SUB-SAHARAN AFRICA

The Effect of Reduced Tillage and Mineral Fertilizer
Application on Maize and Soybean Productivity in Kenya
By Job Kihara and Samuel Njoroge

Conservation Agriculture (CA) has been promoted for adoption by smallholder farmers in maize-based cropping systems
in sub-Saharan Africa with limited success, mainly due to a reduction in crop yields in the initial years of transition from
conventional tillage (CT) to CA. Results from this study confirmed the initial yield reduction with CA and showed that
at least six seasons were required for maize yields under CA to match those under CT. However, soybean yields were
not affected by tillage practice and may offer opportunity to accelerate the agronomic benefits of CA in rotation and
intercrop systems.

C

onservation agriculture, based on reduced tillage (RT)
and surface retention of crop residues, offers smallholder farmers in sub-Saharan Africa an opportunity
to reverse land degradation that is prevalent in the region and
support sustainable intensification of crop production (Fowler
and Rockstrom, 2001). Conservation agriculture has been
found to enhance physical, biological, and chemical properties
of the soil when compared to CT practices (Madari et al., 2005).
Despite the benefits of CA on soil quality restoration, adoption
among farmers in Kenya and elsewhere in sub-Saharan Africa
has been low (Rockstrom et al., 2003). Among the reasons for
low adoption of CA by smallholder farmers is the initial lower
crop productivity associated with CA compared to CT commonly practiced by farmers (Taa et al., 2004).
A long-term on-farm experiment was established in 2003
to investigate the effect of tillage and crop residue application
on maize and soybean productivity over different cropping
seasons in the sub-humid zone of western Kenya. The aim of
the study was to identify cropping systems that may offer opportunities to enhance the soil fertility benefits of CA, while
preventing the initial depression of yields associated with the
transition from CT. The experiment was conducted over nine
seasons from 2003 to 2007.
Soils in the study site had the following characteristics:
64% clay, 15% sand, pH (water) 5.1, 1.35% SOC, 0.15% N,
and 3.0 mg/kg available P. The mean annual rainfall is 1,800
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Figure 1.

mm and occurs in two seasons: long rains from March to August
and short rains from September to January.
The experiment was set up as a split-split-split plot design
with four replicates and had a factorial combination of tillage system (reduced and conventional tillage), crop residue
management (+/- crop residue) and cropping system (continuous cereal, soybean-maize rotation
and soybean-maize intercrop). All plots
Reduced-tillage
Conventional-tillage
Seasonal rainfall
received a blanket application of 60 kg
1,200
P/ha and 60 kg K/ha each year. Additionally, the maize crop in the monocrop and
1,000
maize-soybean rotation systems received
60 kg N/ha. No N was applied to the
800
maize-soybean intercrop system. Maize
residues were applied seasonally at 2 t/
600
ha before planting. The maize residues
were left on the surface in RT plots and
400
incorporated in CT plots. Soybean residues were not removed after harvesting,
200
and were either incorporated in the CT
treatment or left on the surface in the RT
0
treatment. Maize was planted at a spacing
1
2
3
4
5
6
7
8
9
of 0.75 m x 0.25 m with one plant per hill.
Cropping season
Soybean was planted at 0.05 m x 0.75 m.
Maize grain yield in reduced and conventional tillage as observed in continuous
Common abbreviations and notes: N = nitrogen,
P = phosphorus, SOC = soil organic carbon, USD
maize cropping system in Nyabeda, western Kenya, from March 2003 to August
= United States dollar.
2007.
Seasonal rainfall, mm

Maize grain yield, t/ha
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A cooperating farmer in western Kenya planting maize in the conservation
tillage plots.

Table 1. Maize yield in continuous maize, soybean-maize rotation, and soybean-maize intercropping in Nyabeda,
western Kenya, March 2003 and August 2007.
Treatment

Continuous maize

Rotation

Intercrop

- - - - - - - - - - - - - - t/ha - - - - - - - - - - - - - Reduced tillage -CR

3.24 cc

3.18 b

1.75 b

Reduced tillage +CR

3.58 bc

3.00 b

1.89 b

Conventional tillage -CR

3.97 ab

3.91 a

2.77 a

Conventional tillage +CR

4.07 ac

3.74 a

2.58 a

SE

0.20 cc

0.20 c

0.16 c

Tillage

**

**

**

Tillage x Crop residue

-

-

-

Numbers in the same column followed by a different letter are significantly different at p<0.05; CR = crop residue; SE = standard error;
**significant at p<0.01; Season 6 was not included due to crop failure
as a result of drought.

Table 2. Average soybean yield (t/ha) in soybean-maize rotation
and intercropping systems in Nyabeda, western Kenya,
March 2003 and August 2007.
Tillage

Crop residue

Rotation

Intercrop

Reduced tillage

-CR

0.957

0.567

Reduced tillage

+CR

0.927

0.607

Conventional tillage

-CR

0.997

0.527

Conventional tillage

+CR

0.987

0.537

0.107

0.092

Table 3. Average seasonal gross margins of different tillage
and crop residue combinations in different cropping
systems in Nyabeda, western Kenya, from March 2003
to August 2007.
Cropping
Gross margin*,
Treatment
system
USD/ha
SE
Reduced tillage -CR
Maize monocrop
247
165
Reduced tillage +CR
Maize monocrop
289
105
Conventional tillage -CR Maize monocrop
322
143
Conventional tillage +CR Maize monocrop
322
137
Reduced tillage -CR
Intercrop
344
254
Reduced tillage +CR
Intercrop
374
313
Conventional tillage -CR
Intercrop
435
393
Conventional tillage +CR
Intercrop
401
347
Reduced tillage -CR
Rotation
337
216
Reduced tillage +CR
Rotation
305
211
Conventional tillage -CR
Rotation
384
171
Conventional tillage +CR
Rotation
359
195
SE = standard error.
*The gross margin analysis was based on 2007 prices (USD) for
harvested grain including: $185.50/t for maize and $694.40/t for
soybean. Crop input prices included $690/t for maize seed, $690/t for
soybean seed, $444/t for urea, $514/t for triple super phosphate, and
$590/t for potassium chloride.

The crop spacing was maintained for the intercrop system.
Analysis of variance for maize yield data was conducted using Statistical Analysis Software (SAS). Gross margin was
calculated as the difference between gross revenue and total
variable costs (Table 3).

and rotation systems, there were no significant differences in
yields observed during the last three seasons. A time lag of six
seasons was therefore necessary for maize yields in RT to match
those in CT systems. The improved performance of RT after
six seasons is likely due to soil improvement under reduced
tillage, including soil structure as reported in Kihara et al.,
2012. This is consistent with other studies which have reported
initial lower yields in RT compared with CT systems and increased RT yields after several seasons of continued practice
(Malhi et al., 2006). For the intercrop systems, higher yields
were consistently produced under CT than RT. Maize yields
were lower for the intercrop systems compared to the monocrop
and rotation systems as no N fertilizer had been applied and
the possible competition from the associated soybean crop.

Maize Yields

Soybean Yields

SE

CR = crop residue; all treatments received 60 kg P/ha but not N; season 1 (common beans) and crop failure season (season 6) not included;
SE = standard error.

Average soybean yields ranged between 0.92 to 0.99 t/ha
in the soybean-maize rotation, and between 0.52 to 0.60 t/ha in
the soybean-maize intercropping system (Table 2). Although
soybean yields were expected to respond to tillage and crop
residue management as observed with maize yield, no such
effects were observed. The lack of differences can be attributed
to faster establishment and maximum canopy (reaching up to
100% in about two months after planting), which completely
covered the soil and protected soil water from surface evaporation. The soil under the bushy soybean was observed to be
wetter than in the other cropping systems. The similar soybean
yields under RT and CT suggest that including soybean in rotation with maize in RT systems could reduce the overall yield
losses in the initial years of establishment of RT.

Profit Analysis
Conventional tillage gave higher mean gross margins than
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There was no significant effect of crop residue addition
on maize yield and only small variations (-9 to +11%) were
observed. This is in agreement with the finding of Erenstein
(2003) that there are no clear immediate benefits of crop
residue in sub-humid environments. However, addition of
crop residues may improve maize yields in the long-term, as
improved soil structure with addition of crop residues was
observed for this site (see Kihara et al., 2012).
Maize yields varied from year-to-year due to variability
in seasonal rainfall (Figure 1). Average maize yields for the
nine seasons, were 3.2 to 4.1 t/ha in continuous maize, 3.0 to
3.9 t/ha in soybean-maize rotation and 1.8 to 2.8 t/ha in the
soybean-maize intercropping system (Table 1). CT resulted
in 11 to 26%, 17 to 30%, and 36 to 58% higher maize yields
than RT, in continuous maize, soybean-maize rotation and
intercropping systems, respectively. Although yields for CT
were initially higher than under RT in the continuous maize
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RT for the nine seasons under the three cropping systems. Average annual gross margins over the nine seasons ranged from
USD 247 in the continuous cereal (RT minus crop residue) to
USD 435 in the soybean-maize intercropping system (CT minus
crop residue) (Table 3). These gross margins were influenced
by the cropping system and were in the order intercropping >
rotation > continuous maize. Although savings in labor in RT
lowered the costs of production, this could not compensate for
the reduced income from lower yields in the RT system. Longer
time periods (> nine seasons) are required to make RT economically viable for farmers, and this is one of the key factors
discouraging wide-scale adoption of conservation agriculture in
mixed maize and legume-based smallholder farming systems.

Summary
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RT with application of residues resulted in soybean yields
comparable to CT system treatments, for rotation and intercrop
systems, with no yield reduction observed over nine seasons.
However, maize yields were initially suppressed in RT treatments under monocrop, rotation and intercrop systems, and at
least six seasons of continued RT practice were required for
the yields to match those under CT. The lower yields under RT
resulted in lower mean gross margins for nine cropping seasons,
and this is a disincentive for farmers to switch from conventional tillage to conservation tillage. More work is required to
develop effective management practices to control weeds and
to supply greater soil cover in the RT system to avoid soil-
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crusting problems which lead to the initial lower maize yields
with RT under smallholder condition in sub-Saharan Africa. BC
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