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In the joint project VolCorn, funded by the Leibniz Association and led by the 
Leibniz Centre for Agricultural Landscape Research (ZALF), a team of researchers 
has gained fundamental insights into how wheat plants respond to stress factors 
such as drought, flooding or pests in interaction with microorganisms in the 
plant and soil. The findings are important for breeding more resistant varieties 
and for the general understanding of plant-microbe interactions. 

Agriculture in Europe is increasingly affected by extreme weather conditions that 
lead to crop losses. In 2018, the damage in Germany alone amounted to around 
770 million euros. Making wheat plants more resilient to these stresses could make 
a significant contribution to safeguarding global food production. 

As part of the VolCorn project, scientists from four non-university research 
institutions have been studying, from very different perspectives, how wheat plants 
and the microorganisms such as fungi and bacteria that colonize them respond to 
stress factors caused by extreme weather conditions such as drought, flooding or 
pests. The underlying assumption is that the microbiota, the community of 
microorganisms in and around the plant, is as important to the plant as 
microorganisms are to the human immune system. A better understanding of 
these interactions is therefore central to better preparing plants for these stress 
situations. 

Volatile organic compounds (VOCs), which are produced by the plant and also 
used to "communicate" with the microbiota, play a key role in the plant's defense 
against these stressors. The researchers have used modern approaches to unravel 
these complex relationships. They used systems biology methods to study changes 
in plant metabolism and, at the same time, changes in the microbiota. 
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Microorganisms can help with climate stress 

The research shows that floods and droughts not only generally reduce the growth 
and yield of wheat, but also change the microbiota in the roots and leaves. In 
particular, more pathogenic microbes colonize the early growth stages. As a result, 
stressed plants become more susceptible to disease. 

To the researchers' surprise, however, beneficial bacteria also accumulate in the 
root zone during flooding, promoting the uptake of nutrients and vitamins by the 
plant. At the same time, the plant itself massively changes its metabolism. The 
researchers were able to show that the amino acid alanine plays a central role in 
maintaining nitrogen supply and metabolism in the stressed plants. "Presumably, 
the altered microbiota then makes more supporting vitamins available to support 
the weakened wheat metabolism in the root zone," explains project coordinator 
Steffen Kolb from ZALF. 

Pest infestations affect the formation of VOCs by the wheat plant, which reacts to 
this form of stress with a defense response. The project also led to the 
development of a new tool for data analysis of complex mixtures of different VOCs 
using mass spectrometry, which will speed up follow-up studies. 

New insights help breeders and farmers 

"We hope that in the future we will be able to selectively enrich microbes and their 
plant-supporting properties to make wheat plants more resilient to climate change, 
such as flood stress," says Kolb. In plant breeding, for example, work is already 
underway on programs that encourage plant colonization with supportive 
microorganisms from the surrounding soil. Another example is the transfer of 
stress-reducing microorganisms to wheat plants. 

"The knowledge gained from the multifaceted response of the wheat plant and its 
microbiota is of great importance for the breeding of climate-resistant wheat 
varieties and will open new avenues for the systematic management of 
microorganisms in agricultural crop production. However, further experimental 
research is needed due to the complex relationships involved," said the project 
coordinator. 
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 Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) 
 German Center for Integrative Biodiversity Research (iDiv) 
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Scientific contact: 

Prof. Dr. Steffen Kolb 
Research Area 1 
Phone: + 49 (0) 33432 82-326 
Email:   steffen.kolb@zalf.de 

Funding:  

The VolCorn project was funded by the Leibniz Association with approximately one 
million euros as part of the Leibniz Competition 2019. 

Further information: 

To the project website of VolCorn: 
https://comm.zalf.de/sites/volcorn/SitePages/Home.aspx 

 
Greenhouse experiments were conducted to investigate the joint response of wheat plants and their 
microbiota, ultimately providing new insights for climate-adapted wheat cropping systems. | The picture can 
be used for editorial purposes by stating the source: © Davide Francioli / ZALF |  
Picture in color and print quality: http://www.zalf.de/de/aktuelles  
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About the Leibniz Centre for Agricultural Landscape Research (ZALF) in 
Muencheberg, member of the Leibniz Association: 

Mission of ZALF is to deliver solutions for an economically, environmentally and 
socially sustainable agriculture –together with society. 

As a contribution to overcoming global challenges such as climate change, food 
security, biodiversity conservation and resource scarcity, we develop and design 
crop systems, integrated in their landscape contexts that combine food security 
with sustainability. Therefore we process complex landscape data with a unique set 
of experimental methods, new technologies and models as well as socio-economic 
approaches. 

ZALF research is integrated systems research: starting from processes in soils and 
plants to causal relationships on the field and landscape level up to global impacts 
and complex interactions between landscapes, society and economy. www.zalf.de 
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