential productivity gains
from fertiliser use on small scale farms are bound
to vary hence the need for careful targeting of
fertiliser recommendations. Broad or ‘blanket’
fertiliser recommendations that assume
homogeneity of farming conditions have thus,
partly contributed to the low diffusion of fertiliser
technologies' within Kenya’s small-scale farm
sector.

An experiment was conducted in Yala division
located in the lake region of western Kenya in the
long rains season of 1994, 1995 and 1996 on the
effects of nitrogen and phosphorus application on
maize grain yield. These two plant nutrients were
identified as the most yield-limiting factors in
maize during an informal survey conducted during
the long rains season of 1993. As no previous
research work had been done in the area, a ‘blanket’
recommendation of 60-kg N and 60 kg P ha! was
being advocated by the extension workers to
farmers. This recommendation was based on
experiment station results of a distant location
having little similarity to conditions of the study
area. Small-scale farmers lacked the financial
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outlay required to apply the recommendation due
to their limited resource base, which pointed to
the need for a lower fertiliser rate in line with their
low economic status.

Striga (Striga hermonthica), a parasitic weed of
cereals and sugarcane is endemic in this region
and to avoid its confounding effects, the
experiment was sited on relatively clean fields
with respect to the weed. The presence of the
weed diminishes crop yield response to
management inputs such as fertiliser (Hassan and
Ransom 1998). Where Striga parasitism causes
economic yield loss to farmers, priority should be
given to its control before emphasizing
improvement in soil fertility. A significant
proportion of farmland in this area is relatively
free of this weed.

Cognizant of the need to identify lower fertiliser
rates for low-income farmers and the urgency of
raising on-farm maize productivity on small-scale
farms, this study tested a range of possible
alternatives with the specific objective of selecting
economically appropriate rates of N and P. This
paper outlines the findings from the experiment
and particularly highlights the economic
implications of the different alternatives for local
farmers.

MATERIALS AND METHODS

The study area has an average annual rainfall of
1200-1600 mm received in two seasons a year and
a mean temperature of 21°C. It is situated at an
elevation of between 1200 and 1500 m above sea
level. The soils are well-drained, sandy clay loam
(orthic-Ferrasols) of moderate to high fertility
(Jaetzold and Schmidt 1982).

Field trials were conducted for three years at
two on-farm locations, Lihanda and Jina of Yala
division, Siayadistrict, during the long rain season
between 1994 and 1996.

Response to nitrogen was tested at four levels,
viz., 0, 30, 60, and 90 kg ha"' while phosphorus
was tested at 0, 40 and 80 kg of ha'!, Nitrogen was
applied as urea fertiliser and phosphorus as triple
super phosphate. The levels of N and P rates were
combined in a complete factorial arrangement to
constitute twelve treatments which were laid out
on a randomized complete block design in three
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replications. Since farmers do not commonly use
fertiliser for crop production in the area, the nil
treatment was the control representing the farmers’
practice. A cropping density of 44,444 ha™' plants
of maize was maintained as recommended for the
area by the Kenya Agricultural Research Institute
(KARI). Implementation of this study involved
active participation by farmers who applied routine
management under the facilitation of the
researcher.

Statistical analysis of variation in grain yield
response to application of N and P was done
according to the procedures outlined by Steel and
Torrie (1987). To assess the costs and benefits
associated with different treatments the partial
budgettechnique as described by CIMMY T (1988)
was applied on the yield results. Economic analysis
was done using the prevailing market prices for
inputs at planting and for outputs at the time the
crop was harvested. All costs and benefits were
calculated on hectare basis in Kenya shillings
(KShs ha!).

The following concepts usedin the partial budget
analysis are defined as follows:

* Mean grainyield is the average yield (tha') of
each treatment in both locations.

» The field price of maize grain is its point-of-
sale retail price minus the costs of harvesting,
bagging and transporting.

« Thegrossfield benefit (GFB) ha'is the product
of field price of maize and the mean yield for
each treatment.

* The field price of Nitrogen or Phosphorus
kg is the nutrient retail cost kg™! plus the cost
of transport from the point of sale to the farm.

» The field cost ha! of N or P is the product of
the quantity required by each treatment per
hectare and the field price of fertiliser.

» The cost of fertiliser application is the product
of man-days used in applying the fertiliser and
wage rate.
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* The total variable costs (TVC) is the sum of
field cost of fertiliser and the cost of fertiliser
application.

* The netbenefit (NB) ha'! for each treatment is
the difference between the GFB and the TCV.

The Dominance analysis procedure as detailed in
CIMMYT (1998) was used to select potentially
profitable treatments from the range that was
tested. The selected and discarded treatments
using this technique are referred to as
Undominated and Dominated’ treatments,
respectively. The Undominated treatments were
ranked from the lowest (the farmers’ practice) to
the highest cost treatment. For each pair of ranked
treatments, a % marginal rate of return (MRR)
was calculated. The % MRR between any pair of
undominated treatments denotes the return per
unit of investment in fertiliser expressed as a
percentage. T'o obtain an estimate of these returns
we calculate the MRR, which is given by the
following formula:

MRR (between treatments, a & b) =

Changein NB (NB,- NB) x 100
Change in TCV(TCV, -TCV )

Thus, a MRR of 100% implies a return of one
shilling on every shilling of expenditure in the
given variable input. A quadratic response on
returns to incremental fertiliser application is
assumed and therefore the undominated treatments
that fail to satisty this criterion were discarded
fromthe MRR analysis. In other words diminishing
returns to higher fertiliser applications is assumed.

RESULTS AND DISCUSSION

Statistical analysis of yield data showed that in
both years N had a significanteffect on grain yield
(P<0.001) at Lihanda (Table 1). There was also a
signiticant, though lower, yield response to N
(P<0.05) at Jina in both years. Analysis across
locations revealed a significant (P<0.001) N effect
on maize grain yield. P had a significant yield
effect in 1995 and 1996 (P<0.05 and 0.01,
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respectively) in Lihanda. No significant response
toP was observed acrosslocations. In bothLihanda
and Jina there was a significant N by P interaction
1996 (P<0.01) and 1995(P< 0.05), respectively.
Across location analysis alsorevealed asignificant
N*P interaction effect (P<0.05) at both locations.

The foregoing statistical results have indicated
that a significant interaction effect within and
between the two locations. An economic analysis
on the combined results using the partial budget
technique is thus appropriate (CIMMYT 1988).
The result of the partial budget analyzes and the
economic data used in the development of the
partial budget is given in Table 2.

Dominance analysis (Table 3) led to the selection
of treatments N, P, (farmers’ practice), NP, (30
kg N), N.P, (60kgN),N,P,(60kg N40kgP)and
NP, (90 kg N 80 kg P) which are ranked in
increasing order of total costs that vary.

Applying this formula: Marginal Rate of Return
(MRR) =

Changein NB (NBbi\I_Bﬂ) x 100

Change in TCV (TCV, - TCV))
The following rates of return.were realised:

MRR between treatment N P and NP,

20.5 - 147 x 100 =363%
1.6-0
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And in a similar way the other MRRs were as
follows:

N,P and NP, =187%

N,P and NP, =222%

N,P,and NP, =36%

The MRR between treaiments N,P, and N,P, was
lower than that of treatments N.P, and N,P,. We
therefore eliminated treatment N,P, from the
analysis in keeping with the expected behavior of
aquadraticresponse and calculated MRR between
treatments N,P, and N3P2, which we found to be
206%. It is apparent that changing from N P,
(farmers’ practice) to N,P, to N,P, and finally to
N,P, in that order would give positive MRRs of

363%,206% and 36%, respectively. As a guideline

an -MRR of below 100% is considercd low and
unacceptable to farmers (CIMMYT, 1988). This
is because such a return would not offset the cost
of capital (interest) and other related transaction
costs while still giving an attractive profit margin
to serve as an incentive. We therefore, eliminated
the change to N P, for this reason to remain with
changes to NP, and NP, which gave more than
100% MRR as promising new practices for farmers
under the prevailing price structure.

The input and output prices used in the economic
analysis were those prevailing during the period
of the experiment. Market prices are ever changing
and as such a recalculation of the partial budget
using a set of likely future prices i.e., sensitivity
analysis, is necessary to pinpoint treatments which

TABLE 1. Statistical results on the response of maize grain yield to applied nitrogen (N) and phosphorus (P) in Yala

Statistical significance

Grain yield (kg ha1)

N P N*p Control Mean C.V.{%)
Lihanda 1995 b * ns 1484 3813 23.21
Lihanda 1996 b o > 834 1413 51.14
Jina 1994 * ns ns 619 998 49.95
Jina 1995 * ns * 3604 4595 31.43
Across locations e ns * 1638 2702 36.34

* =+ ¥ |ndicate significance at P < 0.05, 0.01 and 0.001 respectivaly; ns: Indicates statistical non-significance (P<

0.05)



N4 P3
41

36.7
45
36

N4 P2
3.2
29.2
45
1.8

N4 P!
2.8
255
45

N3 P3
2.9
26.0
36

N3 P2
3.6
32.2
1.8

N3 P1
2.9
26.4

N2 P3
3.1
28.3
1.5
3.6

N2 P2
23
20.4
15
1.8

N2 P}
25
221
15
0.1

14
12.7
36

N1 P3
0.1

18.1
1.8
0.1

N1 P2
2.0

1.6

147
0

0
0

N1 PI*

-1

TABLE 2. Partial budget of nitrogen and phosphorus at current prices in Lihanda and Jina locations of Yala Division

Fert. Appl. cost (‘000°Sh ha ')

Field cost N (‘000°'Sh ha)
TVC (‘000°Sh ha'):

Mean grain yield t ha
“*GFB ('000'’KSh ha™)
Field cost P ‘000°Sh ha'")

N:P Level
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are likely to remain stable and sustain acceptable
returns for farmers despite price fluctuations. In
the present case, we assume an increase in the
field price of both N and P of KSh.10 per kg and
a fall in the price of grain of KSh.1800 per ton
(Table 4). An assumption of price change of
KShs, 10 per kg of nitrogen and phosphorus and
KShs. 1800 per ton of maize is borne out of our
own experiences and represents a price fluctuation
of 20%. These price changes are realistic under
the liberal market conditions prevailing in Kenya
atthe time. Some of the considerations in projecting
prices were; increased maize supply due to
dumping and informal imports from Uganda and
Tanzania; and a deteriorating business
environment in Kenya. The new prices were used
toobtain the partial budget (Table 4). The resulting
dominance analysis (Table 3) selected treatments
N1Pv NP, N3P1 and N3P2 as the undominated
treatments with NP, now having been eliminated.
Thus the effect of a worsening in the terms of trade
between maize and fertiliser is to make hitherto
marginally profitable practices unprofitable. As
observed NP, was also eliminated from the MRR
calculation for giving a lower MRR than that of
the subsequentchange. Changing from treatments
NP, to N,P and finally to N,P, gave 210% and
103% MRR, respectively which are all above the
minimum acceptable MRR of 100%. The latter
MRR was just above the minimum acceptance
threshold. These results agree with Saha et al.,
(1994) whose findings from coastal Kenya on
maize showed that the application of 30 Kg N
ha'! consistently gave acceptable economicreturns.
Agricultural extension advice in Kenya has
stressed the use of compound forms of fertilisers
like Diammonium phosphate (DAP) which are
commonly available in the market but which are
low in nitrogen than phosphorus (Muriithi and
Shiluli 1993; Hassan ef al. 1998). This has thus
resulted in net mining of soil nitrogen. There is
thus, aneed tore-examine the fertiliser importation
to ensure that the types in the market are in line
with the actual crop mineral requirements.
From the range of treatments tested against the
farmers’ practice, (30 kg N) and (60 kg N, 40 kg
P) give an economic yield response and also
sustain acceptable returns even under a projected
worsening in terms of trade. On a tentative basis
farmers could thus choose either of the two new

8.2
28.5
= Sh. 10800

6.4
22.8

Sh.350 per ton

46
209

2 man-days; Retail price of grain

6.7
19.3

1

(Phosphorus at 0, 40 and 80 kg ha  respectively)

4.9
27.3
Sh. 45 per kg; Wage rate = Ksh.50 per dayl Labour to apply fertilizer per ha

3.1
233

5.2
231

3

34
17.0

1.6
20.5

3.7
9.0

1.9

16.2
Sh. 300 per ton; Shelling margin Ksh. 600 per ton; Transport margin = Sh.550 per ton; Bagging margin

0
4.7
Gross field benefit, TVC = Total variable costs

1

(Nitrogen at 0, 30, 60 and 90 kg ha-1 respectively) P4, Pp and P3

Sh.50 per kg; Field price’of P

per ton; Harvesting margin

Net benefits (‘000’Sh ha”)
“GFB

*Nt, No Nz & Ny
Field price of N
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TABLE 3. Dominance analysis
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A. At Current Prices

Field price of N = Sh.50 per kg

Field price of P = Sh. 45 per kg

Retail price of grain = Sh. 10800 per ton

B. At projected future prices

Field price of N = Sh. 60 kg

Field price of P = Sh. 55 kg~

Retail price of grain = Sh. 9000 ton

Treatment* *TVC ('000) NB (‘000" Treatment TVC (000) NB (‘000"
NP 0 14.7 NP1 0 118
NoP1 16 205 NoP1 19 158
N1Py 19 16.2D"* NPy 23 1220
N3P 3.1 233 N3P 3.7 17.4
NoPy 3.4 17.0D NoPs 4.1 12.20
N1P3 37 9.0D N1P3 45 5.6D
NP1 46 20.9D NgP4 55 14.4D
N3Po 4.9 27.3 NaP»o 5.9 19.9
NoPg 5.2 23.3D NoPg 6.3 16.3D
NP3 6.4 22.8D Ng4P3 7.7 15.6D
N3P3 6.7 19.30 NgP3 8.14 12.7D
NgP3 8.2 28.5 N4P3 9.9 19.4D

"Ny, No N3 & N4 (Nitrogen at 0, 30, 60 and 90 kg hat respectively) P4, Ppand Pg (Phosphorus at0, 40 and

. 80 kg ha”', respectively)
**TVC = Total variable costs, NB = Net benefit
***D denotes dominated treatments

fertilizer rates depending on their resource. The
results of this research can be used to make
tentative recommendations, which can be refined
through multi-location testing over a wider area.
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Mean grain yield t ha
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Fert. Appl.. (000'Sh ha')

N:P Level
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