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Scientific goal

Gymnosperms are a large, globally important group of mostly woody plants. Once dominant across the
terrestrial landscape, the gymnosperm group was notably reduced during a dramatic period of extinctions in
the Cenozoic era. Today, gymnosperms are represented by 11 extant plant families belonging to the
Cycadales, Ginkgoales, Pinales (aka Coniferales), Cupressales, and Gnetales taxonomic orders. The relatively
small number of living gymnosperms species in comparison to angiosperms (c.a. 1,000 vs 370,000) may
suggest limited plant and trait diversity. However, there is strong debate about phylogenic and functional
diversity of gymnosperms. Much of the uncertainty regarding functional trait diversity among gymnosperms
is related to large variation in times of actual species divergence and evolution in relation to the broader
clade divergence. However, despite past extinctions, gymnosperms today still represent a globally dominant
group and occupy many of the harshest terrestrial environments occupied by woody plants, including high
altitude alpine zones to near desert environments. This suggests substantial adaptive potential that may drive
the transformation of root systems and root traits along environmental gradients including transitions from
nutrient rich to nutrient limited soils.

Despite a growing appreciation of large-scale root trait variation, we lack an understanding of how
consistent patterns of trait variation may be among major plant clades. While it is possible that patterns of
root trait coordination identified among angiosperms will accurately capture trait variation among
gymnosperms, the unique evolutionary history, biogeography, and functional traits of gymnosperms may
result in a weakening of coordination among root traits, or possibly an entirely unique arrangement specific
to gymnosperms. Accordingly, a central question we will address is how more ancestral, compared with more
recently derived groups of gymnosperm species, have adapted to effectively acquire nutrients and water
resources via changes in their fine-root traits.

Concept and work plan

The linkages between morphological and anatomical traits to various plant functions have evolved through
the evolution and diversification of different gymnosperm clades. Through adaptive plasticity and evolution
of fine-root traits, plants were able to utilize a suite of approaches for acquiring nutrients from the soil. This
selective trait adaptation has been beneficial as gymnosperms adapted to changing environments and
resource availability. However, an explicit empirical framework linking belowground nutrient resource
acquisition strategies and specific root traits in gymnosperms is lacking. Unfortunately, the effect of root
traits are often considered separately without taking into account potential co-evolution between roots and
mycorrhizal fungi associated with roots that likely occurs to optimize growth and resource acquisition
strategies, and extent of the relationship between fine-root functional traits and mycorrhizal associations as
well as their combined nutrient acquisition potential among different gymnosperm clades needs exploration.
Thus, we are planning to characterize functional traits of gymnosperm fine roots that facilitate resource
acquisition and effective foraging strategies and how these strategies are related to divergence time of major
gymnosperm clades. Specifically, we will define: Q1, how phylogenetic history shapes the phenotypic traits
of different gymnosperm species; Q2, whether the interrelation between fine-root morphology and
anatomical and physiological traits enhances the potential of individual species and clades to capture
resources more efficiently.

Expected impact of the research project

The proposed study will generate novel information on the drivers of fine-root trait diversity as a function of
evolutionary history. Understanding how belowground fine-root structure, anatomy and physiology varies
across species originating from distinct gymnosperm clades with different divergence times will equip us and
managers with information needed to better assist the adaptation and resilience of gymnosperms to global
warming. The distribution of the information obtained in this project will involve both scientists and forest
managers and will be used to enhance the resilience of gymnosperm clades resilience to climate change in
ecosystems. Verification of our assumption would represent a milestone in the development of strategies for
generating and managing gymnosperm biodiversity in Europe and USA.



