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Abstract 

About 35% of coastal lowland Kenya is classified as semi-arid lands, and food production in these areas 
is constrained by low soil moisture. To address the constraint, two studies were conducted during the 
2010 long rains, 2011 long rains and, both 2011 and 2012 short rains seasons to evaluate the performance 
of drought tolerant maize (Zea mays L.) varieties under different water harvesting technologies (Zai 
pits, tied ridges and conventional). The treatments were laid out in a split plot design with water 
harvesting methods as the main plots and maize varieties as the sub-plots. Four maize varieties 
(DK8031, DUMA 43, KDV1 and PH4) were evaluated under the three water harvesting technologies for 
the first experiment. For the second experiment, four maize plant population treatments of 3 (P3), 5 
(P5), 7 (P7) and 9 (P9) plants per pit were used. Maize variety DUMA 43 was used alongside the four 
plant populations. The results for both experiments indicated that the maize yields in zai pits and tied 
ridges treatments were significantly (P<0.05) higher than for conventional treatment and the population 
of 5 plants per pit had significantly (P<0.05) higher grain yield than the rest of treatments. 

Introduction 

The coastal region of Kenya is a food deficit area with households purchasing one third of their food 
requirements, mainly because of insufficient food production on the farms (Saha et al., 1993). Maize is 
the most important food stable and constitutes a major component of the diet in the region (Wekesa et 
al., 2003; Waiyaki et al. 2006). More than 70% of maize area is cultivated by farmers in small holder units 
of less than 20 hectares of land (Doss et al. 2003). The crop is grown in all agro-ecological zones of the 
province including arid and semi-arid lands more suited for sorghum and millet (KARI, 2005; Wekesa 
et al., 2003). Although maize is the most important food crop in the region, the area produces 1.56 
million bags, while the demand is 3.80 million bags leaving a shortfall of 2.24 million bags (MoA, 2012). 
The deficit has to be imported from abroad or other parts of the country. Over 75% of the coastal area is 
either arid or semi-arid (Jaetzold and Schmidt, 2006). Rapid population growth in the high and medium 
potential areas has forced farmers to immigrate to the marginal areas. In ASAL areas farmers grow local 
maize varieties recommended for the medium to high rainfall zones for lack of suitable varieties. This 
has in most cases resulted in crop failures since the drought sets in at the most critical stage of crop 
growth. Maize grown in plots demonstrating zai pits technology in semi-arid lands showed some yield 
advantage compared to tied ridges and flat planting (Sanginga and Woomer, 2009). However, zai pit 
construction was observed to be laborious and very expensive for farmers without adequate family 
labour or appropriate equipment (Kabore and Reij, 2004). This study was therefore carried out to 
determine the most adaptable drought tolerant maize variety under the various water harvesting 
methods, for high maize grain yield in semi-arid lands of Kilifi County. The objectives of the study were 
to determine the most suitable water harvesting technology for high maize yield in coastal lowland 
Kenya. Another study to determine the optimum plant population per zai pit was also carried out. 

Materials and methods 

The studies were conducted at the Kenya Agricultural Research Institute (KARI) testing site of Bamba 
in Ganze district which is described as a livestock-millet zone in Agroecological zone (AEZ) Coastal 
Lowland (CL) 5 (Jaetzold and Schmidt, 2006). They were carried out during the long rains of 2010and 
2011 and theboth short rains seasons of 2011 and 2012. The Bamba site is characterized by unreliable 
and erratic rainfall. The soils are rich in nutrients but crop productivity is limited by high ambient 
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temperatures and low soil moisture. The natural vegetation consists of grass and thickets which is 
primarily utilized by cattle, sheep and goats. Eighty percent of the land is communally owned; 
communal grazing is practiced while the feeding system for livestock is free range grazing (Ramadhan 
et al., 2008). The major food crops grown in the area are maize, green gram, cowpea and cassava.  

For experiment 1, four commercial drought tolerant maize varieties were evaluated under three water 
harvesting methods. The four varieties were DUMA 43, DK8031, KDV1 and Pwani hybrid (PH) 4. 
Pwani hybrid 4 was used as the local check. The three water harvesting methods included; Zai pits, tied 
ridges and conventional (flat). Zai pits are holes measuring 60 cm long, 60 cm wide and 60 cm deep. 
The pits were spaced 60 cm apart within the row and were 90 cm between the rows.  

The treatments were laid out in a split plot design with water harvesting methods assigned to main 
plots and maize varieties assigned to sub-plots. Plots consisted of three rows of zai pits and one row 
comprised of four pits. At the time of excavation, soil from the first 30 cm was placed separately from 
that of the next 30 cm (31-60) cm. Before filling up the zai pits, dry grass was laid at the bottom up to 
about 15 cm and then compacted and the remaining portion of the hole was filled with a mixture of top 
soil and manure at the ratio of 2:1 up to a depth of 5 cm. Two seeds were planted at 9 equidistant spots 
within the zai pit and were thinned to one plant per hill resulting in 9 plants per pit.  

Ridges were spaced at 90 cm. Crop spacing at the ridges and conventional method treatments were 90 x 
60 cm. Three seeds were planted per hill and later thinned to two plants per hill. Farm yard manure 
was applied at the rate of 5 t ha-1 during planting to both tied ridges and the conventional treatments. 
Additional nitrogen fertilizer was applied as a topdress at a rate of 60 kg N ha-1 four weeks after 
planting. To control maize stalk-borer, ‘Buddock’ (0.05 GR 0.5 g/kg beta cyfluthrin) was applied at the 
rate of 8 kg ha-1 three weeks after planting. The crop in zai pits and tied ridges was weeded once while 
a second weeding was carried out at the conventional treatment plots.  

Data was collected on: stand count, plant height, ear height, ear weight, grain moisture content, stover 
weight and grain weight. Agronomic data were subjected to analysis of variance and differences among 
treatment means compared using Fischer’s Protected LSD test at P < 0.05.  

For experiment 2, four maize plant population treatments of 3 (P3), 5 (P5), 7 (P7) and 9(P9) plants per 
pit were used. The density of 9 plants per pit was used as a check. Maize variety DUMA 43 was used 
alongside the four plant populations. More seeds were planted per hill and were later thinned to 
required plants per pit. Plots comprised of 3 rows of zai pits and each row comprised of 4 zai pits. 
Phosphatic basal fertilizer was not applied since farm yard manure had been applied to the zai pits 
during the 2011 long rains season. Nitrogen fertilizer was applied as a topdress at a rate of 60 kg N ha-1 
four weeks after planting. To control maize stalk-borer, ‘Buddock’ (0.05 GR 0.5 g kg-1 beta cyfluthrin) 
was applied at the rate of 8 kg ha-1 three weeks after planting. Two weedings were carried out during 
the crop’s growth. Data was collected on: stand count, plant height, ear height, ear length, field weight 
and moisture content. Maize was also shelled and grain weight recorded. 

Results and discussion 

Only the results for the effect of water harvesting technologies on maize performance are going to be 
presented in this paper. Water harvesting methods significantly influenced all the measured parameters 
(Table 1). Plants in the Zai pits treatment were significantly taller than those in tied ridges and the 
conventional tillage method. Though not quantified, it observed that the zai pits remained relatively 
moist for a longer time than the other treaments. This was attributed to enhanced water retention in Zai 
pits compared to the other treatments. However, the plants in zai pits were thinner than those for tied 
ridges and conventional treatments probably due to plant competition for light in zai pits. There were 
no significant differences in plant height between the tied ridges and conventional method. A similar 
trend was observed for ear height. Zai pits and tied ridges treatments indicated significantly (P<0.05) 
higher maize grain yield than the conventional method (Table 1). However, there was no significant 
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(P<0.05) yield difference between the Zai pits and the tied ridges. For maize stover, significant (P<0.05) 
differences were observed among all the water harvesting methods. The Zai pit method had 
significantly higher stover yield than both the tied ridges and conventional method. This was also 
attributed to enhanced water retention in zai pits. The maize stover yield from tied ridges was 
significantly (P<0.05) higher than from the conventional method. This was because plants in 
conventional treatments were stunted during the early stages of growth.  

Table 1: Effect of method of water harvesting on plant height, ear height, grain and stover yield 

Water harvesting method Parameters 

 Plant ht (cm) Ear ht (cm) Grain yield (t ha-1) Stover yield (t ha-1) 

Zai pits 187.3a 97.7a 2.4a 7.8a 

Tied ridges 159.2b 76.3b 2.3a 5.1b 

Conventional method 155.2b 74.9b 0.9b 3.5c 

LSD  15.9 9.3 0.4 1.5 

Means within a column followed by the same superscript are not significantly different (P≤0.05) 

 

Results for experiment two showed differences in plant height but significant (P<0.05) differences 
existed for only P5 and P7. There was no significant (P<0.05) plant population effect on ear height. 
However, significant (P<0.05) differences were observed for both ear length and grain yield as indicated 
in table 11. The populations of 3 plants per pit showed significantly (P<0.05) longer ears than both P7 
and the check treatment (P9). However, there was no significant difference between P3 and P5. The 
longer ear size for P3 was expected because of less competition for nutrients amongst the plants due to 
lower density than the rest of treatments. 

Grain yield was 2.72-4.97 t ha-1 for the populations of 9 and 5 respectively (Table 2). The population of 5 
plants per pit showed significantly (P<0.05) higher grain yield than the rest of treatments. The 
population of 3 plants per pit was too low for the plants to compensate through ear size where as the 
population of 9 plants was too high hence presenting high competition for scarce resources. Though we 
used plant population to reduce competition, other workers have maintained the recommended 
population of 9 plants per pit while widening the pit from 60 x 60 cm to 75 x 75 cm (Njiru, 2012) 

Table 2. Effect of plant population on plant height, ear height, ear length and grain yield 

Plant population Parameters 

Plant ht (cm) Ear ht (cm) Ear length (cm) Grain yield (t ha-1) 

P7 200.7a 85.3a 13.3b 3.53b 

P9 195.7ab 77.0a 13.0b 2.72b 

P3 184.0ab 75.6a 16.6a 3.07b 

P5 169.6b 69.7a 14.7ab 4.97a 

LSD 28.47 20.38 2.80 0.94 

abcMeans followed by the same superscript are not significantly different (P≤0.05) within the column 

 

Conclusion 

Both Zai pits and tied ridges methods of water harvesting are superior to conventional method of maize 
production and the two technologies would fit well in overcoming the adversaries of climate change in 
semi-arid lands. The plant population of 5 plants per pit was found to be optimum under the conditions 
of the current study area. Based on the findings this study Zai pit technology should be promoted in 
coastal ASALS with the emphasis of 5 plants per pit instead of 9 plants. 
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