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Abstract 

Beans (Phaseolus vulgaris L.) are   important legumes in the semi-arid areas of Eastern Kenya. But their production is 
constrained by water stress within the season and between seasons. A field trial was conducted in the short rains in the 
year 2011 (October to December) and long rains of 2012 (March to June)  at KARI-Katumani (1
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1560 metres above mean sea level) to determine the effect of on soil moisture and soil nutrients  on grain yield of three 
market -preferred bean genotypes; namely: Katumani bean 1, NUA 1 and  NUA 4. The experiment was conducted using a 
randomized block design with three replications with treatments in split plot arrangement. Results showed that bean grain 
yields of Kat B1 and NUA1 grown on tied ridges with manure  at 5 tons ha

-1
 produced significantly (P<0.05) higher yields 

than furrow or flat tillage beans with and without manure in the short rains of 2011. In the long rains of 2012, Kat B1 and 
NAU1 beans grown on tied ridges with manure out yielded all the other treatments. In the same season, grain yield of 
NUA 4 grown on tied ridges with manure, was higher than beans grown on open furrows, flat tillage with and without 
manure. In both seasons, Kat B1 produced significantly higher grain yields than all the other genotypes except NUA 4 
during the short rains of 2011.  
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Introduction 

In Kenya, common bean (Phaseolus vulgaris L.) is an  important legume in the pulses category and is second to maize as 
a food crop (Gethi et al. 1997; Anon 2010). Compared to cowpeas (Vigna unguiculata L.) and green grams (Vigna radiata 
L.), beans occupy the largest acreage in areas where it is grown.  For instance between 2005 and 2009, the area under 

beans ranged between 600,000 to over 1,000,000 hectares which produced 300,000 to 532,000 tons of grain. During the 
same period, green grams were grown in 80,000 to 113,000 ha and produced 26,000 to 62,000 tons of grain. Similarly, 
cowpea acreage was 72,000 to 162,000 ha and gave a grain yield of 36,000 to 88,000 tons (Anon, 2010). Bean 
production is concentrated in areas with high population density and is used as the most important source of human 
dietary protein and third most important source of calories of all agricultural commodities. It is a near-perfect food and the 
meat of the poor (Sperling, 2001). It is a major source of crucial vitamins A and B complex and generous amounts of 
micro-nutrients such as iron and zinc which are commonly deficient in diets among the poor. 

 Despite its importance, bean yields in developing countries are among the lowest in the world, producing an average of 
0.5 tons ha

-1 
(FAO, 2007) compared to 1–2 tons ha

-1
 commonly reported in experimental fields. The low yields are 

attributed to moisture stress, soil fertility, pests and diseases (Katungi et al., 2010) 

In the semi-arid areas of eastern Kenya, where rainfall is bimodal, drought is the most important common bean production 
constraint (Itabari et al., 2004) and it is a problem that occurs within the season and among seasons. Among seasons it 

has a 60% probability of occurrence (Katungi et al. 2010, Mungai et al. 2000). In addition, rainfall is low and variable within 
and among seasons (Kaggwa et al. 2011). It is common for the rains to start late and end early (Nadar and Faught 1984). 
Often times the rains fall at intensities of more than 100mm (Bakhtri et al. 1983). Because of the poorly structured soils, 
water infiltration is low resulting in excessive run-off, low moisture retention and soil degradation. Evapotranspiration rates 
are 4-6 mm per day (Stewart and Faught 1984; Anon. 2009). Intermittent or mid-season rainfall gaps aggravate the 
moisture deficit which affect bean development and yield during the growing period. 

Studies  by Katungi et al., (2010); Gichangi  et al., (2007);  Itabari et al.,( 2004); showed that the adverse effects of drought 
may be alleviated by use of integrated soil fertility management strategies  such as improved germplasm, management 
practices, fertility, extension, marketing and transport. However, no studies have been conducted using the newly 
developed bean genotypes in the semi-arid areas of Kenya. Genotypes with a shorter growing cycle than the ones grown 
by farmers need to be evaluated and promoted as a short term strategy to reduce yield loss. Seed distribution and bean 
grain markets need special attention. Such interventions are inter-related and therefore all are required to achieve a 
combined effect. Farmer’s preferences should also be given consideration in order to encourage adoption of the 
technology. 

The objective of the study was to evaluate the effect of soil moisture and nutrients on grain yield of three market -preferred 
bean genotypes; namely: Kat B1, NUA 1 and NUA 4. 

Materials and Methods 

A field trial was conducted during the short rains (October-December) and long rains (March –June), 2011 and 2012, 
respectively, at Kenya agricultural Research institute ( KARI), Katumani , Machakos, located at  latitude  1
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E, 1560 m above mean sea level. The site where the experiment was conducted has a bimodal rainfall with a long term 
average ranging between 473mm to 1034 mm per year. It has a mean minimum temperature of 14°C and a maximum of 
30-35°C. Three bean genotypes (Katumani bean 1 (Kat B1), NUA 1, and NUA 4) were tested using two water harvesting 
techniques (open furrows and tied ridges) compared to beans planted on flat tillage with farm yard manure applied at 0 
and 5 tons ha 

-1
. The experiment was laid out in a randomized complete block design in a split plot arrangement with three 

replicates. Bean genotypes (Kat B1, NUA 1, and NUA 4) comprised the main plots. In the subplots, the two water 
harvesting techniques were combined with manure at the rate of 0 and 5 tons ha

-1
. Before sowing the beans, soil samples 

were obtained from the experimental site in the short rains 2011 from the top 0-30cm depth for chemical analysis (Table 
1), following the procedures described by Hinga et al. (1980). The rainfall received during the season was recorded from a 
meteorological station in a field nearby. Two bean seeds were sown per hill at 20cm spacing within rows and 50 cm 
between rows in plots of 2 meters wide and 2 metres long. Decomposed farm yard manure (cattle manure) was applied at 
the rate of 0 and 5 t ha

-1
 before sowing. The trial was kept free of weeds by hand weeding. Grain yield was obtained from 

plants harvested from the two middle rows in an area of 0.1m
2
, in each treatment, at bean maturity. Then dried at 105 

0
C 

and weighed. Data analysis was carried out using Mstatc (Norman, 1998).  Treatment means were separated using Least 
significant difference (LSD)  

Results and discussion 

 The chemical properties of the soil in the experimental site are shown in Table 1. The soil had a slightly acidic pH and low 
in available P, organic carbon, total N and Zinc. Most soils in the ASALs are low in Nitrogen and Phosphorus (Itabari et al. 
2004). The soil had high percentage of sand showing its inability to hold too much water especially when temperatures are 
high. These soils have been shown to respond to application of manure coupled by water harvesting which improve 
moisture availability (Gichangi et al. 2007). 

The long rains 2012 received higher rainfall  (443 mm in 33 days) than the short rains 2011 ( 259 mm in 33 days). But in 
80% of the time in the season, temperatures were above 25

0
C. The short rains (SR) tend to receive more rain with better 

reliability than the long rains ( LR) (Kaggwa et al. 2011; Mungai et al. 2000; Bakhtri et al. 1983, Njiru et al. 2010) but this 
season was different may be due to the current climate change. 
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Table 1. Soil analysis at the beginning of the experiment (short rains, 2011) 

Soil property content 

Soil  pH (water 1: 2.5) 6.36 

Total N (%) 0.11 

Organic Carbon (%) 0.89 

Phosphorus (mg/kg) 15 

Potassium (mg/kg) 1.14 

Magnesium (mg/kg) 2.87 

Calcium (mg/kg) 3.4 

Sodium (mg/kg) 0.16 

Copper µg/g  4.63 

Iron µg/g  15.1 

Zinc µg/g 6.91 

Manganese µg/g 

Sand 

Clay 

Silt 

0.87 

50% 

30% 

20% 

 

Response of grain yield to the water impounded by different harvesting techniques and nutrients from farm yard manure at 
bean maturity in the short rains of 2011 and long rains of 2012 is shown in Table 2.  In the short rains, Kat B1 and NUA 1 
beans planted on tied ridges with manure (TM)  produced significantly (P<0.05) higher grain yields than those planted on 
open furrows without manure (O), flat tillage with (FM) and without manure (F). Similarly, bean grain yields for genotype 
NUA 4, grown on the tied ridges with manure (TM) out yielded all other treatments except open furrows with manure 
underscoring the importance of the increased moisture. The increased yields may be attributed to the interaction between 
water and nutrients in agreement with results by Gichangi et al., (2007).. 

Table 2. Effect of manure and water harvesting techniques on Katumani beans during the short rains 2011 and 
long rains 2012. 

Short rains 2011 

 Kat  B1 (kg ha
-1

)  
     

 NUA 1 (kg ha
-1

)  
    

 NUA 4 (kg ha
-1

)  
    

 

Flat tillage without 
manure (F) 

182 A 106 A 120 A 

Flat tillage with manure 
(FM) 

213 A 132 A 136 A 

Open furrows without 
manure  (O) 

236 A 162 A 111 A 

Tied ridges without 
manure (T) 

243 AB 194 AB 166 A 

Open furrows with 
manure (OM) 

257 B 204 B 131 AB 

Tied ridges with 
manure(TM) 

309 B 272 C 181 B 

Long rains  2012 

 Kat  B1 (kg ha
-1

)  
     

 NUA 1 (kg ha
-1

)  
    

 NUA 4 (kg ha
-1

)  
    

 

Flat tillage without 
manure (F) 

286 A 230 A 136 A 

Flat tillage with manure 
(FM) 

367 A 306 A 194 A 
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Open furrows without 
manure  (O) 

535 AB 395 AB 319 B 

Tied ridges  (T) 652 B 428 B 506 B 

Open furrows with 
manure (OM) 

594 B 445 B 411 B 

Tied ridges with manure 
(TM) 

861 C 633 C 566 B 

Means within columns followed by different letters in the same season are significantly different at P < 0.05 

In the long rains of 2012, yield of Kat B1 and NAU1 beans grown on tied ridges with manure out yielded all the other 
treatments.  NUA 4, in the same season, grown on tied ridges with manure, out yielded beans grown on flat tillage with 
and without manure. The higher yields obtained in the LR 2012 in treatments with improved water retention and nutrient 
availability underscore the importance of improved nutrient and moisture availability (Gichangi et al. 2007). .  

 The overall response of the three bean genotypes to water and nutrients from the organic amendments is shown in 
figure.1. In both seasons, KAT B1 tended to produce higher grain yields than  all the others. These results indicated that 
under the conditions of the experiment, water impounded by the micro catchment created by the tied ridges alone is not 
sufficient to improve yields of Kat B1 which has been shown to have variable adaptability in the ASALs (Katungi et al, 
.2010). There is need to correct the nutrient deficiencies that are common in the soils in order to significantly improve grain 
yields of the bean genotypes used. The higher yields recorded in the LR 2012, could be attributed to the more rainfall (443 
mm second in LR in 33 days vs 259 mm in SR in 33 days) received during the season and the fact that nutrients 
mineralized from manure the previous season may have enhanced the nutrition of the beans. 

 

Figure1.  Bean yields of the three Katumani bean genotypes in short and long rains 2011 and 2012. 

Conclusion  

The study showed that tied ridges and manure at 5 tons ha
-1

 as an integrated water management strategy is effective in 
increasing bean grain yields. Yields obtained using tied ridges without manure were better than those produced in flat 
tillage beans underscoring the importance of the water harvesting structures. It is therefore important correct nutrient 
deficiencies inherent in the soils in the region. Thus water harvesting coupled by addition of nutrients is a key approach in 
increasing bean production in the area.  
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