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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 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. 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 plus 20 kg P2O5 kg ha-1 had 
the most positive effect on maize yields. A combined application of manure and inorganic fertilizers has 
a highly positive 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 water harvesting technique should be 
recommended to farmers in the Machakos and Kibwezi in the southern rangelands of semi-arid Kenya. 
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Introduction  

African soils have inherent difficulties for agriculture in terms of low nutrient stocks 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 other vagaries of nature are no exception. This results to limited 
livelihood options in addition to making crop production a risky undertaking resulting in rampant food 
insecurity and poverty. In trying to achieve their economic ends communities in the drylands 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 low moisture 
stress characterized by low and erratic rainfall and high transpiration rates. 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 larger yields were 
obtained when organic and inorganic inputs were applied to soils, particularly when soil moisture was 
adequate and the organic inputs were higher in mineralisable nutrients. Jager et al. (2001) concluded 
that both 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 
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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 can 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 hence 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 and demonstrations were conducted at KARI Katumani 
Research Center and on-farm at Kibwezi in the southern rangelands in Kibwezi Makueni 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 three water harvesting techniques, contour furrows, farmer practice (flat seedbed) and tied-
ridging; five integrated nutrient management practices, control (farmers practice - nil fertilizer), farm-
yard manure at 10 t/ha, farm-yard manure at 10 t/ha + 20kgN/ha + 20kgP/ha, farm-yard manure at 5 
t/ha and farm-yard at manure 5 t/ha + 20kgN/ha + 20kgP/ha. 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  

Figure 1 shows maize planted on the flat with nil fertilizer at KARI Katumani during the 2007 long 
rains 2 weeks after planting. Farmers practice involves planting maize on the flat with nil fertilizer in 
the semi-arid areas of southern lowlands which leads to low yields in a good year and total yield loss in 
a bad year. The maize were yellowing indicating loss of chlorophyll and were generally weak.  
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Figure 1: Maize crop planted on the flat with nil fertilizer at KARI Katumani 3 months after planting during the 

2007 long rains  

 

Figure 2 shows maize planted in tied ridges at Katumani in Machakos County during the 2007 long 
rains. The tied ridges had trapped pools of water that would be released slowly to the maize plants 
assuring their good performance.  

 

   
 

Figure 2: Maize crop planted under tied ridges and inorganic fertilizer at KARI Katumani 3 months after 

planting during the 2007 long rains  

 

The results in Table 1 showed that there were significant differences (P<0.05) between water harvesting 
techniques and integrated nutrient management (INM) options. 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) during the 2006 short rains. The short rains are usually 
longer, heavier and more reliable than the long rains.  
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Table 1: Responses of maize yields (Kg) under different water harvesting techniques at KARI Katumani 

Semi-Arid Eastern Kenya during the 2006 short rains 

Treatment N Means *t Grouping 

Tied-ridging 20 3904.9 A 

Contour furrows 20 2744.9 B 

Farmers practice (flat seedbed) 20 2844.9 B 

* Values with the same letter are not significantly different (P<0.05) 

 

Table 2 : Responses of maize yields (Kg) under different water harvesting techniques at KARI Katumani 

Semi-Arid Eastern Kenya during the 2007 long rains 

Treatment N Mean *t Grouping           

Tied-ridging 55 1768.7                              A 

Contour furrows 55 1800.7                               A 

Farmers practice (flat 
seedbed) 

55 1815.5                               A 

* Values with the same letter are not significantly different (P<0.05) 

 

 

Figure 3 shows maize crop planted under contour furrows at KARI Katumani during the 2007 long rains 3 months 

after planting. The picture depicts plants that are starting to dry up and which seems to have a poorer stay green 

ability than those planted under tied ridges (Figure 4). Stay green ability affects the rate of photosynthesis with 

consequent positive or negative effect on yield. 

 

 

Figure 3: Maize crop planted under contour furrows and inorganic fertilizer at KARI Katumani 3 
months after planting during the 2007 long rains  
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Figure 4: Maize crop planted under contour furrows with both manure and inorganic fertilizer at 
KARI Katumani 3 months after planting during the 2007 long rains  

Figure 5 shows maize plants grown under tied ridges had a higher stay green ability than those under 
contour furrows and farmers practice. It was visually obvious that the plants under tied ridges had 
more vigorous plants and bigger maize cobs than those under contour furrows (Figure 4) and flat 
seedbeds. 

 

Figure 5: Maize crop planted under tied ridges at KARI Katumani during the 2007 long rains 3 
months after planting 

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 (Table 3). The results suggest that a combination 
of both manure and inorganic fertilizers have a more positive effect on maize yields than sole manure 
or nil fertilizer. The results also suggest that the INM option under manure at 5 t ha-1 plus 20 kg N plus 
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20 kg P2O5 kg ha-1   could be recommended in these semi-arid lands as it required only a half (5 t ha-1) of 
the manure to give similar yields as 10 t ha-1 of manure. Table 4 showed similar results except that the 
maize yields were much lower probably due to the fact that these were produced during the 2007 long 
rains which were less reliable than those received during the 2006 long rains. This suggests that maize is 
best planted during the short rains and with manure. 

 

Table 3: Responses of maize yield (Kg) under different integrated nutrient management techniques at 

Katumani Semi-Arid Eastern Kenya during the 2006 short rains 

Treatment Means N *t Grouping 

Farmers practice (nil fertilizer) 2717.7 12 B 

Manure 5 t ha-1 2851.8 12 B 

Manure 5 t ha-1+20 kg N+20 kg P2O5 ha-1 3547.5 12 A 

Manure 10 t ha-1 3138.7 12 BA 

Manure 10 t ha-1+20 kg N+20 kg P2O5 ha-1 3568.1 12 A 

*Values with the same letter are not significantly different (P<0.05) 

 

Table 4: Responses of maize yield (Kg) under different integrated nutrient management techniques at Katumani 

Semi-Arid Eastern Kenya during the 2007 long rains 

Treatment  Mean N *t Grouping 

Farmers practice (nil fertilizer)  1518.2              11 B 

Manure 5 t ha-1                                                       1845.6              11 A 

Manure 5 t ha-1+20 kg N+20 kg P2O5 ha-1  1923.0              11 A 

Manure 10 t ha-1 1690.0              11 AB 

Manure 10 t ha-1+20 kg N+20 kg P2O5 ha-1           2008.0              11 A 

* Values with the same letter are not significantly different (P<0.05) 

Combined analysis (Table 5) showed manure 10 t ha-1+20 kg N+20 kg P2O5 ha-1 under tied ridging 
water harvesting technique 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. Githunguri et al. (2007) and 
Kathuku et al. (2007) reported similar results under cowpeas and maize respectively.  

 

Table 5: 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) 3404.70 2249.60 2498.70 

Manure 5 t ha-1 3303.50 2572.90 2679.20 

Manure 5 t ha-1+20 kg N+20 kg P2O5 ha-1 4495.90 3244.60 2902.00 

Manure 10 t ha-1 3430.10 3169.70 2816.20 

Manure 10 t ha-1+20 kg N+20 kg P2O5 ha-1 4890.30 2487.60 3326.40 
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LSD 1320.80 1084.30 910.72 

 

Table 6 shows results on unshelled maize (maize grains that are attached to the cob) yields at KARI 
Katumani during the 2006 short rains season. Under tied ridging water harvesting technique, the 
highest unshelled maize yield (7585 kg ha-1) was recorded under manure at 10 t ha-1 plus 20 kg N plus 
20 kg P2O5 kg ha-1, which showed significant differences (P<0.05) from the farmer’s practice (flat 
seedbed and zero INM) and manure at 5 t ha-1 (Table 5). On the other hand, under contour furrows and 
farmer’s practice (flat), the highest unshelled maize yields were observed under manure at 10 t ha -1 and 
10 t ha-1 plus 20 kg N plus 20 kg P2O5 kg ha-1 respectively, even though there were no significant 
differences between the INM options. The results strongly suggest that the tied ridging has a positive 
effect on unshelled maize yields while 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.  

Table 6: Responses of unshelled 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 

Techniques Tied ridging Contour 
furrows 

Farmers' 
practice 

Farmers practice (flat seedbed and nil fertilizer) 5843 3850 4659 

Manure 5 t ha-1 5773 5030 4705 

Manure 5 t ha-1+20 kg N+20 kg P2O5 ha-1 7207 5600 5090 

Manure 10 t ha-1 6092 5748 4601 

Manure 10 t ha-1+20 kg N+20 kg P2O5 ha-1 7585 4472 5341 

Mean 6500 4940 4879 

LSD 1655 1372 1588 

 

Tables 7 and 8 shows results on maize yield at Kibwezi in the southern rangelands during the 2006 
short rains season. The water harvesting techniques showed no significant differences but the different 
integrated nutrient management options showed significant differences (P<0.05). Manure at 10 t ha-1 
plus 20 kg N plus 20 kg P2O5 ha-1 performed much better than all the other INM practices irrespective of 
any water harvesting practices. 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 (flat and zero INM) 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 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.  

Table 7: Analysis of variance of responses of maize yields (Kg) under different integrated nutrient 

management and water-harvesting techniques at Kibwezi in the southern rangelands of Semi-Arid Eastern 
Kenya during the 2006 short rains 

Source of error DF SS MS F Value Pr>F 

Model 16 39662765.9 2480172.9 7.98 0.0001 
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Rep 10 34694752.6 3469475.3 11.17 0.0001 

Water harvesting technology 2 62974.7 31487.3 0.10 0.9037 

INM technology 4 4925038.7 1231259.7 3.96 0.0044 

Error 148 45970626.6 319612.3   

Total 164 85653392.5    

Table 8: 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) 1400.40 1636.30 1517.90 

Manure 5 t ha-1 1990.70 1817.10 1714.20 

Manure 5 t ha-1+20 kg N+20 kg P2O5 ha-1 1787.90 1942.90 2038.10 

Manure 10 t ha-1 1508.00 1760.30 1801.60 

Manure 10 t ha-1+20 kg N+20 kg P2O5 ha-1 2156.60 1853.50 2005.80 

LSD (0.05) 482.79 452.11 407.44 

 

Conclusions and recommendations 

Both shelled and unshelled 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 plus 20 kg P2O5 kg ha-1 had the most positive effect on maize yields. 
This means that a farmer needs to apply only manure 5 t ha-1+20 kg N+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 water 
harvesting technique was more responsible for increased maize yields at Katumani than nutrients 
meaning that moisture is a more limiting factor than nutrients.  
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