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Soil nitrogen dynamics affected
by the fine roots of canopy trees
in Eastern Hokkaido, Japan

Masataka Nakayama
(Course of Environmental Ecology)

Plants release mixtures of labile organic matter from their
fine roots (root exudates) into the surrounding soil (rhizo-
sphere). Partly due to the release of root exudates, microbial
community structures and their activities within the rhizo-
sphere differ significantly from those in other soil areas
(bulk soil). Consequently, nutrient cycling processes,
including nitrogen mineralization, are accelerated in the
rhizosphere, facilitating nutrient acquisition by plants. This
phenomenon, known as the rhizosphere effect, has been
repeatedly reported in studies of herbaceous plants; how-
ever, the impact of canopy tree fine roots on soil nitrogen
dynamics through the effect in forest ecosystems remains
largely unknown. Here, I introduce our research investigat-
ing the root exudates and rhizosphere effects of the fine
roots of canopy trees, Quercus crispula, and how these fine
roots affect soil nitrogen dynamics. The quantity of root
exudates varied daily rather than seasonally, with solar
radiation having a strong and positive effect on the amounts.
However, even after leaf fall, root exudation was observed.
In the rhizosphere, specific bacterial communities were
present regardless of season, while ectomycorrhizal fungal
populations were higher than in the bulk soil only in sum-
mer. Extracellular enzymatic activity relating to nitrogen
cycling was higher in the rhizosphere than in the bulk soil
across seasons. Nitrogen uptake by the tree was likely lower
in winter and spring, leading to labile nitrogen accumula-
tion in the rhizosphere during these periods. On an annual
basis, however, the impact of fine roots on apparent inor-
ganic nitrogen dynamics was minor. These results suggest
that the canopy tree, Q. crispula, accelerates soil nitrogen
cycling through root exudation and rhizosphere effects,
regardless of season, while the acceleration of the cycle and
the utilization of available nitrogen are well-balanced annu-

ally, thereby avoiding unnecessary carbon investment.
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Fig.1 Seasonal variability of the mass-specific root exudate C and
the relationship between the root exudate C and the daily
solar radiation on the incubation start day. [Modified from

Nakayama and Tateno (2018) Trees]
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Fig. 2 Rhizosphere effects on the activity of extracellular enzymes

and gene abundances. The filled and open circles represent
the rhizosphere effect for the canopy tree and understory
vegetation, respectively. The circles and error bars
represent means (7=16) and standard deviation. The
symbols (*, ** and ***) indicate that the effect significantly
differs from zero. The symbols are as follows : *P<0.05,
**P<001, and ***P<0.001. [Modified from Nakayama and
Tateno (2022) Rhizosphere]
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(a) Microbial co-occurrence network, (b)members of each
module, and(c)correlations between estimated absolute
abundance of each module and sampling season and
positions. BS and TR represent bulk soil and tree
rhizosphere, respectively. [Modified from Nakayama and
Tateno (2025) Plant Soil]
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Fig.4 Schematic of the incubation pipe. [Cited from Nakayama
& Tateno (2021) Rhizosphere]
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