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Subtle topographical differences along a floodplain
promote different plant strategies among Paspalum
dilatatum subspecies and populations
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Abstract It was hypothesised that subtle topographical differences might cause the existence of ecotypes along a
floodplain. The apomict grass Paspalum dilatatum subspecies dilatarum inhabits flood-prone lowlands as well as
nearby uplands in the floodplains of Argentina, while the sexual P dilatatum subspecies flavescens almost exclusively
inhabits the uplands. The aim of the present study was to identify the different traits that allow these P dilatarum
populations to inhabit different habitats. Plants of P dilatatum were reciprocally transplanted between uplands and
lowlands. Morphophysiological traits related to flooding tolerance were measured during a flood. Subspecies
dilatatum from the uplands and subspecies flavescens showed a high physiological performance in the uplands but
a considerable decrease in stomatal conductance, net photosynthesis rates and tiller number in the flooded
lowlands. In contrast, the subspecies dilatatum from the lowlands showed relatively lower and stable stomatal
conductance, photosynthesis rates and leaf water potential at both sites. Subspecies dilatarum from the lowlands
outperformed upland populations at the lowland site with respect to tillering. Leaves of subspecies dilatarum from
the lowlands that had grown at the lowland habitat had a lower blade/sheath proportion than leaves of plants
transplanted to the uplands. This behavior did not occur in both upland populations. Results suggest that dilatatum
Lowland plants have the typical strategy of stress-tolerant genotypes and that the upland populations are adapted
to habitats where competitive species are selected. In conclusion, habitats with subtle differences in topographic
level can favour both ecotypic differentiations within an apomict subspecies but also the maintenance of morpho-
physiological similitudes between coexisting upland populations belonging to different subspecies.
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INTRODUCTION

Differences in natural selection pressures due to
spatial heterogeneity in soil characteristics can cause
the existence of locally specialized ecotypes (Snaydon
& Davies 1982; Nyberg Berglund eral 2003).
Together with many other soil conditions, floods and
waterlogging are able to produce variation among
locally adapted populations (Keeley 1979; Davy ez al.
1990; Ashraf 2003). However, temporal variation in
selection factors favours plastic phenotypes (Bradshaw
1965; Kawecki & Ebert 2004). As a result, floodplains
may favour the appearance of locally adapted ecotypes
with different plasticity because they are subjected to
contrasting effects among sequential flooding, draw-
down and drought conditions. In addition, the tempo-
rally heterogeneous environmental characteristics of
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floodplains make difficult the prediction about the
pattern of population differentiation (Keeley 1979). In
this way, natural selection in floodplains could produce
the existence of a mixture of genotypes adapted to
habitats that do or do not flood or, by contrast, the
selection of intermediate-like phenotypes (Keeley
1979).

The distributional ranges of floodplain species are
likely to reflect their sensitivity to flooding (Oesterheld
& McNaughton 1991; van Eck er al. 2006). In the
fine-grained heterogeneous flooding Pampa grasslands
of Argentina (South America), communities are
arranged as a matrix of flood-prone lowland grasslands
interrupted by few, never-flooded uplands triggered
from eolic origin, which have a very small area within
the landscapes (Aragon & Oesterheld 2008). The
perennial grass Paspalum dilatatum Poir. is a highly
palatable C, grass that is widely distributed in the
flooding Pampa grasslands (Burkart er al. 1990; Loreti
& Oesterheld 1996). However, P dilatatum has two
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subspecies that display different spatial distributional
patterns in this floodplain. The subspecies dilatarum
dominates in lowland communities where winter or
spring flooding occurs (Burkart ez al. 1990). This sub-
species is also very common in the upland communi-
ties where flooding does not occur (Burkart er al.
1990). Otherwise, P dilatatum subsp. flavescens
Roseng., B.R. Arrill. & Izag. almost exclusively inhab-
its the uplands (Mollard ez al. 2008). These different
distributional patterns of R dilatarum subspecies asso-
ciated with particular habitat conditions suggest the
existence of locally adapted populations.

As well as distributional dissimilarities, Paspalum
dilatatum subspecies also have important reproductive
differences that can determine their adaptive potential.
The subspecies flavescens is an allotetraploid cytotype
with sexual reproduction and predominantly autoga-
mous (Garcia et al. 2007) while P dilatarum subsp.
dilatatum is an apomictic allopentaploid taxa (Souza-
Chies & Cavalli-Molina 1995; Espinoza & Quarin
2000). The restricted gene flow among populations of
subspecies dilatarum might favour the spread of poten-
tially adapted genotypes without the recombinational
problem that sexuality involves. In contrast, subspecies
flavescens has more potential for micro-evolution due to
its sexual character. Despite this, subspecies flavescens,
as previously mentioned, has a more limited distri-
bution compared with subspecies dilatarum. Since
apomictic taxa have larger distributional ranges and
tend to range to higher altitudes and latitudes than their
sexual relatives (Horandl 2006), the above-described
differentiation in the distribution of P dilatatum subspe-
cies represents a non-previously recognized case of
geographical parthenogenesis (sensu Horandl 2006).

The flooding tolerance of plants depends on the
development of a suite of physiological and morpho-
logical responses in order to survive partial submer-
sion and anaerobic soil conditions (Armstrong 1979;
Kozlowski & Pallardy 1984; Blom ez al. 1994; Insausti
et al. 2001; Voesenek ez al. 2006). At the physiological
level, flood-tolerant grasses are able to maintain their
leaf water potential, stomatal conductance and photo-
synthesis during flooding without showing reductions
in growth (Kozlowski & Pallardy 1984; Naidoo &
Naidoo 1992; Blanch er al. 1999; Insausti ez al. 2001;
Mollard ez al. 2008). By contrast, flood-sensitive
grasses are not able to sustain such basic physiological
processes during flooding, thus reducing their growth
and tillering rates (Oesterheld & McNaughton 1991;
Baruch 1994; Huang et al. 1994; Malik et al. 2001).
At the morphological level, the most conspicuous
responses suggesting flood tolerance in grasses are
increments in the leaf length extension, the increase in
leaf insertion angles and the development of aeren-
chyma in tissues (Naidoo & Naidoo 1992; Insausti
et al. 2001; Mollard er al. 2008). These responses help
plants to re-establish leaf contact with atmospheric
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oxygen to sustain the respiratory demands of sub-

merged organs (Colmer 2003). Thereby, all aforemen-

tioned plant variables (i.e. stomatal conductance,
photosynthesis rate, leaf water potential, leaf lengthen-
ing and tiller number per plant) can be useful features
for studying the adaptation of plants to flooding.

The aim of the present paper is to test for population
differentiation with respect to flood tolerance and
related morphophysiological attributes in Paspalum
dilatarum subspecies. Questions are:

1 Can be the distributional differences between P
dilatatum subspecies be explained by morphophysi-
ological attributes related to flooding tolerance?

2 Does R dilatatum have locally adapted populations?

3 Are the phenotypes displayed in the lowlands by
the different P dilatatum populations characteristic
of flood-adapted species or merely the disadvanta-
geous consequences exerted for a stressful habitat?

Addressing these questions will help us to identify
some of the different strategies that allow populations
to inhabit mild habitats, as well as nearby temporary
stressful, habitats, like those that are found in flood-
plain grasslands.

METHODS

Plant material and study site

Similarly sized plants of Paspalum dilatatum subsp. dilatatum
(i.e. tiller number) were selected in two different plant com-
munities situated in an upland and a lowland site along a
topographic gradient in the flooding Pampa grasslands.
Additionally, similar plants of P dilatatum subsp. flavescens
were only selected in the aforementioned upland site due to
the remarkable scarcity of plants of this subspecies in the
lowlands. In this manner, we used three different populations
for the present study: two populations of the subsp. dilatatum,
one from the upland site and the other from the lowland site
and, one population of the subsp. flavescens taken from the
upland site. To avoid potential vegetative clones, plants inside
each community were collected at sufficiently large distances
(>10 m). The subsp. flavescens and subsp. dilatatum plants
from the uplands (hereafter ‘dilararum Upland’) belong to a
community characterized by Melica brasiliana Ard., Borreria
dasycephala (Cham. & Schltdl.) Bacigalupo & E. L. Cabral,
and Echium plantagineum L. Plants of subsp. dilatatum from
the lowlands (‘dilatazum Lowland’) belong to a community
characterized by Piptochaetium montevidense (Spreng.)
Parodi, Ambrosia tenuifolia Spreng., Eclipta bellidioides
(Spreng.) Sch. Bip. ex S.F. Blake and Mentha pulegium L.,
one of the most widespread plant communities of these
grasslands (Burkart ez al. 1990). Both communities are
related to two different habitat types that have contrasting
water regimes due to their relative topographical positions
and soil characteristics: the uplands are associated with sandy
soils of moderate drainage, are never-flooded, and are posi-
tioned 50-100 cm higher than the lowlands, which have
clayey soils with poor drainage (Soriano 1991). Communi-

© 2009 The Authors

Journal compilation © 2009 Ecological Society of Australia



ECOTYPE DIFFERENTIATION IN PASPALUM DILATATUM 191

ties are highly interwoven with irregular limits between them.
Lowlands predominate in the landscape, covering approxi-
mately 70% of the area (Aragon & Oesterheld 2008). The
small patches of the Uplands represent only 4.7% of the area,
with a mean patch size of 2.72 ha (Aragén & Oesterheld
2008).

Reciprocal transplant experiment

Plants from each of the three Paspalum dilatatum populations
(16 plants per population) were carefully extracted from each
of the sites and were transplanted within and between sites
inside fenced exclosures to exclude large herbivores
(15 x 15 m). Inside each exclosure, a grid with six columns
and four rows (24 places) was marked, leaving a walkway
space of 0.5 m between plants. An experimental unit (each
plant) was randomly assigned to each position. So, we used
eight plants per population in each site. At each site, the soil
volumetric water content was monitored with ECHO Probes
EC-10 sensors (Decagon Devices, Pullman, USA) connected
to Campbell 21-X dataloggers (Campbell Scientific, Logan,
USA). The growing season of R dilatatum ranges from spring
to the end of summer, so the reciprocal transplant was carried
out at the beginning of winter during the plant’s latency period
to minimize stress due to transplantation. Morphological and
physiological parameters were assessed after 3 months of
growth (6 months after transplanting). Thereby, all measure-
ments were carried out on tillers and leaves formed under the
influence of the environmental conditions of each site. On the
date of the morphophysiological measurement, the soil oxy-
genation at the flooded lowlands and the non-flooded uplands
was evaluated by measuring the oxygen diffusion rate (ODR)
at a soil depth of 5 cm with platinum microelectrodes (Letey
& Stolzy 1964).

Physiological and morphological measurements

The stomatal conductance and transpiration rate were mea-
sured in the youngest fully expanded leaf blade in a similar
position of each plant (eight replications per population and
site) using a Li-1600 M steady state porometer (Li-Cor Inc.,
Lincoln, NE, USA). Leaf water potential was recorded imme-
diately on the same leaves with a Scholander-type pressure
chamber (Bio-Control, Buenos Aires, Argentina). The net
CO; exchange was measured on the same type of leaves with
a Li-6200 portable system (Li-Cor Inc., Lincoln, NE, USA).
Measurements were taken at noon on a clear day
(PPFD = 1850 + 70 umol m™ s™). At the same time, air
temperature and relative humidity were measured (Tempera-
ture & RH Probe HUMICAP H, Vaisala, Finland). Both
parameters were used to calculate the air vapour pressure
deficit (VPDair), as a way to characterize the atmospheric
evaporative demand, which was approximately 2.2 kPa.

For each plant, tiller number was recorded, and the blade
and sheath lengths measured separately in the youngest fully
expanded leaves of three tillers per plant.

Statistical analyses

Physiological and morphological data were analyzed through
two-way ANOVAs with population and site as main factors.
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When significant interactions were detected, a subsequent
Tukey test was applied to reach conclusions on the treatments
effects. The relationship between leaf sheath and leaf blade
lengths was determined by conducting regression analysis for
each combination of population and site. This allows us to
detect potential differences for leaf allometric relationships
among plants growing at the upland or lowland sites and to
reach conclusions on leaf size-scaling effects due to habitat
quality. When a significant relationship between variables was
detected, additional F-tests for differences in the regression
parameters between sites were carried out. If differences
between parameters were not detected, data were pooled to
obtain a single linear regression (Schwinning 1996; Striker
et al. 2007). All datasets were checked to ensure the normality
and homogeneity of variances. Results are presented as
untransformed means of eight replicates * standard error. All
tests were carried out using the GraphPad Prism 4.0 for
Windows (GraphPad Software, San Diego, CA, USA).

RESULTS

Soil volumetric water content time courses

During the experimental period, soil in the lowlands
was flooded several times in winter and spring, whereas
no floods occurred in the uplands (Fig. 1). When physi-
ological and morphological data were collected in late
spring, the lowlands had been flooded for nearly
25 days, while the upland soil volumetric water content
was slightly below field capacity (Fig. 1). On that day,
the ODR values were 57 = 5x 10° g cm™ min™!
in the well-oxygenated soil of the upland site, and
2.6 = 1.5%x10%gcm?min™ in the soil of the low-
lands, which indicates the hypoxia stress at the flooded
site.

Physiological responses

The physiological performance of Paspalum dilatatum
populations differed across grassland habitat types (see
population X site in Table 1, site refers to the location
where plants were transplanted). The two P dilatatum
populations from the uplands performed better at their
home sites than in the flooded lowlands (Fig. 2).
Dilatarum Upland and subsp. flavescens had 60% and
70% lower stomatal conductance (P < 0.01 and P<
0.0001) at the lowland site than at the upland, their
original habitat. In addition, the net photosynthesis
rates of plants of both populations were 30% lower in
the lowland site in comparison to their counterparts
growing in the upland site (= 0.023 for dilatarum
Upland and P < 0.001 for subsp. flavescens). The leaf
water potential was similar at both sites for dilatatum
Upland plants but was higher in subsp. flavescens
growing on the lowlands (P < 0.01). The physiological
performance of dilatarum Lowland plants was remark-
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ably different from the responses of the two upland
populations: dilatarum Lowland plants showed similar
stomatal conductance (P =0.29), photosynthesis
(P =0.34) and leaf water potential (= 0.17) in both
sites.

Morphological responses

The populations of Paspalum dilatatum showed differ-
ent responses in tiller number, leaf blade, leaf sheath
and leaf length between sites (see population X site in
Table 1). In particular, morphological differences

RT
a0r 1 *M
)
< 350
g ,..,_‘
q) A
57 A
o
O FPCEEN ‘,\\
@ 251 Ve,
E v ‘\\‘n A
2 IR i
o 20+ L \ /‘.".“ ,'"-‘
= \ E | // "\'I
(] oo Y v
E 57 LN i
2 LA h i
\ ARV}
S 1oL LA AR
Z | Upland site  *' %, A
@ sl — Lowland site .
Il Flooding
O 1 a1 PR (N ST S S N S

L PRSI S SN W SN T T T N 1
Jun Jul Aug Sep Oct Nov Dec
Fig. 1. Soil volumetric water content (%) time courses in
both upland and lowland sites from the date of reciprocal
transplanting until the date of measurements. M, measure-
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were detected in the two populations native from the
upland when comparing plants transplanted to dif-
ferent sites (Figs 3,4; Table 2). Tiller number per
plant of dilatatum Upland and subsp. flavescens were
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Fig. 2. Physiological measurements on leaves of Paspalum
dilatatum populations transplanted to the upland and
lowland sites: (a) stomatal conductance (b) net photosynthe-
sis rate and (c) leaf water potential. During the measurement,
the lowland site had been flooded for nearly 25 days, while in
the uplands the soil water content was close to field capacity.
Values are mean *+ SE of eight replicates.

Table 1. Results of two way ANOVA for analyzed plant physiological and morphological variables of Paspalum dilatatum

populations transplanted to the upland and flooded lowland sites

Main effects Interaction Response at the lowland site
dilatatum dilatatum

Variable Population Site Pop X site Lowland Upland flavescens
Stomatal conductance 1.56 37.89*** 6.05** 0 l Ll
Net photosynthesis rate 18.96*** 18.39*** 3.68% 0 l l
Leaf water potential 16.54%%* 5.58%* 5.74%* l 0 T
Tiller number 3.56* 8.43%* 5.73%% 0 { A
Leaf length 2.99 37.5%%% 5.90** 0 d l
Leaf blade length 3.24% 36.41%*% 4.84% 0 l l
Leaf sheath length 1.71 18.49%** 5.82%% 0 d l

F-values and significance levels are presented (*P < 0.05; **P < 0.01; ***P < 0.001). Arrows indicate the net effect registered
on plants growing at the flooded lowland site (in comparison with the upland) for each variable and population.
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41% and 63% lower, respectively, in the lowlands in
comparison to their counterparts growing at their
home site (P=0.023 and P<0.01, respectively;
Fig. 3). In addition, both populations native to the
upland registered on average lower leaf blade, leaf
sheath and consequently, leaf lengths at the lowland
site in comparison to their counterparts growing at
the upland site (P<0.001 in both cases; Fig. 4;
Table 2). A strong positive relationship between leaf
blade and leaf sheath lengths was detected in the two
populations native to the uplands (Fig. 4). This rela-
tionship did not differ between sites (F-tests:
P =0.23 for upland dilatatum and P = 0.71 for subsp.
flavescens). This allowed us to pool the data and
obtain a single linear regression for each population
(Fig. 4). These results indicate that simply size-
scaling effects for these leaf traits accounted for the
detected average differences between sites. This
means that dilatatum Upland and subsp. flavescens
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dilatatum dilatatum flavescens
Lowland Upland

Fig. 3. Tiller number per plant of Paspalum dilatatum
populations growing at the upland (open bars) and lowland
(closed bars) sites. Different letters among bars indicate sig-
nificant differences (P < 0.05) among population X site com-
binations based on the Tukey test. When tillers were counted,
the lowland site had been flooded for nearly 25 days, while in
the uplands the soil water content was close to field capacity.
Values are mean * SE of eight replicates.
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developed longer leaves at the upland site and shorter
leaves at the lowland site, but with a similar propor-
tion of leaf blades and leaf sheath lengths (Fig. 4;
Table 2).

The morphological traits of dilatatum Lowland
plants were relatively stable across grassland habitats
(Figs 3,4; Table 2). In the dilatatum Lowland popula-
tion, tiller number was similar in plants growing at
both sites (2 = 0.30) and twofold higher than in plants
of both upland native populations growing at the
flooded lowland site (Fig. 3). Additionally, the average
lengths of leaves, leaf blades and leaf sheaths did not
vary between the two habitats (= 0.29 and P = 0.86,
respectively; Fig. 4; Table 2). This population also reg-
istered a positive relationship between leaf blade
and leaf sheath lengths. However, in contrast to that
previously pointed out for the populations native to
the upland, regression parameters differed between
sites (slope test: P= 0.85, intercept test: P < 0.0001;
Fig. 4). In the dilatatum Lowland population, the
leaves at the lowland site had a higher sheath propor-
tion than leaves in the upland site (Fig. 4) although in

Table 2. Total leaf length (sheath + blade) of Paspalum
dilatatum populations transplanted to the upland and
lowland sites

Sites
Total leaf lengths (cm) Upland Lowland
dilaratum Lowland 34.7 = 3.2 bc 30.1 = 1.5 bc
dilatatum Upland 41.6 = 2.0 ab 265+ 2.2c
Flavescens 50.1 3.2 a 28.2*+*34c

Values are means = SE of eight replicates. Different
letters indicate significant differences (P < 0.05) among
population X site combinations based on the Tukey test.
When leaf length was measured, the lowland site had been
flooded for nearly 25 days, while in the uplands; the soil
water content was close to field capacity.
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Fig. 4. Allometric relationships between leaf blade and leaf sheath lengths of Paspalum dilatarum populations growing at the
upland site (open circles, 7 = 20-24) and at the lowland site (closed circles, n = 20—24). When differences between parameters
of equations were not detected, data were pooled to obtain a single linear regression. Fitted equations are y = 1.73x + 3.86
(dilatatum Lowland at the lowland site), y = 1.81x + 9.81 (dilatarum Lowland at the upland site), y = 1.71x + 8.10 (dilaratum
Upland) and y=1.65x + 10.19 (Subsp. flavescens). Bigger circles indicate the average leaf blade length and leaf sheath

length *= SE of eight plants.
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both cases, leaf sheath was scaled in a similar propor-
tion to the leaf blade length (similar slopes between
sites). This means that, irrespective of the similar leaf
blade length between sites, the individual leaves of
dilatatum Lowland formed in the lowlands had larger
leaf sheaths than the individual leaves formed in the
uplands (Fig. 4).

DISCUSSION

This reciprocal transplant experiment reveals that sub-
species flavescens and dilatatum Upland performed
similarly in both the upland and lowland habitats in
terms of carbon fixation capacity, stomatal conduc-
tance, tiller number and leaf traits (Table 1). The mor-
phophysiological responses of both populations native
to the upland point in the same direction: lower physi-
ological performance and a restricted growth in the
flooded habitat. These features were very different
from those depicted by dilatatum Lowland. In effect,
only the performance found in diararum Lowland
plants suggested the existence of specific adaptations
to flooding tolerance since there was no decrease
shown in most of the morphophysiological features
measured. Results also indicate the existence of differ-
ent strategies between upland and lowland popula-
tions of Paspalum dilatatum to cope with disturbances
such as flooding. In fact, the intrinsic lower values of
physiological parameters and leaf size recorded in the
dilatatum Lowland plants in both habitats suggest a
typical strategy of stress-tolerant genotypes (sensu
Grime 1977) adapted to a flood-prone habitat and
characterized by stable functional levels (Chapin
1991; Grime 2001). In contrast, both diatatum
Upland and subsp. flavescens showed a considerable
reduction in net photosynthesis rates and tiller number
when grown in the flood-prone lowland habitat. This
indicates that in both populations native to the upland,
the habitat with milder conditions in which competi-
tive species are predominantly selected (Grime 1977),
showed lower tolerance to the more stressful condi-
tions of the lowland site. Our results were in line with
those of Loreti and Oesterheld (1996) in which the
more productive clones of P dilatarum were also the
less resistant to flooding and drought. So, the intrinsic
differences between genotypes within a population
could be shown at a populational level. Therefore, the
different morphophysiological features and strategies
described here could help to understand in part
the distributional differences between P dilatatum
subspecies.

Floods generally exert negative effects on stomatal
conductance both in upland and lowland grassland
species (Oesterheld & McNaughton 1991; Ashraf
2003; Striker er al. 2005). Subsp. flavescens and
dilatatum Upland plants had lower stomatal conduc-
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tance in the flooded lowland than in the uplands.
Researchers have shown that stomatal closure under
flooding is a mechanism to regulate the water balance
of plants and prevent leaf dehydration in conditions
were hypoxia can affect the absorption of water by
roots (Bradford & Hsiao 1982; Jackson & Hall 1987;
Baruch 1994; Pezeshki 1994; Ashraf 2003). The high
leaf water potential of subsp. flavescens showed in the
flooded lowland suggests that stomatal conductance
was effective in regulating the water status of this
subspecies. In addition, both populations native from
the uplands had a lower net leaf photosynthesis in
the flooded lowlands, responses that could be related
to their partial stomatal closure, and therefore an
increased resistance to CO, diffusion into leaves
(Bjorkman & Demming-Adams 1995). In contrast,
dilatatum Lowland maintained its stomatal conduc-
tance and photosynthesis at similar levels at both sites;
the flooded lowland and the drained upland (Fig. 2),
indicating the high physiological adjustment of this
population to flooding conditions, which is the most
significant stress factor in the lowland habitat. Conse-
quently, evidence indicates the better adaptation of
each population to their home site in physiological
terms.

Increases in leaf lengths under flooding conditions is
a common response of flooding-tolerant plants as it
helps their leaves to emerge from water to recover
contact with the air (Laan ez al. 1990; Grimoldi ez al.
1999; Voesenek er al. 2006). On the other hand, flood-
sensitive plants do not increase and even diminished
leaf length and plant heights in flooding or water-
logged conditions (Oesterheld & McNaughton 1991;
Dixon 1996; Malik ez al. 2001). In the current experi-
ment, both Paspalum dilatatum populations native to
the upland site had smaller leaves in the flooded
lowland habitat, than in the upland site (Fig. 4). The
different sites did not modify the relationship between
leaf blade and sheath lengths in the upland popula-
tions, indicating that the smaller leaves mainly
reflected a smaller size resulting from passive reduc-
tions in growth due to resource limitations or to sub-
optimal conditions exerted by the flooding stress, both
associated with the lower habitat quality of the flooded
lowlands (van Kleunen & Fischer 2005). In contrast,
the average leaf size of dilaratum Lowland was similar
at both upland and lowland sites (Fig. 4; Table 2).
However, this apparent lack of response was associated
with a higher sheath proportion registered on indi-
vidual leaves formed in the lowlands than in those
formed in the uplands (Fig. 4). This unexpected allo-
metric feature could be associated with the fact that
P dilatatum populations increase leaf sheaths aeren-
chyma in flooding conditions (Mollard ez al. 2008).
This improves oxygenation of submerged tissues by
facilitating the flow of oxygen from shoots to roots
(Laan et al. 1990; Jackson & Armstrong 1999). Due to
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its novelty, the finding that a lowland ecotype invests
more in leaf sheath lengths in detriment to blade
lengths in a flood-prone habitat merits further experi-
mental research to find its adaptive meaning.

The number of tillers per plant can be seen as an
integrative description of plant performance through-
out the period of vegetative growth in each site. In
spite of the low differences in tiller number among
populations in the uplands, the lowland habitat had a
clearly negative effect on tillering on both populations
native to the upland. In fact, dilatatum Lowland out-
performed upland populations at the lowland site with
respect to tiller number by twofold. Tillering potential
is a relevant variable because it determines vegetative
reproduction and thus, the plant’s adaptation to stress
factors (e.g. frequent grazing; Nelson 2000). On the
other hand, it also determines the number of inflores-
cences that can be produced (Huang er al. 1994) and
thus the potential of reproductive regeneration. Both
reproduction features clearly have an important
impact on the persistence of plant populations and
could explain the uncommonness of subspecies flave-
scens in the lowlands.

Selection can act on morphophysiological traits,
which in turn have implications for evolutionary out-
comes, potentially enabling populations to adapt to
flooding in a relatively short time span (Huber ez al.
2009). So, after enough generations, selection for traits
that enhance success under the flooding conditions
can drive the local adaptation of ecotypes. However, in
the absence of sexual reproduction, such as in the case
of subsp. dilatatum, the divergence of novel genotypes
becomes a difficult event, only attained by mutation
accumulation. So, for range expansions in spatially and
temporally heterogeneous environments, a certain
level of initial clonal diversity should be involved in
colonization events (Horandl 2006). In addition, uni-
parental reproduction makes apomictic lineages
potentially disperse more quickly than their self-
incompatible sexual relatives. Consequently, the
appearance in the flooding Pampa grasslands of differ-
ent subsp. dilatatum ecotypes adapted to different
habitats could be explained by multiple colonizations
of asexual apomictic lineages.

In conclusion, morphophysiological features of
dilatatum Upland and subspecies flavescens were quite
similar in plants growing in both the upland and the
flooded lowland habitats despite the differences in
genetic background. Furthermore, at both sites they
had a different behaviour from that of dilaratum
Lowland. So, the novelty of the present work is that
very subtle differences in topographic level in a
fine-grained heterogeneity floodplain can drive the
evolution or habitat colonization of locally adapted
populations, thus favouring both ecotypic differentia-
tions within an asexual subspecies (i.e. subsp.
dilatarum) but also the maintenance of morphophysi-
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ological similitudes between coexisting upland popu-
lations belonging to different subspecies that have
dissimilar genetic backgrounds and type of reproduc-
tion (asexual in subsp. dilatarum, sexual in subsp.
flavescens).
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