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ABSTRACT 
 
In semi-arid areas of Southwest Kenya, maize grain yields are as low as 450 kg ha-1. The 
low yields are due to low soil fertility, erratic rainfall, rampant soil erosion, high 
evapotranspiration and high weed infestation especially striga weed (striga hermonthica). 
A three-year experiment was carried out f to find the effect of conservation tillage and 
cover crops on maize grain yields. The design was randomized complete block in 160 
farms. The treatments were conservation tillage + lablab, conservation tillage + mucuna 
and the conventional tillage without cover crop (control). The results received over the 
years indicated that conservation tillage with cover crops had significantly (P=0.05) 
higher yields compared to conventional tillage. Conservation tillage + lablab gave maize 
grain yields of 3062 kg ha-1, conservation tillage + mucuna 2619 kg ha-1 while 
conventional tillage gave 1947 kg ha-1. Conservation tillage + cover crops treatment is an 
ideal tillage method for getting high maize grain yields in semi-arid areas. 
 
 
INTRODUCTION 
 
Kusa, Mokuro and Rangwe sites are in Agro-Ecological Zone Lower Midland Three 
(AEZ LM3) with semi arid climatic conditions. Rainfall is low and erratic and in the 
range of 800 – 1200 mm per annum. Striga weed (Striga hermonthica) infestation is very 
heavy in the areas and soil erosion very severe and wide spread. Soil fertility is very low. 
These factors have contributed to low crop yields. The maize yields are as low as 450 kg 
ha-1. 
 
Soil erosion decreases soil productivity. Regardless of current nutrient reserves, the rates 
of soil erosion serve as one indicator of the sustainability of soil fertility. Soil erosion 
results in adverse physical, chemical and biological soil properties affecting crop yields 
(Mati and Kithinji, 2002). In arid and semi arid lands (ASALS) where crop yields are 
dependent on erratic rainfall, soil erosion can seriously reduce crop yields due to moisture 
deficit. In an experiment carried out in Nyamonyo village, Gucha District, Kenya, soil 
erosion was found to cause a loss of 42,000kg ha-1 of top soil with a run-off of 98,750 
litres ha-1 (Nzabi et al., 1997). It has been found that soil pH, nitrogen, phosphorus and 
organic matter contents are markedly influenced by the severity of soil erosion (Gachene 
et al., 1996). Maize grain, stovers and height were found to be greater in the least eroded 
plots compared to the more eroded ones. Erosion caused a decline in maize yields due to 
deterioration in soil fertility. Basically, soil erosion is one of the major environmental 



polluters. It pollutes rivers, wells and lakes. Conservation tillage reduces soil erosion, soil 
manipulation and therefore saves on labour requirement.  
It improves soil productivity by minimizing compaction and improving soil moisture 
storage within plough layer. In conservation tillage, crop residues form mulch, which 
conserves moisture, reduces raindrops impact leading to reduced surface run-offs. The 
aim of conservation tillage is to reduce soil and water losses (Kaumbutho, 2000). Ox-
plough and tractor mould board ploughing cause loss of large amounts of soil to erosion 
(Kaumbutho, 2000). These land tillage methods lead to hardpan formation which reduces 
percolation of rain or irrigation, water (Kaumbutho, 2000). The reduced percolation leads 
to deprivation of water and nutrients to plants as roots are unable to penetrate into lower 
soil zones (Biamah et al., 2000). 
 
Traditional tillage systems pulverize soils and destroy soil structure. Crops grown on 
shallow ploughed fields keep their roots concentrated near the surface. Consequently, 
these crops become water stressed during dry periods (Stevens, 2000). In an experiment 
at Muguga, Kenya, conservation tillage reduced run-off and soil loss and doubled maize 
yields (KARI, 2000). In another experiment in Rachuonyo District, Kenya, conservation 
tillage (ripping) gave maize grain yield of 2907 kg ha-1 against conventional tillage (2146 
kg ha-1) and pitting (2395) kg ha-1(KARI, 2000). In Arusha and Arumeru Districts, 
Tanzania, conservation tillage using ripper gave maize yield of 2800 kg ha-1, pitting 
3,000 kg ha-1 while conventional tillage gave 2700 kg ha-1 respectively (Mwalley and 
Mawenya, 2002).  
 
In Laikipia, Kenya, conventional tillage gave maize grain yield of 3500 kg ha-1 while 
sub-soiling + ripping gave 3900 kg ha-1 (Kaumbutho and Mutua, 2002). In Zambia in an 
on-farm experiment, conservation tillage gave maize grain yields of 6700 kg ha-1 
compared to conventional tillage with 2700 kg ha-1 (RELMA, 2002). Conventional tillage 
destroys the soil structure and forms plough hardpans in the soil that restrict water 
percolation and prevent roots from penetrating down deeper. It exposes soil, which dries 
out and reduces the amount of water available for crop. Under conventional tillage, soil 
organic matter is lost easily (IIRR, 2002). Michieka (1982) Muchiri et al., (1982), 
Gicheru (1990) and Njunge (1992) found that conservation tillage systems are better in 
moisture conservation through increased water infiltration rates and reduced evaporation 
form the soil surface. The systems were less prone to soil erosion and were fertility 
enhancing especially where mulch and manure were used as part of the systems. 
 
Cover crops protect the soil from splashing rain, excess solar radiation and reduce surface 
crusting and high fluctuation in soil temperature in semi-arid areas. In addition, they can 
break hardpans ( Juveskog, 2001) and protect the soil from erosion, whilst improving soil 
fertility, soil structure and moisture. Cover crops reduces weeds as they form live-mulch. 
Some cover crop grains and leaves provide food for both man and livestock. 
 
Preliminary results of conservation tillage together with Lablab purpureus experiment in 
Rachuonyo, Kenya, gave maize grain yields of 2633 kg ha-1 compared to conventional 
tillage without cover crop, which gave 1800 kg ha-1 (Nzabi, 2002). Cover crops increase 
soil organic matter content hence improving soil fertility (Tisdale et al., 1975).  



 
The environmental factors and the crop management level determine the yield loss 
caused by striga weeds (Odongo and Abayo, 1998). Striga weed can cause maize yield 
loss of upto 81% in Western Kenya (Odongo and Abayo, 1998). Green manure cover 
crop legumes lowered striga weed population as a result of which the subsequent cereal 
crop increased in yield compared to farmer practice “Control” (Onyango et al., 2000). 
When sun hemp (Crotalaria ochroleuca) was used as green manure for one year, the 
maize crop planted subsequently had higher yields compared to the farmer practice 
“Control” (Obaga et al., 2000). Preliminary results of an experiment in Rachuonyo 
indicated that striga weeds were suppressed by lablab purpureus as cover crop with 
conservation tillage. The maize grain yield of conservation tillage + lablab purpureus 
was 2633 kg ha-1 against 1800 kg ha-1 farmer practice “Control” (Nzabi, 2002). 
 
This experiment was carried out in Kusa, Mokuro and Rangwe in 2004, 2005 and 2006. 
The objective of the experiment was to assess the effect of conservation tillage with cover 
crops on maize grain yields. 
 
 
MATERIALS AND METHODS 
 
Three treatments were tested in a Randomised Complete Block Design in 80 farms in 
Kusa, 45 farms in Mokuro and 35 in Rangwe for a period of three years. The first 
treatment was conventional tillage (control) which was the normal way farmers till their 
farms. Second treatment was Ripping + Lablab, and the third treatment was Ripping + 
Mucuna. The planting furrows were made using the Magoye Ripper fixed on ordinary ox-
plough with the rest of the land remaining unploughed. Maize seeds were planted in the 
furrows. Gross plot size was 15 m x 15 m and net size was 10 m x 10 m. The spacing for 
both maize and legumes was 75 cm x 60cm. Legumes were planted between the maize 
rows. Maize variety DH4 was planted as the test crop. Two seeds of each crop were 
planted per hill in the furrow. The farmer practice plot was not planted with legume.  
 
Fertilizers: Diammonium Phosphate (DAP), Calcium Ammonium Nitrate (CAN) and 
Farmyard manure (FYM) were applied to all treatments save the farmer practice. The 
rates were 30 kg ha-1 N + 30 P205 kg ha-1 + 10 tons FYM ha-1. DAP and FYM were 
applied during planting. Both fertilizers were applied at 60 cm apart in the furrows and 
mixed well with the soil before putting the seeds then covering. Nitrogen fertilizer was 
applied as top-dressing when the maize crop was 30-40 cm high. Only maize crop 
received fertilizers. One weeding was done 10 days after crop emergence. The weeds 
were scratched out using jembes, to avoid digging during weeding. Legumes were trained 
to creep so as to cover the ground. At harvesting, the cobs were weighed, dried and 
shelled then grain was weighed at 12-13 percent moisture content. After harvesting maize 
stovers were spread uniformly in each plot from where they were harvested. Legumes 
were left to grow after harvesting the maize. They remained in the plots until the second 
planting. Before the second planting, they were slashed and the residues spread on the 
plots, but their regrowth was allowed to take place later. The slashed legume residues and 



the maize stovers formed thick mulch. Grain data was subjected to statistical analysis 
using General Linear Model Procedure. 
 
RESULTS AND DISCUSSIONS 
 
The maize grain yields of this experiment are presented in table 1 and figure 1. Maize 
grain results were significant (P=0.05). Ripping + lablab and ripping + mucuna had 
significantly higher yields compared to conventional ploughing. The same trend was 
found in Rachuonyo experiments (Nzabi, 2000). In another experiment, conservation 
tillage with cover crops increased maize yields (Nzabi, 2002). Conservation tillage 
(pitting) with Crotalaria ochroleuca was found to increase maize yields (Obaga et al., 
2000). Elsewhere conservation tillage was found to out yield conventional tillage 
(Hartmans, 1981 Fig. 1). Conservation tillage + cover crop treatments mean yields out-
yielded conventional tillage across the sites and seasons Fig. 2. The flowering and grain 
filling stages were frequently met with dry spells. Maize intercropped with legumes 
withstood these dry spells better compared to the maize under farmer practice treatment. 
 
Some maize plants in the farmer practice treatment attained permanent wilting stage due 
to lack of moisture. In the intercropping treatments, moisture was preserved by the 
legumes during the dry periods. The legumes formed live-mulch which apart from 
preserving moisture, they smothered the weeds including striga. Similar trend was found 
in Benin where cover crop mucuna suppressed striga weeds resulting in increased yields 
(IIRR, 2005). The farmer practice treatment had the highest infestation of weeds 
including striga compared to the other treatments.  
 
Visually, soil erosion was observed in the farmer practice treatment while conservation 
tillage + cover crops had none. Cover crop reduces soil erosion (IIRR, 2005). 
Conservation tillage operations were found to be faster and cheaper than conventional 
tillage. Maize from the farmer practice treatment matured and dried earlier than those 
from other treatments. The farmer practice maize showed moisture stress while maize 
with legumes did not. Conservation tillage had no soil erosion that could pollute 
environment. Ripping + lablab had the highest benefit cost ratio followed by ripping + 
Mucuna. The farmer practice had the lowest (Table 2). 
 
Table 1. Maize grain yields (kg ha-1) 

Kusa Rangwe Mokuro Site / 
Treatments 2nd 

rains, 
2004 

1st rains, 
2005 

1st rains, 
2006 

2nd rains, 
2006 

2nd rains, 
2006 

Mean 

Conventional 
ploughing 
(control) 

2808 1233 2207 1950 1520 1944

Ripping + lablab 4104 1675 3833 3320 2379 3062
Ripping + 
mucuna 

3474 1688 3006 2720 2009 2619

Mean 3462 1599 3015 2663 1969 2542



S.E + 152 344 613 766 422 -
L.S.D. (5 %) 422 204 459 720 377 -
C.V. (%) 4.3 21.5 20 29 21 -
F-Test * * * * * -
 
 
Table 2. Gross margin Kusa site 1st rains, 2006 

Treatments 
Mean grain 
yields (kg 

ha-1) 

Marginal 
costs 

(KShs) 

Gross revenue 
(KShs) 

Gross 
Margin 
(KShs) 

Benefit cost 
ratio 

Farmer 
practice 
(Conventional 
ploughing 

2207 17,557 88,280 70,723 5.03 

Ripping + 
Lablab 3833 13,820 153,320 139,500 11.9 

Ripping + 
Mucuna 3006 13,820 120,240 106,420 8.70 
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Figure 1: Maize grain yield under no-tillage and conventional tillage 
(Source: HARTMANS, 1981) 
 



CONCLUSION AND RECOMMENDATION 
 
From the experimental results, it can be concluded that conservation tillage is superior to 
conventional tillage under semi-arid climatic conditions. Conservation tillage reduces soil 
erosion. It is faster and has better gross margin than conventional tillage (Table 2). 
 
Conservation tillage together with legume cover crops improve soil fertility, moisture 
retention and suppress weeds including striga weeds. All these factors lead to increased 
maize yields with higher returns.  
 
It is therefore recommended that farmers in semi-arid areas should use conservation 
tillage together with Lablab or Mucuna to increase maize yields. Lablab and Mucuna are 
ideal as cover crops when intercropped with maize. They are also used as food for both 
man and livestock.  
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