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Abstract

Climate change is associated with rising temperatures, elevated carbon dioxide, variable rainfall 
patterns and frequent droughts, reduced soil carbon and mineral nutrients, and increased influx 
of pests and diseases, in addition to adverse effects on postharvest systems. Crop scientists at the 
University of Nairobi in collaboration with other research and development institutions are exploring 
opportunities to enhance climate resilient cropping systems. In the year 2017/2018, approximately 
57 articles were published in peer-reviewed journals. New varieties and advanced lines with drought 
tolerance and multiple resistance to diseases have been developed. Many crops have been screened 
against emerging insect pests. Adaptation strategies for improved agronomy and better postharvest 
technologies have been developed in collaboration with farmers and other stakeholders. Key research 
areas that strengthen the adaptive capacity of cropping systems to climate change are discussed.

Key words: Carbon, climate change, drought, diseases, Kenya, mineral nutrients, pests, postharvest

Résumé

Le changement climatique est associé à la hausse des températures, à une augmentation du dioxyde 
de carbone, à des régimes pluviométriques variables et à des sécheresses fréquentes, à une réduction 
du carbone du sol et des nutriments minéraux et à un afflux accru de ravageurs et de maladies, en 
plus des effets néfastes sur les systèmes après récolte. Les spécialistes des cultures de l’Université de 
Nairobi, en collaboration avec d’autres institutions de recherche et de développement, explorent les 
possibilités d’améliorer les systèmes de culture résilients au climat. En 2017/2018, environ 57 articles 
ont été publiés dans des revues à comité de lecture. De nouvelles variétés et des lignées améliorées 
avec une tolérance à la sécheresse et une résistance multiple aux maladies ont été développées. De 
nombreuses cultures ont été étudiées et examinées en tenant compte des insectes ravageurs. Des 
stratégies d’adaptation pour une agronomie améliorée et de meilleures technologies post-récolte ont 
été développées en collaboration avec les agriculteurs et d’autres parties prenantes. Les principaux 
domaines de recherche qui renforcent la capacité d’adaptation des systèmes de culture au changement 
climatique ont été discutés.

Mots clés: carbone, changement climatique, sécheresse, maladies, Kenya, nutriments minéraux, 
ravageurs, après récolte



Introduction

Crop performance in Kenya is highly volatile due to extreme weather events, which are increasing 
in frequency and intensity with climate change. Rainfed agriculture, which accounts for 98% of 
crop production is impacted negatively by rising temperatures and frequent droughts. Average 
annual temperatures rose by 1°C between 1960 and 2003 and projections to 2030 show mean annual 
temperature in Kenya will further increase by 1.0-1.5 °C (IPCC, 2007). Changes in rainfall patterns 
and temperatures can alter growing seasons and cropping environments. Studies in Kenya find that 
by 2030, under a business-as-usual scenario, climate change will reduce yields of maize by 12%, 
23% in rice and 13% in wheat. In addition to droughts, rising temperatures have led to an increase in 
diseases, insect pests and weed epidemics. For example, maize lethal necrosis, the fall armyworm in 
maize, Tuta absoluta in tomatoes and striga weed (Striga hermonthica) in maize and sorghum fields.

The effects of climate change on crop production are exacerbated by low soil fertility due to the 
depletion of soil carbon and mineral nutrients. Increased yield gaps, the difference between actual 
and water-limited yield potential in major staple crops, are attributed to water stress and nitrogen 
deficiency. Water-limited yield potential is the maximum yield achievable under rainfed conditions 
if soil water capture and storage are maximised and nutrient constraints are eliminated (van Ittersum 
et al., 2013). In maize, yield gaps ranged from 0.8-3.4 t ha-1 in a sub-humid environment in eastern 
Kenya, and the supply of nitrogen was the most effective in reducing the deficit (Kitonyo et al., 2018). 
However, increased cost of N fertilizer has hampered efforts to replenish soil fertility, particularly by 
smallholder farmers.

Further, climate change and extreme weather events have led to an increase in postharvest losses in both 
perishable and non-perishable commodities, particularly in developing countries where investment 
in postharvest technology is limited (Stathers et al., 2013). For example, changing climatic patterns 
have altered maize harvesting period conditions in most parts of Kenya with harvesting coinciding 
with rains or humid conditions. These conditions predispose the grain to grain pests and disease 
attack. In Kenya, post-harvest crop losses are estimated at 12-20 % of the total national production. 
In addition to pests and disease attack as well blemishes on perishable commodities, postharvest 
losses also emanate from spillages during handling, transportation, processing and marketing and 
mechanical damages during processing. Increased aflatoxin accumulation in maize and groundnut 
grains are reported (Stathers et al., 2013).

To ensure food security in a changing climate, the Kenya Government has adopted climate smart 
agriculture (CSA) approach. Worldwide, climate smart agriculture programs are spearheaded by the 
Food and Agriculture Organization of the United Nations (FAO) and centers in the Consultative 
Group on International Agricultural Research (CGIAR). The main objective of CSA initiatives is 
to sustainably increase agricultural productivity and incomes by adapting and building resilience to 
climate change, as well as reduced greenhouse gas emissions. Crop scientists at the University of 
Nairobi have well-established expertise in crop research and capacity building on climate resilient 
cropping systems. In addition, the Department’s objectives are well aligned with many declarations 
and initiatives on climate change adaption, including the Kenya Climate Smart Agriculture Strategy, 
2017-2026.

Research activities in the Department of Plant Science and Crop Protection. Research in this 
Department primarily explores opportunities to create more climate resilient cropping systems 
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that address increasing droughts, disease, insect pests and disease epidemics, postharvest losses and 
aflatoxin contamination as well as soil mineral nutrition depletion. A total of 68 articles were published 
in refereed journal in late 2017 and early 2018. A summary is provided in Figure 1. Eight papers were 
published in breeding, 12 in agronomy, 22 in crop protection, 13 in post-harvest technology and 11 on 
carbon and crop mineral nutrition.

Figure 1. Recent scientific publications in the Department of Plant Science and Crop Protection, 
University of Nairobi. Publications are grouped into areas that address increasing droughts 
(breeding and agronomy); disease and insect pest control (crop protection); postharvest 
handling and losses, and aflatoxin contamination (postharvest handling); crop nutrition and 
carbon sequestration

Development of drought resilient cropping systems. The adaptive capacity of crop production 
systems to climate change has been addressed through breeding and improved crop management 
practices. Latest research projects have looked at the impact of drought stress on the nutritional 
quality of vegetable crops, improved water use efficiency in paddy rice fields, improving water and 
soil management through mulching, ridging and crop residue incorporation, intercrop systems that 
involve maize-legume mixtures with different varieties, shade effects on coffee yields and quality and 
the optimization of tissue culture protocols for the production of elite Melia (Melia volkensii Guerke) 
and frankincense tree (Boswellia sacra Flueck) clones. In collaboration with Kenya Agricultural and 
Livestock Research Organization (KALRO), drought tolerant bean varieties have been released to the 
market.

Development of disease, insect pest and weed epidemics resilient cropping systems. Breeding 
and integrated pest management strategies have overtime built resilience to the changing spectrum 
of diseases and insect pests, and weed resistance to herbicides. Leading breeding efforts include the 
development of snap bean varieties with multiple resistance to anthracnose, angular leaf spot and rust. 
In collaboration with KALRO, Centre for International Center for Tropical Agriculture (CIAT), Pan-
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African Bean Research Alliance (PABRA) and other institutions, bean lines with multiple resistance 
to diseases have been developed (Kimani et al., 2005). New sources of resistance to maize lethal 
necrosis (MLN) and aggressive races of wheat rust have have been identified in collaboration with 
KALRO and the International Maize and Wheat Improvement Center (CIMMYT) (Nzuve et al., 
2013). There is increased research in the management of fall armyworm in maize. Field trails are 
ongoing for the genetic modification of cassava for resistance to Cassava Mosaic and Cassava Brown 
Streak diseases.

Resilience to postharvest losses and aflatoxin contamination.  There has been constant surveillance 
studies on postharvest constraints and losses of both perishable and non- perishable produce. Aflatoxin 
management in maize has been managed through the breeding of resistant varieties, improved storage 
practices such as hermitic bags and metal silos, and the use of a multi-spectral sorter for removal of 
contaminated single kernels. Cool-bot and charcoal cooler technologies for reducing postharvest 
losses in fruits and vegetables have been adapted to smallholder farmers (Ambuko et al., 2018). The 
effects of crop nutrition on the shelf life of fruits, for example calcium nutrition effects on keeping 
quality of mango have been investigated. However, many of these studies may not have been driven 
by climate change concerns but provide insights on the impact of climate change on postharvest 
handling, storage and management.

Development of cropping systems resilient to soil carbon and mineral nutrients depletion. 
Climate change and nutrient depletion adversely affect soil quality and reduces crop yield. To 
improve productivity and agricultural sustainability, breeding and agronomic work has focused 
on the improvement of nitrogen use efficiency in maize and other crops. Combinations of organic 
and inorganic fertilizers to improve soil quality and crop productivity have been investigated. The 
effect of no-till and crop residue retention practices in maize cropping systems showed significant 
impact in the improvement of soil quality, moisture retention, fertilizer use efficiency and aflatoxin 
accumulation. There is increased innovation to adapt conservation agriculture practices of reduced 
soil tillage, permanent soil cover with crop residue or cover crops and diversified crop rotations and 
intercropping to smallholder farmers (Khaemba et al., 2017). Site specific nutrient management in 
rice and maize crops have been investigated. Exploitation of atmospheric nitrogen fixation through 
the characterization of the genetic diversity of rhizobia and incorporation in cropping systems 
has been done (Chemining’wa et al., 2011). For example, cowpea-rhizobia and Azolla- Anabena 
symbioses studies have been carried out. Shade trees effects on physiology, soil carbon, nutrients, 
yields, biochemical components and cup quality of coffee has been investigated (Odeny et al., 2015).

Conclusion

Most of outlined research in this paper has been adaptive. However, there is need for basic research 
to improve scientific theories for better understanding of underlying processes. Crop modeling, 
which integrates various aspects of climate change as drivers of crop yield might improve research. 
Geographic information systems should also be embraced. Despite the current scientific publications, 
products and patents that have been produced at department, some of the climate-smart technologies 
have not been well-packaged to reach the farmers. This uncertainty highlights a limited platform for 
upscaling and outscaling of the new technologies. Multidisciplinary approaches in the development 
of climate resilient cropping systems are required.
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