
 

Seeing the unseen: Birth and death of tree
roots under a future atmosphere
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Field experiments tracking root dynamics under control and eCO2 conditions.
(A) The BIFoR FACE experimental facility is situated in mature deciduous
woodland near Stafford, UK, and contains three eCO2 (red) and three control
(blue) 'arrays'. (B) Arrays consist of scaffolding (gray) supporting pipes carrying
eCO2 or ambient air to the forest canopy. Each array has four minirhizotron
installation sites. (A-B) adapted from Ref. (Hart et al., 2019). (C) Minirhizotron
sites consist of a transparent tube embedded at a 45° angle in the soil, covered
and sealed when not in use. (D) A camera and lighting system (i) is inserted into
each of these tubes (ii) to take belowground images of in situ root systems
around the tube circumference and along its length. The imaging system is
connected (iii) to a field power supply and to a computer running real-time
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image acquisition software (iv). (E) Illustration of data acquired from
minirhizotrons; this composite consists of many images concatenated and
embedded on a cylindrical manifold for illustrative purposes. Credit: Science of
The Total Environment (2022). DOI: 10.1016/j.scitotenv.2022.158661

Increased carbon dioxide in the atmosphere causes trees to put more
resource into developing root systems below ground.

This flow of extra carbon below ground is an important, and often
overlooked, way in which the natural world will respond to ongoing and
future greenhouse gas emissions.

In a new study, led by the Universities of Birmingham, in the U.K., and
Bergen, in Norway, researchers have shown that atmospheric CO2
pumped into a mature forest at levels predicted to be the norm by 2050
will cause trees to produce more and longer roots.

The research, published in Science of the Total Environment, was carried
out in the Free-Air CO2 Enrichment (FACE) facility, operated by the
Birmingham Institute of Forest Research (BIFoR). It complements
earlier research which shows the same trees will increase their rate of
photosynthesis by up to a third under elevated CO2 conditions.

BIFoR FACE is a "sci-fi" forest, representing one third of the world's
largest experiment investigating the effect of global change on nature. It
forms a giant "ecosystem-o-scope" with sister facilities near Sydney, in
Australia, and Manaus, in the Amazon. In each of these facilities, extra
CO2 is introduced, bringing the air to what is predicted to be the norm
globally by 2050. To maintain the naturalness of the forest, the CO2-rich
air is added using an "invisible curtain" approach without roof or walls.
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In the study, a research team gathered thousands of images of tiny tree
roots, sometimes less than a millimeter wide, assembled over two years
in the BIFoR FACE forest. These images were used to build a
mathematical picture of the birth, growth, and death, of roots in an oak
forest. Some images were taken of the roots in place, using a high-res
camera sent under the forest floor in a set of long Perspex tubes. Other
images were from roots painstakingly teased out of cores of soil
extracted from the experiment.

Professor Iain Johnston, who led the study from Birmingham and then
Bergen, explained, "It's obviously hard to view these processes going on
beneath the ground. But a combination of innovative engineering and
careful field and lab work from our team have helped us shed new light
on this behavior—and on how confident we can be in our findings."

Mathematical modeling and data analysis of the images, carried out at
BIFoR and at the University of Bergen, concluded that more and longer
roots appear beneath the trees growing in the high carbon dioxide
atmosphere.

Representing the closely-knit team of four women scientists who carried
out the fieldwork and mathematical analysis, Birmingham researcher
Clare Ziegler said, "This work represents a great deal of collaboration,
from student volunteers to the BIFoR leadership team. The researchers
echoed this collaborative spirit, using our individual strengths in 
environmental science, biosciences, and mathematical modeling to gain
an understanding that was greater than the sum of its parts, and would
not have been possible with a single-disciplinary approach."

The results support other evidence that trees do, and may continue to,
provide limited protection against fossil-fuel derived increases in carbon
dioxide and, hence, climate change, by absorbing and storing the carbon.
Although this is by no means enough protection to significantly offset
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our emissions.

Colleague and researcher Angeliki Kourmouli said, "We usually take soil
for granted, but it forms a crucial part of many ecosystems and plays a
significant role in carbon storage. Understanding what goes on below
ground when the forest experiences not only increased CO2, but also the
additional stresses of climate change such as extreme weather, gives us
really important insights into what we can expect in the future."

Professor Rob MacKenzie, founding Director of BIFoR, added, "Now
we have hard evidence that the extra carbon is being used, in part, to
help the trees explore the nutrient-rich world beneath them. I'm tempted
to say that the roots live long and prosper under the future atmosphere,
but it will take more years of careful observation to be sure that is indeed
the case."

  More information: Clare Ziegler et al, Quantification and uncertainty
of root growth stimulation by elevated CO2 in a mature temperate
deciduous forest, Science of The Total Environment (2022). DOI:
10.1016/j.scitotenv.2022.158661

Provided by University of Birmingham

Citation: Seeing the unseen: Birth and death of tree roots under a future atmosphere (2022,
September 23) retrieved 21 June 2024 from https://phys.org/news/2022-09-unseen-birth-death-
tree-roots.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://phys.org/tags/forest/
https://dx.doi.org/10.1016/j.scitotenv.2022.158661
https://dx.doi.org/10.1016/j.scitotenv.2022.158661
https://phys.org/news/2022-09-unseen-birth-death-tree-roots.html
https://phys.org/news/2022-09-unseen-birth-death-tree-roots.html
http://www.tcpdf.org

