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ABSTRACT 
The southern rangelands of Kenya are prone to frequent droughts and crop failures 
leading to serious food shortages. The effect of the farmer practice (flat seedbed), tied-
ridging and contour furrows water harvesting techniques and five integrated nutrient 
management practices on the performance of rainfed maize was studied both on-station 
(Katumani) and on-farm at the southern rangelands of Kenya (Kibwezi) during the 2006 
short rains season. Both shelled and unshelled maize yields responded positively to both 
water harvesting techniques and integrated nutrient management options. Of the two 
water-harvesting techniques, the tied ridging had the highest positive effect on grain 
yield. A combined application of manure and inorganic fertilizers has a highly positive 
effect on maize yields. In the absence of inorganic fertilizers, a minimum of manure at 10 
t ha-1 should be applied on maize plots. The tied-ridging technique should be 
recommended to farmers in the Machakos and Kibwezi in the southern rangelands of 
semi-arid Kenya. 
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INTRODUCTION  
Soils found in the African tropics have inherent difficulties for agriculture in terms of low 
nutrients and availability, acidity, and poor drainage (AfNet, 2007). In addition, 
inappropriate land use practices during the past several decades have worsened the situation 
through nutrient mining by crops, leaching and inadequate soil erosion control. The 
southern rangelands of semi-arid eastern Kenya, which are prone to erratic rainfall, 
drought, and erosion, are no exception. This makes crop production a risky undertaking 
resulting in rampant food insecurity and poverty. Communities in the dry lands engage in 
the growing of crops and trees to supplement returns from the main rangeland activities like 
livestock rearing (GoK, 2004). The major impediment to crop and tree production in these 
areas is characterized by low and erratic rainfall and high transpiration rates leading to low 
moisture stress. In order to improve crop and tree production in these areas, sustainable on-
farm rainwater management techniques are required. Some of the options being upscaled in 
semi-arid eastern Kenya include proven appropriate water harvesting techniques and 
integrated nutrients management options.  
 
Several studies have demonstrated the positive benefits of simultaneous application of 
manure and inorganic fertilizers. Esilaba et al. (2000) showed that the combined 



application of inorganic fertilizers and manure on maize significantly reduced striga 
emergence and increased crop yields at Sirinka, Ethiopia, during the second season. Other 
studies by Okalebo et al. (1999) and Fritz et al. (2001) demonstrated that high yields were 
obtained when organic and inorganic inputs were applied to soils, particularly when soil 
moisture was adequate and the organic inputs were high in mineralisable nutrients. Jager et 
al. (2001) concluded that subsistence-oriented farm management systems result in serious 
N-depletion and that 60-80% of farm income is based upon nutrient mining. High-level 
compost application treatments in maize are attractive if labour and organic inputs are 
available. Results of work by Saini et al. (2005) suggested that for maximum crop yield 
only 50% of the required fertilizer might be supplied along with bio-inoculants or manure. 
In long-term experiments in southwestern Nigeria, Vanlauwe et al. (2005) reported added 
benefits due to the combined use of fertilizer nitrogen and organic residue application on 
maize yields over the years. The principle source of nutrients that is available for the crops 
of resource poor subsistence farmers in the semi–arid areas of eastern Kenya is farmyard 
manure produced on their holdings. Studies by Itabari et al. (2004) demonstrated that 
higher yields of maize and beans could be achieved when both manure and inorganic 
fertilizers are combined. This study also showed that combinations of farmyard manure and 
run-off harvesting significantly increased grain yield while application of farmyard manure 
alone had no significant effect on grain yield. Most soils in the arid and semi-arid areas of 
Kenya are fragile and prone to dramatic decline in fertility. As such, good soil fertility 
management must go hand in hand with the use of soil and water conservation practices in 
order to give the farmer good crop yields.  
 
The challenge for research is therefore to develop practical methods of maintaining soil 
fertility to enable farmers get the benefits of their soil and water conservation efforts 
against a backdrop of diversity, vulnerability and transition, to produce sustainable 
management of arid and semi-arid lands. This study aimed at validating and upscaling 
some of these practical water harvesting techniques and integrated nutrient management 
options in the southern rangelands of semi-arid eastern Kenya. 
 
MATERIALS AND METHODS 
Researcher-farmer managed on-farm trials were conducted at KARI Katumani Research 
Centre and at Kibwezi in the southern rangelands in Kibwezi District in Kenya to study 
the effect of different water harvesting techniques and different integrated nutrient 
management practices on the performance of rainfed maize (pioneer hybrid). The trials 
treatments included two water harvesting techniques, contour furrows and tied-ridging, 
and farmer practice (flat seedbed); four integrated nutrient management practices, farm-
yard manure at 10 t/ha, farm-yard manure at 10 tha-1 + 20kgNha-1 + 20kgPha-1, farm-yard 
manure at 5 tha-1 and farm-yard at manure 5 tha-1 + 20kgNha-1 + 20kgPha-1, and control 
(farmers practice - nil fertilizer). Each treatment was replicated four times in a 
randomized complete block design (RCBD). The trial was planted at the onset of the 
2006 short rains and harvested four months later. During harvesting, total fresh weight 
was taken and the yields sub-sampled where necessary and whole fresh weight taken 
where the yields were very low, the sub-sample fresh weight was taken. The samples 
were oven dried and dry weights taken. The weights taken were used to extrapolate the 
yields per hectare in each treatment. This was used for water harvesting and integrated 



nutrient management (INM) response comparison. The data collected was subjected to 
analysis of variance using the method described by Gomez and Gomez (1984) and the 
treatments means were separated using the Least Significant Difference (LSD) test using 
the SAS statistical package (SAS, 1990). 
 
RESULTS AND DISCUSSION  
The results of the on-station trial showed that there were significant differences (P<0.05) 
between water harvesting techniques and integrated nutrient management (INM) options 
Table 1). Under water harvesting techniques, the tied ridging had the highest grain yield 
(3905 kg ha-1), which was significantly different (P<0.05) from the other water harvesting 
techniques (Table 1). Among the INM techniques, manure at 10 t ha-1 plus 20 kg N plus 
20 kg P2O5 kg ha-1 had the highest maize yield (3568 kg ha-1), which was significantly 
different from the other INM options except under manure at 5 t ha-1 plus 20 kg N plus 20 
kg P2O5 kg ha-1 (Tables 2). 
 
Table 1. Responses of maize yields (Kg) under different water harvesting techniques 
at KARI Katumani Semi-Arid Eastern Kenya during the 2006 short rains 
Water harvesting techniques N Means 
Tied-ridging 20 3905a 
Contour furrows 20 2745b 
Farmers practice (flat seedbed and nil 
fertilizer) 

20 2845b 

* Values with the same letter are not significantly different (P<0.05) 
 
Table 2. Responses of maize yield (Kg) under different integrated nutrient 
management techniques at Katumani Semi-Arid Eastern Kenya during the 2006 
short rains 
Treatment N Means 
Farmers practice (flat seedbed and nil fertilizer) 12 2718b 
Manure 5 t ha-1 12 2852b 
Manure 5 t ha-1+20 kg N+20 kg P2O5 ha-1 12 3548a 
Manure 10 t ha-1 12 3139ba 
Manure 10 t ha-1+20 kg N+20 kg P2O5 ha-1 12 3568a 
*Values with the same letter are not significantly different (P<0.05) 
 
Combined analysis (Table 3) showed manure 10 t ha-1+20 kg N+20 kg P2O5 ha-1 under 
tied ridging had the highest maize yields (4890 Kg/ha) though not significantly different 
from manure 5 t ha-1+20 kg N+20 kg P2O5 ha-1. This suggests that a farmer does not need 
to apply more than manure 5 t ha-1+20 kg N+20 kg P2O5 ha-1. This also suggests that 
there are beneficial effects in combining manure with inorganic fertilizers concurring 
with Itabari et al. (2004). There were no significant differences between the five 
integrated nutrient management options under contour furrows and farmers practice (flat 
seedbed and zero fertilizer application). This implies that the tied-ridging water 
harvesting technique was more responsible for increased maize yields at Katumani than 
nutrients. Thus, moisture is a more limiting factor than nutrients. It is a well-known fact 
that manure improves soil water retention, cation exchange capacity, and aeration (Itabari 



et al., 2004; Okalebo et al., 1999). Githunguri et al. (2007) and Kathuku et al. (2007) 
reported similar results under cowpeas and maize respectively.  
 
Table 3. Responses of maize yield (Kg) under combined different integrated nutrient 
management and water harvesting practices at KARI Katumani Semi-Arid Eastern 
Kenya during the 2006 short rains 
Treatment Tied ridging Contour furrows Farmers' practice 
Farmers practice (flat seedbed and
nil fertilizer) 3401 2250 2499 
Manure 5 t ha-1 3304 2573 2679 
Manure 5 t ha-1+20 kg N ha-1+20 kg
P2O5 ha-1 4496 3245 2902 
Manure 10 t ha-1 3430 3170 2816 
Manure 10 t ha-1+20 kg N ha-1+20 
kg P2O5 ha-1 4890 2488 3326 
LSD 1321 1084 911 
 
Table 4 shows results on maize yield at Kibwezi. The water harvesting techniques 
showed no significant differences but the different integrated nutrient management 
options showed significant differences (P<0.05). Under the tied ridging treatment, the 
highest maize yield (2157 kg ha-1) was recorded under manure 10 t ha-1 plus 20 kg N plus 
20 kg P2O5 ha-1, which was significantly different (P<0.05) from the other integrated 
nutrient management treatments. Under the contour furrows, the highest grain yield 
(1943 kg ha-1) was observed under manure at 5 t ha-1 plus 20 kg N plus 20 kg P2O5 ha-1, 
but was not significantly different (P<0.05) from the other INM treatments. Under the 
farmer’s practice the highest grain yield (2038 kg ha-1) was observed under manure 5 t 
ha-1 plus 20 kg N plus 20 kg P2O5 ha-1, which was significantly different from the other 
INM treatments except manure 10 t ha-1 plus 20 kg N plus 20 kg P2O5 ha-1. As suggested 
earlier, it is clear from the results that a combination of manure and inorganic fertilizers 
was having positive effects on maize at the farmer’s field concurring with findings of 
Okalebo et al. (1999) and Fritz et al. (2001). This moves away from the ‘fertilizer 
package’ approach, which has frequently failed in Africa (Swift and Shepherd, 2007). 
However, the water harvesting techniques did not show any significant differences 
probably due to the above normal rainfall that was received during that season. Moisture 
was not a limiting factor during the 2006 short rains and as such, there is need to repeat 
the experiments during a normal season. It is expected that under above normal rainfall 
season differences between the water harvesting techniques might not be obvious.  
 
Table 4. Responses of maize yield (Kg) under combined different integrated nutrient 
management and water harvesting practices at Kibwezi in the southern rangelands 
of Semi-Arid Eastern Kenya during the 2006 short rains 
Treatment Tied 

ridging 
Contour 
furrows 

Farmers' 
practice 

Farmers practice (flat seedbed and nil fertilizer) 1400 16360 1518 
Manure 5 t ha-1 1991 1817 1714 
Manure 5 t ha-1+20 kg N ha-1+20 kg P2O5 ha-1 1788 1943 2038 



Manure 10 t ha-1 1508 1760 1802 
Manure 10 t ha-1+20 kg N ha-1+20 kg P2O5 ha-1 2157 1854 2006 
LSD (0.05) 483 452 407 
 
CONCLUSIONS 
Maize yields responded positively to both water harvesting techniques and integrated 
nutrient management options. Under water harvesting techniques, the tied ridging had the 
highest positive effect on grain yield. Among the integrated nutrient management 
options, manure at either 5 or 10 t ha-1 plus 20 kg N ha-1 plus 20 kg P2O5 kg ha-1 had the 
most positive effect on maize yields at both Katumani and Kibwezi sites. This means that 
a farmer needs to apply only manure 5 t ha-1+20 kg N ha-1+20 kg P2O5 ha-1. A combined 
application of manure and inorganic fertilizers boosts maize yields. In the absence of 
inorganic fertilizers, a minimum of manure at 10 t ha-1 should be applied on maize plots. 
The tied-ridging technique was more responsible for increased maize yields at Katumani 
than nutrients meaning that moisture is a more limiting factor than nutrients. However, 
the water harvesting techniques did not show any significant differences probably due to 
the above normal rainfall that was received during that season at Kibwezi. 
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