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Abstract 
Eastern Kenya, a semi-arid region, is characterized by low and erratic rainfall, high temperatures, and low soil 
fertility. Climate change has further worsened the situation leading to frequent droughts and hence increased 
food insecurity. Traditional crops like finger millet are possible solutions to combating changing climate due to 
their drought resistance nature, ability to produce high yields with little inputs and high nutritional content. It is 
against this backdrop that a survey was carried out in Mwala and Katangi divisions of Machakos and Kitui 
counties, respectively, to assess farmer’s perception on climate change, coping and adaptation mechanisms in 
finger millet production systems in smallholder farming systems of lower eastern Kenya. Data was collected, 
using semi-structured questionnaire, from 120 farmers i.e. 60 in each division. A stratified random sampling 
procedure, with location as a stratum was used to select respondent’s households. A computer random number 
generator was used to select number of households in each stratum. Maize and beans were the most popular crops 
grown by over 98% of the farmers in both sub-counties. Farmers also grew drought tolerant legumes; cow peas, 
green grams pigeon peas and cereals; sorghum and finger millet. Temperature rise was ranked highest with 88% 
and 98%, followed by prolonged drought with 70% and 72%, irregular rainfall at 69% and 81% and increased 
wind intensity at 22% and 28% at Machakos and Kitui, respectively, as aspects of climate change perceived by 
farmers. Farmers had taken up early planting at 88.6% and 93.7%, use of organic inputs at 89% and 92%, 
introduced new tillage practices, by applying ridges and furrows and tied ridges at 45% and 54%, and by 
adopting irrigation at 13%, and 9%, as coping strategies to climate change in Machakos and Kitui, respectively.  

It can be concluded that farmers in Machakos and Kitui are aware of climate change and its negative effects on 
crop production. In a bid to minimize crop loss and food insecurity, they have taken up various soil moisture 
conservation and soil fertility enhancement technologies.  

Keywords: arid and semi-arid areas, climate change, coping strategies, finger millet, food security 

1. Introduction 

The Agricultural sector globally is one of the most vulnerable to effects of climate change (Reilly, 1995). Eastern 
Kenya being a semi-Arid LandSAL is most vulnerable to effects of climate change due to unstable nature of the 
environment. The region is prone to low, highly erratic rainfall with long dry seasons, unpredictable rainfall 
patterns, high evapotranspiration and low soil fertility (Bishaw et al., 2013) leading to poor crop production and 
food insecurity.  
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The government of Kenya and efforts through the research community has in recent times promoted adoption of 
traditional crops in the SALs as a measure to mitigate effects of climate change (Milcah et al., 2013). Such crops 
include drought tolerant legumes such as cowpeas and green grams and cereals; sorghum and millets. These 
crops are high in nutrients, drought tolerant and high yielding, disease resistant and have ability to produce yields 
with little inputs (Holt, 2000; Fetene et al., 2011). However, for their successful adoption understanding and buy 
in by farmers is needed. In addition, traditional farmers have had their own ways of coping with challenges of 
crop and food production.  

In the past, farmers choose drought tolerant crops to overcome drought challenges, grew a wide range of crops to 
minimize risks, and cultivated crops that were pest and disease tolerant with high nutritional value (Macharia, 
2004). The idea or phenomenon of ‘climate change’ is new to farmers -they may or may not understand what it is. 
There is lack of information on how the farmers understand and are facing the challenges of climate change and 
especially in the SALs of Kenya. Information on crops grown and reasons for their production, farmers’ 
perception on climate change and farmers coping and adaptation mechanisms are therefore, needed. The current 
study was thus aimed at determining farmer’s perceptions and coping mechanisms to climate change in relation 
to finger millet production.  

2. Materials and Methods 

2.1 Site Description 

The survey was carried out in Mwala and Katangi divisions of Machakos and Kitui counties, respectively, in 
lower Eastern Kenya. 

Machakos county is located between latitudes 0º45′S to 1º31′S from North to South and longitudes 36º45′E and 
37º45′E from East to West with a mean altitude of 1714 meters above sea level (Muhammed et al., 2010). Long 
rains fall between March and May and short rains between October and December. Maximum and minimum 
temperatures experienced are 24.3 ºC and 11.1 ºC, respectively (Ellenkamp, 2004). Main agricultural activities 
include livestock keeping and small scale farming of maize, beans, millet, sorghum, cassava, peas, sweet 
potatoes and Irish potatoes. 

Kitui County is located between latitude of 0º3.7′ and 3º0′ South and longitude 37º45′ and 39º0′ East with an 
altitude of 1151 meters above mean sea level (Pauw et al., 2008). The region receives average rainfall of about 
900mm (Droogers & Loon, 2006). Long rains fall between April and May, while short rain between October and 
December (Pauw et al., 2008). Maximum and minimum temperatures experienced are 30 ºC and 25 ºC, 
respectively. Main agricultural activities included small scale livestock keeping and farming of tobacco, maize, 
beans, green grams, cowpea pigeon pea and mangoes.  

2.2 Farmer Selection and Data Collection 

The survey was carried out on a total of 120 farmers in Mwala (60) and Katangi (60). A stratified random sampling 
procedure, with location as a stratum was used to select respondent’s households. A computer random number 
generator was used to select number of households in each stratum.  

Data was collected on; (i) types of crops grown to mitigate against effects of climate change and reasons thereof, 
(ii) Farmer’s perception on climate change parameters which was determined by evaluating the respondents 
understanding of aspects of climate change experienced and effects of climate change on finger millet production, 
and (iii) Coping and adaptation measures of respondents to climate change. 

2.3 Data Analysis 

The data was analyzed for descriptive statistics using Statistical Packages for Social Sciences (SPSS) version 16.  

3. Results and Discussions 
3.1 Crops Grown in Eastern Kenya and Reasons for Their Production 

Farming was the main occupation of respondents with mixed farming being the main agricultural activity at both 
sites. Maize was the most popular crop grown in the two regions with cultivation being carried out by over 100% 
and 99% of respondents in Machakos and Kitui, respectively (Figure 1).  
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Figure 1. Crops grown in Machakos and Kitui 

 

The farmers identified home consumption and income as the main reasons for cultivation of the cereal. This was 
due to its importance as a staple food crop consumed daily as ugali (a dish of maize flour cooked with water to a 
hard consistency) or porridge (a dish of maize and water cooked to a thick paste consistency). The findings are 
similar to a report by Kibaara (2005) who documented that maize was the main staple food in Kenya accounting 
for 40% of calories consumed daily. However, other authors (e.g. Ngotho, 2013) have reported that over time 
farmers are opting to invest less area for production of maize and more towards drought resistant crops like 
cowpea, green grams, sorghum and pigeon pea.  

Common beans were the second most important crop in the two regions, with cultivation being carried out by 
98.5% of respondents in Machakos, and 98.3% in Kitui (Figure 1). Main reasons for cultivation were reported as 
income and home consumption (Broughton et al., 2003). High consumption of beans was mainly due to its use in 
the preparation of the popular food githeri (mixture of maize and beans) playing a major role in high market 
availability of the crop.  

The other crops grown were cowpeas cultivated by 53.7% and 41.7%, green grams cultivated by 43%, and 53% 
and pigeon peas cultivated by 30.2% and 25% of respondents in Machakos and Kitui, respectively. These crops 
were grown in small areas ranging from 0.3 ha to 0.6 ha for home consumption, as food and a little sold for 
income (Figure 1). This can be attributed to the legumes being highly nutritious, having the ability to be 
produced with little inputs, being able to obtain nitrogen through nitrogen fixation and their drought tolerant 
nature (Swaminathan et al., 2012).  

Green grams, cowpea and pigeon pea crops were cultivated at a slightly higher acreage in Kitui than Machakos. 
This may be attributed to latter being a higher potential region than Kitui. Resultantly, the climate in Machakos 
is more suitable for a variety of crops than Kitui. Farmers in Kitui, therefore, focused their production on other 
drought resistant crops other than maize in order to insure against food insecurity. Ngotho (2013) suggested that 
with increasing effects of changing climate leading to unreliable rainfall, changing weather patterns and 
increased disease attacks, production of maize has been decreasing in Kitui. To insure against food insecurity 
farmers in the region had started to shift away from maize production to planting drought tolerant crops like 
sorghum, cow pea and pigeon pea among others.  

The other crops grown were sorghum cultivated by 44.4% and 31.7% and finger millet cultivated by 44% and 
51.7% of the respondents in Kitui and Machakos, respectively (Figure 1). Sorghum was grown at an average 
area of 0.3 ha, while finger millet was grown on an average land area of 0.05 ha and 0.04 ha in Machakos and 
Kitui counties, respectively. Both crops were grown for home consumption and income. This was due to the 
crops drought resistant nature, ability to produce with few inputs and popular consumption as porridge. Mgonja 
et al. (2007) suggested and advocated for the crops as being suitable for cultivation in dry areas due to their 
drought resistant nature and ability to produce with low inputs of water and fertilizer.  

3.2 Farmers’ Perception on Climate Change 

Nearly all farmers in Machakos (100%) and Kitui (99%) were aware of climate change. This may have been as 
result of increased focus on the phenomenon by extension service providers. With increasing effects of climate 
change and the threat it poses to food security especially in arid and semi-arid regions, extension service 
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providers had been drawing farmers’ attention to climate change, its effects, and adaptation and coping 
mechanisms. This agrees with Baethgen et al. (2003) and Jones (2003) who found that access to extension 
increased farmer’s perception and awareness to climate change.  

3.2.1 Aspects of Climate Change Experienced 

Most respondents indicated that temperature rise at 88% and 98%, followed by prolonged drought at 70% and 
72%, irregular rainfall patterns at 69% and 81%, reduced rainfall and 80% and 84% and increased wind intensity 
at 22% and 28% in Machakos and Kitui, respectively, were the main aspects of climate change mentioned 
(Figure 2).  

 

 

Figure 2. Climate change effects 

 

One reason why the famers at both locations tend to suffer the same effects of climate change of temperature 
increase, reduced and irregular rainfall and hence increased drought is because, they depend on rain fed 
agriculture. Consequently, this has made the farmers more sensitive to changes in climate (rainfall and 
temperature) that may lead to negative effects in yields. Agatsive et al. (2010) noted that communities that 
depended on rain fed agriculture especially in ASAL regions noticed reduced rainfall, temperature increase and 
drought faster than other effects of climate change. The is in agreement with the suggestions of Macharia et al. 
(2012) who in his study in semi-arid regions of Nyeri north and Laikipia east districts indicated that the main 
indicators of climate change were changes in rainfall patterns, high temperatures and increase of drought leading 
to low crop yields.  

3.2.2 Effects of Climate Change on Finger Millet Production 

Of the farmers interviewed, 98%, in both regions, had observed that finger millet production had adversely 
reduced with increasing effects of climate change (Figure 3).  

 

 

Figure 3. Effect of climate change on finger millet production 
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The farmers suggested that there was decreased finger millet production because of overdependence on rain fed 
agriculture which was now being challenged by increased occurrence of drought, reduced rainfall, increased 
pests and disease attacks as a result of climate change. Increased occurrence of drought and reduced rainfall had 
led to reduced soil moisture especially during critical plant growth phases leading to low finger millet yields. 
This is in agreement with findings of Tadesse (2010) who suggested that overdependence on rain fed agriculture 
by majority of people living in ASALs increased vulnerabilities to climate change parameters such as rising 
temperatures, rainfall variability, increased occurrence of drought and dependence on rain fed agriculture 
resulting in low crop yields.  

Increase in diseases was also identified as one of the effects of climate change by 96% and 93% of repondents in 
Machakos and Kitui, respectively. Increased variability to climate change, especially increased temperature and 
reduced rainfall may have improved environmental conditions for establishment of disease pathogens. Goodman 
and Newton (2005) found that climate change would negatively affect plant disease resistance resulting in 
increased disease infestations.  

Of the respondents 10.2% in Machakos and 7.7% in Kitui had noticed a slight increase in finger millet insect 
pests. The increase may be as a result of climate change that may have improved habitat for pest infestation. 
Harrington and Stork (1995) and Patterson et al. (1999) suggested that higher temperatures were expected to 
increase rates of development and the number of crop pests.  

3.3 Coping and Adaptation Measures to Climate Change 

Many respondents had taken up early planting followed by, use of organic inputs, tillage practices and irrigation 
and use of organic fertilizers as adaptation measures to climate change (Figure 4).  

 

 

Figure 4. Coping and adaptation mechanisms to climate change 

 

Farmers, 88.6% in Machakos and 93.7% in Kitui, considered early planting as a reliable method to mitigate 
against the effects of reduced and change in rainfall patterns. As rains had become more unpredictable and 
unreliable, crop failure was on the rise. Early planting was seen as a viable climate change adaptation mechanism 
as it allows for optimization of unpredictable, unreliable rainfall by ensuring crops were already established on 
the farm when the rains commenced. This agrees with work done by Pandey (2009) which showed that farmers 
commonly practiced early planting as drought coping mechanism so as to maximize on any rainfall events, for 
improvement of soil water management and consequently improved yields. Similarly, Larson (2010) showed that 
early planting had a positive effect on crop yields due to better water-use efficiency despite receiving less 
rainfall.  

Respondents, 89% of Machakos and 92% of Kitui indicated using organic inputs as another coping mechanism 
for dealing with climate change. Through extension service providers farmers were aware of the importance of 
organic inputs, especially manure for soil water conservation. It has been reported that increase in soil organic 
matter improves water holding capacity and conductivity through improved soil aggregation and thus helping 
plants withstand vagaries of drought (Adeleye et al., 2010).  

Use of water conserving tillage practices was carried out by 45% of respondents in Machakos and 54% in Kitui 
to cope with water stress which is a resultant of climate change (Figure 4). Establishment of different tillage 
practices was seen as a way to optimize on the limited rainfall events, through reduced loss of soil water by 

0

20

40

60

80

100

120

Early planting Tillage practice Irrigation Organic inputs

N
ou

m
be

r 
of

 R
es

po
nd

en
ts

 %

Machakos Kitui



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 12; 2016 

38 

erosion, runoff and evapotranspiration. Practices in common use were tied ridges, ridges and furrows and 
building trenches around the farm. These tillage practices if appropriately established increased soil water 
conservation (Gichangi, 2012). Methods like ridges and furrows increased the area of soil water infiltration, 
consequently increasing the amount of plant available soil moisture. Increased soil moisture will lead to higher 
yields, and as such improve food security. This is in congruent with findings of Tian et al. (2003) and Wang et al. 
(2008) who reported that conservation tillage was one of the most efficient ways to conserving available soil 
water through reduced water and nutrient losses through erosion, leaching and runoff.  

Irrigation was not a very common practice used to cope with climate change in the two regions. Only 13% and 9% 
of respondents in Machakos and Kitui, respectively, practiced irrigation (Figure 4). Through irrigation, farmers 
were able to provide crops with required soil moisture especially during periods of drought. This mirrors views 
by Kibet (2011) to the effect that irrigation could be used as a reliable supplement for natural rainfall, especially 
during periods of drought resulting in improved yields. 

4. Conclusion 
Apart from the popular maize which is used as food and income, farmers in the drought prone regions of eastern 
Kenya grew drought tolerant legumes including cowpeas, green grams and pigeon peas to mitigate the risks of 
climate change. Main aspects of climate change experienced were temperature rise, prolonged drought and 
irregular rainfall patterns. Early planting, tillage practices, use of organic inputs, and irrigation were identified as 
main adaptation measures to mitigate against the effects of climate change. Farmers have put emphasis on soil 
moisture conservation and soil fertility in adapting to effects of climate change. However, attention needs to be 
brought on traditional crops, which are naturally better suited to the harsh arid and semi arid environment, as a 
viable method to combat climate change. Although some farmers cultivated these crops, they did not consider 
them as a climate change adaptation mechanisms and focused on their subsistence production. Extension service 
providers need to educate farmers on traditional crops and their role as a feasible climate change adaptation 
mechanism.  

References 

Adeleye, E. O., Ayeni, L. S., & Ojeniyi, S. O. (2010). Effect of poultry manure on soil physic Chemical 
properties, leaf nutrient contents and yield of yam (Dioscore arotundata) on Alfisol in southwestern Nigeria. 
Journal of American Science, 6(10), 509-516.  

Agatsive, J., Situma, C., & Ojwang, G. O. (2010). Analysis of Climate Change Vulneability: Risks in the small 
holde sector. Case studies in Laikipia and Narok district representing major agro ecological zones in Kenya. 
Rome: FAO.  

Baethgen, W. E., Meinke, H., & Gimene, A. (2003). Adaptation of agricultural production systems to climate 
variability and climate change: Lessons learned and proposed research approach. Insights and Tools for 
Adaptation: Learning from Climate Variability, November 18-20, 2003, Washington, DC.  

Bishaw, B., Neufeidt, H., Mowo, J., Abdelkair, A., Muruiki, J., & Dalle, G. (2013). Famers’ stategies for 
adopting to and mitigating climate vaiability and change through agroforestry in Ethiopia and Kenya. 
Orlando: Oregon State University.  

Broughton, W. J., Hernandez, G., Blair, M., Beebe, S., Gepts, P., & Beebe, S. (2003). Beans (Phaseolus spp.) – 
Model food legumes. Dordrecht: Kluwer Academic Publishers.  

Droogers, P., & Loon, A. V. (2006). Water Evaluation and Planning System, Kitui-Kenya. Wageningen, 
WatManSup Research.  

Ellenkamp, G. R. (2004). Soil variability and landscape in the Machakos district, Kenya. A detailed soil survey 
as part of the study on the influence of soil variability on tradeoffs between agricultural productivity and 
soil fertility (MSc thesis). Wageningen University.  

Fetene, M., Okori, P., Gudu, S., Mneney, E., & Tesfaye, K. (2011). Delivering New Sorghum and Finger Millet 
Innovations for Food Security and Improving Livelihoods in Eastern Africa. Nairobi: ILRI.  

Gichangi, E. M., Wambua, J. M., Kamau, G., Muhammad, L., & Nguluu, S. N. (2012). Harvesting and 
conserving rain water using planting furrows and tied ridges in dry areas. Katumani: KARI.  

Goodman, B. A., & Newton, A. C. (2005). Effects of drought stress and its sudden relief on free radical 
processes in barley. Journal of the Science of Food and Agriculture, 85, 47-53. http://dx.doi.org/10.1002/ 
jsfa.1938 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 12; 2016 

39 

Harrington, R., & Stork, N. E. (1995). Insects in a Changing Environment. San Diego: Academic Press.  

Holt, J. (2000). Investigation into the biology, epidemiology and management of finger millet blast in low-input 
farming systems in East Africa. Retrieved June 8, 2016, from http://www.wisard.org/wisard/shared/asp/ 
projectsummary.asp/Kennumer 

Jones, J. W. (2003). Agricultural responses to climate variability and climate change. Paper presented at Climate 
Adaptation.net Conference, Insights and Tools for Adaptation: Learning from Climate Variability, 
November 18-20, 2003, Washington, DC.  

Kibaara, W. B. (2005). Technical Efficiency in Kenyan’s Maize Production: An Application of the Stochastic 
Frontier Approach (Unpublished MSc. Thesis). Department of Agricultural and Resource Economics, 
Colorado State University.  

Kibet, C. (2011). Major Challenges facing Kenyan Agricultural sector Innovations in extension and advisory 
services. International Conference, November 15-18, 2011, Nairobi, Kenya.  

Larson, E. (2010). How to Plant Corn for Higher Yields (Unpubished Thesis). Mississipi State University.  

Macharia, P. (2004). Kenya. Gateway to land and water information: Kenya National Report. Rome: FAO.  

Macharia, P. N., Thuranira, E. G., Ng’ang’a, L. W., Lugadiru, J., & Wakori, S. (2012). Perceptions and 
adaptation to climate change and variabilty bi immigrant communities in semi-arid regions of Kenya. 
African Crop Science Journal, 20(2), 287-296.  

Mgonja, M. A., Lenné, J. M., Manyasa, E., & Sreenivasaprasad, S. (2007). Finger Millet Blast Management in 
East Africa. Creating opportunities for improving production and utilization of finger millet. Proceedings of 
the First International Finger Millet Stakeholder. Workshop, Projects R8030 and R8445 UK Department 
for International Development, Crop Protection Programme held September 13-14, 2005 at Nairobi.  

Milcah, W., Mulu-Mutuku, L., Dolphine A., Odero-Wanga, L., Adijah, M., Ali-Olubandwa, L., … Amos, N. 
(2013). Commercialisation of Traditional Crops: Are Cassava Production and Utilisation Promotion Efforts 
Bearing Fruit in Kenya. Journal of Sustainable Development, 6(7), 48-58.  

Muhammad, L. D. M., Mulwa, R., Mwangi, W., Lamgyintuo, A., & Rovere, R. L. (2010). Characterization of 
Maize producing households in Machakos and Makueni districts in Kenya. DTMA-County Report-Kenya. 
Nairobi, KARI-CIMMYT.  

Ngotho, A. (2013). Nairobi Star. Smallholder farmers in Makueni turn to drought-resistant crops. Retrieved June 
6, 2013, from http://www.agra.org/news-events/smallholder-farmers-in-makueni-turn-to-droughtresistant-c 
rops 

Pandey, S. (2009). Drought coping mechanisms and poverty insights from ain fed faming in Asia. Rome: 
International Fund for Agricultural Development (IFAD).  

Patterson, D. T., Westbrook, J. K., Joyce, R. J. V., Lingren, P. D., & Rogasik, J. (1999). Weeds, Insects and 
Disease. Climatic Change, 43, 711-727. http://dx.doi.org/10.1023/A:1005549400875 

Pauw, W. P., Mutiso, S., Mutiso, G., Manzi, H. K., Lasage, R., & Aerts, J. C. J. H. (2008). An Assessment of the 
Social and Economic Effects of the Kitui Sand Dams Community based Adaptation to Climate Change. 
Nairobi: SASOL & Institute for Environmental Studies.  

Reilly, J. (1995). Climate Change and Global Agriculture: Recent Findings and Issues. American Journal of 
Agricultural Economics, 77, 243-250. http://dx.doi.org/10.2307/1243242 

Swaminathan, R., Singh, K., & Nepalia, V. (2012). Insect Pests of Green Gram Vigna radiata (L.) Wilczek and 
Their Management. Agricultural Science. Retrieved July 6, 2014, from http://www.intechopen.com/books/ 
agricultural-science/insect-pests-of-green-gram-vigna-radiata-l-wilczek-and-their-management 

Tadesse, D. (2010). The impact of climate change in Africa. Pretoria: Institute for Security Studies.  

Tian, Y., Su, D. R., Li, F. M., & Li, X. L. (2003). Effect of rainwater harvesting with ridge and furrow on yield of 
potato in semiarid areas. Field Crops Research, 84, 385-391. http://dx.doi.org/10.1016/S0378-4290 
(03)00118-7 

Wang, Q., Zhang, E. H., & Li, F. M. (2008). Runoff efficiency and the technique of micro-water harvesting with 
ridges and furrows, for potato production in semi-arid areas. Water Resources Research, 22, 1431-1443. 
http://dx.doi.org/10.1007/s11269-007-9235-3 

 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 12; 2016 

40 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 

View publication statsView publication stats

https://www.researchgate.net/publication/309743045

