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ABSTRACT

The flora of the Cerrado is highly adaptable to climatic and edaphic variability, yet climate change and anthropogenic
activities pose increasing challenges. Water is a vital resource for plant physiological and reproductive processes, and
directly influences floral traits and pollinator visitation. Moreover, plant responses to fluctuations in water availability
can similarly affect their ability to attract pollinators by altering floral attractants. The production and maintenance of
flowers require considerable energetic investment, in addition to supporting critical physiological functions. This study
assessed the water potential of Palicourea rigida inflorescences across different Cerrado phytophysiognomies and times of
day, relating it to the frequency of floral visitors. The results revealed that water potential varied with environment and
time and was positively correlated with visitation frequency, explaining up to 19.3 % of the variation in the number of
floral visitors. These findings highlight the importance of water potential as a functional trait, especially in the context of
increasing drought, with implications for reproductive success and the conservation of savanna flora. This factor should
be taken into account in studies addressing functional traits in savanna ecosystems.
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Introduction

Water is a fundamental resource for the physiological
and ecological processes of plants, directly influencing
their survival, growth, and reproduction (Chapin et
al., 2000; Chaves & Pinheiro, 2009; Brendel, 2021). In
flowering species, water availability may affect not only
biomass production but also the allocation of resources
to reproductive structures such as nectar, pollen, and
volatiles (Dicks et al., 2002; Pigozzo & Viana, 2010; Burkle
& Runyon, 2016; Barénio et al., 2018). Restrictions on water
availability may impair the ability of plants to maintain
flower turgor pressure, transpiration, or the assimilation of
essential nutrients, which may result in reduced resources
for reproductive structures and, consequently, reproductive
success (Shuel, 1957; Caruso et al., 2005; Caruso, 2006;
Burkle & Irwin, 2009; Burkle & Runyon, 2016; Roddy, 2019;
Liu & Li, 2020; Vaudo et al., 2022). The production of floral
structures and rewards for pollinators represents a high
energy cost, demanding the reallocation of photoassimilates
and essential nutrients during the reproductive period (Pyke,
1991; Ashman & Schoen, 1994; Borghi & Fernie, 2021).

Plants face a trade-off between vegetative growth (e.g.,
roots for water absorption) and reproductive structures
(e.g., flower size), especially in environments with limited
resources (Ashman, 1994; Obeso, 2002; Kuppler &
Kotowska, 2021; Dorken et al., 2025). Although leaves
and flowers differ in their primary functions, they utilize
water in similar ways, which is not surprising given that
flowers evolved from leaves (Weigel & Meyerowitz, 1994).
The capacity of plants to adjust their functional traits to
adapt to different regimes of water availability is crucial
in seasonal biomes and significantly impacts pollinators
throughout the year (McLaren & McDonald, 2005). As an
example, Palicourea rigida Kunth (Rubiaceae) may exhibit
phenotypic plasticity in distinct floral traits (e.g., flower size,
nectar production), which enables it to attract visitors of
different identities, such as bees, hummingbirds, and moths,
thereby maintaining attractiveness under varying water
conditions (Machado et al., 2010; Trevizan et al., 2024).

The water potential, or water status, of a plant is defined
as the sum of hydrostatic pressure and osmotic pressure.
Thus, the flow of water through the soil-plant continuum
over macroscopic distances is driven by hydrostatic pressure
gradients and, ultimately, is responsible for cell, tissue,
and organ growth (Passioura, 2010). Flowers can adopt
drought-prevention strategies by altering anatomical and
physiological traits, such as increasing hydraulic capacitance
to compensate for greater water loss (An et al., 2023). Water
potential can also influence flower size, as larger flowers
require more water to survive, which is regulated by distinct
anatomical and morphological traits (Roddy et al., 2021).
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In flowers, factors such as size, ambient temperature, color,
and phenology influence water requirements (Roddy, 2019;
2021), which in turn may affect pollinator selection (Harder
& Johnson, 2009; Schiestl & Johnson, 2013). For example,
water demand is closely linked to nectar secretion (De la
Barrera & Nobel, 2004). Factors such as temperature and
water availability may change throughout the day, altering
nectar production and, consequently, influencing both
the number of visits and the identity of the floral visitors.
These daily microclimatic variations can shift pollinators’
foraging behavior, altering their activity patterns and their
preferences for specific flowers.

The Cerrado is the most biodiverse savanna on the planet,
with its vegetation shaped by a unique combination of
acidic soils, frequent fire regimes, and pronounced climatic
seasonality (Eiten, 1972; Ribeiro & Walter, 2008). However,
climate change and human activities, which are responsible
for the loss of nearly half of the native vegetation of the
biome (Overbeck et al., 2015) are altering environmental
conditions and significantly impacting ecosystem
composition, complexity, and conservation efforts (Simon et
al., 2009; Strassburg et al., 2017). These significant changes
increase conservation challenges, as they reduce resource
availability and may compromise interactions between
plants and pollinators. Distinct phytophysiognomies within
the biome, such as typical cerrado (characterized by deep,
well-drained soils) and rupestrian fields (characterized by
shallow, rocky soils), differ markedly in water retention
capacity, imposing varying degrees of physiological stress
on plants (Ribeiro & Walter, 2008; Silveira et al., 2016).
This environmental heterogeneity makes the Cerrado an
ideal system for investigating how variation in floral water
potential influences plant—pollinator interactions at fine
spatial scales. Herein, we investigate how water availability
for Palicourea rigida affects the number of floral visits it
receives. We hypothesize that plants whose inflorescences
have greater water potential receive more floral visits. In
this regard, we expected that (i) plants would receive more
floral visits at predawn than at midday (having lost more
water and likely having lower water potential) and that (ii)
plants from the typical cerrado would receive more floral
visits than those from the rupestrian field (as they grow
in soil that retains less water and likely have lower water
potential).

Methods

Study site and plant species

The study site is located in a conservation unit, the Serra
de Caldas Novas State Park (PESCAN; 17°46’S, 48°40'W),
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Caldas Novas municipality, Goids, Brazil (Fig. 1A). We used
Palicourearigida as a study model and collected inflorescences
from six individuals (n = 6) in each environment, typical
cerrado (Fig. 1B) and rupestrian field (Fig. 1C). This woody
species has a shrubby habit; its branches are woody and
thin, and its leaves are large and rigid at the tips (Fig. 2A).
In addition, it has inflorescences with multiple yellow—orange
flowers, each small and with a tubular calyx (Fig. 2A-B).
It is widely distributed in the Cerrado biome (Brazilian
savanna) and occurs in both rupestrian field and typical
cerrado, two different phytophysiognomies.

In general, rupestrian fields have rocky outcrops and
rugged terrain with calcareous soil. It also has a low water

retention capacity, resulting in sparser vegetation (Ribeiro
& Walter, 2008; Reys et al., 2013). The typical cerrado is
generally located over profound red or yellow latosols. These
types of soils are well-drained but can retain water longer
than rupestrian environments. The vegetation in the typical
cerrado consists of a mix of grasses, shrubs, and small trees,
which do not result in significant canopy coverage (Lima et
al., 2010; Reys et al., 2013). According to the Képpen-Geiger
classification (Beck et al., 2018), this municipality is part of
the Tropical Savanna Climate (Aw), which has a dry season
from April to September and a rainy season from October
to March (Instituto Nacional de Meteorologia, 2024). This
study was carried out between November 24 and 26, 2023.

Figure 1. Geographic location of the study area and the vegetation types where Palicourea rigida was sampled. (A) Map of Brazil
highlighting the state of Goids (in green), the Caldas Novas municipality (in red), and the PESCAN (Parque Estadual da Serra de Caldas
Novas), represented by the black point. (B) View of typical cerrado vegetation and (C) view of a rupestrian field within the study area.
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Figure 2. Floral morphology and floral visitors of Palicourea rigida. (A) General view of the inflorescence. (B) Close-up of the flowers.
(C) A floral visitor: an ant foraging on a flower. (D) A hummingbird observed in the background after visiting the flowers.

Flower visits and flower quantification

We conducted all the data collection considering two
periods: predawn (between 7:00 and 8:00) and midday
(between 12:00 and 13:00). We chose these periods because
at predawn, the soil tends to have regained moisture during
the nighttime, whereas it tends to be drier at midday.

First, we collected two inflorescences (one for each
time of day: predawn and midday) from six individuals
of Palicourea rigida (n = 6) in each environment (rocky
and typical cerrado), totaling 24 inflorescences (six in the
rocky savanna before dawn, six in the rocky savanna at
midday, six in the typical savanna before dawn, and six in
the typical savanna at midday). Individuals were chosen on
the basis of the availability of flowers and inflorescences,
with individuals having at least six inflorescences being
considered for the experiment. The number of flowers and
flower buds on each inflorescence was subsequently counted.
The number of flowers and flower buds counted in each
environment and period is summarized in Table 1.

Then, for each plant, a team member observed and
counted the number of flower visits for 30 minutes (once
at predawn and once at midday). To be considered a visit,
the animal had to make clear contact with a flower (Fig. 2C).
In addition, the water potential of each plant (see below)
was measured before the flower visits both at predawn
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and at midday. The length of the visitor’s stay was not
taken into account in the count. Different types of flower
visitors can interact with the flowers of P. rigida in different
ways, ranging from pollination to resource pillaging, and
at different frequencies (Machado et al., 2010). Some
studies have shown that the way floral visitors exploit floral
resources is related to their size and taxonomic classification,
including studies involving visitors of P. rigida and other
Rubiaceae species (e.g., Castro & Oliveira, 2002; Machado
et al., 2010; Consolaro et al., 2011). For this reason, we
classified the flower visitors into functional categories based
on their order, family, and size, as these characteristics likely
group visitors with similar flower exploitation behaviors
into the same categories. Given the central role of bees
as floral visitors, we additionally classified them into two
distinct categories: small bees, defined as those equivalent
in size to or smaller than the Apis mellifera bee (13 mm),
and large bees, characterized by larger dimensions than
Apis mellifera. All hummingbirds (Fig. 2D) were classified
into the same functional group, given their similar mode of
interaction with P. rigida during our observations. Finally,
we highlight that similar functional categorizations have
also been adopted in other studies where the main focus is
not the visitors’ identity, but their general functional role
in flower exploitation (e.g., Oliveira & Gibbs, 2000; Castro
& Oliveira, 2002; Consolaro et al., 2011).
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Table 1. Number of flowers and flower buds (mean + 1 standard deviation ) (total) counted in the inflorescences of Palicourea rigida used
to measure water potential. The data is summarized according to the period of inflorescence collection and the type of environment.

Period of collection Environment

Flower buds in inflorescences
(mean * s.d.) (total)

Flowers in inflorescences
(mean * s.d.) (total)

predawn rupestrian field
predawn typical cerrado
midday rupestrian field
midday typical cerrado

13.7+11.9 (n=82)
6.5 +4.18 (n =39)

11.83+7.02 (n=71)
7.5+6.09 (n =45)

110.1 + 33.5 (n = 661)
103.1 +66.05 (n = 619)
90.16 + 25.49 (n = 541)
102.16 + 64.17 (n = 613)

Water potential measurement

Water potential analyses were performed in the field,
using only a Scholander pressure chamber. Inflorescences at
the same stage of development were selected and removed
from individual plants by pruning to estimate the water
potential. Measurements were taken immediately via a
Scholander pressure chamber, where the inflorescences are
turned upside down so that the amount of water eliminated
by pressure exits through the floral petiole on the outside of
the pump (visible to the naked eye) (Soilmoisture Equipment
Corp., USA) (Rodriguez-Dominguez et al., 2022). The
temperature measured before dawn was 20 °C, whereas at
noon, it was 31 °C (Fig. 3).

Data analyses

Our hypothesis assumed that plants whose
inflorescences have relatively high water potential would
receive more floral visits. Therefore, we first assessed
which temporal and environmental conditions led P.
rigida inflorescences to exhibit greater water potential.
To assess whether inflorescences presented differences
in water potential according to period and environment,
we performed a Generalized Estimating Equation (GEE)
with a Gaussian error distribution and an exchangeable
correlation structure. This method was chosen to account
for the repeated measures on the same plants (at predawn
and midday). Plant identity was specified as the clustering
variable to model the within-subject correlation (Xu et
al., 2025). In this model, the water potential of each
inflorescence was the response variable; the period
(predawn and midday) and the environment (rupestrian
field and typical cerrado) were the predictor variables.
We also included the number of flowers and flower buds
counted in the measured inflorescences as predictor
variables in this model, due to their potential effect on
water potential. Differences in the mean water potential of
inflorescences among these four scenarios (rupestrian field
predawn, rupestrian field midday, typical cerrado predawn,
and typical cerrado midday) were evaluated with a post hoc
test of multiple comparisons using pairwise contrasts of
estimated marginal means (EMMs) with Tukey-adjusted
p-values.

Lo

Once the differences in water potential in the
inflorescences between periods and environments were
analyzed, we were able to test how these differences
influenced the number of floral visits in P. rigida. To assess
whether the number of flower visits differed between the
periods and environments, we performed a Generalized
Linear Model (GLM) with a negative binomial error
distribution. In this model, the number of observed flower
visits was the response variable; the period (predawn and
midday), the environment (rupestrian field and typical
cerrado), and their interaction were the predictor variables.
Again, we also included the number of flowers and flower
buds per inflorescence as predictor variables in the model,
due to their potential to attract floral visitors. In addition, we
specified robust standard errors clustered by plant identity
in this GLM to account for within-subject correlation from
repeated measures on the same plants. We adopted this
approach because GEE implementations do not support
negative binomial distributions. Given the significant effect
of the period in this GLM (see Results), we compared the
EMMs of flower visits between predawn and midday periods.

In addition, to assess whether and to what degree the
number of flower visits is related to the water potential
in inflorescences, we performed an additional GLM with
a negative binomial error distribution. In this model, the
number of flower visits was the response variable, and the
water potential in each inflorescence was the predictor
variable. The environment (rupestrian field and typical
cerrado), and the number of flowers and flower buds per
inflorescence were also included as predictor variables in
this model, due to their potential effects on the number of
floral visits. The measurement period was not included in
this model because we aimed to assess the influence of water
potential on attracting floral visits, independent of when
it peaked. Furthermore, we also specified robust standard
errors clustered by plant identity in this model to account
for within-subject correlation from repeated measures on
the same plants. We estimated the 95 % confidence interval
for the water potential predictor coefficient ((3) in this
model to inspect whether it included the null effect (zero).
Finally, we measured the explanatory power of this GLM by
calculating a variance-function-based pseudo-R? (pseudo
coefficient of determination), which standardizes residuals
by the expected variance of each observation under the
negative binomial model (Zhang, 2017).

Acta Botanica Brasilica, 2026, 40: e20250099 | 5


https://creativecommons.org/licenses/by/4.0/deed.en

Santos et al.

Figure 3. Schematic representations of the study design and water potential measurements. We collected Palicourea rigida inflorescences
under different temperatures (red arrows) and humidities (blue arrows). At 07:00, individuals were exposed to lower temperatures
and higher humidity in both typical cerrado (top-left) and rupestrian fields (bottom-left). At 12:00, individuals were exposed to higher
temperatures and lower humidity in both typical cerrado (top-right) and rupestrian fields (bottom-right). All the inflorescences were
placed in a Scholander pressure chamber (right). Their water potential was measured by applying the pressure required to expel water

from their cut base.

Finally, we assessed whether the types of flower visitors
were associated with specific survey periods (predawn and
midday) and environments (rupestrian field and typical
cerrado). We then performed permutation multivariate
analyses of variance (PERMANOVAs) with the matrix of the
abundance of flower visitors as the response variable and the
matrices of survey periods and environments as predictor
variables. In these tests, we calculated the Bray—Curtis
dissimilarities of flower visitors in terms of these spatial and
temporal variables and compared these dissimilarities with
those stochastically estimated with 10,000 permutations.
Since there was no spatial or temporal bias (see Results),
we could keep all the statistical tests without considering
the identities of flower visitors.

All analyses were conducted via R version 4.3.1 (R Core
Team 2023). The dataset and analysis code (R scripts) are
available in Supplementary Material I. We performed a
graphical inspection of residuals to evaluate whether the
linear mean structure of the Gaussian GEE was appropriately
specified. We considered the negative binomial error
distribution in the two GLMs, given the integer response
variables (number of floral visits), and choosing a Poisson
error distribution violated the residual overdispersion
assumption (see Supplementary Material I). We used the
vegan package (Oksanen et al., 2019) package to performed
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the PERMANOVA, and the geepack package (Hgjsgaard et
al., 2006) to perform the GEE. Since negative binomial error
distributions are not implemented in geepack, we used the
Imtest (Zeileis & Hothorn, 2002) and sandwich (Zeileis et
al., 2020) packages to implement the clustering variable
(Xu etal., 2025) in a negative binomial GLM built with the
MASS package (Venables & Ripley, 2002). The rsq (Zhang,
2024) and miceadds (Robitzsch & Grund, 2025) packages
were used to calculate the coefficients of determination of
the models, the emmeans (Lenth & Piaskowski, 2025) and
multcomp (Hothorn et al., 2008) packages to conduct post
hoc analyses, and the ggplot2 (Wickham, 2016; Wickham
et al., 2023) and patchwork (Pedersen, 2024) packages to
edit the graphics.

Results

We observed that the period and the environment type
interactively influenced the water potential of P. rigida
inflorescences (Gaussian GEE: period x environment: Wald
=9.53, P < 0.01). In this same model, the environment also
influenced the water potential, but the survey period did not
(Gaussian GEE: period: Wald = 2.85, P = 0.09; environment:
Wald = 25.59, P < 0.01). Finally, the number of flowers and
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flower buds in the inflorescences did not influence the water
potential (Gaussian GEE: flowers: Wald = 2.27, P = 0.13;
flower buds: Wald = 0.28, P = 0.59). When comparing the
EMMs, only the plants in typical cerrado during the predawn
presented a significantly (P < 0.05) higher average of water
potential than those in other conditions (Fig. 44).

When comparing the number of flower visits
according to the period of observation and the type of
environment (Fig. 4B), these predictors did not present
a significant interaction (negative binomial GLM: period
x environment: z = -1.48, P = 0.13). For this reason, this
interaction was removed from the model. The number of
flower visits statistically increased at predawn compared
with that at midday (negative binomial GLM: period:
z = -2.49, P = 0.01) but did not differ according to the
environment (negative binomial GLM: environment:
z = 0.46, P = 0.64). In this same model, the number of
flowers in the inflorescences influenced the number of visits,
but the number of flower buds did not (negative binomial
GLM: flowers: z = -2.62, P < 0.01; flower buds: z = -0.47,
P =0.64). When comparing the EMMs, the average number of
flower visits during the predawn was significantly (P < 0.05)
higher than during the midday (Fig. 4B). Given that the
interaction of predictors was removed from the model,
only the periods (the significant predictor) were compared
in this post hoc test.

Finally, the number of floral visits was positively
associated with water potential of the inflorescences (Fig. 5),
even considering the potential influence of the environment

type, number of flowers and flower buds in this model
(negative binomial GLM: water potential: z= 2.09, P = 0.03,
Buater potential = 0.60, 95 % confidence interval [0.02-1.19])
(Fig. 5). This model explained 19.3 % of the variation of
the number of floral visits (pseudo-R* = 0.193).

In addition to hummingbirds, we observed a wide range
of insects visiting the flowers (Supplementary Material II,
Table S1). However, the types of flower visitors were not
associated with specific periods or environments. Although
15 % and 80 % of the dissimilarities of flower visitors were
related to these temporal and spatial features, respectively,
they were not different from those stochastically expected
(PERMANOVA: I - period: F = 0.35, R* = 0.15, df = 1, df
residuals = 2, P = 0.66; II - environment: F = 8.30, R* = 0.80,
df = 1, df residuals = 2, P = 0.33). We need to emphasize
that our observations were not extensive enough to detect
taxonomic patterns of floral visitors across environments
and periods. This result most likely reflects only the specific
timing of our observations, given that some of the main
functional categories of visitors were shared between periods
and environments at that time. Furthermore, our sampling
design mitigated potential temporal and spatial biases.
Observations of flower visitors were highly synchronous
among plant individuals, as all surveys within a given period
were completed within the same one-hour interval (07:00-
08:00 for predawn and 12:00-13:00 for midday). Moreover,
all plants within a given environment were exposed to
the same weather conditions, with no individuals being
disproportionately distant from the others.

Figure 4. Quantile box plots for water potential (MPa) (A) and for the number of flower visitors (B) according to the periods (predawn
and midday) and environments of the survey (rupestrian and typical cerrado). Different capital letters denote significant differences
when contrasting the EMMs. The dashed line (A) denotes the lowest water scarcity possible (highest water potential).

)

«
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Figure 5. The adjusted model (yellow line; negative binomial GEE) and its 95 % confidence interval (yellow shaded area) considering
the effects of water potential (MPa) on the number of flower visitors, irrespective of the environment, number of flowers and flower
buds in the inflorescences (fixed effects), and P. rigida individuals’ identities as clustering variable. The dashed line denotes the lowest

water scarcity possible (highest water potential).

Discussion

In this study, both the time of day and the type of
environment affected, to some extent, the water potential
in the inflorescences of P. rigida. Specifically, inflorescences
in the typical cerrado during predawn presented especially
greater water potential than those in the rupestrian field
or during midday. Inflorescences received more floral visits
at predawn than at midday. Inflorescences received more
floral visits at predawn than at midday. The tendency of
inflorescences in typical cerrado to receive a high number
of visits during predawn probably contributed to this
result. Finally, we identified a significant tendency for
inflorescences with higher water potential to attract more
visits, regardless of their environment. Despite some floral
visitors being clearly associated with only one environment
type (e.g., hummingbirds and dipterans in the typical
cerrado), many visitors (e.g., bees, wasps, ants) were present
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in both periods and environments. Consequently, the
taxonomic composition of floral visitors did not differ
significantly between environments and observation
periods. While floral visitor taxa likely vary significantly
across environments and times of day, such differences
would probably only be detectable with more extensive
sampling than our short-term observations provided. For
the objectives of this study, however, we proceeded with
our analyses without incorporating visitor taxonomy, as
no significant taxonomic variation was observed during
our specific sampling periods. We must highlight that
expanding this investigation to other locations and
replicating these observations is crucial to better identify
the animals associated with P. rigida and how the water
content of this plant affects its attractiveness. However,
the visitation rate of P. rigida was high enough to allow
us to detect some patterns, providing good insight into
how the water potential of inflorescences may affect them.

@MO;
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However, it is also possible that the flowering
characteristics of P. rigida, such as flowering duration and
nectar quantity, influence the high diversity of visitors it
attracts. This diversity of visitors could, in turn, make it more
difficult to detect associations between visitor types and
specific environments and periods. Considered a generalist,
P rigida is visited by a variety of distinct groups of visitors,
whether for the purpose of acquiring resources, seeking
shelter, or herbivory (Machado et al., 2010). Certainly,
other variables, such as the plant’s and inflorescences’
morphology, as well as the vegetation structure and
community of each physiognomy, must also be crucial in
determining the assemblages of floral visitors in P. rigida
(Ribeiro & Walter, 2008; Colli et al., 2020).

The Cerrado is one of the largest Brazilian biomes and
has a characteristic and distinct flora, as it is under the
influence of climate, soil composition and formation, the
water table, anthropogenic actions, climate change and
the frequency of fires (Klink & Machado, 2005; Ribeiro &
Walter, 2008; Oliveira et al., 2014; Lehmann et al., 2014). For
example, both phytophysiognomies studied have distinct
environmental characteristics, and the typical cerrado occurs
over deep Quartzarenic Oxisols and Neosols, which are
composed of shrubs, subshrubs, and trees with partial
soil cover (Ribeiro & Walter, 2008; Oliveira-Filho & Ratter
2002). The rupestrian field has shrubs and subshrubs with
shallow soil with rocky outcrops and low soil cover (Ribeiro
& Walter, 2008; Silveira et al., 2016). Although P. rigida is
one of the most common species in the Brazilian Cerrado
(Ratter et al., 2003; Ribeiro & Walter, 2008), we observed
that in the morning, phytophysiognomies influence the
water potential of inflorescences. The water status of P. rigida
inflorescences was greater in the typical cerrado. This result
may be related to the environmental characteristics present
in each phytophysiognomy. The rupestrian field species are
subject to limited availability of water and nutrients and
high solar irradiation (Burke, 2002), which may explain
the low amount of water in the inflorescences of P. rigida
in both periods studied. However, in the typical cerrado,
rainwater interception and water uptake by the roots are
greater because of its denser vegetation (Oliveira et al.,
2014;2015; Oliveira et al., 2017). In addition, the night can
influence the water status, since the loss of soil moisture
(low water retention) in the rupestrian field may be easier
than that in the typical cerrado (Ribeiro & Walter, 2008;
Silveira et al., 2016; Colli et al., 2020). The transpiration of
Cerrado plants is regulated during the day, tends to increase
considerably in the morning (higher soil moisture), briefly
reaches a maximum value before noon, and then decreases
(Meinzer et al., 1999; Scholz et al., 2002). Therefore, the
difference in the water potential of P. rigida inflorescences
may be related to transpiration and high solar irradiation.

In P. rigida, the number of floral visitors increased
with higher water potential in the inflorescences. Water
availability can directly or indirectly affect the production
and maintenance of nectar and other resources throughout

Lo

the day (Dicks et al., 2002; Pigozzo & Viana, 2010; Burkle
& Runyon, 2016; Barénio et al., 2018). These findings may
explain the relationship between water status and the
number of floral visitors. Plants have several strategies to
achieve reproductive success, but in pollination systems, the
relationships are considered mutualistic, where the plant
necessarily provides a resource for the pollinator (Carroll
et al., 2001; Burkle & Irwin, 2009; Halpern et al., 2010;
Waser & Price, 2016). For example, a study on hummingbird
behavior associated with Palicourea rigida showed that
reduced floral abundance and nectar availability caused
hummingbirds to abandon their territories (Justino et al.,
2012). In contrast, higher resource availability increased
the frequency of territorial intruders (Justino et al., 2012).
Another hypothesis is that the turgor of flowers may also
vary, affecting their attractiveness or even functionality
for other visitors who explore flowers in different ways.
Therefore, maintaining the abundance of this resource
during the flowering period may be an important strategy
for attracting and diversifying floral visitors (Galen et al.,
1999; Burkle & Runyon, 2016; Gallagher & Campbell, 2017).
Aswater is an important component of these resources, its
availability in greater or lesser amounts can affect these
relationships (Shuel, 1957; Caruso et al., 2005; Caruso, 2006;
Burkle & Irwin, 2009; Burkle & Runyon, 2016; Vaudo et al.,
2022). In Bauhinia brevipes Vogel (Fabaceae), for instance,
flower production is costly because the flowers are large,
produce sugar-rich nectar, and appear during periods of low
water availability before the rainy season, increasing floral
display (Galen et al., 1993; Silveira et al., 2015). Therefore,
we observed that both in the typical cerrado field and in the
rupestrian field, the number of floral visitors and pollinators
in P. rigida increases proportionally to the water status of
fluorescence.

Several factors can interfere with this interaction, such
as nutrients in the soil and exposure to the sun, which
were not addressed in this study and serve as perspectives
for future studies. In this study, the water potential had a
positive correlation in both scenarios, explaining 19.3 %
of the changes in the visitation rate. These data reinforce
the importance of water for the Cerrado and its plants, as
these data indicate a possible change in the reproductive
success of the species indirectly related to water. Therefore,
water potential is a relevant functional and physiological
characteristic and should be taken into account in studies
on functional traits in the Cerrado. In addition, with the
advancement of climate change, the effects of soil water
change may further impact the flora of the Cerrado and
its phenology.
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