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A range of ‘agroecological practices’ are currently proposed to increase the sustainability of intensive grain
systems. However, little attention has been paid to the use of perennial grains in the crop successions. The use of
the perennial grain ‘intermediate wheatgrass’ (Thinopyrum intermedium (Host) Barkworth & D.R. Dewey) may
have the potential to sustain soil fertility through the development of an extensive root system beneficial to a
range of soil functions. In the context of cereal grain crop rotation, we compared young stands of intermediate
wheatgrass to annual grains during two growing seasons, with the aim to determine how the rooting system of a
perennial crop differs from an annual crop along a 1.6 m deep soil profile.

Our results indicate that the two-year-old intermediate wheatgrass promotes denser and deeper rooting systems
with proportionally higher root distribution and biomass downward the soil profile. In the first growing season,
higher root biomass was observed under the perennial grain than under the annual wheat at 0-10 cm depth. In 12
months, between the first and second spring growing seasons, perennial belowground biomass increased by
111%. Consequently, root biomass was larger under the perennial treatment at each soil layer, leading to 5.3
average more tons of roots (dry weight) per hectare compared to the annual grain at the same time. Looking at
the root to shoot ratio, perennial roots represented 38.6% of the aerial biomass produced during the first growing
season, compared with 24.4% for the annual grain; while reaching 55.3% the second year, compared to 22.9%
for the annual grain. Higher level of soil colonization were also observed under the perennial grain between 10
and 160 cm depth, including greater evenness of the roots vertical distribution and improved soil structure
between 10 and 20 cm. From the first growing season, the perennial grain also harbors a suite of root traits
(specific root length, root diameter, root tissue density) typical of a more resource-conservative strategy, and
more belowground-oriented resource allocation. Additionally, soil fungal biomass indicators, including those of
arbuscular mycorrhizal fungi, were enhanced under perennial grain, which potentially show improved soil
quality under such management.

Overall, this study brings evidence that grain agriculture would benefit from the possibility to rely on deeper and
long-lived root systems to manage soils. The periodic use of a perennial phase in the crop rotation has the
potential to improve soil functioning in the long term, while allowing both forage and grain production.
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