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Background and Objectives

Nitrogen (N) and phosphorous (P) are driving elements in ecosystem development as
they are important plant nutrients playing an essential part in the photosynthetic
tapparatus determining and limiting plant growth. N and P cycles are linked in the soil,
where microorganisms and plants produce enzymes mineralizing organically bound
nutrients. Species are competing for these resources and developed different
mechanisms to uptake, store and recycle N and P to promote survival at different
phenological stages. In general, before leaf senescence, N and P are reabsorbed from
leaves and stored in the tree woody tissues with soil uptaken N and P during winter.
After reabsorption is concluded, leaves will be abscised and litter quality will
influence soil N and P composition. In spring, stored N and P are remobilized to
support shoot growth. Yet, there is a need for quantifying the extent of N and P
reabsorption and the contribution to whole-tree storage of each plant tissue as it is
species dependent. To meet plant demand for N and P, many tree species formed a
symbiosis with soil fungi that pass nutrients on to the host plants with
ectomycorrhizal fungi playing a key role. However, for many tree species the fungal |
communities have not been identified. Analysing the effect of fungi on the host tree
species and the movement of nutrients within hosts’ plant tissues would provide
insights into the mechanisms controlling plant nutrient cycling. The most common
approach to study N cycling is through stable isotope analysis (§'°N). However, the
actual transport of N remains a black box. By quantifying free amino acids content,
we are able to open this box and identify the compounds transporting N.
Unfortunately, tracking movement of P is more elaborate, as P is transported by
proteins and only occurs in one stable isotopic composition in nature. Measuring P
content instead of proteins would be more economical and may shed light on the P
cycling of tree species. A detailed species dependent understanding of soil nutritional
status, fungal community composition, nutrient uptake with the help of soil fungi,
reabsorption, storage and remobilization along all phenological in major plant tissues
at whole-tree level is necessary to improve our understanding of N and P cycling in
adult trees in order to improve forest management practices.




Materials and methods

We measured total and available N and P content, N isotope ratio and 19 free amino
acids content in fine roots, coarse roots, sapwood, leaves and litter and analysed soil
fungi community composition in four tree species typical of the cold-temperate forest
zone in Japan: Cryptomeria japonica (n=9), Larix kaempferi (n=8), Fagus crenata
(n=9) and Robinia pseudoacacia (n=5). Plant tissues were sampled in four
phenological stages (shoot growth, green leaf, pre- and post-abscission stage) and
values upscaled to whole-tree level.

Results

All tree species resorbed N and P in significant amounts from leaves. N was mainly
stored in coarse roots during the pre-abscission stage and during the post-abscission
stage in lower amounts in sapwood. P was stored in significant amounts in sapwood
of Robinia pseudoacacia during the post-abscission period while all other species P
was stored in insignificant amounts in coarse roots and/or sapwood. Growth of all
plants was limited by N.

Cryptomeria japonica seemed followed a nutrient conserving strategy as revealed by
its N and P resorption and storage, making it more tolerant towards nutrient
availability changes than the other species. Additionally to coarse roots and sapwood,
N was stored in remaining leaves during the post-abscission stage, with younger
leaves having a significantly higher N content than older leaves. Changes in isotopic
composition of remaining winter leaves exposed that soil uptaken N was stored
during winter in all plant tissues. In addition, free amino acids movement could
explain internal N movement. In contrast, P seemed to be stored exclusively in roots
and sapwood, as P was reabsorbed from abscised and remaining living leaves. The
fungal communities of these plots where characterized by a divers fungal community
with an absence of ectomycorrhizal fungi. 51 % of the fungal taxa remained unknown
stressing the need for studies focusing on soil fungal identification to improve our
understanding of this tree species nutrient cycling.

Larix kaempferi was the least N and P demanding tree species and highly N and P
proficient. The movement of N could not be traced by §'°N, as no fractionation was
found, while free amino acids proved to be valuable to unveil N transport compounds.
This species was more efficient in recycling P than N and significant amounts of soil
P were uptaken during times of P storage. This species was associated with a divers
fungal community and an abundance of ectomycorrhizal fungi supporting the tree
species nutrient uptake.

Fagus crenata had high N and P contents in plant tissues, which where most
efficiently recycled. This species was rather N than P efficient as leaves N : P ratio to
shifted from N to P limited conditions during time of leaf abscission. We found three
phases of N storage revealed by 8'°N fractionation during leaf senescence: (1)
reabsorption of leaf '*N-depleted N to coarse roots, followed by (2) reabsorption of
leaf '>N-enriched N to sapwood and (3) soil '’N-depleted N uptake stored in coarse
rroots. Further, changes in free amino acids partially explained 8'°N fractionation in|




plant tissues. This tree species showed the lowest fungal species richness and
diversity as well as a high reliance on ectomycorrhizal fungi suggesting a high
specialization making this tree species more vulnerable to environmental changes.

Leguminous Robinia pseudoacacia was independent from soil N uptake and richer in
N and P in all plant tissues with the lowest N and P reabsorption efficiency and
proficiency displaying a nutrient exploitative strategy. Nevertheless, this species was
N limited during the shoot growth stage shifting gradually towards N and P
-|co-limitation during the green leaf and pre-abscission stage. The N : P ratio of litter
demonstrated the dependence of this species on conserving P rather than N. Leaf
reabsorbed P exceeded the storage capability of roots and sapwood, thus other plant
tissues must act as an additional P storage. This tree species fungal community was
very homogeneous with a high abundance of saprotrophs.

Conclusion -

This study revealed new insights into the nutrient cycling of four tree species and
proved that a combination of measurements of N, P, 8'°N, and free amino acids on
whole-tree level along four phenological stages with fungal community analysis is a
valuable approach to improve our understanding of each tree species nutrient cycling.
By linking the movement of free amino acids with N stable isotope measurements, we
might have found a powerful tool to track intra-plant N movement and transformation
more reliably in trees species that show significant variation in isotopic composition
in plant tissues among the phenological stages. The most beneficial timing of
fertilization to promote tree growth and thus C fixation from the atmosphere could be
inferred from the data and was species and nutrient dependent. Based on these results
we recommend the planting of Cryptomeria japonica in order to reduce atmospheric
C as Cryptomeria japonica seemed to bind C more efficiently in forest soils than any
other tree species. Robinia pseudoacacia showed similar C sequestration capabilities
as Cryptomeria japonica, but as it is an invasive species and reduces biodiversity
considerably, we do not recommend planting it. Additionally, Cryptomeria japonical -
seemed to be the most promising tree species to cope with changes in nutrient supply
caused by anthropogenic influences and global change. The next steps are to identify
the large number of unknown fungal species found in this study, especially for
Cryptomeria japonica and further, analysing interactions between mycorrhizal fungi
community structure with host plants internal nutrient status, in order to shed light on
this symbiosis.
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