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Research paper

Plant Functional Traits: an Ecophysiological Perspective

Craig E. Martin'**¥
[ Summary ]

A new, ecophysiologically focussed approach to quantifying plant functional traits is de-
scribed, including brief descriptions of techniques for measurement. Traits included relate to sun/
shade adaptation, adaptation and exposure to drought stress, adaptation to salt stress, photosyn-
thetic pathways, adaptations to temperature extremes, and adaptation to low elemental availability
stress. These functional traits are not necessarily intended to supplant those currently in use, but
are instead intended to improve the functional characterization of an ecological unit of vegetation.
Thus, these more ecophysiologically-relevant traits might be used alone or in addition to morpho-
logical and other traits currently in use, depending on the questions being addressed by the inves-
tigator. An attempt has been made to propose the use of traits that are relatively time-independent,
taxon-independent, and that can be compared to other major ecophysiological groupings of plants
(e.g., sun/shade plants, mesophytes/xerophytes, stressed/nonstressed plants). A number of the traits
are stress-related, yet can be used to gain insight into plant adaptations to local environmental/mi-
croenvironmental conditions, regardless of stress level.
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INTRODUCTION

Plant ecologists have long sought ways
to categorize plants according to functionally
relevant features or traits in order to better
characterize plant communities in ways that
provide greater insight into the structure and
function of such communities (e.g., Raunkiaer
1918; Smith et al. 1997; Tilman et al. 1997,
Schulze et al. 2002). Such approaches are
deemed superior to describing plant commu-
nities based solely or primarily on taxonomic
or gross physiognomic (e.g., forbs, grasses,
shrubs, trees, etc.) approaches. Functionally
relevant traits typically used in such ways
include anatomical features, biomass, fruit
and seed dimensions, growth form, growth
rates, leaf area, leaf area index (LAI), leaf
dimensions (e.g., width, length), phenologi-
cal events, photosynthetic pathway, photo-
synthetic rate (instantaneous), plant size and
shape, transpiration rate (instantaneous), and
other features that are relatively easily mea-

sured or easily obtained from the literature
(Baraloto ef al. 2012; de Lima et al. 2012;
Seyoum et al. 2012; Cayssials and Rodriguez
2013; Wang and Chen 2013; Bradford et al.
2014; Cornelissen et al. 2014).

In this paper, an attempt is made to offer
a more direct and integrative functional ap-
proach, as opposed to a “functionally relevant”
approach, based on plant physiological and
ecophysiological characteristics of plants, that
should provide a more useful and ecophysi-
ologically meaningful tool for plant ecologists,
yet while also maintaining relative technologi-
cal simplicity in experimental techniques re-
quired to address the questions being posed in
studies of community and ecosystem function.

This is not the first treatment directed to-
ward a more ecophysiological approach. There
have recently been others, yet most of these
use ecophysiological characteristics (“traits”)
that are highly variable, temporally, spatially,



Taiwan J For Sci 32(2): 121-9, 2017

and phylogenetically. For example, Everwand
et al. (2014) used instantaneous photosynthetic
rate, respiration rate, stomatal conductance,
and leaf elemental nutrient concentrations, all
of which are highly variable and depend on
time (minutes to days) of measurement, mi-
crohabitat features, and species identity. In the
current treatment, an attempt is made to avoid
these dependencies; thus, the physiological
characteristics (“traits”) proposed here should
vary little over short time scales, over small
variations in habitat, and among species. Of
course, perfect fidelity to to reducing all such
variability is impossible, given unavoidable
and natural variability in all such features,
yet this treatment reflects an attempt to re-
duce, to the degree possible, such variability.

Furthermore, each of the following
measurements should provide insight, in a
quantitative and comparative manner, into the
degree of adaptation of a species to a particu-
lar environmental stress. Of course, one mea-
surement can not fully quantify how well or
how poorly adapted a species is to a particular
stress, but the variables described here were
chosen with this in mind, and such variables
have been found to be reliably general indica-
tors of such adaptations and are especially
useful in comparisons of the adaptations of
a species with others, both in the same com-
munity/ecosystem and in others described in
other studies.

Sun/Shade Adaptation
Leaf chlorophyll a/b ratio

The chlorophyll a/b ratio of a leaf pro-
vides an excellent indicator of a plant’s ability
to adapt to sun or shade. The chlorophyll a/b
ratio reflects two characteristically adaptive
responses of plants to high and low light:
the quantity of light (number of photons)
absorbed by the light-harvesting apparatus,
as well as the spectral quality of the light
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absorbed (Boardman 1977; Bjorkman 1981;
Evans 1988).

Although best used in a comparative
fashion (e.g., sun vs. shade plants, both related
or in the same area), the chlorophyll a/b ratio
can often be used independently of such com-
parisons. For example, in general, a chloro-
phyll a/b ratio above 2.5 is usually character-
istic of a sun plant, whereas a value less than
2.5 is typically found in shade plants (Grahl
and Wild 1972; Brown et al. 1973, 1974; Le-
wandowska et al. 1976; Alberte et al. 1976;
Sestak ef al. 1978; Riihle and Wild 1979;
Wild and Wolf 1980; Martin and Churchill
1982; Martin et al. 1985; Martin et al 2010).

There are many methods to extract and
quantify chlorophylls a and » from plant
leaves, but the simplest (but perhaps not saf-
est or cheapest) is that of Moran (1982).

Adaptation to Drought Stress
Leaf osmotic potential

The osmotic potential (¥,) of a leaf
quantifies the total solute concentration of
that leaf, and more important here, its value
represents the lowest (most negative) surviv-
able water potential (‘P) of a plant. The latter
is true because most plant cells die from
plasmolysis when they lose turgor, and when
the cell turgor pressure is zero, the ¥ of the
plant is equal to its ¥, (Taiz and Zeiger 1998;
Nobel 1999; Larcher 2003). As a result, plants
that grow in constantly moist or wet areas
have relatively high (less negative) osmotic
potentials (e.g., above -2 MPa), whereas those
that grow in more arid environments (or mi-
croenvironments) have much more negative
osmotic potentials (e.g., below -2 or -3 MPa;
Larcher 2003). Notable exceptions exist, such
as succulents that have very high osmotic po-
tentials, yet grow in arid environments (Nobel
1999). Halophytic plants might also be con-
sidered as exceptions (Larcher 2003), given
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their extremely low ¥, yet moist habitat (but
see below).

There are a number of methods available
to measure the osmotic potential of leaf cells
(Koide et al. 1991; Beadle et al. 1993), unfor-
tunately the best of which require relatively
expensive and specialized instrumentation.
On the other hand, a simple and inexpensive
technique for measuring the ¥, of a leaf is
the Shardakov (Chardakov) method (Slavik
1974), using frozen and thawed leaves or ex-
tracted leaf liquid (“sap”). Using intact leaf
tissue, freezing is necessary to eliminate the
contribution of turgor pressure to the leaf P,
as this method measures the latter, so, in the
absence of turgor pressure, V', is measured.
Because plants that are well-adapted to arid
environments or habitats can change (de-
crease) their osmotic potential when drought-
stressed, a phenomenon known as osmotic
adjustment, measurements of leaf ¥, should
ideally be made when plants are not suffering
from drought stress, unless, of course, the lat-
ter is a desired aspect of the trait measured.

Adaptation to Salt Stress
Leaf osmotic potential

Tissues of plants adapted to highly saline
soils typically have very low (highly nega-
tive; often much more negative than -3.0
MPa) osmotic potentials, which reduces the
Y of such plants, allowing the uptake of water
from salty soils that have low water potentials
(Nobel 1999; Larcher 2003). Thus, values of
leaf W, can also indicate the salt tolerance or
adaptation of plants to saline soils, especially
if the saline nature of the soil where the plants
of interest grow is known.

Degree of Exposure to Previous (Drought)
Stress
Stable Carbon Isotope Ratio

Not only will the "°C/"*C value of a

plant help indicate its photosynthetic pathway
(see below), this value will also reflect the
recent history of (primarily drought) stress of
a C, plant (Griffiths 1993; this does not usu-
ally hold for C, and CAM plants). This value
must, however, be used with caution and, at
best, in a comparative fashion, as many fac-
tors can influence the §"°C value of a plant.
Nonetheless, if other factors are comparable,
especially if two individuals of the same spe-
cies are compared, a higher (less negative)
stable carbon isotope value indicates that the
plant has closed its stomata (partially) more
often and/or for longer periods of time than
a comparable plant with a lower (more nega-
tive) 8"°C value, at least over the life span of
the leaf measured. Variations in this value are
often interpreted as reflecting the “intrinsic
water-use efficiency” (WUE) of a plant, be-
cause more frequent stomatal closure increas-
es the water-use efficiency of a plant; how-
ever, extrapolation of the 8"°C value to the
WUE of a plant can lead to erroneous conclu-
sions if the plant has not experienced drought
stress or, if past stress effected full stomatal
closure during the time period of interest.
Furthermore, a plant with a low (more nega-
tive) 8"°C value might be interpreted as hav-
ing exerienced little stress, yet this conclusion
might be incorrect if the plant had experi-
enced stress that damaged the photosynthetic
apparatus, yet had little effect on the stomata.
Nevertheless, 5"°C values can provide useful
insight into the past (over the life span of the
leaf measured) stress exposure, if these cave-
ats are heeded. In other words, if differences
in 8"°C values are found among plants, it can
be reasonably assumed that those with less
negative values were more stressed than those
plants with more negative 5"°C values. Dif-
ficulties in interpretation of these values may
arise, however, when no differences in §"°C
values are observed among plants, and one is
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tempted to conclude that all such plants were
not or were equally stressed.

Adaptation to High or Low Temperature
Stress
Temperature Limits of Leaf Cell Integrity
Many physiological processes decline at
sub- and supraoptimal temperatures; however,
most such processes are difficult to detect
without sophisticated instrumentation and/or
elaborate experimentation. On the other hand,
the loss of cell integrity, i.e., rupture of the
cell plasmalemma, marks an easily measured
response to lethally low and high tempera-
tures for a plant. Furthermore, a simple and
inexpensive method exists to determine such
lethally high and low temperature limits: the
vital stain neutral red will be absorbed only
by cells with intact outer membranes (On-
wueme 1979). Thus, treatment (often a using
temperature-controlled water bath) of leaves
or other plant tissues at a range of low or high
temperatures, then staining thin tissue slices
with neutral red, followed by obervation of
cell color with a compound microscope will
reveal the temperature tolerances of the plant.

Photosynthetic Pathway
Stable carbon Isotope Ratio, Anatomy, and
Tissue Acidity Changes

Although many and often glaring excep-
tions exist, each of the three photosynthetic
pathways often generally reflects the envi-
ronmental (including microenvironmental)
conditions to which a plant is best adapted.
For example, most C, plants are best suited
to shady or at least less-exposed, cooler, and
moister environments, whereas C, and CAM
plants are usually better suited to sunny,
exposed, warm-to-hot, arid conditions. The
best predictor of the occurrence of C, plants
is often high temperature, while drought in-
tensity and frequency is a better predictor of
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the occurrence of CAM plants. It is important
to keep in mind that some plants in all three
photosynthetic pathway groups can be found
growing successfully in nearly all types of
habitats.

Determining the photosynthetic pathway
of a plant is fairly straightforward, but may
require several different measurements. First,
the stable carbon isotope ratio of a leaf will
reveal much in this regard (Ehleringer and
Osmond 1991; Griffiths 1993). If the §"°C
value is substantially (more than a few per
mil) more negative than -20%o, the plant is
most likely a C; plant. In contrast, if the value
is less negative than -20%o, the plant is likely
a C, or CAM plant (Edwards and Walker
1983; Winter and Holtum 2002). In the case
of the latter twp plant types, if anatomical in-
spection of a leaf cross-section reveals Kranz
anatomy, then the plant uses the C, photosyn-
thetic pathway. If the plant with a high (not
very negative) delta-"C value lacks Kranz
anatomy, yet exhibits an overnight increase (or
diurnal decrease) in acidity of the photosyn-
thetic tissue, the plant is a CAM plant.

Adaptation to Soil Nutrient Availability
Leaf/Soil Elemental Concentrations

Leaf elemental composition, especially
concentrations of nitrogen, potassium, and
phosphorus, is informative and can be com-
pared with published values for plants in a
wide variety of conditions, but these concen-
trations reflect two parameters, the elemental
composition of the soil and the ability of a
plant to extract the elemental nutrients from
that soil (Binkley and Vitousek 1991; Chapin
and Van Cleve 1991). Both parameters are of
considerable interest, but in studies of plant
functional traits, the latter is usually of greater
interest than the former. As a result, simple
leaf elemental concentrations are likely in-
adequate. A more useful measure of a plant’s
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ability to acquire nutrients is its response to
nutrient additions. Therefore, it is proposed
here that leaf elemental concentrations be
compared with soil concentrations for the
same element, with both values expressed on
a dry mass basis. Although not a perfect com-
parison, this plant: soil concentration ratio
should provide comparative approximations
of the ability of different plants to obtain es-
sential elements from the soil, even if such
plants are growing in soils with different nu-
trient contents.

“N/YN ratio

The stable nitrogen isotope ratio can pro-
vide great insight into the source of nitrogen
of a plant, especially differentiating nitrogen
from N,-fixing organisms vs. soil nitrogen de-
rived from other sources in the plant commu-
nity (Virginia and Delwiche 1982; Ehleringer
and Osmond 1991; Viana et al. 2011). This
information may be useful in characterizing
ecosystem function, as it indicates whether
the plants in the ecosystem depend on soil
and litter for their nitrogen or provide nitro-
gen themselves, at least in association with
symbiotic, N,-fixing microorganisms. As a
result, an ecosystem with more plants having
the nitrogen-fixing trait is less likely to suffer
from malfunction due to low nitrogen for all
critical plant functions.

CONCLUSIONS

Although some of the criteria described
above may fail to meet the goals stated ear-
lier, these criteria approximate those goals
and were selected for this reason and, in part,
for their relative ease of measurement.

A number of the proposed traits are
stress-related, yet quantification of such traits
is intended to provide insight into the ability
of a plant to adapt to different environmental

or microenvironmental conditions, regardless
of the level of stress - or lack thereof - at the
time of measurement.

If all - or many - of the above measure-
ments were made on the dominant species
(as many as practicable) of the different plant
communities to be compared, the resultant
data should provide great insight into the na-
ture and severity of different abiotic stresses
encurred by plants in each community, as
well as the degree to which plants in each
community have adapted to such stresses and
physiological demands associated with grow-
ing in the communities under comparison. To
wit, this will allow more detailed compari-
sons and analyses of community or ecosystem
function.
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