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Like humans, trees require various elements to thrive. But 
with many of those elements locked away in complex soil 
molecules, how do they access what they need? Trees have 
developed their own language with soil microbes to trade 
carbon fixed by photosynthesis for nutrients like bioavail-
able nitrogen. This dialogue not only sustains tree growth 
but also holds significant implications for climate change 
mitigation. Forests serve as carbon sinks and their capacity 
to absorb carbon dioxide (CO2) relies on nutrient availability, 
thus underscoring the pivotal role of this microbial language 
in our planet’s future.

Talking trees: discover how trees use chemicals to communicate with soil microbes  
and how this could impact their ability to act as carbon sinks.
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All the periodic table, please! 
Trees, much like humans, need to be supplied with a di-
verse mix of nutrients to keep growing. These nutrients 
contain chemical elements that plants need for growth. 
More or less the same elements are required for both hu-
mans and plants to build and maintain genetic code, pro-
teins, cell walls, etc. The most important elements include 
carbon (C), nitrogen (N), phosphorus (P), oxygen (O), po-
tassium (K), magnesium (Mg), and calcium (Ca). However, 
unlike humans who can actively seek out these nutrients 
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in their environment, trees are anchored in place and rely 
on the reach of their roots and symbiotic fungal mycorrhi-
zae to scavenge for nutrients. But are all these elements 
present in the soil? Yes and no. Yes, they are all present 
but usually not in a form available for plant uptake (i.e. not 
edible). All these elements are usually found in organic and 
mineral molecules (Figure 1), but these molecules are too 
complex and too large to be absorbed by root cells. This is 
where soil microbes come in! Soil bacteria and fungi pos-
sess a unique ability to produce enzymes capable of break-
ing down these complex molecules into smaller, more ac-
cessible forms, such as sugars, amino acids, and inorganic 
nitrogen (N) compounds like ammonium (NH4

+) and nitrate 
(NO3

–), which can be directly utilized by trees. As microbes 
break down these molecules, they absorb a portion of the 
released nutrients to integrate in their cells and grow in 
numbers and release leftover molecules into the soil. This 
leftover supply of nutrients can then be taken up by trees 
to integrate into their own cells. This dynamic is particularly 
critical for nitrogen as it frequently limits tree growth in 
northern hemisphere forests.

Nitrogen: a precious but unequally 
distributed resource
The ground-breaking invention of the Haber–Bosch process 
in the early 20th century revolutionized agriculture by effi-
ciently fixing plentiful but inert atmospheric nitrogen into 
compounds that plants can use, such as ammonium salts 
with nitrogen in the form of ammonium ions (NH4

+). This in-
novation facilitated rapid food production, catalyzing agri-
cultural growth worldwide. However, the excessive use of ni-
trogen fertilizer over subsequent decades is now considered 
a significant contributor to climate change[2,3] and has led to a 
non-uniform distribution of fixed nitrogen across the globe. 
Regions near industrial and agricultural areas experience 
detrimental effects from excess nitrogen fertilizers, such 
as high emissions of nitrous oxide – a potent greenhouse 
gas – and the contamination of water bodies with nitrates. 
Conversely, ecosystems situated far from industrial and ag-
ricultural zones, like some forested areas, continue to face a 
scarcity of nitrogen compounds that plants can use, which 
constrains their productivity and resilience.[4]

Figure 1: Top: Periodic table showing the elements required for plant survival in bold. The colours indicate the colour scheme for 
the molecular models in the lower part. Bottom: Schematic of the decomposition of soil organic matter molecules like humic 
acids by soil microbes.[1]

Image courtesy of the author. Microbe image courtesy of Pacific Northwest National Laboratory. Humic acid image courtesy of the Virtual Museum of 
 Minerals and Molecules.
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Forests: climate change allies  
when nitrogen is not limiting  
As our planet heats up due to human activities releasing CO2 
into the air, trees may play a crucial role in absorbing this 
excess CO2 through photosynthesis.[5] Their ability to act as 
carbon sinks makes them powerful allies in slowing down 
climate change, but trees can only absorb excess CO2 if they 
are supplied with enough nitrogen. In forests where soil 
nitrogen is scarce, studying nitrogen availability in soils is 
complex; it’s like resolving multiple equations with multiple 
unknowns, all of them dependant on soil microbes. Nitro-
gen availability in soils is regulated by the nitrogen cycle, 
defined as the repeating processes by which nitrogen cycles 
between inorganic and organic forms, and moves between 
biotic (living) and abiotic (non-living) systems, including the 
atmosphere, soil, water, plants, animals, and bacteria  (Figure 
2). In fact, plant growth is often limited by nitrogen mineral-
ization (the breakdown of complex organic compounds into 
mineral nutrients), greenhouse gas emissions are a func-
tion of denitrification (the production of nitrogen gas from 

nitrate), and groundwater pollution is a result of nitrate 
leaching (loss of nitrate from the upper soil). The speeds 
of these processes are dependent on climatic parameters, 
such as soil moisture, temperature, and the availability of 
other nutrients. Consequently, these processes, and by ex-
tension nitrogen availability, are likely to be influenced by 
climate change. Think of it like a seesaw – if it gets unbal-
anced, too much nitrogen can turn into greenhouse gases or 
be leached into groundwater, leaving insufficient nitrogen in 
the soil for trees to thrive. 

Scientists around the world study nitrogen availability in for-
ests in experiments designed to model expected conditions 
to understand how forests can help mitigate climate change. 
To do so, researchers use free-air CO2 enrichment (FACE) ex-
periments, which mimic the predicted concentration of at-
mospheric CO2 in 2050 by using tall vertical pipes blowing CO2 
in areas of mature forests (Figure 3). In these experiments, 
researchers study tree growth, analyze root exudate com-
position, assess microbial activity, and use isotopic tracing 
techniques to measure nitrogen availability in soils.   

Figure 2: Schematic representing the influence of root exudates on the soil nitrogen cycle. All nitrogen 
fluxes are represented in dark blue, carbon fluxes in red, and exudates in light blue. The plus sign rep-
resents stimulation and the minus sign represents inhibition.
Image courtesy of the author 
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Root exudation: a key mechanism in 
alleviating nitrogen limitation 
Researchers at the University of Birmingham, UK, are finding 
that, when available soil nitrogen is limited, trees can trade 
the one element it can access more easily than microbes – 
carbon – for nitrogen. Trees fix carbon via photosynthesis in 
their leaves and convert it into glucose, so they can easily re-
distribute part of this to microbes in the soil through root ex-
udates, which are fluids released through plant roots and are 
usually rich in carbon. This dynamic is amplified under ele-
vated atmospheric CO2 concentrations because trees use the 
excess CO2 to fix more carbon. Extra carbon released into the 
soil via root exudation stimulates microbial activity, which 
accelerates the decomposition of soil organic matter and 
leads to the release of nitrogen in a form trees can use (Fig-
ure 2).[6] But this partnership between microbes and plants 
goes beyond simple food exchange. Indeed, trees not only 
release simple glucose; they can selectively adjust the com-
position and concentration of the compounds released into 
the soil to enhance or inhibit specific microbial functions. 
For example, under conditions of high atmospheric CO2, trees 
may release compounds to inhibit nitrification, like ferulic 
acid,[7] to prevent nitrogen loss from the soil. By doing so, 
trees maintain nitrogen in their preferred form, ammonium, 
and reduce potential losses to the atmosphere and ground-
water. Thus, the composition and concentration of these ex-
udates act like an encoded message, telling microorganisms 
what is needed for optimal plant growth. However, grasping 
the intricacies of this communication remains a challenge. 

Continued efforts are underway to translate this plant-to-mi-
crobe language, since it could hold a key to understanding 
how forests can help us mitigate climate change. 
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Figure 3: Left: The Birmingham Institute of Forest Research-FACE (BIFoR-FACE) facility in the UK.  
Right: A researcher on site, labelling soil with a nitrogen isotope (15N) to measure nitrogen fluxes.
Images: The BIFoR-FACE: © University of Birmingham. Researcher on site: courtesy of the author. 
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Resources

 ⦁ Watch a mini lecture about nitrogen cycling under 
 elevated CO2 in forests soil.

 ⦁ Find out more about the BIFoR FACE experiment. 

 ⦁ Watch a video showing a week in the life of researchers 
at BIFoR-FACE. 

 ⦁ Watch a short National Geographic on How Trees Secretly 
Talk to Each Other in the Forest.

 ⦁ Estimate the CO2 absorbed by a tree in the schoolyard: 
Schwarz A et al. (2024) How much carbon is locked in that 
tree? Science in School 67.

 ⦁ Grow bacteria from ants’ feet and learn how they could 
help us reduce the use of chemical pesticides: Jensen IC 
(2024) Footprints in the agar: growing bacteria from ants’ 
feet to combat plant diseases. Science in School 67. 

 ⦁ Embark on a microscopic moss safari to explore the 
fascinating world of diverse and resilient organisms that 
thrive in this challenging habitat: Chandler-Grevatt A 
(2023) Moss Safari: what lives in moss?  
Science in School 63.

 ⦁ Read about the first land plants and how they changed 
our world: Streubel S (2023) When plants moved ashore 
and changed the planet. Science in School 64.

 ⦁ Discover how the unique characteristics of seagrasses  
are vital for the health of our planet: Crouch F (2024) 
 Seagrass the wonder plant! Science in School 67.

 ⦁ Discover renewable resources and how energy models 
can help us to explore the future of energy: Süsser D 
(2023) Clean energy for all: can sun and wind power our 
lives? Science in School 61.

 ⦁ Learn about how trees affect the climate: Harrison TG, 
Khan MAH, Shallcross DE (2022) How trees affect the 
 climate: is it just through photosynthesis?  
Science in School 58.

 ⦁ Read about the beneficial effects of tree canopies: 
 Guerrieri R (2019) The secret life of forests.  
Science in School 46: 20–24.
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