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Abstract

The aim of this research was to evaluate the effect of abscisic acid (ABA) on gas exchange and the activity of antioxidant
enzymes of Ormosia arborea (Vell.) Harms seedlings under water deficit and its influence on the recovery potential
of the seedlings. The experiment was conducted using four treatments, being daily irrigation or water restriction
without and with 10 uM ABA. Seedlings under water deficit + ABA showed greater adjustment to drought, and when
re-irrigated, they restored photosynthetic metabolism and water potential. ABA minimizes the reduction in the
photosynthetic metabolism and water potential of the leaf, however, it does not increase the antioxidant activity
of the O. arborea seedlings under water deficit. These results suggest that this species exhibits plasticity, which
enables it to survive also in environments subjected to temporary water deficit regardless of the supplementation
of ABA. We suggest that other doses of ABA be researched to expand the beneficial effect of ABA on this species.
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Resumo

O objetivo deste trabalho foi avaliar o efeito do acido abscisico (ABA) nas trocas gasosas e na atividade de enzimas
antioxidantes de mudas de Ormosia arborea (Vell.) Harms sob deficiéncia hidrica e sua influéncia no potencial
de recuperagao das mudas. O experimento foi conduzido com quatro tratamentos, sendo eles irrigacdo diaria ou
restri¢do hidrica sem e com 10 uM ABA. As mudas sob déficit hidrico + ABA apresentaram maior ajuste a seca e ao
serem re-irrigadas restabeleceram o metabolismo fotossintético e o potencial hidrico. O ABA minimizou a redugdo
do metabolismo fotossintético e do potencial da agua na folha, porém, ndo aumentou a atividade antioxidante de
mudas de O. arborea sob déficit hidrico. Esses resultados sugerem que esta espécie apresenta plasticidade fisioldgica,
o que lhe permite sobreviver em ambientes sujeitos a déficit hidrico temporario, independente da suplementagdo de
ABA. Sugerimos que outras doses de ABA sejam avaliadas para ampliar os efeitos benéficos do ABA sobre esta espécie.

Palavras-chave: trocas gasosas, enzimas antioxidantes, estresse hidrico, ABA.

1. Introduction

The impacts caused by climate change on biodiversity,
according to areview of Rodrigues et al. (2015), is a theme
that has already aroused the interest of researchers since the
last decade, which emphasize the importance of considering
their consequences on the distribution or mortality of
tree species and desertification in some more arid areas.

Environmental factors, with water stress, influence
the growth, development, and productivity of plants
(Okasabe et al., 2014; Taiz et al., 2017; Junglos et al., 2018).
Resende et al. (2019) highlighted that many studies report
the biochemical responses of plants to water stress,
however most species are of economic interest and few
address endangered species. Water stress due to water

restriction results in a decreased transpiration rate and
affect biochemical and physiological process. It also
affects the metabolism of nutrients and plant growth
regulators, photosynthesis, respiration, and translocation
of photo-assimilates. Consequently, water stress reduces
plant growth (Campelo et al, 2015; Moraes et al., 2015;
Taiz et al., 2017; Junglos et al., 2018).

Plants may also have an endogenous increase in abscisic
acid (ABA) concentration in a root that is translocated to
the aerial part, where it can trigger stomatal closure in
the leaves. This reduces water loss through transpiration
and reduction in photosynthesis (Pantin et al., 2012;
Taiz et al., 2017)
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Another response to conditions of water deficit is the
production of reactive oxygen species (ROS), which can
bind to vital molecules such as fats, proteins, and nucleic
acids. This causes lipid peroxidation, protein denaturation,
DNA mutation and RNA damage and these effects can lead
to cell death. In this context, ABA and ROS are messenger
molecules that induce antioxidant defense (Shinozaki
and Yamaguchi-Shinozaki, 1997). To defend themselves,
plants create antioxidant enzymatic systems to normalize
free radicals; an example is superoxide dismutase
(SOD), catalase (CAT) and in ascorbate peroxidase (APX)
(Carneiro et al., 2011).

Ormosia arborea (Vell.) Harms is a tree species that can
be found in the Atlantic Rainforest of Brazil, as well as in
semideciduous broadleaf forests and the gallery forests
of the Cerrado ecosystem (Lorenzi, 2008; Carvalho, 2004).
The species is secondary to late climax, being recommended
for plantations intended for recovery of degraded
areas of permanent preservation and restoration of
riparian environments in locations under conditions of
water-logging or temporarily flooded (Carvalho, 2004;
Junglos et al., 2018). It provides for these locations, high
accumulation of biomass and nutrients and maintenance of
water resources and soil. The wood is used in construction
and carpentry, being employed in the manufacture of
panels and sliced blades for internal finishes. The tree is
also used as ornamental and can be used in planting on
streets and avenues, as it offers good shade (Lorenzi, 2008;
Carvalho, 2004).

Information about the development of this species is
scarce, especially with water deficit, which would facilitate
abetter understanding of the interactions caused by water
stress in physiological processes and in the development
of the seedlings of that species. Thus, the analysis of the
changes of physiological characteristics in response to the
availability of resources and assessment of the plasticity
can enable a better interpretation of the habitat preferences
of these species (Goulart et al., 2011).

Considering the effect of abscisic acid (ABA) in stomatal
closure and maintenance of turgescence of the cells under
a hydric deficit, which contributes to antioxidant defense,
we hypothesized that gas exchange and antioxidant
activities in O. arborea seedlings could be modulated by
ABA, stimulating greater adjustment to water deficit and
recovery after suspension of stress. Thus, the aim of this
research was to evaluate the effect of ABA in gas exchange
and the activity of antioxidant enzymes of O. arborea
seedlings under water restriction and its influence on the
recovery potential of the seedlings.

2. Material and Methods

2.1. Study area and treatments

The study was carried out at the College of Agricultural
Science at the Federal University of Grande Dourados
(UFGD), in the municipality of Dourados, Mato Grosso do
Sul/Brazil. Nineteen-month-old O. arborea seedlings were
grown in pots with 8 L capacity, with one seedling per pot.
The voucher specimen was deposited in the DDMS/UFGD
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herbarium (registration number 5206). The experiment

was conducted in a greenhouse in a protected environment

without temperature or humidity control. The average data
temperature internal and external from inside the plastic
cover were the 21.4°Cand 27.2°C, respectively. The internal

and external relative humidity presented average the 54

and, 67%, respectively. The plants were maintained under

30% shade and protected from precipitation by keeping

them under a plastic covering during the experiment.

The experiment consisted of four treatments: 1) daily
irrigation without ABA (I); 2) daily irrigation + 10 uM
ABA (I 10); 3) water restriction without ABA (SI); and
4) water restriction + 10 uM ABA (SI 10). The choice of a
10 uM dose was due to previously conducted tests and
based on Pacheco et al. (2011). Each treatment consisted
of four replicates with two seedlings in each treatment.

The results were evaluated over five periods: TO - time
zero (beginning of the experiment); 1% PO - the first time
photosynthesis was close to zero (at 29 days), 2™ PO,
the second time photosynthesis was close to zero (at
105 days); REC - recovery (at 127 days); and END-end
evaluation (at 191 days).

For the irrigation treatments, the seedlings were divided
into two groups:

- The first group was irrigated daily during the entire
period of the experiment, and the soil was maintained
at 70% of its water retention capacity (I) acording to
(Souza et al., 2000);

- The second group (SI) was subjected to water restriction
equivalent to 40% of the water retention capacity for
19 days. Then irrigation was entirely suspended until
the photosynthetic rate approached zero (13t P0).
Starting at the 15tP0, all pots were watered daily until
the retention capacity of 70% of the substrate. That
irrigation was maintained until it reached similar levels
of photosynthesis from those that were irrigated (first
group). After 26 days of photosynthetic activity similar
between groups, another cycle of water suspension was
conducted (69® day), and the seedlings were evaluated
until the photosynthetic rate approached zero (2" PO -
105" day). At that point, the seedlings were re-irrigated
until they reached similar levels of photosynthesis as
those that were irrigated (first group) (REC - 127 day),
with assessments until the 191 days (END).

Two applications of ABA were performed. The first
application occurred at time zero (TO, beginning of the
experiment), and the second application occurred 25 days
after the second suspension of irrigation (94 day), based
on the photosynthetic rate being close to one.

2.2. Evaluations

The control seedlings (I) were evaluated in the same
periods as the seedlings with water restriction (SI).
Gas exchange was determined every 2 days and out
her characteristics (water potential, potential quantum
efficiency of photosystem II and antioxidant enzymes
activity) assessed at the times labeled TO, 1%t and 2" PO,
REC, and END. The seedlings were monitored for survival
in relation to the number initially used in the TO.
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2.3. Gas exchange analysis

Gas exchange assessments were performed with a LCI
Pro-SD ADC BioScientific Ltd. portable photosynthesis meter.
Measurements were taken to assess: A - photosynthetic
rate (umolm=s); gs - stomatal conductance (mol m=2s);
E - transpiration (mmolm= s'), and Ci - intercellular
concentration of CO, (umolmol™), as well as A/Ci -
carboxylation efficiency (umol m2 s/ pmol” H,0) and
AJE - water-use efficiency (umol mmol).

2.4. Leaf water potential

The leaf water potential (¥w) was obtained from
readings held in individual sheets belonging to the second
pair of fully expanded leaves from the apex to the base,
between 10:00 and 11:00 AM, using a pressure (Portable
Plant Water Status Console-3115 model).

2.5. Chlorophyll a fluorescence analysis

The potential quantum efficiency of photosystem II
(Fv/Fm) was assessed using an OS-30P portable fluorometer
(Opti-Sciences Chlorophyll Fluorometer, Hudson, USA).
The leaves were subjected a during 30-min of adaptation to
the dark with the aid of adaptive clips, so that all reaction
centers in the leaf region acquired the condition of “open”,
i.e., there was complete oxidation of the photosynthetic
electron transport system. Fluorescence and gas exchange
were determined between 8:00 and 11:00 AM on the same
leaves used for gas exchange assessments.

2.6. Antioxidant enzymes activity

The O. arborea leaves and roots subjected to the
treatments were harvested, and the material was frozen
in liquid nitrogen. From each sample,1g was weighed
to be macerated in 6ml from the solution containing
0.3 g of polyvinylpyrrolidone (PVP) diluted in 100 ml of
potassium phosphate buffer (0.2 M). Then the samples
were centrifuged at 4000 rpm for 20 min at 4 °C,
and the supernatant was used as an enzyme extract.
Quantification of the activity of the enzymes catalase (CAT),
peroxidase (POD), and superoxide dismutase (SOD) was
conducted according to methodology of Broetto (2014).

2.7. Experimental design and statistical analysis

For the gas exchange data, the design was completely
randomized with four treatments with four repetitions,
with each repetition corresponding to one seedling.
The results were subjected to analysis of variance
(ANOVA). After significance was determined, the means
were submitted to the Scott-Knott test at 5% probability.

For the fluorescence data regarding chlorophyll a, water
potential, and the activity of antioxidant enzymes, the
design was completely randomized in a split plot design
where the main plot corresponded with the treatments, and
the subplots were the assessment periods. The results were
subjected to ANOVA and, after significance was determined,
the means of the treatments and their interaction with
assessment times were subjected to Tukey's test at 5%
probability. This was done using the SISVAR statistical
program (Ferreira, 2011).
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3. Results

The analysis of variance showed that for the data of
gas exchange there was a significant difference between
the treatments on each day of evaluation. For the data
like water potential, potential quantum efficiency of
photosystem II and antioxidant enzymes activity we
observed significant interaction between the factors
(treatments x evolutions periods).

The seedlings showed 100% survival over the evaluations.
In the first cycle of null photosynthesis (A) (1 P0), the
seedlings of the treatments under water deficit exhibited
the sharpest reduction in photosynthetic rate on the 27%
day (Figure 1a). However, the treatment without any dose
of ABA showed a lower tolerance to drought compared
to the treatment receiving ABA. The photosynthetic
rates of these treatments showed a marked reduction.
On the 29™ day, the treatment without ABA (SI) reached
a photosynthetic rate close to zero. However, for the
seedlings from the treatment with a 10 uM dose of ABA,
the photosynthetic rate did not reach values close to
zero (mean of 2,09 pmolm s). After re-irrigation, the
seedlings under water deficit recovered photosynthetic
metabolism in 14 days (43" day), with values like those
of the irrigated treatments.

The second suspension of irrigation occurred on the
69t day after the start of the experiment. A subsequent
application of the second dose of ABA occurred on the
94t day. The seedlings from the treatments without
irrigation (SI) reached photosynthetic rate values close to
zero on day 36 after the second suspension of irrigation,
which occurred on the 105" day (2™ PO). On the other
hand, the seedlings from the SI 10 uM treatment did not
reach photosynthetic rate values close to zero but rather
showed values lower than those of the irrigated seedlings.
The seedlings were re-irrigated, and they then recovered
photosynthetic metabolism in 22 days (127% day), with
values approaching those of the seedlings from the
irrigated treatments.

For the irrigated seedlings with ABA application
(110 uM), ABA did not increase the photosynthetic rates
when compared to irrigation treatment (I) without ABA.
These seedlings showed values with variations in the
photosynthetic rate over several days. The data showed
an increase, decrease, or no significant difference when
compared to the irrigated treatments (I, without ABA)
(Figure 1a).

In the first 15t PO, the seedlings reached photosynthetic
rate values near zero on the 9™ day after the suspension
of irrigation, whereas in the 2™ PO, this was not achieved
until the 36" day. The difference in the number of days
to reach the near-zero photosynthetic rate between
the two cycles occurred due to climatic conditions. In the
first cycle, the temperatures were high. In the second
cycle, there was a drop in temperature and an increase
in humidity due to large amounts of rainfall during this
period (data not shown), which contributed to an increase
in the relative humidity around the seedlings created a
microclimate that may have favored the maintenance of
the photosynthetic rate.
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Figure 1. Photosynthetic rate (A) - (A), transpiration rate (E); (B) and water use efficiency (A/E); (C) as a function of the evaluation days
of Ormosia arborea irrigated seedlings (I and I 10 uM ABA) and submitted to water deficit conditions (SI and SI 10 uM ABA). Continuous
vertical line indicates the periods of evaluation: time zero (TO), first null photosynthesis (1 P0), second null photosynthesis (>"¢ P0),

recovery (REC) and final evaluation (END).

The transpiration rate (E) of the seedlings in irrigated
treatments showed variation. However, treatment with ABA
did not appear to affect transpiration in these treatments.
That is, on most days, these treatments did not differ
significantly from each other (Figurelb). After day 43,
there was a marked reduction in transpiration due to the
drop in temperature (data not shown).

The water deficit caused a reduction in transpiration
for the seedlings grown under water stress, and the
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reductions were more pronounced when the photosynthetic
rates were close to zero (Figure 1b). However, with ABA
application (SI 10 uM of ABA), the seedlings did not show
values near zero in the 1t P0. In the 2"P0, they did not
vary significantly from the seedlings that were without
ABA (SI), despite having superior values to the seedlings
in that treatment. When the seedlings were rehydrated,
their metabolism recovered, reaching levels close to the

Brazilian Journal of Biology, 2022, vol. 82, e244331



irrigated treatments and with no significant difference
between all the treatments.

The seedlings from all treatments exhibited variations in
their water use efficiency (A/E) (Figure 1c). However, when
the seedlings grown under water deficit restored their
metabolism, they presented values close to those of the
irrigated treatments, and there was no significant difference
between them. Seedlings under water deficit treated with
10 uM of ABA had values close to those of the irrigated
treatments in the 15tP0 (29 day).

From the 8™ day on, the stomatal conductance (gs) of
the seedlings under water deficit was below that of the
irrigated seedlings, with a sharp decline at the time of
the 1t and 2P0 (Figure 1a). The seedlings under water
deficit and with ABA (SI 10 uM ABA) were superior to the
seedlings without ABA (SI) in the 1P0. With re-irrigation,
the seedlings under water deficit reestablished their gs
values and reached the same level as the irrigated seedlings
on the 51% day (Figure 2a), while the photosynthetic
rate in these seedlings was reestablished on the 43" day
(Figure 2a). There was a reduction in the gs values of the
irrigated seedlings on the 43 day.

The values of the internal concentration of CO, (Ci)
fluctuated during the experiment, and the irrigated
seedlings showed higher values than the other treatments
on most days (Figure 2b). The seedlings under water deficit
did not differ significantly from the irrigated seedlings
when the photosynthetic rate reached null values in the 2"
PO. When the seedlings were re-irrigated, the re-irrigated
treatments reached values close to those of the irrigated
seedlings, and they sometimes achieved even higher values.

In relation to carboxylation efficiency (A/Ci), the
seedlings under water deficit presented lower values than
the irrigated treatments (Figure 2c); in the 1%t and 2P0,
the photosynthetic rates were close to zero.

The water potential (‘Ww) of the leaves of O. arborea
seedlings showed a significant interaction between the
treatments and the periods of assessment. In the 15 PO,
the seedlings subjected to water deficit had the lowest ¥w
values, differing significantly from the irrigated seedlings.
The seedlings not treated with ABA and subjected to water
deficit showed a significant reduction in Ww, mainly in
the 2 PO, with lower Ww values in the first and second
cycles of photosynthesis near-zero (1.43MPa and 2.03 MPa,
respectively) (Figure 3a).

In the 27 PO, the reduction in water potential was even
greater than in the 15 FO for cultivation under water deficit
and without ABA (SI). The irrigated seedlings without ABA
(I)and with ABA (110 uM ABA) demonstrated no significant
differences in WYw during the periods of photosynthesis
close to zero (1t PO and 2" PO). In the recovery and END
assessment, the seedlings from all treatment groups had
Pw values close to zero, demonstrating that the water
deficit treatments recovered, with no difference between
the treatments.

The quantum efficiency of photosystem Il (Fv/Fm) was
reduced significantly in the seedlings under water deficit
in the 1*tand 2™ PO, and the values did not recover after re-
irrigation. Thus, during the recovery and END phase, these
seedlings still had lower efficiency values when compared
to the other treatments (Figure 3b). It is emphasized that
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the seedlings under water deficit that received ABA began
to recover, and at the end of the assessment period, they
showed values above the stressed seedlings without ABA.
However, both groups had values less than 0.75.

Concerning antioxidant enzymes, the activity of
catalase (CAT) on leaves showed higher values in the
plants cultivated under water deficit in the two cycles of
photosynthesis close to zero, when compared with the
irrigated seedlings. However, in the 1 PO, the irrigated
seedlings treated with 10 uM ABA (I 10) did not differ
significantly from seedlings under water deficit without
ABA (Figure 4a). Regarding the irrigated seedlings treated
with ABA (I 10 uM ABA), the values were higher than those
of the irrigated treatment without ABA (I) in the two
cycles of photosynthesis close to zero. This was especially
apparent in the 2" PO, where there was a significant
difference between the treatments.

During the period of recovery (REC) and the END period,
the treatments under water deficit without ABA (SI)
presented higher values than the other treatments. In the
roots, there were higher values of CAT in the treatments
under water deficit in the 1t PO, the 2" PO, and REC, and
the application of ABA kept the CAT activity at a high
level at the end of the assessments (Figure 5B). Both in
the leaves and roots, the application of ABA to seedlings
under water deficit did not result in a significant difference
when compared to the treatment without ABA (SI) during
photosynthesis periods close to zero.

Peroxidase activity (POD) was higher in the leaves of
seedlings grown under water deficit without ABA (SI) in
the 1t and 2 PO (Figure 6A). Regarding the roots, the
seedlings under water deficit had values higher than those
that were irrigated in the second period of photosynthesis
close to zero (2" P0). Additionally, there was no difference
between the treatments with each form of irrigation in the
15t and 2" PO. The seedlings under water deficit showed
higher POD activity than the irrigated seedlings, especially
when they received ABA (SI 10) until the REC and END
periods (Figure 5b).

Superoxide dismutase (SOD) activity on the leaves of
seedlings under water deficit without ABA (SI) was superior
to other treatments in the 1**and 2" PO. The seedlings under
water deficit that received ABA did not show significant
increase in SOD during these periods. The irrigated and
non-irrigated treatments with ABA showed variation
in values (Figure 6a). For the roots, SOD was reduced in
all treatments, but the seedlings that had gone through
water stress showed significant increases during REC and
END (Figure 6b).

4. Discussion

Ormosia arborea seedlings subjected to water deficit
showed a reduction in photosynthetic metabolism and
leaf water potential, also presented an increased activity
of antioxidant enzymes. However, with the application
of ABA, responses were less pronounced, suggesting that
the ABA mitigated the stressful effects of water deficit.

Although there was no significant variation between
the water restriction treatments in the 1 PO, in the 2
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Figure 2. Stomatal conductance (gs) - (A) internal CO, concentration (Ci); (B) and instantaneous carboxylation efficiency CO, (A/Ci); (C)
of Ormosia arborea irrigated seedlings (I and I 10 uM ABA) and submitted to water deficit conditions (SI and SI 10 uM ABA). Continuous
vertical line indicates the periods of evaluation: time zero (TO0), first null photosynthesis (1 P0), second null photosynthesis (2" P0),

recovery (REC) and final evaluation (END).

PO, the seedlings under water deficit that were treated
with 10 uM ABA (1 10 uM ABA), showed greater ¥w when
compared to seedlings without ABA. The exogenous
application of ABA in plants can increase their tolerance
to stress by promoting the closure of stomata during times
of water deficit, thus maintaining turgescence by reducing
transpiration (Pacheco et al., 2011; Pantin et al., 2012).
We believe that this mechanism may have contributed to
the maintenance of turgescence in the leaves of O. arborea,
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helped to avoid damage and favored the recovery of ¥w in
seedlings after re-irrigation according to observations at
the end of the assessments. However, irrigated O. arborea
seedlings with or without ABA did not present significant
differences, suggesting that ABA did not influence the
water potential (Ww) of these seedlings.

It was observed that ABA did not promote the
maintenance of gs of the seedlings, which showed variation
in the values. The Calendula officinalis L. seedlings that

Brazilian Journal of Biology, 2022, vol. 82, e244331
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periods between irrigated seedlings (I) of Ormosia arborea (I and I 10 pM ABA) and submitted to the water deficit condition (SI and
SI 10 uM ABA). Lowercase letters compare the different treatments in the same evaluation period and uppercase letters compare the

same treatment in the different evaluation periods.

were irrigated and treated with 10 and 100 uM of ABA
did not show significant differences in gs from those
that did not receive ABA (Pacheco et al., 2011). Even with
abundant water, the exogenous application of ABA did not
increase gs in the seedlings of O. arborea, Pterogyne nitens
Tul. and Aspidosperma polyneuron Mull. Arg which is also
observed in the results of the irrigated treatments that
presented a decrease in stomatal conductance when
subjected to low water availability in the soil (Tonello
and Teixeira Filho, 2012).

The application of 10 and 100 uM doses of ABA in
C. officinalis under water deficit did not promote prolonged
protective effects or attenuation of the effects of the
water deficiency on gas exchange. It has been observed
that in stressed C. officinalis seedlings at the dose of
10 uM ABA, the photosynthetic rate was slightly higher

Brazilian Journal of Biology, 2022, vol. 82, e244331

than for the other treatments under water deficiency
(Pacheco et al., 2011). This like O. arborea, although there
was no significant variation in treatments under water
deficiency. These results suggest that the lower dose is
efficient in promoting protective responses.

There was a significant increase in Ci in the plants
under water deficit starting on the 8™ day after irrigation
was suspended, as compared to the plants in the irrigated
treatment. On the last day of water deficit, there was
an average of 15% (1% PO) to 25% (2" PO) increase in Ci,
independent of the application of ABA, possibly resulting
from the reduction in the degree of stomatal opening,
causing a decrease in the photosynthetic rate. However, on
the 139t day, at the end of the experiment, the seedlings
under water deficit presented lower of Ci, demonstrating
that these seedlings had reestablished themselves. In the
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END assessment (END), they presented values like the
irrigated seedlings. This result was also apparent for
C. officinalis seedlings under water stress with or without
ABA, which presented higher values at the end of the
assessments (Pacheco et al., 2011).

About stressed O. arborea seedlings that received ABA,
although they had reduction in stomatal conductance, the
photosynthetic rate did not reach values close to zero in
the two cycles of null photosynthesis. Thus, suggesting
that ABA promoted higher adjusted to water deficit for
these seedlings.

It should be emphasized that, in the 2" PO, the reduction
in transpiration for seedlings in all treatments, including
the irrigated treatments, may have been due to the drop
in temperature, including foliar temperature (data do not
show). It bears mentioning that the transpiration levels of
seedlings under water deficit were restored after irrigation,
thus achieving levels that did not differ from irrigated
treatments. We observed that the photosynthetic rate
decreased when the temperature decreased (43 day data
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do not show), even in the irrigated plants. When there
is a decrease in temperature, stomatal closure occurs,
consequently, there are reductions in CO, entrance, stomatal
conductance, photosynthetic rate, and transpiration.
Thus, water supply alone does not promote the optimization
of gas exchange; temperature and humidity also influence
these processes (Taiz et al., 2017).

In this study, we have verified that decreases in the
photosynthetic rate observed under water deficit can
largely be explained by stomatal closure. It is important
to note, however, that reductions in photosynthesis
rates were accompanied by an increase in the internal
CO, concentration and a reduction in the instantaneous
carboxylation efficiency of Rubisco. This is evidence of the
existence of non-stomatal limitations, as suggested about
another species by Campelo et al. (2015).

We believe that the progressive decrease in gs, nearly
reaching zero under water deficit, can be considered a
strategy to reduce the rate of transpiration and keep foliar
tissues hydrated. This was also observed for M. urundeuva
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Figure 5. Enzymatic activity of peroxidase in leaves (POD Leaves) (A) and roots (POD Roots) (B) of Ormosia arborea seedlings irrigated
(Iand 110 pM ABA) and submitted to water deficit conditions (SI and SI 10 uM ABA) in the different evaluation periods: zero time (TO),
first null photosynthesis (1 P0), second null photosynthesis (2" P0), recovery (REC) and final evaluation (END). Upper case letters
differ between trial times and lowercase letters between treatments.

(Costa et al., 2015). The authors observed in their review
that values of gs between 0.05 - 0.1 molm s suggest
that plants are under moderate water deficit and that
photosynthesis is limited by the stomata, reducing the
influx of CO,. Thus, we suggest that gs values lower than
0.05 molm s !, as observed in this study for O. arborea
seedlings, are indicative of severe water deficit and are
accompanied by non-stomatal limitations. Among these
limitations are damages to the photochemical apparatus
through the disintegration of thylakoid membranes.
This may cause a decrease in the Photosystem II electron
transport rate, reducing ATP synthesis, as well as decreasing
the activity and regeneration capacity of Rubisco.

There was a significant increase in Ci in the plants
under water deficit starting on the 8th day after irrigation
was suspended, as compared to the plants in the irrigated
treatment. On the last day of water deficit, there was
an average of 15% (1% PO) to 25% (2" PO) increase in IC,
independent of the application of ABA, possibly resulting
from the reduction in the degree of stomatal opening,
causing a decrease in the photosynthetic rate. Seedlings
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under water deficit presented lower of Ci, demonstrating
that these seedlings had reestablished themselves. In the
END assessment (END), they presented values like the
irrigated seedlings. This result was also apparent for
C. officinalis seedlings under water stress with or without
ABA, which resented higher values at the end of the
assessments (Pacheco et al., 2011).

We observe that at the end of the assessments, the A/Ci
ratio decreased, even for the irrigated seedlings, what we
assign to the decrease is the ambient and foliar temperature
during the period. Another fact which we highlight, based
on reports by Costa et al. (2015), Bertolli et al. (2015) and
Campelo et al. (2015), is that in conditions of water deficit,
there is a decrease in CO, assimilation and the quantum yield
of Photosystem II. The afore mentioned authors observed
that there are no stomatal factors related to the reduction
of CO, assimilation, such as damage to the Photosystem
Il reaction center, which can be reversed after hydration.

The quantum efficiency of the photosystem (Fv/Fm)
decreased in stressed plants and did not recover at the
end of the assessments, except for those who received
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Figure 6. Enzymatic activity of superoxide dismutase in leaves (SOD Leaves) (A) and roots (SOD roots) (B) of Ormosia arborea seedlings
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time (TO), first null photosynthesis (1 P0), second null photosynthesis (2™ P0), recovery (REC) and final evaluation (END). Upper case
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ABA. The decrease in efficiency to values below 0.75 in all
plants, starting with the 1% PO, can be attributed to the high
temperature during the 1+ P0. Although the temperature
decreased after that period, there continued to be variation
and high-temperature spikes. For this reason, we believe
that the plants did not have time to recover, even for those
plants that received ABA.

The literature report changes in Fv/Fm in plants
subjected to water stress with species of different ecological
distribution. Campelo et al. (2015) evaluated six forest
species (Astronium fraxinifolium Schott, Calophyllum
brasiliense Cambess, Handroanthus serratifolius Vahl,
Handroanthus impetiginosa Mart, Simarouba amara Aubl,
and S. macrophylla King) as a function of suppression of
water supply in the soil. They observed that the species S.
macrophylla, C. brasiliense, and H. serratifolius were more
sensitive to water suppression compared to the other
species, since they exhibited decreased photochemical
efficiency of photosystem II, as well as a decrease
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in photosynthesis. These species feature ecological
distribution like that of O. arborea, mainly C. brasiliense,
suggesting that even tolerating the hydric deficit, the
photochemistry of photosynthesis suffers change.

In a study involving the tree species of the Caatinga (a
desert xeric scrubland and thorn forest ecoregion) during
the dry and rainy seasons (Trovao et al., 2007), found
that, of eleven species studied, seven did not experience
changes in Fv/Fm during the periods of study. The other
four had minimal reductions that were attributed to the
evolutionary characteristics of these species.

For plants with an intact photosynthetic apparatus, the
Fv/Fm ratio should range between 0.75 and 0.85 (Bolhar-
Nordenkampf et al., 1989). A decrease in this ratio with
water deficit indicates the presence of photoinhibition
damage to the PSII reaction center (Bjorkman and Demmig,
1987; Lage-Pinto et al., 2012). Beginning with the 15t PO,
the values remained below 0.75, suggesting that even
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after re-irrigation, the O. arborea seedlings were not able
to reestablish the Fv/Fm ratio.

The O. arborea seedlings subjected to water stress
showed an increase in antioxidant enzymes (except for
SOD) regardless of the presence of ABA during periods of
suspended irrigation (1%t PO and 2" PO). This is probably
in response to the production of reactive oxygen species
(ROS), which usually are produced under these conditions,
although they have not been quantified in this work.
Note that the irrigated seedlings also had elevated enzyme
levels. We attribute this result to the elevated temperature
observed in the TO and 1¢t PO periods, as suggested by
Ribeiro et al. (2012) in relation to other plants. This condition
certainly accentuated the water deficit.

During periods when photosynthesis was close to
zero, ABA likely promoted adjust in seedlings during
exposure to water deficit, stimulated antioxidant enzyme
activity. Understanding the antioxidant system of plants
is essential for the selection of approaches that results in
less sensitivity to water deficit and increased tolerance to
drought (Moraes et al., 2015).

Considering that this specie also present potential to
survive in temporarily flooded areas (Junglos et al., 2018),
we justify its occurrence in several biomes as Atlantic
forest and Cerrado in the Gallery forests and urban forestry.

5. Conclusion

ABA minimizes the reduction in the photosynthetic
metabolism and water potential of the leaf, however, it
does not increase the antioxidant activity of the O. arborea
seedlings under water deficit. These results suggest that
this species exhibits plasticity, which enables it to survive
also in environments subject to temporary water deficit
regardless of the supplementation of ABA. We suggest that
other doses of ABA be researched to expand the beneficial
effect of ABA on this species.
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