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Abstract: Arid and semiarid ecosystems are characterized by substantial water loss through
evaporation, exceeding precipitation, which makes water scarcity a critical challenge for plant
survival. This study examined temporal variations in water relations parameters in two woody
species, Acacia schaffneri and Prosopis laevigata, and one epiphytic species, Tillandsia recurvata. The aim
was to explore the relationships between hydraulic traits conferring drought tolerance and water
storage capacity, as well as to derive the live fuel moisture content at the turgor loss point. Predawn
and midday water potentials (W, Wimi) were measured in the field, while pressure-volume (P-V)
curves were used to derive parameters such as saturated water content (SWC), osmotic potential (7o),
turgor loss point (Wrrr), relative water content at Wrr (RWCrrr), bulk modulus of elasticity (¢), and
full turgor capacitance (Crr). Significant correlations were found between Crr and Wrir (positive), o
(positive), and ¢ (negative). P. laevigata and T. recurvata exhibited higher water storage capacities
(41.46 and 26.45 MPa!, respectively) but had a lower ability to maintain cell turgor under drought
conditions. In contrast, V. schaffneri exhibited the lowest water storage capacity (11.88 MPa™) but
demonstrated the highest ability to maintain cell turgor (Wmr = -1.31 MPa) and superior osmotic
adjustments (70 = -0.59 MPa). Both V. schaffneri and P. laevigata exhibited rigid cell walls, whereas T.
recurvata displayed greater elasticity in its cell structures. The lowest moisture content was observed
in V. schaffneri, suggesting higher fire ignition risk. These findings enhance understanding of drought
tolerance mechanisms and fire susceptibility in arid regions, offering insights into species-specific
adaptations to water stress.

Keywords: water potential; water stress; capacitance; moisture content

1. Introduction

We live in a changing world; plants, like all living beings, must adapt to their environment in
order to survive. One of the most challenging ecosystems is arid and semiarid regions, characterized
by substantial water loss through evaporation, surpassing that received from precipitation [1].
Moreover, in such ecosystems, water input through precipitation is not only scarce but also highly
variable across both time and space [2]. Consequently, water availability stands as the principal
limiting factor for primary productivity and numerous physiological processes within these
ecosystems [3]. The anticipated impact of climate change is expected to exacerbate these conditions,
leading to heightened incidence and intensity of droughts [4], which is a key factor in determining

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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the performance of plants and is one of the main sources of variation in traits associated with plant
function and structure [5].

Plants have developed diverse adaptations and mechanisms to prevent dehydration and turgor
loss, in order to face water deficits, such as undergo osmotic adjustments and changes in cell wall
elasticity [6]. However, not all species employ the same mechanisms or strategies, as they operate
under varying degrees of stress [7,8]. If water deficit persists over an extended period, plants deploy
mechanisms that safeguard against cellular damage, such as protein synthesis and the production of
protective molecules (proline, glycine betaine, late embryogenesis abundant proteins). These
mechanisms help mitigate damage caused by reactive oxygen species [9]. Osmotic adjustment is one
of the most important physiological processes for plants in adapting to water and salt stress [10,11].
Adjustment involves the gradual accumulation of compatible osmotic compounds in the cytoplasm,
reducing osmotic potential and maintaining high water potential pressure, turgor pressure, water
potential gradients, and water flow [12]. While osmotic adjustment is vital for plant survival during
drought conditions, it may not necessarily enhance plant growth or crop yield [13]. Decreases in leaf
water potential (¥) due to reduced solute potential (W) are associated with osmotic adjustment in
various plant species. Some studies suggest that these tolerance indicators can be used to select
suitable species for planting in water-scarce areas [14]. More cell walls that are elastic may also
contribute to maintaining cell turgor, and this parameter is measured as the elasticity modulus () of
the tissue, can help maintain cell turgor the introduction should briefly place the study in a broad
context and highlight why it is important [15]. An increase in the fraction of apoplastic water, which
induces osmotic adjustment, is a common response of plants to drought, improving their tolerance
to water deficit.

One of the most widely employed techniques for assessing plant water status is the pressure
chamber [16]. This method facilitates the generation and analysis of pressure-volume (P-V) curves to
estimate plant water-related parameters [14,17-19]. The analysis of P-V curves enables the
determination of leaf traits like water potential at the turgor loss point, and relative water content at
the turgor loss point, capacitance, and elasticity of cell wall, which are associated with water stress
tolerance. For instance, the turgor loss point (Wrrr) represents the critical water potential level at
which plant cells lose their turgidity. Cell turgor, widely acknowledged as the most prominent
indicator of plant drought stress, holds significant importance as a key physiological trait due to its
strong correlation with factors such as stomatal conductance and susceptibility to embolism
[14,15,20]. On the other hand, the relative water content at the turgor loss point (RWCrrr) and the
capacitance (C) measure the effects of water stress on tissue water volume. RWCrrr indicates the
percentage of saturated volume remaining at Wrr and C indicates the ability to store and release
water within their cells and tissues. Finally, elasticity modulus of cell walls (¢) is considered an
important physiological trait to depict the acclimation of plants to water stress. A large value for the
¢ is related to rigid cell walls with less elasticity [21].

P-V curves are commonly employed to determine leaf moisture content in terms of relative water
content. However, they can also be utilized to estimate leaf moisture content as Leaf Fuel Moisture
Content (LFMC). Humidity in plants is a crucial trait that influences combustion and fire spread
[22,23]. Typically, forest fires align with periods of drought, characterized by high soil and
atmospheric water deficit. During these times, fuel moisture content decreases, leading to heightened
flammability and an increased risk of forest fires [24]. The amount of moisture in the fuels is called
the fuel moisture content (FMC), which is defined as the mass of water per unit mass of dry material
and is often expressed as a percent [25]. The distribution of both dead and live Fuel Moisture Contents
(FMCs) exhibits complexity due to the diverse spatial variations in biophysical factors influencing
FMC dynamics. These factors encompass interactions with plant water status, necromass, weather
conditions, and topographical features. Ecophysiological processes, transpiration and soil water
dynamics intricately regulate live fuel moisture content, while the physical process of evaporation
[26] predominantly determines dead fuel moisture content. However, both live and dead fuel
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moisture dynamics are ultimately driven by the gradient of vapor pressure (humidity) from the
particle to the atmosphere [27].

Although there is a clear physiological basis for access to water resources, water potential,
stomatal regulation, and osmotic and elastic adjustments in controlling LFMC dynamics, there has
been little research explicitly examining these relationships. On the other hand, plant physiologists
have more often focused on water potential and variations in moisture content have been explored
to a lesser extent. This study examined temporal variations in water relations parameters in two
woody species, Vachelia schaffneri (V. Schaffneri) and Prosopis laevigata (P. leavigata), and one epiphytic
species, Tillandsia recurvate (T. recurvata). The aim was to explore the relationships between hydraulic
traits conferring drought tolerance and water storage capacity and the species’ efficacy in water
storage. Additionally, we calculated the moisture content of live fuel based on the parameters of the
pressure-volume curves. We hypothesized that species with a higher water storage capacity and cell
walls that are more flexible will be better at retaining water, and therefore, they will exhibit a higher
moisture content in live fuel.

2. Materials and Methods

2.1. Study Site

The study was conducted from May to August 2020 at a site located on a semiarid grassland, in
Santo Domingo ranch, a research station belonging to the National Livestock Organization. The site
is located in the geographic subprovince Llanos de Ojuelos, Jalisco (21° 46" 52.25” N and 101° 36
29.56” W) at 2240 m above sea level (Figure 1). The vegetation is a continental tropical semiarid
grassland, located approximately 464 Km from the Pacific Ocean and 344 Km from the Gulf of
Mexico. The site is a paddock of induced grassland, which was recovered from rainfed agriculture 35
years ago and was kept without grazing for the last 15 years. The dominant grass species is the
weeping lovegrass (Eragrostis curvula) with some shrubs of different heights of Mimosa monancistra,
Prosopis laevigata, and Acacia shaffneri. Grass basal cover varies between 5% and 40%, reaching 60 cm
height and a canopy cover of 81.46% (i.e. including shrubs and other non-grass species) with leaf area
index (LAI) of 0.58 m2m2[28,29].
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Figure 1. Location of the sampling site location at the Santo Domingo Ranch in Ojuelos de Jalisco, Jalisco,

Mexico.

The region has a mean annual rainfall of 424 + 11 mm, of which~95% falls between June and
September with a low fraction (~5%) during winter and exhibiting from 6 to 9 months period of low
rain [30]. Potential evaporation exceeds precipitation by ~950 mm (aridity index = 0.31). The monthly
average of potential evaporation is 687 mm, with the maximum levels observed in May (928 mm),
and the minimum in November (471 mm). The mean annual temperature is 17.5 + 0.5 °C, with mean
extreme temperatures ranging from 26.8 °C for the warmest month to 2.6 °C for the coldest month.
The topography consists of Valleys with gentle rolling hills and soils classified as Haplic xerosol and
Haplic phaeozem, with textures dominated by silty clay, sandy loam textures. The soil is shallow,
with an average depth of 0.3-0.4m and cemented layer underneath. In this study, we measured
several water-related physiological parameters on two common woody species in the semiarid
grassland (P. laevigata and V. Schaffneri) and one atmospheric epiphyte (T. recurvata) that occupies
tree canopies of woody species in dry ecosystems.

2.2. Precipitarion and Soil Measurements

Precipitation data were collected using rain gauges located near the study site, recording event
precipitation throughout the sampling period. These data were obtained from rain gauges situated
at various points within the Centro Nacional de Investigacion Disciplinaria en Agricultura Familiar
(CENID AF). Daily Soil moisture data were retrieved from the National Aeronautics and Space
Administration’s POWER database (NASA, https://power.larc.nasa.gov/data-access-viewer/),
produced by the NASA Langley Research Center POWER Project, funded through the NASA Earth
Science Directorate Applied Science Program. We downloaded surface soil wetness, which represents
the amount of water and water vapor in the upper 5 cm of soil, and root zone soil wetness, which
reflects the water and vapor available to plants in the root zone (typically the upper 200 cm of soil).
Both metrics are expressed as the proportion of water present in a given soil volume.

Meteorological data, including daily air temperature and vapor pressure, were obtained from
the closest meteorological station available from the Red Nacional de Estaciones Agrometeoroldgicas
Automatizadas (RNEAA), a component of the Laboratorio Nacional de Modelaje y Sensores Remotos
(LNMYSR).

2.3. Plant Selection

For the plant selection, a preliminary survey was conducted on-site, and four V. Schaffneri trees,
three P. laevigata trees, and eight T. recurvata samples were randomly chosen. To distinguish them,
each tree was labeled using aluminum foil. Subsequently, four samples were collected from each of
the chosen trees. Selection criteria prioritized branches displaying vitality with straight stems
measuring 3 to 5 cm in length to ensure proper handling of the specimens. In the case of epiphytic
samples, their size was considered, leading to the selection of larger samples of approximately 8-10
cm in length.

2.4. Plant Water Potential

Simultaneously, using the same leaves and twigs selected from the sample collection, the water
potential was measured employing the Scholander pressure chamber. (PSM Instrument Corp.,
Corvalis, Oregon). Predawn water potential (Wpd; 06:00 to 07:00) was measured, for at least four
individuals per species before the sunrise. In addition to predawn water potentials, midday water
pottentials (Wmd; 14:00 to 15:00) were measured (Figure 2). These measurements were carried out
during each field visit throughout the study period, using the same leaves or twigs selected from the
individuals.
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Figure 2. Water potential measurements in field, and sampling of leaves and twigs for making pressure-volume

curves in lab.

2.5. Pressure-Volume Curves

Pressure-volume curves (P-V curves) were determined on eight leaves and twigs per species
using the bench-dehydration method [31], during May and June, which is the end of the dry season.
Samples were collected from the field, shoots were cut under water, sealed in Ziploc plastic bags with
water, and placed inside a cooler for transporting back to the lab of Centro Nacional de Investigacion
Disciplinaria en Agricultura Familiar (CENID AF) (Figure 2). In the lab, the entire sample was
rehydrated overnight. The next day, samples were weighed and measured for water potential using
a Scholander-type pressure chamber and then dried on the bench. Weighing, measuring water
potential, and drying samples were repeated until achieving -2 to -4 MPa, depending on the species.
Leaves were scanned to calculate the leaf area using Image] (Bethesda, MD, USA) and afterwards
leaves were dried out for at least 48 hours at 60 °C to obtain the leaf dry mass. Pressure-volume curve
parameters were estimated from the curves for each species, including saturated water content (SWC;
%), relative water content at turgor loss point (RWcrrr; %), osmotic potential (10; MPa), water potential
at turgor loss point (Wrr; MPa), bulk modulus of elasticity (¢;MPa), capacitance at full turgor (Crr;
MPa-1), capacitance at turgor loss point (Cr.r; MPa-1) and relative capacitance [31].

2.6. Live Fuel Moisture Content

Moisture content at turgor loss point was determined following the methodology of Scarff [32].
Which links the hydraulic traits and the fuel moisture content, to calculate how those parameters
vary across species and how strongly that variation drives differences in fuel moisture content under
typical fire weather when plants are wilting.

We used the two classical equations relating turgor pressure to water content, to partition the
effect of these traits on fuel moisture during fire weather (MCrrr). Equation 1 governs water content
in leaves and fine distal shoots.

MCpyp = MCyyp (1 + S—P"(MP“)*WS)

e(MPa)

)
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Where MCrrr is the moisture content at turgor loss point (g H20/g dry mass), MCin saturated
moisture content (g H20/g dry mass), SPo leaf cell solute potential (MPa), W leaf symplastic water
fraction (%) and & bulk modulus of elasticity.

Equation 2 governs water content in twigs.

MCpp = MCigp (1 + Wrp(MPa) * Cer (Mpa_l)) ()

where Wrir is the water potential at turgor loss point (MPa); Crr capacitance at full turgor (MPa1).

2.7. Data Analysis

All statistical tests were performed in Rstudio v.2023.06.2 [33]. Variation in PV curves traits
among species was assembled using a mixed-model ANOVA. Data were checked for normality and
homogeneity of variance through visual inspection of diagnostic plot. Where ANOVAs were
significant, differences among species were tested for using Tukey’s HSD post-hoc test. All results
given in the text are mean values + SE, or, mean values and upper and lower confidence limits at 95%.

3. Results

3.1. Environmental Variables and Leaf Water Potentials

The highest temperatures were observed in May and remained relatively constant throughout
the experimental period (Figure 3a). However, larger differences were observed in the vapor pressure
deficit (VPD), with maximum values of 2.5 kPa occurring in May and early June, and the lowest
values occurring in August and September (VPD ~ 1.0). Soil temperature varied largely through time
and depth. The soil moisture content at 0-10 cm and 10-20 cm depths showed greater variation, as
these layers are more directly influenced by surface climate conditions. Consequently, light rainfall
events were reflected in an increase in soil moisture percentages at these upper layers (Fig. SI).
During the dry season (May), the average soil moisture content was recorded as less than 11%.
Notably, in the first (May 13, 2021) and fourth (June 17, 2021) weeks of sampling, significant
reductions in soil moisture was observed, with the lowest values recorded during the study period
(7.8 £2.44% and 8.34 +0.76%, respectively). In contrast, during the rainy season, the average
monthly soil moisture content increased to approximately 17%. This period coincided with three
major rainfall events, and the third, fifth, and sixth weeks of sampling showed the highest soil
moisture percentages (Fig. S51).

There was a large variation in rainfall events during the period of measurements, with a low
rainfall at the end of dry period (may; 1.6-6 mm) and high events of rainfall during wet period (34.2-
39.4 mm; Figure 4a). The accumulated daily precipitation for the study period was 129.4 mm. June
received 53.6 mm, the wettest month, representing 42% of the total precipitation during our study.

3.1. Leaf Water Potentials

The most negative Wleaf was observed during the warmer dry month where rainfall was
minimum except for T. recurvata (Figure 4b). The lowest variation in Wleaf was observed in T.
recurvata, where Wiy ranged from -0.2 to -0.0.5 Mpa, in contrast Wiear in V. Schaffneri ranged from -0.2
to -1.2 MPa. The predawn water potential was lower at the end of the dry period in association with
reduction in soil moisture and the lowest precipitation (Figure 2c), but it remained relatively constant
for the rest of the study period.
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Figure 3. (a) Daily vapor pressure deficit (VPD), air temperature, and rainfall, and (b) surface soil moisture (SM)
in the upper 5 cm of soil, and root zone soil moisture (SMr), representing water and vapor availability to plants
within the root zone (typically the upper 200 cm of soil) during the sampling year. The gray-shaded area
indicates the study period.
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Figure 4. Variation during the period of measurements in, (a) midday leaf water potential (V) and (b) predawn
leaf water potential (Wna) for 3 species, with + 1 SE shown. Measurements made at Santo Domingo Ranch site
during the period May 2021 — Aug 2021.

3.1. Relationship Between Leaf Water Potentials and Environmental Variables

In the analysis of the correlation matrix between Wpredawn (Pd) and Wmidday (Md) water
potentials and environmental variables for the three studied species, distinct response patterns were
observed for each species. Vachellia schaffneri showed a negative correlation between predawn water
potential and vapor pressure deficit (VPD), and positive relationship with relative humidity (RH;
Figure 5). During the midday period, V. schaffneri also exhibited a negative correlation with VPD and
Tair, and a positive correlation with soil moisture at 20-30 cm (Figure 5).

Prosopis laevigata, on the other hand, did not exhibit correlations between predawn water
potential nor midday water potential and the variables VPD, RH, Tair, and soil moisture. Similarly,
both predawn and midday water potential of T. recurvata did not show correlations with
environmental and soil moisture variables. This suggests that these environmental variables do not
have a clear impact on the water potential of this species.
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Figure 5. Correlation matrix of predawn (Pd) and midday (Md) water potentials and environmental variables:
vapor pressure deficit (VPD), relative humidity (HR), mean air temperature (Tair), and soil water content at
three depths (0-10, 10-20, and 20-30 cm), in three plant species of a semiarid grassland, Vachellia schaffneri (Vs),
Prosopis laevigata (P1), and Tillandsia recurvata (Tr). ** stads for statistical significance (o = 0.05).

3.2. Pressure-Volume Curves

There were significant differences among species in the P-V curve parameters such as SWC, o,
Wrp, RWC, and Cre (p<0.05). Across all sampling dates, the species with the lowest o was V.
Schaffneri (-0.59 £0.06 MPa), while the species with the highest 10 were P. leavigata (-0.32 + 0.04 MPa)
and T. recurvata (-0.33 + 0.05 MPa; Figure 6a). Similarly, the species with the highest values of WrLr
were P. leavigata (-0.6 + 0.4 MPa) and T. recurvata (-0.66 + 0.06 MPa). The lowest Wrir was observed in
V. Schaffneri (-1.31 + 0.08 MPa; Figure 5b). Highest values of RWC were measured in P. leavigata (90.5
£1.27 %), followed by T. recurvata (84.72 + 1.88%), while V. Schaffneri was the species with the lowest
values (79.37 £ 1.3 %).

There were no significant differences in ¢ among species at any sampling time. The largest ¢ was
observed in P. leavigata (3.27 + 0.67 MPa), intermediate values in V. Schaffneri (2.72 + 0.56 MPa), and
lowest in T. recurvata (2.04 £ 0.61 MPa), indicating cell walls with moderate elasticity (Figure 5c). In
correspondence, the capacitance at full turgor (Crp) for V. Schaffneri ranged between 0.08 to 0.4 MPa,
the highest values occured in P. leavigata (0.14-0.65 MPa) with its more elastic leaves and T. recurvata
showed relatively high values (0.23-0.38 MPa) with its much more elastic leaves (Figure 6d).
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Figure 6. (a) osmotic potential at full turgor (70); (b) turgor loss point (Wrrr); bulk modulus of elasticity (¢); and
capacitance at turgor loss (Crrr) for the two woody and one epiphyte. Each bar represents a measurement time

for the study period and the mean value, with + 1 SE shown.

3.3. Correlation P-V Parameters

The regressions between the parameters of the P-V curves and Crr mostly exhibited a nonlinear
relationship. Data was fitted with an exponential decay equation (Figure 7a-c; f= yo + a*exp(-b*x)).
However, the relationship between mo and ¢ fitted perfectly to a linear function (Figure 7d).
Correlation between Crr vs. Wrrr for V. Schaffneri, P. leavigata and T. recurvata was not statistically
significant (p>0.01; Figure 7a). Rather, increase Crr was associated with less negative 7; reducing o
make that Crr decrease more rapidly (Figure 6b). The osmotic potential explained 40%-49% of
variability of Crr for the two woody and the epiphyte.

A highly significant negative correlation was observed between Crr and ¢ (Figure 7c), where
more elastic leaves present, in turn, higher Crr. The variation in € explained up to 85% of the variation
in Crr. for P. leavigata, which decreases to 65% for T. recurvata. The changes in the osmotic potential
(7o) were negatively related to cell wall bulk elastic modulus (&) between species (Figure 6d);
indicating that osmotic and elastic adjustment of leaf water relations may proceed in a coordinate
manner. Species with more rigid cell walls (higher elastic modulus) were associated with more
negative osmotic potential (P. leavigata and T. recurvata).


https://doi.org/10.20944/preprints202502.0447.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 February 2025 d0i:10.20944/preprints202502.0447.v1

11 of 19

14
a)
1.2 4
o ® A schaffneri
10 O P. leavigata
R v® v T.recurvata

C.(MPa™)
C.(MPa™)

C..(MPa™)
Osmotic potential r, (-MPa)

¢ (MPa) ¢ (MPa)

Figure 7. Relationships between capacitance at full turgor (Crr) to other pressure volume parameters (a) water
potential at turgor loss (Crp); (b) osmotic potential at full turgor (70); (c) bulk modulus of elasticity (¢); and (d)
relationships between osmotic potential at full turgor (770) and bulk modulus of elasticity (¢) for the two woody

and one epiphyte.

3.4. Fuel Moisture Content

At the study site, the moisture content at the point of turgor loss (MCrrr) estimated for leaves
and branches varied among species. T. recurvata showed the highest MCrir values (5.199 + 1.269 g/g);
on average, individuals of this species presented an MCr.r value of 3.843 + 0.714 g/g (Table 1). P.
laevigata had a similar trend in its data, with the highest MCrrr value being 3.738 + 0.551 g/g, and on
average this species contained 1.998 + 0.292 g/g. In contrast, Acacia schaffneri had the lowest Mcrp
value (1.294 + 0.932 g/g), with average values ranging between 0.892 + 0.351 g/g. Overall, it is possible
to observe that P. laevigata and T. recurvata were the species that recorded the highest MCrp, reaching
values close to 7 g/g (Figure 8), while V. Schaffneri maintained its values below 2 g/g.

Table 1. Mean values results + SE from pressure-volume curves traits (SWC, saturated water content; RWCrrr,
relative water content at turgor loss point; 7o, osmotic potential; Wrr, water potential at turgor loss point; ¢, bulk
modulus of elasticity; Crr, capacitance at full turgor; CrLr, capacitance at turgor loss point) and moisture content

at turgor loss point for the three species. Superscripts indicate results of 2x2 ANOVA: ns not significant, *p<0.05.

Hydraulic Trait
Specie MCrrp SWC 11, YrLp RWCrtp & Crr Crip
p (g/g) (%) (MPa)  (MPa) (%) (MPa)  (MPal) (MPa?)

v .0.89+0.351.12+0.39 -0.47 + 0.07 -0.91 £ 0.12 76.17 + 3.87 2.25 + 0.60 12.94 + 0.08 0.24 + 0.06
schaffneri
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Figure 8. Modelled moisture content of live fine fuels during fire weather. Moisture content was calculated at
wilting point (Turgor Loss Point) for the three species. The MCrir indicates how variation in hydraulic traits

would influence moisture content under typical conditions of fires.
4. Discussion

4.1. Seasonal Patterns in Leaf Water Potentials

In semiarid ecosystems, the soil water availability is the main determinant of plant functioning.
The results of this study demonstrate a clear pattern of water stress in the sampled tree species at the
end of the dry season, with most species exhibiting their lowest Wi values during this period. The
small precipitation event observed at the beginning of the sampling period recovered water potential
at all species, and the variations in Wz and Wi during the sampling period indicate that the soil water
available for plants increased over time accordingly to seasonality of rainfall. This suggests that
plants which can maintain their biological functions despite very negative Wi values or may respond
with small precipitation events may have specific adaptations to efficiently rehydrate plant cells or
minimize transpiration rates conserving the soil water at the time [34]. Frequent and large
precipitation events (>30 mm) increased water potential at maximum levels and maintained it stable,
especially predawn water potentials (Figure 4a, b).

Numerous studies have shown that Wi exhibits significant variation due to increased exposure
of leaves to solar radiation, air temperature, and low relative humidity, which leads to increased
dehydration or water loss, reflected in the plant’s water status [35,36]. At night, transpiration ceases,
water diffuses passively by capillarity along the water column, and the ¥ gradient disappears by
dawn.

The results showed that T. recurvata maintained water potential values closer to zero (-0.23 MPa),
which is consistent with previous studies that have shown that this species responds to variations in
air humidity conditions and can increase or decrease gas exchange during the night [37] and does not
depend on variations in soil moisture. The values obtained in this study are comparable with other
results from epiphytes where physiological responses to drought are evaluated, for example,
Tillandsia ionantha (-0.40 MPa) presented relatively more negative values [38]. In general, these species
have demonstrated high drought resistance due to their ability to absorb water through their leaves.
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In contrast, V. Schaffneri showed more marked variations in Wua due to its dependence on water
availability in the soil and the length of roots to absorb water from the subsoil, which is immediately
transpired by the leaves. This is suggested by the more negative values of Wi during the dry season,
which possibly indicate limitations in its vertical root exploration. The data obtained for V. Schaffneri
in this study (-1.16 + 0.11 MPa) are comparable to results obtained for species of the same genus
during rainy seasons, where Acacia berlandieri reached Wna values of -2.79 MPa [39]. Leaf water
potentials (both predawn and midday) of V. schaffneri were more coupled to atmospheric and soil
moisture variables than the other species (Figure 5). The negative correlations between VPD and
water potential indicate that as VPD increases, the water potential becomes more negative. This
reflects a relationship in which higher vapor pressure deficits are associated with greater water loss
in the species, ultimately affecting their water potential. This pattern highlights how dry
environmental conditions, represented by high VPD values, lead to increased transpiration and water
stress in plants. This supports the idea that V. schaffneri depends strongly on water availability in the
soil and their capacity to absorb water through roots and exhibit different adaptive responses to
drought [40]. There is evidence indicating that this species, developing naturally in areas with low
precipitation, modifies its resource allocation patterns and prioritizes resources to roots, allowing it
to maximize resource acquisition [41,42].

Similarly, P. laevigata also showed more pronounced variations in its W, although potentials
were less negative. Considering that this species exclusively depends on the moisture available in the
soil, the response of the mesquite seems to be more pronounced than that of V. Schaffneri, as it has
been reported that the dispersion of P. laevigata occurs along a gradient of water availability in the
same site with other species. The Wi data obtained (-0.8 + 0.16 MPa) are less negative than the results
obtained in Prosopis argentina and Prosopis alpataco (-2.5 MPa), species adapted to more extreme
conditions with annual precipitation ranging from 80 to 200 mm [43]. The results suggest that despite
water being a limiting factor in these areas, P. laevigata can tolerate water deficits by maintaining its
foliar water potential. No relationship of both predawn and midday leaf water potential with
environmental variables confirms the decoupling of leaf water status with atmospheric temperature
and humidity (Figure 5). According to reports, the mesquite has shown to be a drought-resistant
species during the seedling stage, unlike other shrub species, it is able to develop longer root lengths,
which allows it to increase its tolerance to water deficits and, therefore, increase its survival. We
expected a strong relationship of leaf water potential with soil moisture at 30 cm depth; however, this
was not the case, likely due to dependence of P. laevigata on water at deeper soil profiles.

Predawn water potentials of P. laevigata were less variable than the midday water potentials
(Figure 4b). Since this species depends more on deep soil water, we would expect more stable
predawn and midday water potential values along time than V. Schaffneri. It is likely that P. laevigata
has lower stomatal control (anisohydric species) than V. shaffneri. This could explain more variability
of midday water potentials of P. laevigata. In contrast, V. shaffneri and T. recurvata without access to
more stable water reservoirs have more efficient stomatic control depending on weather conditions
for avoiding water loss (isohydric species) [44]. This coincides with the much higher capacity of P.
laevigata to storage water, which ensures water availability even in weather stressful conditions.

4.2. Hydraulic Traits

Parameters varied among species. The greatest differences were found for Wir, which differed
mainly between V. Schaffneri and P. laevigata (-1.31 MPa to -0.35 MPa), differences that were closely
related to o since V. Schaffneri presented the most negative values during the sampling period, while
P. laevigata presented the least negative o, suggesting that huisache presented greater water
restrictions. According to the literature, decreases in Wripr are associated with decreases in 7, which
generate a significant improvement in water absorption in the soil under stress conditions [7,14]. This
adjustment represents an alternative strategy to water deficit conditions. The results obtained for
both parameters in V. Schaffneri are comparable to those reported in Acacia xanthophloea and Acacia
tortilis [45]; however, these decreases do not limit the growth of the species since they continue to
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grow with lower foliar water potential. On the other hand, it is also known that the osmotic potential
of the cell can decrease due to the accumulation of compatible osmolytes in the cytoplasm (proline
and betaine), which prevent the decrease in water potential without interfering with cellular
functioning, acting as osmotic agents to protect the plant from dehydration [46]. This behavior has
been reported for P. laevigata, which could explain why Wrr and 7. only decreased slightly. This also
suggests that species can show alternative strategies to maintain turgor and avoid plant desiccation.

Significant differences in RWCrr were found in V. Schaffuneri (79.37%), indicating that drought
conditions had a greater impact on the huisache’s cellular water content. This may be due to its low
ability to retain and absorb water molecules. This suggests that plants can reduce the solute potential
of the symplast by pumping water from the symplast to the apoplast, thereby reducing RWC [7]. This
is also reflected in the negative values obtained for this species in mo. In the case of P. laevigata and T.
recurvata, the RWcrr decreased to a lesser extent (90.55%, 84.72%, respectively). In the case of
mesquite, for example, hydrated cells are maintained by reducing the cellular water potential
through the synthesis of compatible solutes (e.g., proline, glycine betaine, and soluble sugars), which
is consistent with the mechanisms reported in existing literature for this species [47]. These results
may reflect differences in the leaf anatomical and morphological characteristics of these species, such
as stomatal density and size, which affect transpiration rates and water loss.

Interestingly, there were no significant differences in ¢ among species at any sampling time,
indicating that all species have similar cell wall elasticity. This may suggest that cell wall elasticity is
not a major factor in determining the species” water stress response. According to the literature, one
of the mechanisms used by CAM plants in response to water deficit is the adjustment of the elasticity
module of the cell wall [48]. This could be one of the strategies utilized by T. recurvata, as the observed
values of the elasticity module close to zero (2.04 MPa), consistent with previous report, where
reported similar results (3.3 MPa) [48]. These low values may indicate highly elastic cell walls [49],
allowing the epiphytes to lose significant amounts of water without significant decreases in cell
turgor pressure [38].

P. laevigata and V. Schaffneri presented higher values of the elasticity modulus (¢) during the
study period (3.27 MPa, 2.72 MPa); indicating a trend towards stiffer cell walls. Elastic and osmotic
adjustments in woody species have been reported as crucial parameters for maintaining turgor, since
they significantly correlate with RWC [50]. However, the literature on ¢ as an adaptation to drought
is ambiguous, as both an increase and a decrease in € can be interpreted as a response to drought
stress [7]. Previous report indicated that ¢ does not play a direct role in drought tolerance, and that
its physiological function is probably more related to preventing dehydration below a critical RWCrep
threshold than to promoting soil water uptake [14].

Finally, the Crr revealed significant differences among the three species, with P. laevigata
exhibiting the highest water storage capacity (41.46 MPa™). According to literature, the Prosopis genus
prioritizes its reproductive functions, but during non-flowering and non-fruiting periods, the plant
stores water reserves in its trunks and roots, providing structural support and ensuring an efficient
root system that can penetrate depths of up to 50 meters. This adaptation confers an advantage for
the plant to thrive in extreme environmental conditions [51]. T. recurvata ranked second in Crr
performance (26.45 MPa). Thanks to the CAM metabolism and specialized non-collenchymatous
succulent tissues for water storage, this species can rely on stored water to survive extended drought
periods [52]. Studies have reported that this mechanism can sustain the plant for up to six months
without water [53].

In V. Schaffneri, the lowest Crr data was recorded (18.39 MPa!), which may indicate that the water
transport pathways also function as water storage compartments. However, they do not have a high
capacity to store water and therefore cannot buffer the fluctuations induced by water stress [54]. Some
authors suggest that certain species can maintain high stomatal conductance under hydraulic stress
conditions, subjecting themselves to low water potentials and high losses of hydraulic conductance,
but still maintaining gas exchange at relatively high rates. This enables the species to invest in
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hydraulic safety by constructing a xylem that is resistant to hydraulic failure through a more resistant
conducting tissue that is less capable of water transport [34,55].

4.3. Moisture Content

We expected that species with a higher water storage capacity and cell walls that are more
flexible would be better at retaining water, and therefore, they would exhibit a higher moisture
content in live fuel. P. laevigata showed the largest capacitance and the largest moisture content;
moreover, T. recurvata showed high elasticity, moderate capacitance and a high moisture content.
Thus, we confirm our hypothesis.

The MCrrr is a parameter that estimates the moisture content of live fuel at the point of turgor
loss, where leaves have lost enough water to become flaccid, making fuel highly flammable and more
available for ignition [32]. Among the three species studied, T. recurvata exhibited the highest MCrrp
(3.84 g/g). This indicates that even under extreme conditions such as drought, minimal precipitation,
extreme temperatures, high radiation, etc., it would still have a considerable amount of water in its
cells, making it less likely to initiate ignition [56-58]. The moisture content data in this species appear
to be related to its strategies for maintaining hydration under water-deficit conditions, which could
explain its higher MCrcr [33]. Finally, woody species recorded the lowest MCrrr values, with P.
laevigata showing slightly higher values than V. Schaffneri (1.99 g/g, 0.89 g/g), which is consistent with
the species’ ability to maintain hydrated cells under stressful conditions and its good water storage
capacity (Table 1), unlike V. Schaffneri, which showed lower water storage capacity and higher water
stress. This is evidence that moisture content strongly affects fire activity at the landscape scale [59].
Traits associated with water access and regulation are critical in determining the moisture content of
species, especially as fires become more frequent and coincide with drought periods [24,57,59].

5. Conclusions

The three plant species studied showed different patterns and likely different strategies for
dealing with drought. More variable midday, but more stable predawn water potentials were
observed in P. laevigata in comparison with V. shaffneri and T. recurvata. The last showed the lowest
temporal variability, likely due to the more exposed conditions.

Less capacity to store water, rigid cells and less saturated water content in V. shaffneri made it
the plant with the highest risk of fire. In contrast, T. recurvata, even though its cespitose morphology
and dry appearance, under extreme conditions of drought, has the capacity to store a considerable
amount of water in its cells, making it less prone to initiate ignition.

Our study is a step forward in understanding how hydraulic parameters relate to water access
and regulation in plants, which plays a critical role in the moisture content of live fuels. This is
relevant due to the impact that wildfires are having worldwide. This type of research is crucial given
the increase in forest fires in the country, especially since fires coincide with droughts, but further
physiological studies of tree species in arid and semi-arid regions, as well as the determination of live
fuel moisture content, are needed.
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