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Does the origin of Eucalyptus species influence their response
to water regime changes?
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ABSTRACT

Eucalyptus has been cultivated worldwide because of its good adaptability to different climatic conditions and ease of use in plant
breeding programs. However, environmental stress such as drought is unavoidable, affecting the yield of this crop and making
the search for genotypes more adapted to these situations, extremely important. The aim of this study was to characterize the
physiological responses of young plants in six Eucalyptus species that originated from contrasting environments and then subject
them to three water regimes consisting of 40, 60 and 80% field capacity (FC). For this, 180-day-old seedlings were transplanted
to pots, where they were kept for 85 days in a greenhouse. After the adoption of water regimes, the net photosynthesis (A),
transpiration (E), stomatal conductance (g ) and leaf water potential (W ) were analyzed. Significant differences were found in all the
physiological characteristics evaluated. There were reductions in the A, £, g and ¥ for all species as the water stress intensified. At
40% FC, E. tereticornis was the only one for which plant death occurred. Among the six Eucalyptus species studied, E. saligna was
the most tolerant to water stress followed by E. urophylla and E. camaldulensis, while E. tereticornis was the most sensitive, and it
was preceded by E. brassiana and E. grandis. The interspecific comparative study enabled the identification of the most contrasting
species in terms of water stress tolerance, providing support to studies aimed at obtaining drought-tolerant clones.

Keywords: seedlings, eucalypt, water stress, drought tolerance, plant physiology.

RESUMEN

El eucalipto se ha cultivado en todo el mundo debido a su buena adaptabilidad a diferentes condiciones climaticas y su facilidad de
uso en programas de fitomejoramiento. Sin embargo, el estrés ambiental como la sequia es inevitable, afectando el rendimiento de
este cultivo y haciendo que la busqueda de genotipos mds adaptados a estas situaciones sea de suma importancia. El objetivo de este
estudio fue caracterizar las respuestas fisioldgicas de plantas jovenes en seis especies de Eucalyptus que se originaron en ambientes
contrastantes y luego las sometieron a diferentes regimenes hidricos. Para ello, se trasplantaron plantulas de 180 dias a macetas,
donde se mantuvieron durante 85 dias en un invernadero. Después de la adopcidn de regimenes hidricos que constan de 40, 60 y
80% de capacidad de campo (FC), se analizaron: fotosintesis neta (A), transpiracion (E), conductancia estomatica (gs) y potencial
hidrico (Ww). Hubo reducciones en A, E, gs y Ww para todas las especies a medida que se intensificé el estrés hidrico. Con 40% FC,
E. tereticornis fue la Unica en la que se produjo la muerte de la planta. Entre las seis especies de Eucalyptus, E. saligna fue la mas
tolerante al estrés hidrico seguida por E. urophylla y E. camaldulensis, mientras que E. tereticornis fue la mas sensible, precedida por
E. brassiana y E. grandis. El estudio comparativo interespecifico permitio identificar las especies mas contrastantes en términos de
tolerancia al estrés hidrico, apoyando los estudios dirigidos a la obtencién de clones tolerantes a la sequia.

Palabras clave: plantulas, eucalipto, estrés hidrico, tolerancia a la sequia, fisiologia vegetal.

INTRODUCTION rapid growth, versatile wood properties, and adaptability
to diverse soils and climates (Grattapaglia et al., 2012; To-

Eucalyptus is one of the most important genera for the  rre et al., 2014).
pulp and paper industry, comprising 747 species (Beech et However, environmental stress—particularly drought—
al., 2017). These species are widely cultivated due to their  is a major abiotic factor limiting plant growth (Galmés
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et al., 2007), and its frequency is expected to increase
with global climate change (Blunden & Arndt, 2012; IPCC,
2014). Increased aridity is expected to reduce crop yields,
highlighting the need to expand planting areas and im-
prove drought tolerance in forest species (Kroger, 2012).
Drought is considered one of the three most concerning
global risks (World Economic Forum, 2016) and causes
physiological damage such as reduced turgor, CO, assimi-
lation, and photosynthetic efficiency (Taiz et al., 2017).

The first plant response to water deficit is stomatal
closure, which limits water loss but also reduces CO,
diffusion and photosynthesis. Under prolonged stress,
osmotic adjustment may temporarily maintain cell tur-
gor, but growth and yield eventually decline (Taiz et al.,
2017; Utkhao & Yingjajaval, 2015). Projected global tem-
perature increases may intensify these effects (Leonardi
et al., 2015; Pagter & Williams, 2011). Although many
Eucalyptus species are adapted to different climates,
their responses to water deficit vary widely depending
on species, developmental stage, and drought intensity
(Shulaev, 2008).

Plants have evolved mechanisms to regulate wa-
ter status and maintain turgor under stress (Chai et al.,
2016), and understanding these mechanisms is essential
for identifying tolerant species for breeding programs.
In regions where water scarcity limits plant productivity,
comparative interspecific studies are crucial for identi-
fying traits associated with drought tolerance. Therefore,
this study tested the hypothesis that Eucalyptus species
from contrasting environments differ in their physiologi-
cal responses to water deficit. Specifically, we evaluated
six species—E. brassiana, E. camaldulensis, E. urophylla,
E. tereticornis, E. saligna, and E. grandis—under three
water regimes to identify the most contrasting species in
terms of drought tolerance.

METHODS

Study species. Eucalyptus species were selected from con-
trasting environments, particularly differing in water avai-
lability (Table 1).

Production of Eucalyptus seedlings. This experiment was
initially conducted in a greenhouse and later under full
sunlight between February and July 2017, using seeds of
six Eucalyptus species (E. brassiana, E. camaldulensis, E.
urophylla, E. tereticornis, E. saligna and E. grandis) ob-
tained from the Forestry Science and Research Institute
(IPEF). Seeds were sown in 55 cm?® polyethylene tubes
filled with a substrate mixture of coconut fiber, carboni-
zed rice husk and commercial substrate at a 4:3:3 ratio
(v/v/v) supplemented with slow-release NPK fertilizer
(19:06:10) at 4.0 kg m™. The tubes were kept in a green-
house for 35 days after sowing with automatic sprinkler
irrigation applied every three hours each day from 8:00
a.m. to 5:00 p.m., each event lasting two minutes. Subse-
quently, the tubes were transferred to a full-sun area and
irrigated by spray four times a day, with each irrigation
lasting five minutes. At 45 days after sowing, topdressing
fertilization was applied using a solution of monoam-
monium phosphate (MAP) and potassium chloride (KCl)
(1,000 g MAP + 150 g KCl per 100 L of water), at a rate of
10 mL per tube.

Eucalyptus growth under greenhouse conditions. At 180
days after sowing, plants were selected for uniformity,
and their root systems were immersed in a MAP solu-
tion (1,000 g of MAP / 100 liters of water) to accelerate
root development after planting. They were then trans-
planted into polyethylene pots containing eight liters of
a substrate composed of sand and Red Latosol in a 1:1

Table 1. Characteristics of the regions where the studied eucalyptus species naturally occur.

Caracteristicas de las regiones donde se encuentran naturalmente las especies de eucaliptos estudiadas.

Species Regions of natural Latitudinal range Altitudinal range Annual rainfall Dry season
P occurrence'? (S)? (m) (mm) (months)*

E. brassiana Australia, . 6°-18° not known 1,000%-1,500? 2-32
Papua New Guinea

E. camaldulensis Australia 15°-38° near sea level to 700’ 150'-2,5003 4-8%

E. grandis Australia 17°-32° near sea level to 1,100" 1,000%3-3,500" 32

E. saligna Australia 28°-35° near sea level to 1,100" 800%3-1,800" up to 42

E. tereticornis Australia, . 6°-38° near sea level to 1,000"2 500%3-2,500' up to 72
Papua New Guinea

E. urophylla Timor, Indonesia 8°-10° near sea level to 3,000% 600%°-1,500*° 3-84%

Source: 'Boland et al. (2006); 2FAO (1979); 3*Orwa (2009); “PROSEA (1993); °Sein & Mitléhner (2011). *Dry season duration (number of consecutive

months with less than 30 mm of rainfall per month).

'Boland et al. (2006); 2FAO (1979); *Orwa (2009); *“PROSEA (1993); °Sein & Mitléhner (2011). *Duracién de la estacidn seca (nimero de meses

consecutivos con menos de 30 mm de lluvia por mes).
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ratio (v/v) supplemented with slow-release NPK fertilizer
at (19:06:10) at 1.5 kg m3and single superphosphate at
1.0 kg m3.

Soil chemical analysis revealed: pH = 6.5; P = 0.87 mg
dm?3; K = 79.8 mg dm; OM (soil organic matter) = 0.61
dag kg?; V (%) = 39.47 and the following concentrations
(cmol dm™ soil): H+Al = 1.07; Ca = 0.38; Mg = 0.11; SB
(sum of bases) = 0.69; and CEC (effective cation exchange
capacity) = 1.76. Physical analysis indicated that the soil
consisted of 24, 5 and 71% sand, silt and clay, respecti-
vely. After transplanting, the plants were maintained in
a non-climate-controlled greenhouse with a clear plastic
roof and shade cloth sidewalls for 85 days, with soil water
status maintained at 80% field capacity (FC).

Mean air temperature and relative humidity inside the
greenhouse were monitored using a DT-17 hygrothermo-
graph, programmed to record readings every three hours
between August and October 2017 (Figure 1).

Experimental design. The experiment was conducted in a
completely randomized design with a 6 x 3 factorial arran-
gement consisting of six Eucalyptus species (E. brassiana,
E. camaldulensis, E. urophylla, E. tereticornis, E. saligna
and E. grandis) and three water regimes (80, 60 and 40%)
using seven replicates with one plant per pot.

Water regimes applied to the plants. At 85 days after
transplanting, the plants were subjected to water stress
for eight days, during which they were maintained at 40,
60 and 80% FC, where 80% FC was considered the control
(without stress) and 40% represented severe water stress
based on preliminary tests.

The FC was determined based on soil water poten-
tial (water tension) in a known volume of soil irrigated at
100% FC and also for completely dry soil (105 °C 24 h?).
The values were determined using an ML2x ThetaProbe
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soil moisture sensor (Delta-T Devices Ltd) with DeltaLINK
3.6 software. The volume of water required to reach 40,
60 and 80% FC in each pot was determined based on the
soil water tension values and the soil volume used in the
pot (8 dm3). Soil moisture loss was monitored three times
per day using the soil moisture sensor to determine the
volume of water needed in each pot to maintain the pre-
established moisture levels throughout the experiment.

Morphophysiological variables. On the eighth day of wa-
ter stress (one day after the onset of the first signs of wil-
ting in some plants at 40% FC), the net photosynthesis
(A), stomatal conductance (g ), transpiration (E) and maxi-
mum (¥ ) and minimum leaf water potentials (¥
were evaluated.

The A, g_and E values were obtained by measuring
gas exchange using a portable infrared gas analyzer (IRGA
LI-6400 model, LI-COR®, Nebraska/USA). In the greenhou-
se, the plants received irradiance of approximately 1,000
mmol of photons m? s* during the measurements. The
readings were performed between 8:00 a.m. and 10:30
a.m. on five fully expanded leaves from the middle third
of the plants, one leaf per plant of the experimental unit.

The Ww was measured using a pressure chamber
(Scholander et al., 1965) in four fully expanded leaves
from the middle third of the plants, one leaf per plant in
the experimental unit, which were collected at 5:00 a.m.
(V,,.)and12:00 a.m. (¥ ).

At the end of the eight-day water stress period, plant
mortality was recorded for each water regime. Plants sub-
jected to 40% and 80% FC were then harvested and se-
parated into leaves, stems, and roots. These parts were
dried in a forced-air oven at 65 °C until constant weight
to determine the dry mass of each component. Total dry
mass (sum of root and shoot) was calculated for each
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Figure 1. Mean daily air temperature and relative humidity during the experiment in a greenhouse. The gray color represents the
period in which the plants were subjected to water regimes of 40, 60 and 80% field capacity.

Temperatura media diaria del aire y humedad relativa durante el experimento en invernadero. El color gris representa el periodo en el que
las plantas fueron sometidas a regimenes hidricos de 40, 60 y 80% de la capacidad de campo.
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plant to evaluate the effect of water stress on biomass
accumulation.

Statistical analysis. The A, g, E, W _and biomass variables
(shoot, root, and total dry mass) were subjected to an
analysis of variance (ANOVA), and the means were com-
pared by Scott-Knott test (P < 0.05). All the analyses were
performed using SISVAR software (Ferreira 2014).

RESULTS

The plant mortality rate was calculated at the end
of the experiment (on the eighth day of water stress
treatment). The only species that exhibited mortality was
E. tereticornis, with a 57% mortality rate.

Regarding dry mass, although E. grandis exhibited the
highest total dry mass (TDM) under well-watered condi-
tions (80% FC), the evaluation based on the percentage
reduction in biomass between 80% and 40% FC revealed
that E. saligna was the species that maintained its bio-
mass most effectively under water deficit, with only a
0.36% reduction in TDM, followed by E. urophylla (0.67%).
In contrast, E. tereticornis showed the greatest reduction
(19.1%), consistent with its higher mortality rate at 40%
FC. These results demonstrate that while absolute TDM
values under optimal moisture conditions are informa-
tive, the relative reduction in biomass under stress is a
more sensitive indicator of drought tolerance (Table 2).

In the species under study, significant simultaneous
effects (P < 0.05) were observed for the pecies x water
regime interaction across all analyzed physiological varia-
bles (A, Eand g ), with a decrease in these variables for all
the species as the water stress intensified (Table 3).

With regard to photosynthesis (A), at 80% FC, the
species E. camaldulensis (22.67 umol m? s?), E. saligna

(21.16 pmol m? s), E. tereticornis (21.56 umol m? s?)
and E. brassiana (22.96 umol m? s) showed the highest
A rates. However, a marked reduction in this variable was
observed for all the species when they were kept at 40%
FC, except for E. saligna, which, despite exhibiting redu-
ced photosynthesis with increased water stress, maintai-
ned higher rates than the other species. These reductions
were on the orders of 15, 42, 46, 55, 74 and 81% for E.
saligna, E. urophylla, E. tereticornis, E. grandis, E. bras-
siana and E. camaldulensis, respectively. At 60% FC, the
A remained similar across species, not differing from the
80% FC condition.

Unlike A, the stomatal conductance (g,) was higher in
E. brassiana (0.52 mol m?2 s?) at 80% FC. However, when
the plants were kept at 40% FC, the reduction in this va-
riable was more pronounced (88%). When kept in pots at
60% FC, the g_did not show significant differences bet-
ween species, while under severe water stress (40% FC),
the species E. saligna and E. tereticornis showed the hig-
hest g_values and reductions of 48 and 57%, respectively,
when compared to the control (80% FC).

It was also observed that at 80% FC, the transpiration
(E) was higher in E. saligna (6.91 mmol m=s?) and E. bras-
siana (7.32 mmol m?2 s?). However, under severe water
stress conditions (40% FC), these species experienced re-
ductions of 44% (3.88 mmol m?2 s?) and 81% (1.41 mmol
m2 s?), respectively.

Significant differences (P < 0.05) were found for the
species and water regime sources in terms of the maxi-
mum (¥ )and minimum leaf water potentials (¥ ),
and an interaction effect between species and water regi-
me was observed.

Table 4 shows the mean water potential for the six
Eucalyptus species that were kept in pots at three FC
levels. At 80% FC, there was no significant difference

Table 2. Root, shoot, and total plant dry mass (g) of six Eucalyptus species under 40 and 80% field capacity (FC).

Masa seca de raiz, parte aérea y masa seca total deseis especies de Eucalyptus bajo diferentes regimenes hidricos.

FC (%)
Species 80 40 80 40 80 40
Root (g) Shoot (g) Total plant (g)
E. grandis 16.75 Aa 16.00 Aa 65.00 Aa 62.00 Aa 81.75 Aa 78.00 Aa
E. camaldulensis 18.75 Aa 17.75 Aa 56.75 Aa 56.00 Aa 75.50 Aa 73.75 Aa
E. saligna 15.25 Aa 16.75 Aa 54.00 Aa 52.25 Aa 69.25 Aa 69.00 Aa
E. urophylla 19.25 Aa 18.50 Aa 56.00 Aa 55.25 Aa 74.25 Aa 73.75 Aa
E. tereticornis 13.75 Aa 11.75 Ba 53.00 Aa 42.25 Bb 66.75 Aa 54.00 Aa
E. brassiana 17.00 Aa 15.25 Aa 51.75 Aa 47.50 Ba 68.75 Aa 62.75 Aa

Means followed by the same letters for the same physiological variable, with uppercase letters in the columns and lowercase letters in the rows, do
not differ statistically from one another according to the Scott-Knott test (P < 0.05).
Las medias seguidas de las mismas letras para una misma variable fisioldgica, con letras mayusculas en las columnas y minusculas en las filas, no

difieren estadisticamente entre si seguin la prueba de Scott-Knott (P < 0,05).
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between the species for ¥ . However, the ¥ ex-
hibited a significant difference, ranging from -1.14 MPa
(E. tereticornis) to -1.86 MPa (E. camaldulensis). At 60%
FC, there was no significant difference between the
species for either potential. Under low soil water avai-
lability conditions (40%), a significant difference was ob-
served between the species for both ¥ and ¥
with the greatest difference in ¥ being 0.50 MPa,
observed in E. saligna (-0.33 MPa) and E. brassiana
(-0.83 MPa). For ¥, the greatest difference was 0.86
MPa between the species E. saligna (-1.55 MPa) and E.

brassiana (-2.41 MPa).

BOSQUE 46(3): 313-321, 2025
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There was a decreasing trend in the potentials (maxi-
mum and minimum) as a function of the water regime
adopted for all the studied species. In general, this trend
was more pronounced for ¥ . at 40% FC, where E. salig-
na reached a value of -1.55 MPa, while the other species
maintained values close to -2.0 MPa. In addition, E. saligna
showed the smallest difference between ¥ and ¥
(1.22 MPa), followed by E. urophylla (1.24 MPa), E. camal-
dulensis (1.29 MPa), E. grandis (1.50 MPa) and E. brassiana
(1.59 MPa). In turn, E. tereticornis showed the greatest di-
fference between ¥ and ¥ 1.73 MPa), and during

w max w min (

the period of the day corresponding to the highest water

Table 3. Net photosynthesis (A), transpiration (E) and stomatal conductance (g,) of six Eucalyptus species under 40, 60 and 80% field

capacity (FC).

Fotosintesis (A), transpiracion (E) y conductancia estomatica (gs) de seis especies de Eucalyptus bajo diferentes regimenes hidricos.

FC (%)
Species 80 60 40 80 60 40 80 60 40
A (umol m2s?) E (mmol m2s?) g, (mol m?s?)
E. grandis 17.80 Ba 19.39 Aa 8.02 Cb 452 Ca 411 Ca 1.39 Bb 0.42 Ba 0.35 Aa 0.06 Bb
E. camaldulensis 22.67 Aa 20.23 Aa  4.26 Cb 5.47 Ba 3.80 Cb 1.19 Bc 0.40 Ba 0.33 Aa 0.05 Bb
E. saligna 21.16 Aa 22.45 Aa 17.98 Ab 6.91 Aa 6.45 Aa 3.88 Ab 0.37 Ba 0.37 Aa 0.19 Ab
E. urophylla 18.60 Ba 19.37 Aa 10.72 Bb 412 Ca 3.82 Ca 0.93 Bb 0.40 Ba 0.33 Aa 0.06 Bb
E. tereticornis 21.56 Aa 2298 Aa 11.74 Bb 5.43 Ba 5.10 Ba 1.79 Bb 0.39 Ba 042 Aa 0.17 Ab
E. brassiana 2296 Aa 2141 Aa 5.98 Cb 7.32 Aa 498 Bb 1.41 Bc 0.52 Aa 0.33 Ab 0.06 Bc

Means followed by the same letters for the same physiological variable, with uppercase letters in the columns and lowercase letters in the rows, do
not differ statistically from one another according to the Scott-Knott test (P < 0.05).
Las medias seguidas de las mismas letras para una misma variable fisioldgica, con letras mayusculas en las columnas y minusculas en las filas, no

difieren estadisticamente entre si seguin la prueba de Scott-Knott (P < 0,05).

Table 4. Maximum (¥ _ ) and minimum leaf water potential (¥
capacity (FC).

) values of six Eucalyptus species under 40, 60 and 80% field
yp p

w min

Valores maximos (Ww max) y minimos del potencial hidrico foliar (Ww min) de seis especies de Eucalyptus bajo diferentes regimenes hidricos.

FC (%)
Species 80 60 40 80 60 40
Y, max (MPa) W, . (MPa)
E. grandis -0.37 Aa -0.31 Aa -0.45 Aa -1.26 Aa -1.47 Aa -1.95 Bb
E. camaldulensis -0.15 Aa -0.16 Aa -0.71 Bb -1.86 Ba -1.88 Aa -2.00 Ba
E. saligna -0.30 Aa -0.30 Aa -0.33 Aa -1.45 Aa -1.54 Aa -1.55 Aa
E. urophylla -0.28 Aa -0.38 Aa -0.69 Ba -1.36 Aa -1.55 Aa -1.93 Bb
E. tereticornis -0.23 Aa -0.28 Aa -0.34 Aa -1.14 Aa -1.62 Ab -2.07 Bc
E. brassiana -0.23 Aa -0.23 Aa -0.83 Bb -1.57 Ba -1.37 Aa -2.41 Bb

Means followed by the same letters for the same leaf water potential, with uppercase letters in the columns and lowercase letters in the rows, do not
differ statistically from one another according to the Scott-Knott test (P < 0.05).
Las medias seguidas de las mismas letras para el mismo potencial hidrico foliar, con letras mayusculas en las columnas y minusculas en las filas, no

difieren estadisticamente entre si seguin la prueba de Scott-Knott (P < 0,05).
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stress, ¥ . was less than -2.0 MPa. In addition, this was
the only species for which the ¥ decreased at 60% FC.

DISCUSSION

Plant growth and biomass accumulation are integra-
tive indicators of plant performance under contrasting
water conditions. As observed in the results, differences
in total dry mass (TDM) among Eucalyptus species under
80% and 40% FC revealed contrasting responses to water
deficit. Species such as E. saligna and E. urophylla were
able to maintain their biomass production with minimal
reductions in TDM, while E. tereticornis showed a marked
decrease under limited soil moisture conditions.

These patterns suggest that the higher drought to-
lerance of E. saligna and E. urophylla is associated with
physiological mechanisms that support carbon assimila-
tion and water-use efficiency under stress (Ngugi et al.,
2003). In contrast, the reduction in biomass observed for
E. tereticornis and E. brassiana indicates a lower capacity
to sustain growth under reduced water availability (Mer-
chant et al., 2007; Tatagiba et al., 2007).

In general, the water regime promoted a dramatic
reduction in all the physiological variables (A, E and g )
analyzed here, especially when contrasting extreme con-
ditions (80 and 40% FC). This result demonstrates the
strong effect of water availability on the physiological per-
formance of the studied species. The species E. saligna
displayed the highest values for these variables, showing
that it is the most adapted to soil water stress conditions,
which can positively affect its growth and establishment
in the field when compared to the other species.

Regarding net photosynthesis, a 15% reduction was
observed (from 21.16 to 17.98 umol m2 s?) for E. saligna,
while the other species exhibited reductions greater than
42%, with E. brassiana and E. camaldulensis showing the
highest decreases (74 and 81%, respectively). The marked
reduction in photosynthesis is commonly associated with
water stress and is a consequence of several physiological
and biochemical processes, such as stomatal limitation of
CO; influx due to abscisic acid (ABA) accumulation, dama-
ge to the photochemical apparatus, and decreased Rubis-
co activity (Bertolli et al., 2015; Pinheiro et al., 2011; Taiz
et al., 2017). Even under low soil water availability, E. sa-
ligna maintained a high photosynthetic rate, highlighting
its photosynthetic efficiency and ability to sustain growth
under drought stress.

At 80% FC, E. saligna and E. brassiana presented the
highest transpiration values, suggesting similar water loss
under optimal conditions. However, under severe water
stress (40% FC), E. saligna reduced transpiration by 44%,
compared to 81% in E. brassiana, indicating a more effec-
tive regulation of water loss. To avoid tissue dehydration,
plants reduce transpiration to maintain high leaf water
potential values, which is one of the primary mechanisms
of plant adaptation to water stress (Taiz et al., 2017). In
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the present study, there was a decreasing trend in the
transpiration rates across all species when the water regi-
mes of 80 and 40% FC were compared, coinciding with the
reductions observed in the stomatal conductance. This di-
rect relationship between £ and g is expected because as
the stomata close, there is a decrease in water vapor flow
from the plant to the atmosphere, and consequently in
transpiration (Gongalves et al., 2010).

The ability to restrict water loss through stomatal
closure and to enhance water uptake by the root system
are important mechanisms for maintaining cell turgor
and physiological activity under water deficit (Ngugi et
al., 2004). In Eucalyptus species, transpiration is typically
high when water is readily available, but it can be subs-
tantially reduced as soil water declines through partial
or total stomatal closure (Lane et al., 2004). In the pre-
sent study, this mechanism is reflected in the observed
decreases in stomatal conductance and transpiration at
lower soil water regimes, which help to explain the varia-
tions in leaf water potential and photosynthetic perfor-
mance among the species.

At 80% FC, stomatal conductance was highest in
E. brassiana, and at 60% FC, this was the only species in
which a reduction in this variable was observed. At 40%
FC, the reduction in the g_was more pronounced, sugges-
ting that young plants of this species do not have a high
adaptive capacity to environments with low soil water
availability. Moreover, under severe water stress, there
was a reduction of 48% for E. saligna and 57% for E. tere-
ticornis when compared to the control (80% FC), whereas
in the other species, this value was higher than 85%. The-
se results demonstrate the greater capacity of E. saligna
and E. tereticornis for regulating stomatal opening and
closure. The greater opening of the stomata observed in
these species may have contributed to their greater car-
bon assimilation because the influx of CO, occurs through
the stomata, which is necessary for the photosynthetic
process and the growth of the plants (Taiz et al. 2017).

Plants in the species E. tereticornis presented a high
g, value when kept at 40% FC. However, during the wa-
ter stress period, this was the only species that exhibited
plant death, with a mortality rate of 57% at the end of
the experiment. This mechanism of stomatal closure and
transpiration limitation that plants exhibit to minimize
water loss can vary considerably between species, and
it may be correlated with water stress tolerance (Inman-
Bamber & Smith, 2005). According to Hopkins & Huner
(2012), the plant hardly transpires at night, and the water
uptake rate, although low, remains higher than the trans-
piration rate, promoting tissue rehydration. Thus, this re-
sult suggests that E. tereticornis is not able to adapt to low
soil water availability conditions because the plants pro-
bably did not rehydrate during the night due to the lack
of an efficient water transport process in the soil-plant-
atmosphere system. This interpretation is based on the
potential difference observed for the maximum and mi-



nimum leaf water potentials under severe drought stress
(40% FC), which contributed to the death of the plants.

The decreasing trend for the maximum (¥ ) and mi-
nimum water potentials (¥, ) observed in Eucalyptus spe-
cies subjected to three water regimes was expected, con-
sidering that the reduction in soil moisture affects the cell
turgor through several physiological, biochemical and gene-
tic mechanisms (Bartels & Sunkar, 2005; Bedon et al., 2012).

W indicates the degree of hydration of a plant; it is
the primary component responsible for the water flow
and may represent the water stress to which the plant is
subjected (Ferreira et al., 1999). Chaves et al. (2004) ob-
served a reduction in ¥ _at the end of the drought cycles
in eucalypt clones under water stress, and it ranged from
-0.80 to -1.98 MPa. The leaf water potential of fully irri-
gated plants ranged from -0.25 to -0.35 MPa. Fernandes
et al. (2015) also observed a decrease in ¥_ in eucalyptus
plants under water stress. These results were similar to
those found in the present study since there was a reduc-
tionin W _according to the adopted water regime. Stoma-
tal conductance is dependent on the cell volume, which
decreases under water stress conditions, ultimately redu-
cing the leaf water potential. The decrease in g_and £, and
ultimately in the photosynthesis rate, are the first changes
that occur in plants in response to water stress (Chaves et
al., 2003; Pita et al., 2005).

In the present study, E. saligna exhibited the highest
valuesfor¥  (-0.33MPa)and ¥, (-1.55MPa)at40%
FC. The leaf water potentials between -1.0 and -2.0 MPa
indicate moderate water stress and relative drought to-
lerance, according to Taiz et al. (2017). In addition, this
species showed the smallest difference between ¥
and ¥ (1.22 MPa) under low soil water availability
conditions, indicating a greater ability to regulate water
loss through transpiration and, therefore, more efficient
stomatal control. For all the physiological variables analy-
zed here, E. saligna demonstrated the best performance
under water stress conditions, which is a strong indicator
of the greater tolerance of this species compared to the
other study species. These results are consistent with tho-
se reported by Orwa (2009), who stated that E. saligna
tolerates short periods of drought, although this species
occurs preferentially in regions with high precipitation
that is distributed evenly throughout the year.

Although the region of natural occurrence for E. uro-
phylla is restricted in terms of latitude (8-102 S), the altitu-
dinal range is high (0-3,000 m), covering areas with annual
precipitation ranging from 600 to 1,500 mm (Table 1). Si-
milar to E. saligna, E. urophylla exhibited a small differen-
ce betweenthe ¥ _ and ¥  (1.24 MPa)under severe
water stress, indicating that this species also has efficient
mechanisms to regulate water loss.

For the species E. camaldulensis and E. grandis, the
differences between the ¥ and ¥ at40% FC were
1.29 and 1.50 MPa, respectively. In addition, at 80% FC,
both A and E were higher in E. camaldulensis. This species
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has the widest geographic distribution within the natural
area of occurrence for the Eucalyptus genus, having been
found throughout the entire Australian territory. Its na-
tural occurrence region has a broad annual precipitation
range (150 to 2,500 mm), and the dry season in some of
these regions can last up to eight months (Table 1). For
this reason, E. camaldulensis is able to grow under a wide
range of climatic conditions, from mild to hot and from
humid to arid areas (Orwa, 2009). Thus, based on the re-
sults of the present study, it is possible that the material
used here comes from a region with a more pronounced
dry season because E. camaldulensis exhibited a notable
degree of tolerance to water stress.

In turn, E. grandis demonstratedsensitivity to water
stress. In fact, this species is known to occur in humid and
hot subtropical regions (FAO, 1979) where the annual pre-
cipitation is high (1,000 - 3,500) and the dry season is rarely
severe, not exceeding three months (Table 1). This informa-
tion may explain the greater sensitivity of the species.

Similarly, E. brassiana showed a large difference bet-
ween¥ — and ¥ . (1.58 MPa), which adversely affec-
ted the physiological variables under study, in addition to
the lowest values for ¥ (-0.83 MPa) and ¥ (-2.41
MPa). According to Taiz et al. (2017), leaf water potentials
below -2.0 MPa indicate severe water stress. Although the
stress period was only eight days, E. brassiana showed
sharp reductions in photosynthesis (-74%), transpiration
(-81%), and stomatal conductance (-88%) at 40% FC com-
pared to well-watered plants. These results indicate rapid
stomatal closure and strong limitation to gas exchange,
which restricted CO, assimilation and led to severe de-
hydration. This rapid decline under short-term stress su-
ggests that E. brassiana has low physiological plasticity to
cope with sudden reductions in soil moisture, consistent
with its natural occurrence in regions where the dry sea-
son is relatively short (Table 1).

The species E. tereticornis exhibited the largest diffe-
rence betweenthe ¥ and ¥ (1.73 MPa) at 40% FC,
and during the day with the highest transpiration demand,
the W was-2.07 MPa, which is considered severe wa-
ter stress. According to Taiz et al. (2017), when critical ¥
values (below -2.0 MPa) are reached, the stomata begin
to close substantially, thus affecting the physiological cha-
racteristics of the plant, such as gs‘E and A. These results
suggest that E. tereticornis may be the most sensitive to
water stress among all the studied species. Within the ge-
nus Eucalyptus, E. tereticornis is the one with the widest
latitudinal distribution and the one that is subject to one
of the largest annual precipitation ranges (Table 1). The-
refore, it is also possible that the genetic material used in
the present study comes from a region with high precipi-
tation because the species behaved as the most sensitive
among those tested based on the evaluation of the leaf
water potential, which is the most effective parameter to
indicate the tolerance/sensitivity of a species (Merchant
et al., 2007; Tatagiba et al., 2007).
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Variations in the leaf water potential may affect carbon
assimilation, leading to stomatal closure and decreased
photosynthesis, so that under drought conditions, plants
reduce their water loss by reducing stomatal conductan-
ce. Therefore, to promote cell turgor in water stress situa-
tions, adjustments to cell metabolism occur, such as the
synthesis and/or accumulation of osmolytes, which con-
tribute to plant osmoregulation (Silva et al., 2004).

CONCLUSIONS

Among the six species studied here, E. saligna demons-
trated the greatest tolerance to water stress, followed by
E. urophylla and E. camaldulensis. Regarding sensitivity,
E. tereticornis was identified as the most sensitive, and
E. brassiana and E. grandis also exhibited sensitivity to
water stress. At the end of the experiment, E. tereticornis
was the only species that exhibited plant death, with a
mortality rate of 57%. For the studied species, we confir-
med the hypothesis that the physiological characteristics
of eucalyptus species originating from contrasting envi-
ronments in terms of water availability can differ, allowing
the identification of species with distinct levels of water
stress tolerance.
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