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Agriculture: 

both a contributor and victim of climate change 
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Growing human population: 

 higher demand for food

Likely peak at 9.73 billion people 
(8.8-10.9 uncertainty interval) around 2064 

The Lancet, 2020

Cereal production and demand

An increase of 25-70% above current 
production levels will be necessary

BioScience, 2017BioScience, 2017



How to reconcile higher production with climate change 

mitigation? 
More land conversion  CO2 (+ risk of exposition to new pests and parasites from the wild)

 Need to produce more using less land (improve yield / surface)… but how ?

Improve plant resistance to abiotic stress:

• Drought

• Floodings
Reduce losses caused by pests and 

pathogens

Using more fertilizer  N20 = greenhouse gas
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Pests, pathogens and parasites destroy 20 -30% 

of the world agricultural production

Nature Ecology & Evolution, 2017

Despite considerable efforts to control them … 

including pesticides, many of which being harmful 

for environment and biodiversity

+ Climate change exacerbates the problem

• Reduce efficiency of some pesticides

• Break some resistance genes in plants

• Favorable to proliferation and expansion of pests 

and parasites…

Despite considerable efforts to control them … 

including pesticides, many of which being harmful 

for environment and biodiversity



Nature-inspired solution?
What species do in nature through time and when environment change?

 They evolve and adapt!

How?

 Mutations in their DNA (genomes) provide variability in their forms and fitness (phenotypes)

 The diversity of forms is submitted to the filter of selection (environment) and only the fittest forms 

pass the filter… the fittest forms transmit their mutations to the next generation, and so on …

Environmental changes  new filter for selection

Problem: pests and parasites tend to evolve faster than their host 

because

• Shorter generation time

• Higher offspring / generation

• Bigger population size

 Higher variability and adaptability



Ability to manipulate and degrade plants evolved multiple 

times independently

Burki et al. 2020, The New Tree of Eukaryotes

nematodes

arthropodes

oomycetes

plantes terrestres

https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2Fe%2Fe2%2FEukaryote_DNA-en.svg%2F320px-Eukaryote_DNA-en.svg.png&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDNA&tbnid=a22ahiqOXS-HSM&vet=12ahUKEwijqtH77aP7AhUDjxoKHUD1CdsQMygCegUIARC_AQ..i&docid=jCcmuaYhQnNPzM&w=320&h=198&q=cell%20dna&client=firefox-b-d&ved=2ahUKEwijqtH77aP7AhUDjxoKHUD1CdsQMygCegUIARC_AQ


Our questions and how we study them

 How has this ability to manipulate plants emerged during evolution

  Decode the genomes of agricultural pests  and compare them to those of other species

○  unlock the secrets of their adaptation to plant parasitism
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Our questions and how we study them

 How pests and parasites adapt to environmental changes including control methods
  Compare the genomes of different populations of a same species in different environment

○  identify genomic variations associated to their adaptations



 Pests and pathogens cause 20-30% loss on worldwide production 

(despite current extensive control methods)

 We must reduce these losses using more environment-friendly & 

sustainable methods

 We study species natural evolution to inspire new methods to better 

combat them.

Take home messages



 Incorporate AI to accelerate these analyses and be ready for many new genomes to 

come

 Extend these analyses to other pests and parasites to identify convergent evolution 

and thus crucial central genes for plant parasitism

Ongoing and future directions

… and keep in mind that after harvest 

> 30% of the global food production is lost and wasted

 14% between harvest and market

 17% at market and consumer level

https://www.fao.org/home/en/
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