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Abstract: Plant functional traits are any morphological, gibjogical and phenological features, which indisec
affect plant fithess through their three basic comgmts of plant individual performance - growthproaluction
and survival. These features represent also a d@ydor plant functional groups, which are similarthree
aspects - function on the level of organism, respoto environmental factors and effect on ecosystem
Functional approach in ecology and vegetation serdibles to evaluate plant communities on the biasgecies
function in a community, and to relate functiontiusture of plant communities to particular envirental
gradients. Species plasticity has many aspectsrihiedr species adaptations to the environmentatlitons and
which then also translate into functional struetgriof plant communities. This approach is thus wehand
exciting mode how to carry on plant ecology, betimdsearch and education at universities.
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Introduction

Vegetation, a basic and important component of nh&ural environment, has an
irretrievable function. Ecological functions of \etgtion are important from the aspect of
the whole ecosystem function, the maintenance sostitucture and diversity and for the
ecological stability. When evaluating ecologicandtions of plant communities it is
necessary to start with the evaluation of vegetatits individual components, its basic
characteristics and its relationships with the mmment [1]. The different aspects of the
vegetation studyi¢ phytocenological, ecological, productional and ctisnal) present
a good presumption for the understanding of rebatipps between individual plant
populations within communities and their relatiapshwith the abiotic environment. The
basic studies of vegetation structure serve thea laaseline for finding the dependence of
plant communities from the important environmentghdients, and eventually for
modelling of the future vegetation development. dtiamal approach of studying vegetation
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and its relationships with environment evaluatemptommunities on the base of species
function in a community mediated through functiommalts [2].

Functional ecology thus joins the approaches ofsjolggical ecology, population
ecology and ecology of plant communities, includalgo environmental conditions. It
presents a tool for answering important ecologigadstions upscaling from the ecosystem,
to the landscape and eventually to the biome. Mereeview the basic information on key
plant functional traits, their connection to addptas to particular environmental conditions
as well as their connection to plant plasticityparticular the variability and adaptability of
plants under different and/or changing environnlergaditions.

Plant functional traits

According to Violle et al [2] plant functional ttai are any morphological,
physiological and phenological traits, which inditg impact plant fitness via their effects
on three fundamental components of plant perfor@mamgrowth, reproduction and survival.
Initially, Hodgson et al [3] divided functional fta into “soft” and “hard” traits. “Soft”
traits were characterized as surrogates of thetitmof interest that were less difficult
and/or expensive to obtain, such as specific |lezd,deaf water content and leaf dry mass,
plant height, relative length of root, number orssyaf seeds [3-5]. “Hard” traits were
characterized as those that captured the funcfiamerest, but which were either difficult
or expensive to measure, as for example photosyrithespiration, transpiration or growth
rates, plant water potential, water use efficieocgtomata conductance [3-5]. However, the
difficulty and expense of a measurement might dégemone’s amount of help and funding
available. Reich et al [6] in a project GLOBNET §13tudy sites and 2021 plant species)
proved that physiological “hard traits” (photosyetilc capacity) could be predictable from
a combination of “soft traits” (specific leaf ardaaf persistence, content of N and P in
a leaf), qualitative traits (growth form and ledfemology) and meteorological data (mean
year temperature, mean year precipitation, mearr w#a humidity and irradiance).
Functional traits of plants express not only tteaptation to the environment and use of
resource (irradiance, water, nutrition, tempergturat they are also in a direct relationship
with the species and functional composition of pleaommunities. Plant functional traits
present a novel and exciting approach how to camplant ecology and how to enable
linking of processes observed on plant individualgplant population dynamics, species
distribution patterns and their coexistence, conitpuassembly, and finally, to ecosystem
functioning. In order to understand the role ofnpléunctional traits for population and
community functioning, Majekova [7-9] used approsgitthat ranged from an observation
study on ann situ gradient, through experimental approaches thatutatetl and tested
effects of specific environmental factors, to an-pbysiological approach that enabled to
look deeper inside the functioning of plant indivads.

Plant functional groups

Functional groups of plants can be characterisedhasgroups that have similar
function on plant level, similar response to enmimental factors and/or similar effect on
ecosystems and biomes [10-12]. These similaritiedbased on the fact, that plants of one
functional group possess a set of similar fundaslefunctional traits [4, 5, 13].
Additionally, one functional group can be formed thxonomically unrelated species. For
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example, in the case of specific leaf area, onatfianctional group can be formed by
different plant species all having both high SLAlues and similar response to
environmental conditionseg light availability).

Plasticity of plants

Plants can change their development, physiology ldadhistory depending on the
environmental conditions. These responses of plargsspecific and presented through
morphological, anatomical and physiological chagestics. In the last years, attention was
paid mainly to the fundamental characteristics l@nfs related to their variability and
adaptability, specifically to the genotypic, phemat, morphological and physiological
plasticity. It has been emphasized that phenotpfasticity facilitates plants to maintain
their function in a community and their fitness andifferent climatic conditions, and thus
influence the expansion and selection of plantsiétail see Masarovicova et al [14]). One
genotype can form different phenotypes in differemvironmental conditions. This
fundamental attribute of all living organisms, umting plants, is known as the phenotypic
plasticity. Recently it was confirmed that plantse aplastic from many aspects:
morphological, anatomical, physiological and inithgrowth or reproductive attributes.
Phenotypic plasticity plays an important role intthoecological distribution and
evolutionary diversification of plantsed Sultan [15]). Responses of plants to particular
environmental conditions are specific and presbatacteristics (traits, features) that arose
among genotypes, species or populations. This pi@sents a new perception induced into
the definition of genotype “as a repertoire of eommentally contingent phenotypic
possibilities or norm of reaction, rather than aelprint for a single fixed outcome”
[16, 17].

Plasticity of plants was the most intensively stadin species that responded to
environmental changes via their growth and devetpniThe pioneer studies in this area
focused on the observation of plant height, nuntfeshoots or length of internodes. Only
later, the re-allocation of biomass into individyalhnt organs, relative growth rate or
assimilation rate were measured and studied [18Q0irent studies emphasize more the
evolutionary, ecological and developmental aspetidasticity. For example, Gedroc et al
[21] observed a re-distribution of biomass fromatisanto the root system in the conditions
of water stress, or higher values of LAR (ratiovimn leaf area and plant biomass) in the
conditions of lower irradiance. These specific atipents and developmental plasticity can
partially compensate the inevitable reduction afwgh and biomass formation of plants in
the conditions of resources limitations, such agewanutrition or irradiance. In different
environmental conditions plants responded alsophigsiological processes (physiological
plasticity), such as photosynthetic, respiratiod &ranspiration rates, stomata conductance,
mineral nutrients uptake, etc. [22]. In the padgstficity in the relationship to the
environmental resources was studied on the leve siioot to root ratio (distribution of
biomass into shoot and root). At present, the pt@seof a shoot and root are investigated
in more details - leaf area, specific leaf areat tength, LAR (ratio between leaf area and
plant biomass, which directly influences photosegtith active radiation), RLR (ratio
between total plant height and total plant biomagsich indicates capacity of the root
system for mineral nutrient uptake) [23]. Under ditions of nutrients deficit, for example,
plants adapt a strategy with shorter life cycle higther number of inflorescences.
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Relationship among plasticity, physiological processes and ecological
factors

Plasticity of plants is also connected with theliawation of physiological processes
(photosynthesis, respiration, distribution of bi@®ainto different plant organs) to
environmental factors, such as irradiance and watgply. However, relatively small
plasticity of one characteristic can be a consecgienf a large plasticity of another
characteristic. For example, a small morphologjgasticity (shoot length) of an Alpine
speciesSellaria longipes is a consequence of a large physiological plagti@thylene
production). Both characteristics are directly iedhto the same environmental factor
(stress by a strong wind) and the newly formed phgre has a direct effect on the overall
fitness of this species [24]. In addition, a larg®rphological plasticity in biomass
distribution into the shoot and root in the relashbip to the nutrients availability and
irradiance was manifested in a small plasticitygodwth rate, so that growth rate varied
relatively slightly in different environmental catidns. Moreover, the competition ability
of a given species in a community is not negligiff®r example, species of the late
successional stages have a higher tendency tot adgis photosynthetic characteristics to
more shaded conditions than species of the eaclyesgional stages [25]. Typical example
is an extension of shoots under shade conditiot®adé& also reduce branching of
dicotyledonous species and induce (stimulate)r ritige of monocotyledonous species
(graminoids). According to Deregibus et al [26]sthpilastic reaction to the environmental
condition is probably important in the light of giv species canopy with the neighbouring
plants. Fast growing species (compared to slow ijgapecies), occurring more in nutrient
rich soils, have more plastic characteristics (hggdmotosynthetic characteristics and shoot
extension rate) in response to shade, wind speesfaoding canopy. These plants often
have similar changes in parameters such as ros ratis and stem mass ratio that slow the
growth of species [27]. However, it should be stegsthat no individual eco-physiological
characteristic exists that should provide a cortipatiprevalence of a given genotype. The
consequence of competition under drought, floodstfor fire could be that some of the
genotype can overcome these events, but otherstdsurvive and at last become locally
extinct.

Conclusions

Plant functional traits and plasticity of the pkmre current and exciting approaches
how to carry on plant ecology, both in research am@&ducation at universities. These
approaches enable scientists and teachers toragdegses observed on plant individuals to
plant population dynamics, species distributiortgras and their co-existence, community
assembly, and finally, to ecosystem functioning.ndfional approach to vegetation
characterization and its relationship with enviremin enables to evaluate plant
communities on the base of species function inrangonity. Functional ecology thus joins
the approaches of physiological ecology, populateeology and ecology of plant
associations, including also environmental effextsecosystems. These novel approaches
provide useful tools for answering important ecidafjquestion in ecosystem, landscape
and biome measure.
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Glossary (according to Masarovicova et al [14])

Adjustment: Realignment of features and performance of the tplawith
environmental conditions so that they can survive.

Adaptation: Process by which the plants during evolution accodate (or resist) to
environmental condition through genetically coratitd morphological and physiological
changes. The term of “adaptation” has wider meatiiagterm of adjustment.

Adaptability: Ability to accommodate on variable environment. ldoer, the measure
of tolerance cannot be exceeded.

Adaptive plasticity: Phenotypic plasticity that increases the globahefis of
a genotype.

Acclimation: Set of physiological (not genetic) responses orirenmnental conditions.
Change of certain environmental factor can impmwive ofthe plant.

Fitness: The fitness of a plant individual is taken as thlative abundance and success
of its genes (often measured as the number of \8ogvioffspring) over multiple
generations. In many cases, especially with largemy-lived species, direct estimates of
fitness are not feasible and total biomass, seetbar; biomass or growth rate of a single
generation are used as proxies.

Genome (genotypic) plasticity: A change in genome structure or organization
associated with environmental signals, leadinghto @volution of new phenotypes, might
result from mutational hotspots, genome expanstoamsposable elements or somatic
recombination.

Genotype: To report toa genotype we do so in a population genetic semsein
reference to a molecular sequence of a single dreniéo the complete genome.

Intraspecific trait variability: The overall variability of trait values expressey
individuals within a species.

Morphological plasticity: A change in morphology (shape and size) plant @&rgan
(mainly leaf and root) that is important for utdtion of environmental resourcesg (vater,
nutrients, light and temperature).

Phenotype: The appearance or characteristics of an organisultirg from both
genetic and environmental influences (genotypevirenment = phenotype). All organisms
have a phenotype not just those expressing a mutatia given gene of interest.

Phenotypic plasticity: The range of phenotypes a single genotype canesxpas
a function of its environment. Originally this fee¢ was apprehended in the context of
ontogeny of the plant. At present phenotypic ptéstiinclude changes occurring in the
adult plants as their behaviour under certain emvirental conditions.

Functional traits: Any ftrait, that is directly or indirectly affectingndividual
performance and fitness of species.

Functional types: Categorical assessments enabling plant speciese tgrduped
according to functional position in a community @mosystem) and their use of resources.
These plants have similar responses to the envaotahfactors and/or similar effects on
ecosystems and biomes. The plants of one functignallp have set of similar key
functional traits. For example, classification e growth form ég herb, grass, shrub),
photosynthetic pathway, leaf longevity or nitrodieing status.

Physiological plasticity: A change in physiological processes associated with
environmental changes, leading to the formationes¥ phenotypes.
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Plasticity: Ability of a single genotype to exhibit a range different phenotypes in
response to variation in the environment. In respaio variable environmental conditions
the plant can adjust its features through morphoédgraits and/or physiological processes.

Resilience (elasticity):Ability of plant to return to the original statetaf being action,
perturbation or disturbance. Plants (ecosystens®tre the damage and after deviation fast
recovery (regeneration) occurred.

Trait: Any morphological, physiological, phenological lbehavioural characteristic
that can be measured at the individual level.
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CECHY FUNKCJONALNE | PLASTYCZNE RO SLIN
W BADANIACH EKOLOGICZNYCH | EDUKACJI

Abstrakt: Charakterystyczna funkcjonakéto roslin zaleey od ich cech morfologicznych, fizjologicznych
i fenologicznych, ktére pmednio wplywaj na kondygj roslin poprzez trzy podstawowe elementy ich
indywidualnego rozwoju, tj. wzrost, reprodukgjprzetrwanie. Cechy te stanawidwniez podstaw funkcyjnych
grup ralinnych, ktére g podobne w trzech aspektach - funkcje na poziomgarozmu, odpowiedna czynniki
srodowiskowe i wplyw na ekosystemy. Paaég funkcjonalne w ekologii i w badaniachélin umazliwia ocerg
zbiorowisk ralinnych w oparciu o funkcje gatunkéw w spotecarioi odniesienie funkcjonalnej struktury
zbiorowisk rd@linnych do poszczegdlnych gradientd$vodowiskowych. Plastycz§é gatunkéw ma wiele
aspektow, ktére odzwiercieddajch przystosowanie do warunkdrodowiskowych, a ktére naginie przektada
si¢ takze na funkcjonalp struktue zbiorowisk raglinnych. Takie poddfie jest wec nowym i interesuajcym
sposobem rozumienia ekologii $lim, znajdupcym zastosowania zaréwno w badaniach, jak i w edjuka
uniwersyteckiej.

Stowa kluczowe:adaptacja, ekologia funkcjonalna, grupy funkcyjrehiorowiska rélinne, plastyczng
fenotypowa, rélinnos¢



