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ABSTRACT

Although selenium (Se) is not essential for plant metab-
olism, low Se concentrations can enhance tolerance to
abiotic stress. This study evaluated the effects of exoge-
nous Se (1, 5, and 25 pM) on two eucalyptus genotypes
(VCC 865 and AEC 0144) under saline stress (100 mM
NaCl). Growth, biomass, gas exchange, ion accumulation
(K*, Na*, Ca?"), and pigment content were analyzed. Sa-
linity significantly impaired physiological performance,
reducing height, stem diameter, net photosynthesis
(PN), transpiration (Tr), and stomatal conductance (gs),
while increasing Na' in roots and leaves. Se at 1 and 5
pM mitigated these effects, particularly by reducing Na*
accumulation. VCC 865 showed increased K* in roots and
decreased Na* in shoots with 1 uM Se, while AEC 0144
displayed improved ionic balance in roots and leaves. The
chlorophyll pigment content remained unchanged between
the treatments. However, 25 uM Se intensified salinity
damage, indicating the importance of dose optimization.
Photosynthetic parameters were sensitive indicators of
Se-mediated responses. Therefore, the targeted use of
selenium represents a promising strategy to improve seed-
ling establishment in environments affected by salinity,
contributing to the development of more resilient forest
systems and the expansion of areas suitable for production.
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INTRODUCTION

The genus Eucalyptus L'Hér. (eucalyptus) has more
than 800 species and is native to Australia and other is-
lands, such as the Philippines, Indonesia, Timor-Leste and
Papua New Guinea.’ In Brazil, there are approximately
7.5 million hectares of planted eucalyptus forests® focused
mainly on the production of wood, energy, paper and pulp.®
Despite the scenario of productive growth, the expansion
of new planting areas has been hampered by environmental
restrictions caused by climate change. Thus, the possibility
of expanding planted forests to traditional nonforested
regions is among the greatest challenges for the growth of
eucalyptus production.“

It is estimated that 20% of cultivated land and 33% of
irrigated agricultural land are affected by high salinity and,
if not enough, that salinized areas around the world increase
every year because of factors such as low rainfall, high
surface evapotranspiration, saltwater irrigation, inadequate
cultural practices,® deforestation and sea level rise. ”

Salt stress inhibits plant growth and development,
mainly through decreased water potential (which compro-
mises plant water absorption) and ionic toxicity (which
causes ionic imbalance and hinders nutrient absorption).
® Therefore, increasing the concentration of soluble salts
in the soil has become a serious problem for agricultural
productivity, and several techniques and methods have
been employed in an attempt to control this problem and
increase productivity.®” These include (i) the adoption of
appropriate agronomic strategies, as well as the accurate
selection of species and cultivars more tolerant to salini-
ty,(!? and (ii) the use/application of exogenous substances,
such as silicon,"" boron,'? salicylic acid, and hydrogen
peroxide,"® to improve the mechanisms of stress tolerance,
among others.

Although selenium (Se) is not yet recognized as an
essential nutrient for plant metabolism,!* its application at
low concentrations can have beneficial effects on plants,
especially under adverse environmental conditions.
Pigments, gas exchange, the photosynthetic rate, the
accumulation of osmoprotectants and improvements
in the antioxidant defense system improve tolerance to
diverse environmental stresses, such as high temperatures,
drought,™® heavy metals'® and salinity.'” On the other
hand, excess Se can promote reduced growth, chlorosis,
wilting and drying of leaves, decreased protein synthesis,

lesions and premature plant death.®

In view of the above, on the basis of the premise of the
need for eucalyptus production expansion and the hypothe-
sis that the application of Se at low concentrations is able to
attenuate the effects of saline stress in plants, the objective of
this study was to evaluate the effects of Se application on the
physiological behavior (growth, biomass, saline ion concen-
tration in plant tissues, gas exchange, and pigment content)
of plants of two eucalyptus genotypes (VCC 865 and AEC
0144), grown under non-saline and saline conditions.

MATERIALS AND METHODS

Plant material and growing conditions

The experiment was conducted in the experimental
area of the Botany Department of the Federal University
of Espirito Santo, Brazil (20°16'29"S; 40°18"21"W, altitude
4 m). The seedlings used were acquired from the ClonaTech
nursery (19°10'58"S; 40°5'32"W, altitude 57 m), which is
located in Sooretama city, Espirito Santo State, Brazil. The
acquired eucalyptus genotypes (cultivars) are widely used
in large-scale plantations, namely, VCC 865 (Eucalyptus
urograndis, a hybrid between Eucalyptus grandis W. Hill
and Eucalyptus urophylla STblake), which is registered in
MAPA under n° 22124/2007, and AEC 0144 (Eucalyptus
urophylla STblake), which is registered at MAPA under
No. 21874/2007.

During the acquisition stage, the seedlings were 90
days old and had an average height of 30 cm, four pairs of
leaves, a uniform collar diameter and good nutritional and
phytosanitary conditions. The seedlings were collected
in tubes and transplanted into 12 L plastic pots measuring
30 cm x 25 cm % 22 em (Nutriplan, model n° 06).

Before transplanting, the pots were painted white to
reduce heat absorption. The substrate used to fill the pots
was washed river sand previously sieved through a 5 mm
mesh. Next, each pot received a layer of Styrofoam, and the
upper portion was sealed with PVC plastic film to reduce
direct water loss through evaporation. The drainage holes
in the lower portion of the pot remained uncovered. Soon
after transplanting, each pot received 2.8 L of Clark's nutri-
ent mixture,'” the amount of which was sufficient to reach
the maximum retention capacity of the pot (Table 1). The
plants were subjected to a period of adaptation to the nutri-
ent solution with 50% and 100% ionic strength, remaining
at each concentration for one week. The pH of the nutrient
solution was adjusted to 5.5 using 0.1 M HCI or NaOH.
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Table 1. Composition of Clark's nutrient solution (1975)

Stock solution Concentration  Vol. for the nutrient solution (ml L)

KNO; 1M 1.800
Ca(NOs), M 2.600
MgSO, 1M 0.085
MgCl, M 0515
NH,H,PO 0,1 M 0.700
(NH,),SO M 0415
Micro-Fe : 1.000
Fe-EDTA - 0.400

* Micronutrients (g L'): MnSO,.1H,0 = 1.183; H ; BO ; = 1.175;
ZnS0,.7H,0 = 0.575; Na, M00O,.2H,0 = 0.145; CuSO,.5H,0 = 0.125.
** 33.3 g of Na,-EDTA was dissolved in 500 ml of water containing
100.4 ml of 1 M NaOH. Soon after, 24.9 g of FeSO,.7H,0 was added to
the solution, and after homogenization, the solution was allowed to acrate
for 12 h. Finally, the volume was adjusted to 1 L with deionized water.

Experimental design

After 14 days of acclimation, the seedlings were subjected
to different treatments for 60 days in a completely randomized
design with the following treatments: control (0 uM Se and
0 mM NaCl), 1 Se (1 uM Se and 0 mM NaCl), 5 Se (5 uM
Se and 0 mM NaCl), 25 Se (25 uM Se and 0 mM NaCl), S
(0 uM Se and 100 mM NaCl), S + 1 Se (1 uM Se and 100
mM NaCl), S + 5 Se (5 uM Se and 100 mM NaCl) and S +
25 Se (25 uM Se and 100 mM NaCl). Each genotype was
evaluated individually in relation to the treatments; that is,
each genotype constituted an independent experiment. Each
experiment included one genotype and eight treatments with
four sampling units (n = 4), totaling 32 plants per experiment.

Se concentrations were established according to the
methods of Jiang et al.,'” and sodium selenite (Na,SeO;)
was used as the selenium source because it is more efficient
than sodium selenate (Na,SeQ,) in attenuating the effects
of salinity.?® During the experiment, irrigation was per-
formed daily, according to each treatment, in an amount
sufficient to drain 10% of the maximum retention capacity
of the pot, and every week, irrigation was performed until
40% of the maximum retention capacity was drained. of
the vase. This procedure was performed according to Lac-
erda®? and aimed to avoid the concentration of salts in the
nutrient solution of the vessels. The salinity of the vessels

was monitored via a conductivity meter (Digimed CD-20).

Growth measurements

Growth data were collected every 10 days from the be-
ginning to the end of the experiment. The height was deter-

mined with a tape measure, which measures the length from

the region of the plant neck, at the base of the stem, to the top
of the apical bud. The values are expressed in centimeters
(cm). The collar diameter (D,) was determined with a digital

calliper, and the values are expressed in millimeters (mm).

Biomass measurements

After 60 days, the plant material from each sampling
unit was packed in kraft paper bags and placed in a forced
circulation oven at 60 °C until a constant mass was reached.
Next, the dry matter (DM) of each vegetative organ (root,
stem, or leaf) was weighed separately on a precision scale.
The total DM was determined as the sum of the individual

masses, and the values were expressed in grams (g).

Concentrations of ions in plant tissues

At the end of the experiment (60 days), the plant tissue
samples (n = 4) were placed in kraft paper bags and placed
in a forced circulation oven at 60 °C until a constant mass
was reached. The dried plant material was then weighed
(0.5 g), crushed and subsequently used in the preparation
of extracts obtained from nitroperchloric digestion. The K*,
Ca?" and Na® contents were determined according to the
methodology proposed by Malavolta et al.?? The results

are expressed in g kg

Gas exchange measurements

Gas exchange was evaluated at the end of the experiment
and determined with an infrared gas analyser (Infrared Gas
Analyser - IRGA; LI-6400XT, LI - COR, Lincoln, USA).
Measurements were taken between 7:00 am and 9:00 am
on young, fully expanded leaves present in the middle
third of each experimental unit (plant). The acclimatization
chamber attached to the equipment was set up to supply
fixed amounts of PAR (1000 pmol m? s™'; previously de-
fined value through light curves), temperature (25 °C) and
CO, (380 umol CO, mol ). The variables evaluated were
the net photosynthesis rate (Py), transpiration rate (Ty), sto-

matal conductance (g,) and internal CO, concentration (C,).

Pigment content

To determine the pigment contents, two leaf discs with
a diameter of 0.5 cm were removed from each experimental
unit and immersed in test tubes containing 7 ml of dimethyl
sulfoxide (DSMO). Then, extraction was performed in a
water bath at 65 °C for one hour. The aliquots were read in
a spectrophotometer (Genesys 10S UV—Vis, Thermo Fisher
Scientific, Waltham, USA) at wavelengths of 480, 649, and

Rev. Ceres, Vigosa, v. 73, €73008, 2026



4 Ramon Negrao Santos Junior ef al.

665 nm. The chlorophyll (Chl) and carotenoid (Car) contents
were determined via the equations developed by Welburn®

for DMSO, and the results are expressed in mg g! DM.

Statistical analysis

The normality and homogeneity of the data were tested
via the Shapiro—Wilk test and Leneve test, respectively.
The data obtained were subjected to analysis of variance
(ANOVA) and, when significant according to the F test,
compared via the Duncan test (p <0.05). Statistical analyses
were performed via InfoStat software (FCA, Universidad
Nacional de Céordoba, Argentina).

RESULTS

Changes in growth

Plant height was monitored throughout the 60-day

experimental period and systematically measured to

evaluate growth responses to Se application and saline
conditions. At the end of the experiment, treatment-
dependent differences in plant height were evident.

With respect to the height of the VCC 865 genotype, af-
ter 60 days, the heights of the control plants and those treat-
ed with only Se at the lowest concentrations (1 and 5 pM)
were significantly greater than those of the plants treated
with only Se at the highest concentration (25 puM) and
those cultivated under saline conditions (with or without
Se application). In this scenario, the application of different
Se concentrations (1, 5, and 25 M) did not attenuate the
effects of salinity on height growth (Figure 1A). The same
behavior was observed in plants of genotype AEC 0144
after 60 days of treatment (Figure 1B).

With respect to D, in the VCC 865 genotype, after 60
days, the control plants and those treated with only Se were
significantly thicker than the plants grown under saline

conditions (with or without Se application). However, the

Figure 1. Effects of Se application on the height and collar diameter of plants of two eucalyptus genotypes, VCC 865 (A, C) and AEC 0144 (B,
D), grown under non-saline and saline conditions. (S) for 60 days. The data are presented as the means (n=4), and the bars represent the standard

error of the mean. The means followed by the same letter did not differ statistically from each other according to Duncan's test (p < 0.05).
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application of 1 UM Se to plants grown under saline condi-
tions attenuated the effects of salinity and partially restored
D, (Figure 1C). After 60 days, in the AEC 0144 genotype,
the control plants and those treated with only Se were sig-
nificantly greater than those of the plants grown under saline
conditions (with or without Se application), and none of the
different Se concentrations (1, 5, and 25 uM) were able to
attenuate the effects of salinity on D, (Figure 1D).

Changes in biomass

In the VCC 865 genotype, after 60 days, the control
plants and those treated with only Se at the lowest concen-
tration (1 pM) presented significantly greater total biomass
than did the plants treated with only Se at concentrations of
5 and 25 pM and those cultivated under saline conditions
(with or without Se application). In addition, the applica-
tion of different Se concentrations (1, 5, and 25 uM) did
not attenuate the effects of salinity on the accumulation
of total biomass (Figure 2A). The same behavior was
observed in plants of genotype AEC 0144 after 60 days of
treatment (Figure 2B). In summary, under saline stress, the
accumulation of biomass in the evaluated organs (roots,
stems, and leaves) was significantly affected, and under
these conditions, none of the Se concentrations (1, 5, and
25 uM) were able to attenuate the effects of salinity both in
VCC 865 and in AEC 0144.

Changes in the concentrations of ions in plant tissues

For the VCC 865 genotype, after 60 days, the plants
grown under saline conditions presented K* and Na* con-
tents in the roots; K*, Ca?" and Na* contents in the aerial parts
(stem and leaves); and K*/Na* and K*/Ca** ratios in the roots,
stems and leaves that were significantly different from those
of the control (Table 2). However, the application of 1 uM
Se to plants grown under saline conditions increased the K*
content, reduced the Ca?* content in the roots, and reduced
the Na" content in the shoots. Furthermore, in the same
scenario, the application of 5 uM Se was able to reduce the
Ca? content in the roots and increase the Ca®" content in the
stems. The application of 25 uM Se reduced the Ca** content
in the roots and the Na* content in the stems.

In genotype AEC 0144, after 60 days, the plants grown
under saline conditions presented K*, Na* and Ca?" contents
in the roots; K™ and Na* contents in the stem; and K*, Na*
and Ca?' contents in the leaves, as well as the K*/Na* and
K*/Ca?" ratios in the roots, stems and leaves, which were
significantly different from those of the control (Table 3).
However, the application of 1 uM Se to plants grown under
saline conditions increased the K" content in the roots
and leaves and reduced the Na* content in the leaves. In
addition, under the same conditions, the application of
5 uM Se reduced the Na® content in the leaves, and the

application of 25 uM Se increased the Ca*" content in

Figure 2. Effects of selenium (Se) application on the dry biomass of eucalyptus plants after 60 days of cultivation or not under
saline conditions (S); VCC 865; and B: AEC 0144. The means followed by the same letter are not significantly different from each
other according to Duncan's test (p < 0.05). The lowercase letters compare the masses of each plant organ between columns, and the

uppercase letters compare the columns (n = 4).
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the roots and the K" content in the leaves. In the culture Se (1, 5, and 25 uM) presented significantly greater means
without salinity, none of the Se doses (1, 5, and 25 uM) of Py than did the plants grown in saline solutions (with
significantly changed compared with those in the control. or without Se application) (Figure 3A, C, E, and G). In
this scenario, the application of the lowest Se concentrations
(1 and 5 pM) did not attenuate the effects of salinity on Py

Regarding gas exchange for the VCC 865 genotype, and the application of the highest Se concentration (25 uM)
after 60 days, the control plants and those treated with only  aggravated the effects of salinity and further reduced Py.

Changes in gas exchange

Table 2. Effects of Se on the concentrations of K*. Ca?*. Na*. K*:Ca** and K*:Na" in the roots, stems and leaves of VCC 865 plants (E.
urograndis) after 60 days of culture under saline conditions (S: 100 mM NaCl). The data presented are the means (n = 3). Different
letters within the same line represent significant differences (p < 0.05) according to Duncan's test. Note: Compared with the control
treatment the 1Se, 5Se, and 25Se treatments resulted in no significant differences (p < 0.05) according to Duncan's test

Plant tissue Element Treatment
Control S S+1Se S+5Se S +25 Se
K* (g/Kg") 6.50 a 1.95¢ 3.00b 2.10¢ 1.80 ¢
Ca* (g/Kg"h) 6.44 a 7.00 a 4.76 b 525b 4.62b
Roots Na* (g/Kg") 2.05b 8.75a 10.00 a 11.25a 10.75a
K*:Ca? 1.00 a 0.30¢ 0.60 b 0.40 ¢ 040 ¢
K*:Na* 3.17a 0.22b 0.30b 0.19b 0.17b
K* (g/Kg™) 7.15a 1.35b 1.20b 0.75b 0.90 b
Ca* (g/Kg") 525a 392b 3.36b 6.58a 2.87b
Stems Na* (g/Kg") 0.52¢ 1450 a 6.00 b 6.25b 6.16b
K*:Ca* 140 a 0.30b 0.40b 0.10¢ 030b
K*:Na* 13.75a 0.09b 0.20b 0.13b 0.15b
K" (g/Kg™") 13.00 a 6.50b 7.15b 585b 7.80b
Ca* (g/Kg") 1498 a 5.60b 5.04b 6.58 b 5.53b
Leaves Na* (g/Kg") 1.30c¢c 35.50¢ 16.25b 42.00 ¢ 33.00c
K*:Ca** 0.90 a 1.20a 140 a 0.90 a 140 a
K*:Na* 10.00 a 0.18b 0.44b 0.14b 0.24b

Table 3. Effects of Se on the K*, Ca?*, Na*, K*:Ca?* and K":Na" concentrations in the roots, stems and leaves of AEC 0144 plants
(E. urophylla) after 60 days of culture under saline conditions (S: 100 mM NacCl). The data presented are the means (n = 3). Different
letters within the same line represent significant differences (p < 0.05) according to Duncan's test. Note: Compared with the control
treatment, the 1 Se, 5 Se and 25 Se treatments resulted in no significant differences (p < 0.05) according to Duncan's test

Plant tissue Element Treatment
Control S S+1Se S+5Se S +25 Se
K* (g/Kg") 12.35a 2.85¢ 490b 2.55¢ 2.10¢
Ca* (g/Kg"h) 8.12a 5.88¢ S1lc 483 ¢ 7.35b
Roots Na* (g/Kg") 1.95b 13.25a 13.50a 1225a 13.00 a
K*:Ca* 1.50a 0.50 ¢ 0.96 b 0.50 ¢ 0.30¢
K*:Na* 633 a 0.22b 0.36b 0.16 b 0.21b
K* (g/Kg™) 10.40 a 1.50b 1.35b 1.65b 1.05b
Ca> (g/Kg") 3.0la 329a 2.66 a 329a 2.52a
Stems Na' (g/Kg") 0.35b 4.75a 475 a 575a 5.00a
K*:Ca* 350a 0.50b 0.50b 0.50b 0.40b
K*:Na* 29.71 a 0.32b 0.28 b 0.21b 0.29b
K* (g/Kg™") 13.00 a 8.00 ¢ 9.75b 7.80 ¢ 9.10b
Ca* (g/Kg") 1841 a 6.30b 6.02b 5.60 b 6.93b
Leaves Na' (g/Kg™) 1.10 ¢ 30.00 a 2425b 23.00 b 36.50 a
K*:Ca* 0.70 b 1.30a 1.60 a 1.40 a 131a
K*:Na* 11.82a 0.27¢ 040b 0.33b 0.25¢
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The Ty were significantly reduced by cultivation under saline
conditions, and the application of different Se concentrations
(1, 5, and 25 pM) did not attenuate the effects of salinity.

In genotype AEC 0144, after 60 days, the control plants
and those treated with only Se at the lowest concentrations
(1 and 5 uM) presented significantly greater means of Py than
did the plants treated with only Se at the highest concentration
(25 uM) and those cultivated under saline conditions (with or
without Se application). However, the application of 1 uM Se
to plants grown under saline conditions attenuated the effects
of salinity and partially recovered the Py _and simultaneously,
the application of 25 pM Se aggravated the effects of salinity
and further reduced the Py (Figure 3B, D, F, and H).

As in the previous genotype, T and gs were significantly
reduced by cultivation under saline conditions, and the appli-
cation of different Se concentrations (1, 5, and 25 uM) was
not able to attenuate those of salinity. The Ci of both VCC 865
and AEC 0144 was not significantly affected by any of the
treatments performed.

Pigment content

In the VCC 865 genotype, after 60 days, the Chl a, Chl
(a + b) and Car contents, Chl (a/b) ratios and Chl (a + b)/
Car ratios, as well as the Chl (a/b) ratios and Chl (a + b)/Car
ratios, did not significantly differ between the control plants
and those treated with only Se (with 1 uM Se and without Se
application) (Table 4). However, the application of the highest
Se concentrations (5 and 25 uM) to plants grown under saline
conditions significantly reduced the Chl a, Chl b and Chl (a+b)
contents. After 60 days, the pigment content of the AEC 0144
genotype changed little as a function of the treatment, the most
significant of which was the reduction in the Chl (a/b) ratio
of the plants grown in saline conditions (with 5 uM Se and
without Se application). Compared with the control plants and
the plants treated with only Se (1, 5, and 25 pM).

DISCUSSION

Se at 1 and 5 uM mitigated the effects of saline stress
by reducing Na* accumulation

The cultivation of genotypes VCC 865 and AEC 0144 un-
der saline conditions increased the concentration of Na* ions
and reduced that of K* and Ca?* ions in plant tissues, drastical-
ly affecting the K*/Na* and K*/Ca?" ratios, as well as growth,
biomass, and gas exchange. An adequate K*/Na' ratio in plant
tissues is essential for the maintenance of cellular osmotic

adjustment, stomatal opening and closing, photosynthesis,

Rev. Ceres, Vigosa, v. 73, €73008, 2026

enzyme activation and protein synthesis.®" The similarity be-
tween Na™ and K* causes excess Na+ to compete with K* for
absorption sites and, consequently, restricts the assimilation
of K*.@¥ In this sense, the toxicity caused by Na™ is related
mainly to interference with K™ metabolism and inactivation of
K" metabolism as a stimulator of several enzymes.®> Further-
more, at high concentrations in the cytosol, Na replaces Ca?*
in membranes and may affect cell permeability.®

Despite the increase in Na" concentration in the roots of
VCC 865 and AEC 0144 plants grown under saline conditions,
the leaves were responsible for the greater accumulation of
these ions. This occurs because the first line of defense against
salt stress is formed by the roots, and the main protective
response to delay the effects of toxicity from high Na* concen-
trations is the exclusion of Na* ions by the root cells.?” Other
mechanisms for tolerating excess Na* include its translocation
to intracellular compartments and preferential deposition in
leaves in older and less photosynthetically active leaves.®>
Under saline stress, the roots export Na* ions to the soil or to
the aerial parts. Therefore, the accumulation of Na* ions in the
leaves, which are transported by the transpiration current in
the xylem and accumulate after transpiration, increases their
vulnerability to excess Na'.

In both genotypes, the accumulation of Na* in the leaves at
60 days of cultivation under saline conditions promoted lesion
and leaf abscission and drastically reduced photosynthesis.
According to Willadino and Camara,®® the concentration of
Na® in plant tissues increases with exposure time, causing

lesions and injuries, especially in older leaves.

Photosynthesis parameters were identified as sensi-
tive markers of the response to Se-mediated stress

Selenium (Se)playsanotableprotectiveroleinmitigating
the effects of salt stress in plants, particularly through
its ability to stabilize photosystem II (PSII) and improve
energy distribution within the photosynthetic apparatus.
In a recent study with eucalyptus, Santos Junior et al.(
reported that the application of low doses of Se effectively
restored photochemical parameters affected by salinity,
including maximum quantum yield (¢Po), electron transport
rota)- These

improvements were attributed to greater organization of

efficiency, and the total performance index (PI

light-harvesting complexes (LHCII) and optimized energy
transfer to reaction centers, indicating that Se contributes
to photosynthetic resilience under adverse conditions. The
results of the present study complement these findings

by demonstrating that, beyond photochemical responses,
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Figure 3. Effects of selenium (Se) application on the net photosynthesis rate (NP), transpiration rate (TR), stomatal conductance (gs)
and internal CO, concentration (Ci) in the leaves of eucalyptus seedlings of the VCC 865 (A, C, E, G) and AEC 0144 (B, D, F, H) geno-
types after 60 days of cultivation or not in saline conditions (S). The means (n = 4) followed by the same letter did not differ statistically
from each other according to Duncan's test (p < 0.05). The bars represent the standard error of the mean.
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Table 4. Effects of selenium (Se) application on the chloroplast pigments content of two eucalyptus clone plants (genotype) after 60

days of cultivation under saline conditions (S). Note: The means (n = 4) followed by the same letter in the same column do not differ
statistically from each other according to Duncan's test (p < 0.05), where VCC 865 (E. urograndis), AEC 0144 (E. urophylla)

Genotype Treatment Chla(mgg'DM) Chlb (mgg'DM) Chl (a+b) Chl (a/b)  Car (mg g' DM) Chl /Car
Control 11.27 ab 4.06 be 15.33 ab 278 a 2.60a 6.02 ab
1 Se 9.41 be 3.94 be 13.86 be 2.44 ab 223a 6.19 ab
5 Se 10.10 be 3.76 be 13.35be 2.71 ab 229a 6.06 ab
VCC 865 25 Se 9.76 be 3.69 be 13.45 be 2.65 ab 229a 5.94 ab
S 1294 a 532a 1826 a 2.45 ab 2.72a 6.79 a
S+1Se 11.01 ab 4.79 ab 15.81 ab 2.30b 224a 7.05a
S+5Se 821c 3.17¢ 1137 ¢ 2.59 ab 2.15a 527b
S+25Se 7.89 ¢ 3.07¢ 10.96 ¢ 2.57 ab 220a 498b
Control 13.86 a 543 a 19.29 a 2.52a 343 a 5.67 ab
1Se 14.06 a 574 a 19.80 a 249a 343a 5.73 ab
5 Se 13.62 ab 548 a 19.10 a 248 a 320a 6.00 a
AEC 0144 25 Se 11.68 ab 479 a 16.47 a 245a 2.86a 5.76 ab
S 10.09 ab 492a 15.00 a 2.04b 291a 5.12 ab
S+1Se 13.48 ab 553a 19.01 a 244 a 335a 5.66 ab
S+5Se 9.63b 4.88a 1451 a 1.97b 292a 495b
S +25Se 11.87 ab 5.15a 17.02 a 230a 3.16a 5.39 ab

salinity also reduces growth-related traits, such as height
and collar diameter (D), as well as gas exchange and net
photosynthesis (P,), in the eucalyptus genotypes VCC
865 and AEC 0144. The partial recovery observed under
low Se doses, particularly in genotype AEC 0144, further
supports the hypothesis that Se can alleviate salt-induced
damage by improving both photochemical performance
and physiological functioning.

According to Zhao et al,® the reduction in growth,
biomass, and gas exchange variables observed in plants
grown under saline conditions reinforces that high salinity
is responsible for inducing stomatal closure (reducing CO,
absorption), reducing the efficiency of the photosynthetic
activity of the apparatus, increasing ROS production
(oxidative stress), damaging the thylakoid membrane, im-
pairing osmotic and ionic homeostasis (osmotic stress) and
interrupting protein turnover. In addition, the reduction in
Py under saline conditions can be attributed to the reduction
in gs and/or to the decrease in the content of photosynthetic
pigments.®® Thus, as there was no reduction in the Chl or
Car contents due to cultivation under saline conditions in
this experiment, the reduction in Py is likely attributed to
the reduction in g,.

Most likely, the reduction in height and D, of VCC
865 and AEC 0144 plants grown in saline conditions was

due to the energy expenditure used in the osmoregulation

process because, according to Willadino and Camara,®® the
maintenance of the homeostasis process, which requires
constant energy to transport ions between the vacuole and
the cytoplasm, involves the deviation of photosimilated
ions that should be invested in growth and production.
The tolerance of a plant is usually related to the amount
of biomass produced under saline conditions compared
with the biomass produced under control conditions, %
and in this scenario, the results suggest that both VCC
865 and AEC 0144 have some tolerance to salt stress. The
results agreed with those reported by Botelho et al., ® who
studied the effects of salinity on the growth and morphol-
ogy of different eucalyptus genotypes and concluded that
VCC 865 is more tolerant to saline stress than the VCC
361, AEC 0144 and AEC 1528 genotypes. Additionally,
VCC 865 was classified as extremely tolerant, and AEC
0144 was classified as tolerant to salt stress. The potential
of the VCC 865 genotype to tolerate salt stress was also
described by Castro-Filho et al.,®® who evaluated the
biomass of Eucalyptus genotypes CO 1407 and VCC 865,
which were irrigated with saltwater for 114 days, and the
results revealed that VCC 865 was more tolerant to salinity.
Under cultivation without salinity, the effects of Se on
VCC 865 and AEC 0144 plants were dependent on the dose
used. In general, regardless of the genotype, the application

of relatively high concentrations of Se (25 uM) reduced
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plant growth and biomass but did not affect the Py, Ty, gs or
pigments. Moreover, the application of lower concentrations
of Se (1 uM) did not affect any of the parameters evaluated.
By observing how Se counteracts the effects of salinity, it
was observed that 1 and 5 uM Se were able to reduce the
concentration of Na* ions in the leaves of plants under salin-
ity stress. According to Hasanuzzaman et al.,®" although the
beneficial effects of Se in plants are still unclear, the appli-
cation of low concentrations of Se to plants under stress can
increase growth, biomass, photosynthetic pigment synthesis,
the photosynthetic rate, gas exchange, and the accumulation
of osmoprotectants and secondary metabolites.

Studies such as that by Hawrylak-Nowak et al.?? have
shown that the beneficial effect of Se is associated with an
increase in the content of photosynthetic pigments in Na-
Cl-stressed plants. However, in the present study, this effect
was not observed because the pigments were only slightly
affected by both salinity and Se application. Our results
corroborate those of Lacerda,®” who studied the effects of
salt stress on the early growth of four Eucalyptus genotypes
(AEC 0144, AEC 1528, VCC 361 and VCC 865) and re-
ported that the total chlorophyll content was not affected by
the different genotypes or salinity concentrations.

On the other hand, the high concentrations (25 pM) of
Se used in this study were not able to promote beneficial
effects; therefore, the results indicate that 25 pM Se may be
an overdose for plants of the genus Fucalyptus. According
to Gupta and Gupta,'® excess Se can promote toxicity to
plants either by inducing oxidative stress or by incorrect
incorporation of SeCys/SeMet instead of Cys/Met in the
protein chain, impairing both structure and function. This is
because, according to Brown and Shrift, ¢? Se is chemically
very similar to sulfur (S), and the excess Se hinders competi-
tion with S for participation in biochemical reactions.

Se metabolism in plant cells begins in the chloroplast
through the action of SO,* anabolic enzymes,®? which
undergo several metabolic processes until it is converted
into dimethylselenide (DMSe) and volatilized from the
leaves into the atmosphere.!® This may explain why the
application of adequate Se can attenuate the damage caused
to chloroplasts by stress®® and why high Se concentrations
can aggravate damage to chloroplasts.

Finally, the tendency for the restoration of net photo-
synthesis promoted by the application of Se in eucalyptus
growing under saline conditions, especially the AEC 0144
genotype, may be related to the reduction in the Na* concen-

tration in the leaves and improvement in ionic homeostasis.

This behavior was observed in both genotypes and thus
indicates that such behavior may be the pattern for the genus
Eucalyptus. However, the application of high concentrations
of Se (25 uM) potentiated the reduction in Py caused by
salinity in both genotypes and, especially in VCC 865,

potentiated the reduction in total chlorophyll content.

CONCLUSION
The eucalyptus genotypes VCC 865 and AEC 0144 ap-

peared to possess intrinsic physiological mechanisms that
confer tolerance to salt stress. Exogenous application of
Se at concentrations of 1 and 5 uM significantly mitigated
the deleterious effects of salinity, particularly by reducing
sodium (Na") accumulation in leaf tissues and restoring
net photosynthesis. In contrast, higher Se concentrations
(25 uM) potentiated stress symptoms, highlighting the
importance of dose optimization. Gas exchange proved to
be a sensitive and reliable indicator of Se-mediated stress
responses, whereas the chloroplast pigment content re-
mained unaffected by salinity or Se treatment. These results
suggest that low-dose Se supplementation can improve
the ionic balance and photochemical performance of eu-
calyptus seedlings under saline conditions. Therefore, the
targeted use of selenium represents a promising strategy to
improve seedling establishment in environments affected
by salinity, contributing to the development of more resil-
ient forest systems and the expansion of areas suitable for

production.
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