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SHORT COMMUNICATION

Drought stress inducing intraspecific variability in Potentilla
tabernaemontani (Rosaceae), a calcareous grassland species
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Background and aims — Calcareous grasslands are among the most species-rich habitats in Western Europe.
Populations of plant species characterizing these ecosystems are naturally submitted to high variability in
environmental conditions at the very local scale, resulting in pronounced variation in functional traits.
Individuals located on xeric parts of calcareous grasslands are characterized by plant traits that potentially
ensure more successful performance under stressful conditions. In the context of increased frequency of
summer heat waves based on climate change, our aim was to determine a possible intraspecific variability
in drought response among individuals of one calcareous grassland plant species.

Methods — A greenhouse experiment was set up to follow survival of Potentilla tabernaemontani Asch.
individuals according to their habitat of origin (xeric or mesic parts of Belgian calcareous grasslands) and
the treatment applied (low or high drought stress).

Key results — The results demonstrated that individuals originating from xeric parts survived drought
stress better than individuals from mesic parts of calcareous grasslands. Specific leaf area (SLA) of all
individuals was very low in the experiment, allowing them to decrease water loss during drought stress.
Leaf production was lower for individuals exposed to high drought stress while flower production was
higher. That potentially expressed a trade-off between tolerance to water stress, individual growth and
reproduction.

Conclusions — Local scale environmental heterogeneity deserves to be considered in conservation
and restoration plans as it induces intraspecific functional variability between individuals and impacts
individuals’ ability to survive drought stress.

Key words — Intraspecific variability, calcarcous grasslands, climate change, drought stress, greenhouse,

ex situ, local scale.

INTRODUCTION

Calcareous grasslands are recognized as local biodiversity
hotspots in temperate regions, hosting rare plant species
(Krauss et al. 2004, Adriaens et al. 2006). Those ecosystems
suffered from intensive habitat destruction and fragmentation
during the last century (Prendergast et al. 1993, Poschlod &
WallisDeVries 2002, WallisDeVries et al. 2002, Adriaens et
al. 2006) and are today a central issue in habitat conservation
in Europe (Janssen et al. 2016). Calcareous grasslands are
also characterized by high environmental variability at the
very local scale, notably in terms of soil depth, soil mois-
ture, slope and exposure, identified as main factors influenc-
ing soil hydrological status (Butaye et al. 2005, Bennie et
al. 2006, Piqueray et al. 2007, Harzé et al. 2016). The total
amount of available water for plants is demonstrably lower
for parts of grasslands featuring thin soils (< 10 cm), present

on steep and rocky slopes with a southerly aspect and ex-
cessive drainage. Those conditions lead to high soil desicca-
tion, high evaporation and high drought stress for herbaceous
species (Alard et al. 2005, Butaye et al. 2005, Bennie et al.
2008, Dujardin et al. 2012). Xeric parts of grasslands are
mostly typified by lower herbaceous cover and fewer litter
accumulation than mesic parts (Butaye et al. 2005).

Climate change will likely become one of the major
threats to biodiversity over the next few decades (Thuiller
2007, Bellard et al. 2012). Climate change predictions fore-
cast that the frequency of summer heat waves will probably
increase in large parts of Europe (Pachauri et al. 2014). These
changes could strongly affect the structure and functions of
grassland communities, especially for plants occurring on
xeric parts of grasslands. Plant species that will be able to
reach more suitable habitats or produce phenotypic adaptive
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responses to climate change through local adaptation or phe-
notypic plasticity will probably be more prone to survive on
the long term (Bolnick et al. 2003, Bellard et al. 2012).

In a previous study undertaken in calcareous grasslands,
a high intraspecific phenotypic variability has been exhibited
at the very local scale (Harzé et al. 2016). Plant function-
al traits related to resource-use efficiency may vary greatly
among individuals for a number of plant species, including
Potentilla tabernaemontani Asch., a perennial forb that is
abundant on calcareous grasslands in Belgium (Piqueray et
al. 2007, Harzé et al. 2016). Specifically, individuals located
on xeric parts of calcareous grasslands have been charac-
terized by lower plant height and higher leaf tissue density
(Harzé et al. 2016). Those traits potentially permit plants to
maintain leaf turgor and foster more successful performance
under drought stress (Niinemets 2001, Siefert 2012).

The current study aimed to evaluate if the high intraspe-
cific phenotypic variability observed in situ in leaf traits (e.g.
specific leaf area) and morphological traits (e.g. vegetative
height), at the very local scale, for a calcareous grassland spe-
cies (Harzé et al. 2016), may induce intraspecific differences
in response to drought stress. More specifically, study aimed
to evaluate if individuals located on xeric parts of calcare-
ous grasslands survive drought stress better. Individuals of P
tabernaemontani were collected from xeric and mesic parts
of grasslands in order to test their survival under two levels of
induced drought stress in a greenhouse experiment.

MATERIAL AND METHODS

Experimental design

Potentilla tabernaemontani is a clonal perennial hemicryp-
tophyte with prostrate, usually rooting woody stems. Yellow
hermaphrodite flowers are pollinated by insects. Cross- and
self-fertilization may be observed and the species usually
propagates by seeds or vegetative stems. P. tabernaemontani
has a European-wide distribution and may be found in dry
open habitats, mainly on limestones and other basic rocks
(Fitter & Peat 1994).

Three sites were selected in southern Belgium; the Mon-
tagne-aux-buis (50°05'N, 4°34'E), the Tienne Breumont
(50°04'N, 4°32’E) and the Sosoye hill (50°17'N, 4°46'E).
They are calcareous grasslands developed through tradition-
al agropastoral practices, where xeric and mesic grasslands
coexist (Butaye et al. 2005, Piqueray et al. 2007). At each
site, 30 genets of P. tabernaemontani were randomly selected
in mesic parts of grasslands and 30 genets were randomly
selected in xeric parts. Genets were collected at a minimal
distance of five meters from each other to assure collecting
different genets. For each selected genet, two ramets (linked
by stolons) were collected. The collected ramets were sepa-
rated to be transplanted in pots (8 cm length x 8 cm width x 8
cm depth). Pots were previously filled with a substrate com-
posed by Y4 of white sand and % of a commercial lime com-
post (turf, fertilizer and lime) and water saturated. Ramets
were then placed in a greenhouse in Gembloux (Belgium;
50°03'57"N, 4°42'11"E; annual mean temperature c. 9°C).
The number of leaves of each ramet was counted at the be-
ginning of the experiment (L0). The greenhouse was heated
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during winter to avoid frost. One week after transplantation,
treatments were applied. For each selected genet, the two
ramets were submitted to two distinct drought stress treat-
ments during six months. The first ramet was submitted to
a low stress treatment and the second ramet was submitted
to a high stress treatment. Stress treatments were applied by
allowing volumetric water content to decrease to a level of
30% (for the low stress) and of 15% (for the high stress) be-
fore watering the pots to saturation. A study in similar habi-
tats indicated that soil moisture reached a maximum of ap-
proximately 50% in late autumn and winter and decreased
to a minimum of roughly 20% during summer drought stress
periods (Niklaus et al. 1998). Soil water content was meas-
ured three times a week using a volumetric moisture probe
(TRIME®-PICO32, IMKO) in 36 randomly selected pots of
each treatment. All pots of the treatment were watered if the
mean volumetric water content of the 36 pots was below 30%
for the low stress treatment and below 15% for the high stress
treatment. Position of pots in the greenhouse was randomly
changed every week.

Data collection and analysis

Ramet survival and flower production were monitored three
times a week over six months. Survival was defined as com-
plete leaf senescence and no ramet regrowth during two
weeks after plant rehydration. The number of days between
the beginning of the experiment and the production of the
first flower of each ramet was calculated (first flowering)
and the total number of flowers produced by each ramet was
counted. The number of leaves of each ramet was tallied at
the beginning (L0) and at the end (L1) of the experiment for
surviving ramets in order to calculate a foliar increase ratio:
In L1 —1In LO (Hunt 2017).

The regulation of water loss through leaves can be ex-
pressed by several key leaf functional traits (Wright et al.
2001, Ackerly 2004) and, for example, be reflected through
lower specific leaf area (SLA; Volaire 2008, Poorter et al.
2009). After six months, two leaves produced during the ex-
periment by surviving ramets were collected for SLA meas-
urement, i.e., the one-sided area of a fresh leaf divided by its
oven-dried mass (in mm? mg'). We followed the leaf trait
measurement protocol of Garnier et al. (2001). Fresh leaves
were scanned following a minimum of 6 h of rehydration
and leaf area was measured using ImageJ imaging software
(Abramoff et al. 2004). Leaves were then oven-dried at 60°C
for 72 h and weighed to the nearest 10" mg (Mettler Tole-
do®, Viroflay, France).

In order to compare ramet performance (number of flow-
ers produced, first flowering, foliar increase ratio and SLA)
according to their habitat of origin (xeric or mesic part) and the
drought stress treatment applied (low or high drought stress),
three-way ANOVAs were performed based on site (random,
three modalities), habitat of origin (fixed, two modalities)
and stress treatment (fixed, two modalities) as crossed fac-
tors. As survival was a binary variable, a generalized linear
model (glm) was fitted using the binomial family followed
by an analysis of deviance with site, habitat of origin and
stress treatment as crossed factors. The site effect was never
significant (all p-values > 0.55), so we conducted the same
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Table 1 — Survival and traits of Potentilla tabernaemontani across habitat of origin and stress treatment.

Deviance analysis (survival) and two-way analysis of variance (ANOVAs; number of flowers produced, first flowering, foliar increase ratio
and SLA) performed with habitat of origin (fixed, two modalities) and stress treatment (fixed, two modalities) as crossed factors. Means are
given according to habitat of origin or stress treatment. Significantly different means are followed by different letters and significant p-values

(< 0.05) are in bold.
factors interaction habitat of origin stress treatment
p-value xeric parts ~ mesic parts p-value low stress high stress p-value

survival 0.627 0.85° 0.75¢ 0.017 0.85° 0.75% 0.016
Nn of flowers produced 0.819 6.0° 6.7° 0.237 5.89 6.9° 0.028
first flowering (days) 0.496 88.92 88.0° 0.789 85.9° 91.1° 0.108
foliar increase ratio 0.116 1.08® 1.20* 0.064 1.23° 1.05° 0.008
SLA (mm® mg™) 0.297 7.8° 8.1° 0.157 7.7¢ 8.2° 0.067
analysis with habitat of origin and stress treatment as crossed DISCUSSION

factors. Deviance and ANOVAs were followed by a pairwise
comparison of means (Tukey’s test). Foliar increase ratio and
SLA were log transformed to meet the assumptions of the
statistical analyses. ANOVAs were performed with Minitab®
17.1.0 and analysis of deviance were performed with R 3.1.0
(R Development Core Team 2014).

RESULTS

The interaction between habitat of origin (mesic or xeric
parts of grasslands) and stress treatment (low or high) was
not significant for any measurements (table 1). Survival
probabilities were significantly higher for individuals col-
lected from xeric parts of grasslands compared to individu-
als coming from mesic parts of grasslands (p-value = 0.017,
table 1) and were significantly reduced for individuals ex-
posed to high drought stress compared to low drought stress
(p-value = 0.016, table 1). Individuals from xeric parts of
grasslands growing under low drought stress survived better
(fig. 1A).

Habitat of origin had no effect on the number of flowers
produced, first flowering (number of days between the begin-
ning of the experiment and the production of the first flower),
foliar increase ratio and SLA, while stress treatment had no
effect on first flowering and SLA (table 1). The foliar increase
ratio was lower for individuals exposed to high drought stress
(p-value = 0.008, table 1), particularly for individuals from
xeric parts (fig. 1D). The number of flowers produced was
higher for individuals exposed to high drought stress (p-val-
ue = 0.028, table 1) but no significant differences between
means were highlighted by the pairwise comparison of means
(Tukey’s test, fig. 1C). First flowering and SLA were similar
among habitat of origin and treatment (figs 1C & E). SLA
values were particularly low for both treatments with values
comprised between 3.6 and a maximum of 18.4 mm? mg’
with a mean of approximately 8.0 mm? mg! for both treat-
ments.

Populations of P. tabernaemontani are naturally exposed to
high small-scale variability in environmental conditions in
calcareous grasslands (Bennie et al. 2008, Harzé et al. 2016),
leading to high in situ variability of functional traits at the
very local scale (Harzé et al. 2016). Individuals grown in xe-
ric parts of grasslands are smaller and characterized by lower
specific leaf area than individuals in mesic parts of grass-
lands, which should ensure more successful performance un-
der stressful conditions. Indeed, low SLA is related to high
investment in structural tissues, which allow plants to main-
tain leaf turgor under drought stress (Niinemets 2001, Siefert
2012). Conservative species, that exhibit low SLA, corre-
sponding to dense leaf tissues and low growth rates, exhibit
high resource conservation (Albert et al. 2010).

Intraspecific variability in drought stress responses was
evaluated in a greenhouse experiment for the calcareous
grassland plant species P. tabernaemontani. The findings
confirmed that drought response was variable according to
the habitat origin of the species. Individuals originating from
xeric parts of grassland survived better both low and high
drought stress conditions. This could be because of low SLA,
allowing individuals to decrease water loss under drought
stress. Values of SLA were particularly low for all individu-
als at the end of the experiment (maximum value: 18.36 mm?
mg') compared to in situ observation (32 mm? mg'; Harzé
et al. 2016). However, in this experiment, SLA did not dif-
fer across habitats of origin or stress treatments and there-
fore did not explain the observed differences in individual
survival. Resistance to drought stress could be understood
by variability in other (not measured) physiological traits
linked to water use efficiency, such as root traits or stoma-
tal density (Cornelissen et al. 2003, Pérez-Harguindeguy et
al. 2013). Indeed, previous slowly increasing stresses may
induce physiological adjustments in plant that may protect
them from a future stress abruptly imposed (Kozlowski &
Pallardy 2002).
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Although phenological changes are more heavily investi-
gated in response to mean change in climate than to extreme
events, plant species may also respond to drought by modi-
fying their phenology, such as earlier onset of leaf develop-
ment or flowering (Parmesan & Yohe 2003, Root et al. 2003,
Reyer et al. 2013). This was not the case for P. tabernaemon-
tani individuals as the period of time before the first flower-
ing was similar for individuals from xeric or mesic parts of
grasslands and among treatments.

The foliar increase ratio also presented high variability
among individuals, illustrating the ability of species to pro-
duce distinct phenotypes in response to the environment. In
arid environments, a negative relationship between plant ca-
pacity to tolerate drought and growth potential can be pre-
dicted. This could be because off a trade-off between toler-
ance to water stress and individual growth (Chapin 1980,
Reznick 1985, Loehle 1987). Plants with a higher growth
potential may be characterized by physiological traits that,
in principle, should result in poor performance under intense
drought conditions and vice versa (Fernandez & Reynolds
2000). This could justify the differences in leaf production
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between treatments with individuals reducing their produc-
tion of leaves under high drought stress. Reducing leaves
production under stressful environment could also be the re-
sults of an allocation strategy between growth and reproduc-
tion. Indeed, plants may allocate greater proportion of their
resource to reproduction than to vegetative growth under en-
vironmental stress (Aronson et al. 1993). That could explain
that P. tabernaemontani produced more flowers under high
drought stress.

The observed variability in plant traits can stem from mul-
tiple factors. It can be the result of variability between geno-
types originating from evolutionary processes and local adap-
tation (Fisher 1930, Hughes et al. 2008), or it can be based on
acclimation or phenotypic plasticity; i.e. the potential of each
individual genotype to produce multiple phenotypes under
various environmental conditions (DeWitt et al. 1998). Those
mechanisms may act simultaneously and the observed vari-
ability in plant traits can be the consequence of different com-
binations of genetic and environmental variabilities (Bolnick
et al. 2003). Carefully designed experiments are necessary to
assess whether the observed intraspecific variation is brought
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Figure 1 — Crossed effect of habitat of origin and stress treatment. Means and standard errors of survival (A), number of flowers produced
(B), first flowering (C), foliar increase ratio (D) and SLA (E) of Potentilla tabernaemontani individuals across habitat of origin (mesic or
xeric parts of calcareous grasslands) and stress treatment (low stress in white and high stress in black). On each graph, significantly different
means (crossed Tukey’s test) are followed by different letters.
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about by plasticity or local adaptation. However, whatever the
causes of the observed traits variability in calcareous grass-
land plant species, the greenhouse experiment demonstrated
that individuals of P. tabernaemontani from very stressful
environments survive drought stress better. It may represent
a challenge for species conservation in the face of future cli-
mate change. However, this study should be completed with
data from other calcareous grasslands species to be able to
draw general conclusion. Calcareous grasslands have suf-
fered intensive fragmentation in the past (Poschlod & Wallis-
DeVries 2002, Piqueray et al. 2011) and restoration projects
have taken place all over Europe in order to stop the decline
of this habitat. Considering local-scale environmental hetero-
geneity in conservation and restoration plans is required to
maintain large intra-specific variability in the landscape and
thereby a variety of genotypes and phenotypes that can buffer
plant species from future environmental changes (Wellstein
et al. 2013, Mitchell & Bakker 2014).
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