
 

Ancient plant-fungal partnerships reveal how
the world became green

May 15 2012

Prehistoric plants grown in state-of-the-art growth chambers recreating
environmental conditions from more than 400 million years ago have
shown scientists from the University of Sheffield how soil dwelling
fungi played a crucial role in the evolution of plants.

This ground breaking work provides fundamental knowledge of how
plants colonised the land before roots evolved and the co-evolution of
one of the most ancient relationships, between fungi and early plants that
played a founding role in the evolution of Earth's ecosystems.

The research highlights the importance of mutually beneficial plant-
fungal relationships prior to the evolution of roots, whereby plants gain
growth-promoting soil phosphorus from the fungi in exchange for sugars
fixed by the plant through photosynthesis.

The study compared the efficiencies of plant-fungal relationships in land
plant species spanning more than 400 million years of evolution under
both modern day atmospheric conditions and CO2 concentrations on
Earth at the time plants first emerged onto the land.

Lead author Dr Katie Field, of the University's Department of Animal
and Plant Sciences, said: "Our research shows for the first time how
Earth's terrestrial ecosystems were initiated in partnership with soil
dwelling fungi nearly half a billion years ago and how these fungi played
a crucial role in enabling plants to diversify into fantastically rich and
biodiverse modern floras.
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"The earliest land plants not only faced ever increasing competition for
light with the evolution of new, taller species of plants, but also
experienced reduced fungal symbiotic efficiency and subsequently lower
total capture of phosphorus as global atmospheric carbon dioxide levels
fell.

"In contrast, the fungal symbiotic efficiency of the more sophisticated,
recently evolved land plants with complex organs such as leaves and
roots, increased as CO2 levels decreased. This would have given them a
significant evolutionary advantage and has led to their dominance of
world ecosystems today."

Dr Martin Bidartondo, of the Department of Life Sciences at Imperial
College London, an expert in the ecology and evolution of mycorrhizas,
one of the most widespread symbioses on Earth, was responsible for the
molecular work carried out as part of the research.

Dr Bidartondo added: "We are finally starting to get information on
which fungi allowed the colonisation of land by plants and about how
they did it. This is because we can now discover which fungal lineages
form intimate associations with the oldest groups of plants by using new
molecular ecology and evolution approaches".

The scientists used liverworts as representatives of the earliest group of
plants to leave the water. These plants have no roots or leaves, do not
produce flowers or seeds, and are structurally very similar to fossilised
remains of the very first land plants.

A fern was chosen to represent the earliest plants to have both roots and
leaves. Finally, a common garden weed – Ribwort Plantain – was chosen
as a typical example of the most recently evolved group of plants.

Dr Field said: "Our exciting findings clearly indicate that the co-
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evolution of complex plant rooting systems and fungal symbioses,
against a background of falling atmospheric carbon dioxide, resulted in
increased symbiotic efficiency and as such, ensured the success of plants
in 'greening the Earth' and their ensuing diversification, creating the
wonderfully varied terrestrial ecosystems that we are familiar with
today."
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