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Abstract 

About 75% of the land in coastal Kenya is arid  and semi-arid. Crop failure, especially for maize, is very 
common in the region. Despite this situation, farmers persistently plant maize every season. Rainfall in 
this region is usually low, erratic and unevenly distributed. Crop yields are extremely low due to 
inadequate soil moisture and declining soil fertility. This therefore calls for integrated technological 
interventions to address the problem. In the sub-humid regions of coastal Kenya, 24% of land receives 
enough rainfall to sustain crop production during the long rains (LR) season. However, during the 
short rains (SR) season, low amount of rainfall is received, and crop failure is common. In a normal 
year, two thirds of the total annual rainfall is received during the LR season. Despite the prevailing 
situation, farmers continue growing maize during the SR season and therefore risk crop failure. Some 
farmers also plant maize varieties meant for the LR season, hence increasing the risk of crop failure. The 
study was therefore designed to evaluate the performance of different maize varieties under different 
water harvesting technologies in order to come up with a recommendation on the suitable maize 
varieties for planting under the relatively harsh environments. The results indicated that rainwater 
harvesting was not critical when the season was wetter than normal. Despite the excellent performance 
of PH4, CCM and Mdzihana, these maize varieties cannot be recommended for the semi-arid areas 
since the high yields were realized under above normal rainfall. There is a need for further research to 
identify  maize varieties that are appropriate for the areas that normally receive low rainfall. 
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Introduction 

Soil fertility management in semi arid areas is mainly constrained by inadequate moisture and lack of 
resources for the purchase of inputs, particularly the very expensive inorganic fertilizers that are 
usually imported. This problem is usually compounded by the nutrient removals which in turn 
exacerbate the problem of soil fertility decline. The nutrient removals arise from continuous cropping 
without adequate replenishment and soil erosion. Continuous cultivation of land exposes soil organic 
matter (SOM) to oxidative processes since in most cases there is reduced biomass input (Shepherd et al., 
1996) and failure by users to judiciously manage soil nutrient reserves. Decomposition of organic matter 
has an impact on the capacity of the soil to retain nutrients. SOM plays an important role in soil fertility 
replenishment, but the linkages between degradation and soil carbon sequestration  and nutrient 
retention are complex. Some forms of tillage practices, particularly in arid and semi-arid areas 
encourage oxidation of organic matter throughout the profile resulting in the release of carbon dioxide 
to the atmosphere rather than its build up in the soil (Nabhan etal., 1997).This leads to reduced biomass 
production from crops to pastures and lower carbon inputs to the soil in subsequent periods (because 
less root matter, leaf litter and less crop residues are returned to the soil). Many of the soils in the semi- 
arid zones of Eastern and Southern Africa are deficient in some essential nutrients, especially 
Phosphorus (P) and Nitrogen (N) (Okalebo etal., 1987). Low soil fertility, especially P and N 
deficiencies, is a major biophysical constraint to successful agriculture in semi–arid areas of East and 
Southern Africa (Yates, 1992). A better understanding of nutrient imbalances induced by pH?PH  and 
other applied nutrients is therefore important in managing soil fertility.  
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In Kenya, the semi-arid agricultural areas receive very low bimodal rainfall, with recordings as low as 
342 mm per annum (Nadar and Faught, 1994). The probability that the rainfall is less than two thirds of 
the potential evaporation in the rainy season varies between 60 and 80% equaling to two thirds of the 
potential evaporation (about 347 mm in a four months’ growing season). This is the minimum required 
by annual crop plants like maize and beans with a growing period of three months. Rainfall amounts 
that are less than half of the potential evaporation (approximately 275 mm within 4 months) in the 
growing season will lead to crop failure (Nadar and Faught, 1994). The probability of crop failure in 
semi-arid regions may therefore be quite high during years of below average rainfall. 

Farmers in the East and Southern African region use various water capturing strategies aimed at 
reducing run-off on the soil surface and increasing infiltration. These include terracing on steep slopes, 
particularly but not exclusively, in Kenya, contour bunds including dead level contours, storm drains 
and other water harvesting techniques such as tied ridges and basins constructed in a field of growing 
crops to encourage water retention and infiltration. Tiffen et al. (1993), elaborated on the excellent 
progress made in Kenya (Machakos) in reducing soil erosion through contour banks and terracing. 
Terracing of the croplands using hand-dug contour trenches and banks was long adopted by farmers in 
Kenya and is popularly known as ‘fanya juu’ terraces (Simpson, etal., 1996). Tiffen et al.(1994) further 
elaborated that any deleterious effects of changes in the nature of the base (due to cultivation and 
cropping ) have been more than offset by improvements  due to terracing and  other conservation 
measures  and that farmers have learned to manage the resources  better .The conservation of soil and 
water has led to an increased supply of soil moisture and  hence increased the potential for the mining 
of the remaining soil nutrients by crops (Simpson et al., 1996). With inherently low soil fertility, most of 
the soils in the semi- arid areas of East and Southern Africa may produce short term gains in crop yields 
when appropriate water harvesting techniques are used, but will accentuate the problem of low soil 
fertility in the long term. 

Optimization of soil water use for increased crop production in dry land agriculture is dependent on 
agronomic practices that result in an increase in the amount of water stored in the soil and efficient 
utilization of that water. This, therefore, calls for the need for crop genotypes that can utilize the limited 
water resources to sustain their growth for the benefit of mankind. The crop genotypes should also 
have the ability to efficiently utilize the lower nutrient amounts available in those soils since farmers in 
the arid and semi-arid areas are resource-poor and cannot therefore afford inorganic fertilizers. The two 
major pathways of water loss are evaporation from the soil surface and run off. Losses due to 
evaporation of water from the soil surface can be as high as 66% of the season’s rainfall (Smets etal., 
2011). This brings in the idea of carrying out some tillage practices that can conserve water and reduce 
the rate of evaporation as well as run off. 

Coastal Kenya is located between latitudes 10o and 4o south and longitudes 38o and 41o east. It covers 
an area of about 84,000 km2 and is subdivided into seven administrative districts namely Kilifi, Kwale, 
Mombasa, Malindi, Tana River, Lamu, and Taita Taveta. The largest part of the region lies in the coastal 
lowlands (CL), which is subdivided into five agro-ecological zones (AEZs), namely; CL2, CL3, CL4, CL5 
and CL6. The high potential areas  comprise  CL2 and CL4 While CL5 and CL6 form the arid and semi-
arid lands (ASALs). The region receives a bimodal rainfall with annual averages raging from 1400 mm 
in CL2 to less than 400 mm in CL6. Rainfall is distributed over two distinct seasons; the long rains 
(April to July) and the short rains (October to December). The most common food crops grown in the 
region are maize, cassava and cowpeas. The average yield of maize is about one tonne of grain per 
hectare. The region is a food deficit area, producing only 20% of its food requirements. Agricultural 
production is constrained by low inherent fertility of the soils and their poor water retention. The 
problems associated with low soil fertility and low water holding capacity have been aggravated by 
practices that cause net losses of nutrients and soil water. Increasing population pressure has resulted in 
reduced farm sizes and more intensive farming in the high potential areas (CL3 and CL4) without 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

3 

substantial replenishment of plant nutrients. Farms in these areas cannot be left fallow as was the 
tradition in the past. This has led to soil nutrient depletion and low crop yields. 

In order to address the problem of food deficit in the region, there is need to open up more land for 
agriculture. The arid and semi arid areas of Coastal lowland Kenya could therefore offer an alternative 
site to supplement the high potential areas since they form 75% of the coastal region. However, rainfall 
in the arid and semi-arid areas is usually low and erratic and unevenly distributed. In most cases the 
total amount of seasonal rainfall can occur in just a few days leading to both soil and water losses. Crop 
yields are extremely low due to inadequate soil moisture and low soil fertility.  Despite this  situation, 
farmers persistently grow maize every season (Mangale et al., 2003).This calls for integrated 
technological interventions so as to make proper use of the low rainfall amounts in these areas for crop 
growth. The main objectives of this studywere to identify and verify maize genotypes that are efficient 
in nutrient and water use, verify water harvesting  technologies in arid and semi-arid areas and to 
identify/verify the nutrient and water use efficient maize genotypes with water harvesting technologies 
to the farmers. 

Materials and methods 

Study area 

The study was conducted on station at Kenya Agricultural Research Institute (KARI) Mariakani, Kilifi 
County in coastal Kenya for two seasons in 2005. The site is 200 m above sea level. Soils at the centre are 
sandy loams. They are deep, well drained and have a fairly high water holding capacity. The rainfall 
pattern at the centre is bi-modal with peaks in May and November during the long and short rains, 
respectively. The average annual rainfall is 500 mm. The mean monthly maximum and minimum 
temperatures are 35 and 28oC, respectively.  

Experimental procedures 

Land was prepared manually to establish the various water conservation structures after bush clearing 
and removal of stumps. A plot measuring 65 x 50 m was subdivided into 3 blocks of 19 x 48 m 
separated by a 2 m path. The blocks were further sub-divided into 4 sub-blocks measuring 10.8 m x 19 
m separated by a 1 m path between them. Each sub-block was again sub-divided into 6 plots (3 from 
either side) measuring 3.6 x 9 m separated by a 1 m path. The sub-blocks were randomly assigned the 
water harvesting methods (shallow tillage, tied ridges, deep tillage and zai pits) and all the plots within 
the sub-block were prepared according to the particular water harvestingmethod. Six maize varieties 
(PH1, DHO2, CLS3, PH4, CCM, and a Local check) were planted and tested for nutrient and water use 
efficiencies. The water harvesting technologies that were tested included tumbukiza or Zai pits (60cm 
long x 60 m wide x 15 m deep), deep tillage (using the long handle big hoe or oxen plough) and tied 
ridges. The usual farmer’s practice of shallow tillage was used as a control. All the plots  received farm 
yard manure (FYM) at a rate of 5 tonnes per hectare. Since the work was meant to solve the problem of 
farmers in the marginal areas, a suitable site was identified at KARI-Mariakani sub-centre which has 
similar climatic conditions. A split plot  experimental design (SPD) was used with water harvesting 
technologies forming the main plots while the maize varieties occupied the sub-plots. These were 
randomized and replicated 3 times. 

Data analysis  

The corded data were analyzed using the statistical package SAS  What is SAS? Significance was tested 
at 95% level. In areas where there were significant differences, the means were separated using LSD. 

Results and discussion 

The first season was characterized by a moderate amount of rainfall that saw the crop perform quite 
well. However, a few weeks before harvesting, it was severely damaged by rogue elephants that had 
strayed from the nearby game reserve. This made it difficult to obtain the yield data. The experiment 
was repeated during the short rains season, which was characterized by very low amounts of rainfall 
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which resulted in the crop drying up after flowering stage. Data collected included plant height and  
stover yield. 

The results showed that water harvesting method had significant (p< 0.05) effect on maize plant height 
and stover yield (Table 1). Zai pits and deep tillage increased the maize plant height by 19-20% as 
compared to shallow tillage. Maize under deep tillage practice was 1.3 times taller than that under 
shallow tillage. Tied ridges on the other hand were not significantly superior to shallow tillage in their 
effect on maize plant height and stover yield. 

Table 1 : Effect of water harvesting technologies on maize stover yield and plant height- SR 2005 

Water harvesting technology Stover yield (t ha-1) Plant ht (cm) 

Deep tillage   0.95a 39.5a 

Tied ridges 0.84ab  36.4ab 

Zai pits 0.84ab 39.4a 

Shallow tillage (using traditional hoe) 0.71b 33.0b 

LSD0.05 0.178  3.71 

CV (%) 31.8 21.4 

 

Results of the LR 2006  indicated that water harvesting methods had no significant effect on grain yield 
(Table 2). This was probably due to the excessive amount of rainfall in May and June. The excessive 
rains caused waterlogging in the zai pits.  Some of the pits were also filled with silt. The waterlogging 
conditions led to a reduction in the growth rate of maize in the zai pits. This explains the low stover 
yield in the zai pits compared to the stover yield obtained from maize grown under tied ridges.   

Table 2 : Effect of water harvesting technologies on maize stover yield and plant height during 
LR 2006 

Water harvesting technology Grain yield (t ha-1) Stover yield (t ha-1) 

Deep tillage   3.80 5.5b 

Tied ridges 3.95 6.5a 

Zai pits 3.67 5.6b 

Shallow tillage (using traditional hoe) 3.83 5.8ab 

LSD0.05 NS  0.75   

CV (%) 22.7 19.0       

 

Table 3 shows that maize variety had a significant (P<0.05) effect on maize plant height and stover 
yield. The dry land hybridmaize variety (DHO2) was 11, 39, 53 and 81% taller than CCM, Mdzihana, 
PH1, PH4 and CLS3, respectively. The DHO2 maize seemed to grow faster than the rest of the maize 
varieties, but the high rate of growth was not reflected in the variety’s stover yield. The coastal hybrids 
(PH1 and PH4) were 20-27% shorter than CCM, but were at the same time not significantly different 
from the local variety (Mdzihana) in their heights. Again, the varieties Mdzihana, PH1, CCM and 
DHO2 did not differ in their stover yields. Maize variety, PH4, was 29 and 39% taller than PH1 and 
CLS3, respectively. 

Results of the LR 2006  showed that variety had a significant effect on maize grain and stover yields. In 
PH4, CCM and Mdzihana had higher grain and stover yields than DHO2, PH1 and CLS3. However, 
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these maize varieties cannot be recommended for the semi-arid areas despite their excellent 
performance since their high yields were realized due to the above normal rainfall that was experienced 
in the region during the time of the experiment. There is a need therefore to repeat the experiment at 
the same site with low moisture levels so as to determine the appropriate maize varieties for the semi-
arid areas. 
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Table 3 : Effect of maize variety on stover yield and plant height - SR 2005 

Water harvesting technology Stover yield (t ha-1) Plant ht (cm) 

Pwani hybrid 4 (PH4) 0.97a 32.2c 

Coast Composite Maize (CCM) 0.93ab 44.4b 

Dry land Hybrid maize (DH02) 0.84abc 49.3a 

Mdzihana (Local maize) 0.83abc 35.4c  

Pwani hybrid 1 (PH1) 0.75bc 32.2c 

Coast Lowland Synthetic 3 (CLS3) 0.70c 27.2d 

LSD0.05 0.218  4.55   

CV (%)  31.8 21.4 

 

Recommendation and way forward  

The results from the experiment indicated that rainwater harvesting for crop production in the coastal 
semi-arid areas is not critical when the season is wetter than normal. Despite the excellent performance 
of PH4, CCM and Mdzihana, these maize varieties cannot be recommended for the coastal semi-arid 
areas because  the high yields were  realized when  the region received  above normal rainfall during 
that particular season. There is a need for further experimentation so as to identify the varieties that are 
suitable for the area that is characterized by low amounts of rainfall. 

Recommendation and way forward  

The results from the experiment indicated that rainwater harvesting for crop production in the coastal 
semi-arid areas is not critical when the season is wetter than normal. Despite the excellent performance 
of PH4, CCM and Mdzihana, these maize varieties cannot be recommended for the coastal semi-arid 
areas because  the high yields were  realized when  the region received  above normal rainfall during 
that particular season. There is a need for further experimentation so as to identify the varieties that are 
suitable for the area that is characterized by low amounts of rainfall. 
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