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This Lecture is based on an article in UN Environment Programme Frontiers 2016, authored by a group of scientists brought together 
for the purposes of identifying emerging issues and edited by myself and a team of UN Environment staffi. The issue of toxicity in 
plants in response to climate change drew a great deal of attention at the time, but since then it has largely disappeared, even though 
the problem is likely to increase. In this lecture, I revisit the article, updating it with new data and research that have been published, 
including the Intergovernmental Panel on Climate Change special report on the Impacts of global warming of 1.5 °Cii and set these 
new findings into the context of the Sendai Framework for Disaster Risk Reduction and food security in Africa.  
 
Climate Changes Impacts on Agricultural Productivity 
 
When the original article on toxicity in plants appeared in 2016, it was already clear to many people, including 
scientists, farmers and governments, that climate change was creating serious challenges to agricultural 
productivity.1 The growing intensity and occurrence of temperature related extreme events, such as droughts, heat 
waves and intense storms in large parts of Europe, Asia, Australia; and Africa; and heavy precipitation events in 
North America and Europe is already having significant economic impacts.2  
 
The most recent report from the Intergovernmental Panel on Climate Change examined the climate impacts under 
two scenarios for a global average increase in temperature of 2oC versus 1.5oC. In Sub-Saharan Africa, which has 
experienced the dramatic consequences of climate extremes becoming more frequent and more intense over the 
past decades3, temperature increases are projected to be higher than the global mean temperature increase4 with 
the regions between 15°S and 15°N projected to experience an increase in hot nights, as well as longer and more 
frequent heatwaves.5 West Africa, which relies heavily on rain-fed agriculture, is expected to be a climate-change 
hotspot where negative impacts from climate change on crop yields and production will be experienced.6,7 These 
yield losses are mainly driven by an increased mean temperature, with potential wetter or drier conditions and 
elevated CO2 concentrations modulating the effects.  
 
Along the Guinea Coast and in Central Africa, most models indicate a decrease in the length of wet periods and 
a slight increase in heavy rainfall, whilst Western Sahel is projected to experience the strongest drying, with a 

                                                           
i UNEP (2016). UNEP Frontiers 2016 Report: Emerging Issues of Environmental Concern. United Nations Environment Programme, 
Nairobi. Chapter 5 Jagger Harvey, Feed the Future Innovation Lab for the Reduction of Post-Harvest Loss, Kansas State University, 
United States; BecA-ILRI Hub, Nairobi, Kenya; and University of Queensland, Australia Monika Macdevette, UNEP, Nairobi, Kenya 
Samuel Mutiga, BecA-ILRI Hub, Nairobi, Kenya; and University of Arkansas, Fayetteville, United States Josiah Mutuku, BecA-ILRI 
Hub, Nairobi, Kenya Tilly Eldridge, John Innes Centre, Norwich, United Kingdom; and BecA-ILRI Hub, Nairobi, Kenya Peter 
Emmrich, John Innes Centre, Norwich, United Kingdom Delia Grace, ILRI, Nairobi, Kenya Senait Senay, University of Minnesota, 
Minnesota, United States Alemu Abate, Aksum University, Axum, Ethiopia Ross Darnell, Commonwealth Scientific and Industrial 
Research (CSIRO), Australia Appolinaire Djikeng, BecA-ILRI Hub, Nairobi, Kenya  
ii https://www.ipcc.ch/sr15/ 
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significant increase in the maximum length of dry spells. Above 2°C, this region is likely to become more 
vulnerable to drought and could face serious food security issues 8,9,10  
 
Further south, changes at both temperatures are projected for western Southern Africa, with precipitation 
reductions over the Limpopo basin and smaller areas of the Zambezi basin in Zambia, as well as over parts of 
Western Cape in South Africa, and an increase is over central and western South Africa, southern Namibia. At 
2°C the region is projected to face robust precipitation decreases of about 10–20%, with longer dry spells projected 
over Namibia, Botswana, northern Zimbabwe and southern Zambia. Projected reductions in stream flow of 5–
10% in the Zambezi River basin are linked to increased evaporation and transpiration rates resulting from a rise 
in temperature11 with impacts on hydropower across the region of southern Africa.  
 
For Eastern Africa, annual rainfall projections show a robust increase in precipitation over Somalia and a less 
robust decrease over central and northern Ethiopia; this is likely to have an impact on the agricultural and water 
sectors in the region.12 

 

Rain-fed agriculture accounts for more than 95% of farmed land in sub-Saharan Africa; and 75% in the Near East 
and North Africa; so increases in climate variability pose unprecedented challenge to agriculture and to food 
production systems across Africa.13 The frequency, severity, and range of droughts across the entire African 
continent significantly increased between 1900 and 2013.14,15 Specifically in East Africa, the well-documented 
2010–2011 drought greatly affected agricultural yield and increased food insecurity in the region. In 2015-2016, 
El Niño-related drought conditions in East and Southern Africa resulted in decreased cereal production. 16 Today, 
food insecurity related to climate change and extreme weather conditions remains a problem for many countries 
across Africa (see Table).17  
 

Burundi, Malawi, Niger, Lesotho, Cabo Verde, Guinea, Eswatini, Liberia, Mauritania, 
Uganda, Localised crop production shortfalls  
Djibouti Impact of consecutive unfavourable 
rainy seasons on pastoral livelihoods. About 
197 000 people are severely food insecure, 
mainly concentrated in pastoral areas north of 
Obock City and in southeastern areas, which 
were affected by consecutive unfavourable 
rainy seasons. 

Madagascar Dry spells and impact of 
cyclones. The number of people affected by 
food insecurity increased to 1.3 million in 
southern regions, due to unfavourable weather 
conditions that kept cereal production in 2018 
at below-average levels, while record high 
prices earlier in the year negatively impinged 
on food access. 

Chad Civil insecurity, internal displacements 
and dry spells in localized areas 

Kenya Consecutive unfavourable rainy 
seasons affect crop and livestock. About 0.7 
million people are severely food insecure, 
mainly located in northern and eastern areas as 
a result of the lingering effects of severe 
drought conditions between mid-2016 and late 
2017. 

Ethiopia Impact of drought on local 
livelihood systems. An estimated 7.95 million 
people were affected by food insecurity, 
mainly in southeastern agro-pastoral areas, due 
to the lingering effects of severe drought 
conditions between mid-2016 and late 2017. 

Mozambique Weather shocks and localized 
production shortfalls. Dry conditions and pest 
infestations caused production shortfalls in 
southern provinces and some areas of the 
centre. As a result, an estimated 1.8 million 
people are food insecure.  At the national level, 
cereal production is estimated to have 
increased in 2018. 

Senegal Rainfall deficits in some localized 
areas 

Somalia Widespread drought conditions 
About 1.56 million people are estimated to be 
in need of emergency assistance, mainly IDPs 
and agro-pastoral communities affected by the 
lingering effects of the severe drought 
conditions between mid-2016 and late 2017. 
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Drought in Kenya World Vision 2018 https://www.youtube.com/watch?v=_tUWwlMuD3Q 
 
What is happening to the plants? 
 
Stress caused by extreme climatic conditions can reduce crop yields, increase postharvest losses, and threaten 
animal and human health as a result of changes in physiological and biochemical processes.18  In the earlier report, 
it was reported that worldwide, over 80 plant species are known to cause poisoning from accumulation of nitrates 
under drought conditions: crop plants most susceptible include barley, maize, millet, sorghum, soybean, sudan 
grass, and wheat (see Video).19,20,21 When cattle, sheep, and goats consume large quantities of high nitrate plants, 
their ruminant digestive processes cannot break down the nitrate fast enough to avoid poisoning. Acute nitrate 
poisoning in animals can lead to miscarriage, asphyxiation, and death. Nitrate poisoning in livestock can ruin the 
livelihoods of smallholder farmers and herders. Rain can help revitalise the plants and reduce the nitrate 
accumulation, but rapid growth in water-stressed plants can result in the dangerous accumulation of compounds 
that give rise to toxic hydrogen cyanide (also called prussic acid).22 Examples of plants that can accumulate prussic 
acid to toxic levels under extreme conditions are cassava, flax, sunflower, pigweed, maize, sorghum, sudan grass, 
arrow grass and velvet grass. 
 
Video: Nitrate toxicity in corn © SUNUPTV https://www.youtube.com/watch?v=GguOOGzeOWk  
 
Now scientists are also seeing the effects of climate change on pollination and reproduction, and fertility in crops.23 
This is happening through changes in the morphology of pollen and stigma, pollen biochemical and lipid 
composition, sensitivity of floral reproductive organs and different heat stress thresholds. Even rapid increase in 
night-time temperatures, can affect productivity through a narrowing of the diurnal temperature amplitude. 
However, information on mechanisms leading to heat stress induced sterility is heavily biased towards rice, wheat 
and sorghum; across other field crops information is limited.  
 
Along with changes to the plants themselves are the mycotoxins associated with climate change that can colonise 
crops. Mycotoxin-producing fungi infect many crops such as coffee, groundnut, maize, oilseeds, peanut, sorghum, 
tree nuts, and wheat. An estimate in 1998, backed up more recently by FAO, suggests that mycotoxins 
contaminated at least 25 per cent of cereals worldwide.24 One particular mycotoxin of concern is Aflatoxin, 
produced by certain species of Aspergillus fungi and particularly during drought conditions. About 4.5 billion people 
in developing countries are exposed to uncontrolled and unmonitored amounts of aflatoxins25; in Africa studies 
in Ethiopia have shown how resource poor farmers have helped to spread the fungus by feeding livestock mouldy 
feed.26  More recently, the International Livestock Research Institute (ILRI) showed a large amount of milk and 
grains consumed by Kenyans in 2018 had aflatoxin levels exceeding internationally accepted limit. Concerns about 
Aflatoxin contamination need to be taken seriously: ILRI have estimated that 26,000 people in sub-Saharan Africa 
alone die annually of liver cancer associated with aflatoxin exposure. Evidence further suggests it may also stunt 
foetal and infant development, block nutrient uptake, and suppress immunity.27   
 
 “Aflatoxins have carcinogenic, teratogenic, hepatotoxic, mutagenic and immunosuppressive effects, with the liver being the target organ. 
Aflatoxins are associated with both acute toxicity as well as chronic carcinogenicity in humans and animals. Aflatoxins are regularly 
found in nuts, dried fruits, spices, oil seeds, cereals, corn, rice and milk. Contamination can occur before harvest, during the time 
between harvesting and drying, and in storage. Contamination of milk by aflatoxin is caused when cows are fed with contaminated 
feed, for example contaminated corn or peanut cake of poor quality. Aflatoxins are chemically and thermally stable during food 
processing, including cooking, boiling, baking, frying, roasting and pasteurization. The best way to avoid contamination is 
prevention.”28 

 
And Europe is not immune from this danger (see Video).  
 
Video Mycotoxins and Climate Change - How Europe contributes to global efforts European Food Standards Agency 2017  
https://www.youtube.com/watch?v=yi46ZQLjMYw 
 
A study of aflatoxin occurrence in Serbian maize confirmed that the contamination detected in the 2012 maize 
harvest resulted from that year’s prolonged warm weather and extreme drought conditions.29 Normally, 
environmental and climatic conditions in Serbia and other temperate regions would not favour the accumulation 

https://www.youtube.com/watch?v=_tUWwlMuD3Q
https://www.youtube.com/watch?v=GguOOGzeOWk
https://www.sciencedirect.com/topics/food-science/aflatoxin
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/acute-toxicity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/carcinogenicity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/dried-fruit
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spice-oils
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/roasting
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pasteurization
https://www.youtube.com/watch?v=yi46ZQLjMYw
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of aflatoxins. However, a recent modelling study predicts that aflatoxin in maize will become a food safety issue 
for Europe, even if the increase in global temperatures can be limited to 2°C. Areas at high risk of aflatoxin 
outbreaks include Eastern Europe, the Balkan Peninsula, and the Mediterranean.30  
 
We are just beginning to recognize the magnitude of toxin related issues confronting farmers around the world in 
their efforts to provide safe nutritious foods. As warmer climate zones expand towards the poles, countries in 
more temperate regions will face new threats. Our enhanced diagnostic capacities to detect for toxins reveal that 
more and more global food stocks appear to be at risk of contamination.  
 
What can be done? 
 
As always, Nature provides many opportunities to combat the problem of toxic crops and provide crops that are 
resilient to heat stress. Some wild wheat species, for example Aegilops spp., have a higher heat-tolerance than 
commercial varieties and wild rice (Oryza officinalis) can escape damage by completing flowering during early 
morning hours.23  
 
Could it be that the hundreds of seeds stored in community seed banks are the solution? 
 
In a recent report called “Celebrating African Rural Women: Custodians of Seed, Food and Traditional Knowledge 
for Climate Change Resilience”31 there were numerous examples of traditional seeds providing the source of food 
under drought conditions. Here are some of their stories. 
 
Teresa Makena Daudi, Tharaka community, Kenya. Since developing an eco-cultural mapping and recovering 
ancestral crop calendars, they have successfully revived most of their lost seeds and are now food secure. “Over the 
past two years I have found that the indigenous crops produce more, especially when there is less rain…. Unlike the government crops, 
which produce for one year only, our indigenous varieties keep flowering and producing more and more seeds.” 
 
Tolesa Alemayehu, Ejere, Oromia, Ethiopia.  Reviving traditional seed and farming practices has led to greater 
respect in the community for the work of the local women’s seed group. “ If I find a variety of seed makes a good injera 
then I will put some aside for the next sowing season. The storage bof seed is the responsibility of the women. First we select the best, 
fresh seeds from the field. I use a bag that allows air inside. We don’t place it on the ground: it must be placed on wood to keep it 
protected from moisture. We store the like that in the house and we also store some in the community seed bank.” 
 
Houessou Anagonou Houeyiho, Benin. At sixty years old Houessou, and a priestess of the divinity Sakpata 
Djeholou Kpatazan (God of Earth) is among those responsible for the traditional culture in the village. “There are 
many challenges which threaten sacred sites and seed.. The community have also observed changes in the climate especially the rain, 
which has become irregular and rare. They are focussing on selecting the more resistant varieties to conserve them, and to maintain their 
resilience.” 
 
Early Warning, Integrated Surveillance Systems 
 
Combining heat tolerant varieties of crops with early warning systems for drought and disease surveillance will 
help create mutually reinforcing efforts and enable farmers and governments deploy effective strategies and 
targeted rapid responses to outbreaks when climatic conditions become severe. 
 
At the global and regional level, there are initiatives such as the Comprehensive African Agricultural Development 
Program; the African Union Commission’s Partnership for Aflatoxin Control in Africa (PACA); the Codex 
Alimentarius standards body; food safety and regulation efforts by the Food and Agriculture Organization of the 
United Nations (FAO), the World Food Programme, and the World Health Organization; and the 2030 global 
agenda for sustainable development with a specific sustainable development goal that can help address some of 
these issues.  
 
There are also research projects aimed at addressing the health and development challenges of aflatoxins and 
climate related crop losses plus international plant breeding efforts and technologies to develop more drought 
tolerant and disease-resistant crops, including genome editing to eliminate genetic elements underlying 
susceptibility to risky diseases or toxins; transformation with disease resistance, drought tolerance, or toxin-
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degrading genes; bio-control strategies to apply natural antagonists of toxin-producing fungi in farmers’ fields; 
proper postharvest drying and storage; and development of mobile diagnostics and decontamination.32,33,34 These 
combined with risk assessment tools and public health analyses will provide farmers with ways of anticipating 
some of the problems and enable decision-makers gain a greater understanding of just what is at stake.. 35,36,37,38,39  

 

But as farmers and consumers the world over face the increasing challenges of food production against a backdrop 
of rapid climate change, there is little doubt that a more integrated, science-public health-community based strategy 
will be needed to safeguard agricultural yields in drought-prone areas to safely feed the world’s growing population.  
 
 
 
 

© Professor Jacqueline McGlade, 2019 
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