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Abstract

Exogenous application of stress inductors can facilitate and accelerate some biological responses that promote plant
defense. The objective of the experiment was to quantify some compounds linked to nitrogen metabolism as a function
of the application of salicylic acid in Schinus terebinthifolius seedlings submitted to water deficit. The experiment
was constituted of four doses of salicylic acid and three periods of water deficit. Quantifications included levels of
nitrate, free ammonium, total soluble amino acids, proteins, proline, glycine-betaine and relative water content.
When evaluating the relative water content in seedlings of Schinus terebinthifolius at 8 days, it was observed that the
dose of 200 mg L. Seedlings showed physiological responses when subjected to doses of salicylic acid of 200 and
300 mg L. The increase in concentration of proline and glycine are advantageous, because these substances act as

osmoregulators and cell protectors against deficit hydrical.

Keywords: Forest species, Free ammonium, Nitrate, Water deficit.

1. INTRODUCTION

Among the resources that plants need to develop, water is
the most important and the most limiting. On this account, its
availability can affect several metabolic processes, resulting in
great differences on the type of vegetation that develops along
precipitation gradients (Taiz et al., 2017). Drought stress is
one of the most studied conditions because it severely limits
plant growth, survival, and productivity (Ferreira et al., 2015;
Lobo & Oliveira Junior, 2015; Maseda & Fernandez, 2016).

Water deficit (WD) is characterized as an environment
factor, which has a negative influence on terrestrial plants.
Water deficit on terrestrial plants results in a condition of
physiological adversity in which plants does not express
its genetic potential, resulting in a decrease of productivity

and possible reduction of metabolic capacity, which may
take the vegetable to reach the point of permanent wilt and,
consequently, death (Cunha et al., 2013; Driever et al., 2013;
Taiz et al., 2017).

Metabolist mechanisms are activated in response to
stresses in special osmotic adjustment that maintain cell
turgidity and, thus, maximizes the use of soil water (Ferrari
et al., 2015; Taiz et al., 2017). Molecules of such activation
include proline, glycine-betaine, sucrose, polyamine, mannitol,
pinitol, among others, and they accumulate in the cell vacuole
or cytosol, preserving the integrity of proteins, enzymes, and
cell membranes for a short period (Ashraf et al., 2011).

In this sense, some practices can be added to the plant
handling in the nursery with the objective of improving
seedling performance inducing tolerance and acclimating to
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field conditions after planting. The use of plant regulators is an
option when it comes to modulating the plant morphological,
biochemical, and physiological characteristics (D’Avila et al., 2011).

In hardening, the tendency is for those anticipated situations
to simulate the condition after seedling expedition, especially
stressful situations, and in this way, when exposed to those
conditions, seedlings will already have the apparatus linked
to defense, so the response will be faster and more efficient,
and the post-planting shock will be alleviated (Jacobs &
Landis, 2009; Close, 2012). In addition, hardening protocols
will facilitate the production of seedlings in quantity and
quality, improving post-planting and reducing expenses
with replanting.

Salicylic acid (SA) is linked to biological activities, whether
regulatory or defensive, and among its functions linked to
secondary metabolism is the amplification of signals in
stressful conditions. SA will activate enzyme protectors that
could promote adaptive responses in plants or more quickly
modify their tolerance (Khan et al., 2012; Miura & Tada,
2014; Asgher et al,, 2015).

This research aimed to attenuate the effect of water deficit
through the application of salicylic acid. In addition, doses of
this regulator, between 1 and 50 mM, can alter the biological
activities in plants on abiotic stress (Hayat et al., 2010; Kabiri
et al., 2012; Hasanuzzaman et al., 2014).

Schinus terebinthifolius Raddi. is classified as tree species
native of the Brazilian flora. The species has a wide distribution
over the national territory and can be found from the South
to the Northeast of Brazil, showing great rusticity. Despite its
wide distribution, aroeira vermelha as it is popularly known,
is more frequent between the states of Rio Grande do Sul and
Pernambuco (Gilbert & Favoreto, 2011; Carvalho et al., 2013).

Schinus terebinthifolius Raddi. is a great option for use,
mainly for its pioneering characteristics, rusticity and great
phenotypic plasticity. In addition, it can be explored, if it
follows the legislation, regarding its timber (furniture, charcoal,
and firewood) and non-timber (therapeutic, antifungal, anti-
inflammatory properties) potential and can be introduced in places
with the objective of restoring degraded areas. Furthermore, the
Brazilian Unified Health System and the National Surveillance
Agency recently approved commercial use of the species. Thus,
knowing the potential of this species and the practices carried
out in the nursery phase is a strategy to improve the quality
of seedlings produced, as well as knowing the potential for
them to have the best destination (DEGASPARI et al., 2005;
KHALED et al,, 2009; COSTA et al., 2010; FREIRES et al.,
2011; SILVA etal., 2011; BULLA et al., 2015).

Thus, according to the previous arguments, the objective
of the experiment was to quantify some compounds linked
to nitrogen metabolism as a function of the application of

salicylic acid in Schinus terebinthifolius seedlings submitted
to water deficit.

2. MATERIAL AND METHODS

The experiment was conducted in a protected shade house
covered with a 150-micron-thick anti-UV and low-density
polyethylene film, equivalent to 20% shading in the western
region of the State of Parana with coordinates of 24° 33’ 24” S
and 54° 05’ 67” W and an altitude of 420 m. The climatological
classification according to Koppen for the region is the Cfa
type, subtropical humid mesothermal (Alvares et al., 2013).

We used 400 three months old Schinus terebinthifolius
seedlings obtained from the Itaipu Binacional nursery, which
were propagated in 120 cm? plugs filled with Humusfertil® with
electrical conductivity of 1.5 + 0.3 ds m™, density of 480 kg m >,
hydrogen potential (pH) of 6 + 0.5, maximum humidity, and
water holding capacity in weight:weight basis equal to 60%.

Hardening was realized with salicylic acid with applications
over a period of 2 months. The solutions of SA was obtained
from the sum of deionized water, salicylic acid and non-ionic
surfactant (Agral®) in the proportion 30 mL to 100 L of
water, applied weekly for 2 months from September 26™ to
November 14" 2017, according to Mazzuchelli et al. (2014)
applied with a hand sprayer between 6:00 and 8:00 AM in
order to avoid unfavorable weather conditions.

After hardening with SA, seedlings were transferred
from the plugs to larger containers (3 L pots) to start the
acclimatization process, which lasted approximately 20 days in
a shade house, with irrigation 3 times a day (8:00 AM, 12:00
PM and 8:00 PM) with weekly weedig. The 7-month-old
seedlings transplanted into 3-liter pots filled with a mixture
of local soil (Latosol RED Eutrofferric with a very clayey
texture) and humus in the proportion of 3:1. Afterwards,
the treatments of the water deficit were imposed.

Before the imposition of the water deficit, seedlings
presented the following averages for height 27.67; 27.52;
24.74; and 26.33 cm for seedlings that received doses of 0,
100, 200, and 300 mg L of salicylic acid; stem diameter of
5.14; 5.07; 4.83; and 4.98 mm and the average number of
leaves of 15.83; 08.17; 13.83; and 16.5, respectively.

The imposition of water deficit consisted of 4 doses of SA
(T1- 0mgL'; T2- 100 mg L''; T3-1; 200 mg L; T4- 300 mg
L), 3 periods of water deficit (E1-4; E2-8; and E3-12 days of
water deficit), with 5 repetitions, totaling 60 experimental units.

The analyzes were performed at the end of each water
deficit period by harvesting seedlings from the containers,
oven drying at 65 °C for 48 hours, grounding dry tissues,
and their biochemical parameters determined. Relative water
content (RWC) was quantified according to Slavick (1979),
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as well as nitrate and free ammonium (Weatherburn et al.,
1967), total soluble amino acids (Peoples et al., 1989), proline
(Bates et al., 1973), and glycine-betaine (Grieve & Grattan,
1983). The analyses were performed at the Laboratory for the
Study of the Biodiversity on Superior Plants (Laboratério para
Estudo da Biodiversidade em Plantas Superiores — EBPS),
located at the Universidade Federal Rural da Amazdénia
(UFRA), Belém, Para.

For statistical purposes, the normality and homogeneity
tests were performed using the common covariance matrix
using Genes software followed by analysis of variance and
chi-square (Cruz, 1998). When appropriate, treatment means
were compared by Tukey test. The graphs were constructed
with Excel and the curves were determined according to the
averages and their respective standard deviations.

3. RESULTS AND DISCUSSION

After 4 days of water restriction, relative water content
values were not influenced by SA treatments but differed from
the control treatment. The purpose of the application of plant
regulators is to mitigate the effects of water loss by adjusting
compatible solutes, attenuating the adverse condition, and
allowing plants to continue functioning, even if in a restricted
way until the cell turgidity is restored.

At 8 days of water deficit, an increase in relative water
content was calculated from seedlings that received 200 mg
L* of SA, indicating that the application of SA is more efficient
when the stress condition was more intense and signaled by
plant tissues. At 4 days, the plants still had green and turgid
leaves, as the species used showed good tolerance to water
deficit and, therefore, featured more efficient use of water
when the water restriction was increased (Figure 1). In the
long run, however, an application of the regulator did not
alleviate the effects of the adverse condition, mainly because
the maintenance of water inside the cells through the osmotic
adjustment is more efficient in the first moments (Bergamaschi
& Bergonci, 2017). A the final evaluation period (12 days), a
dose of 300 mg L' resulted (Figure 1) in the lowest average
of relative water content (22.87%) and the application of SA
did not contribute to alleviate the stressful condition.

In Schinus terebinthifolius seedlings, the nitrate content in
the leaves was increased with the application of 100 mg L at
4 and 8 days of water deficit, while with the application of 200
mg L' the levels were decreased compared to control treatment
(Figure 2). The reduction may result from the conversion of
nitrogen in the cells conditioned to the functioning of the
nitrate reductase. According to Sharner & Boyer (1976) the
objective is to prevent those substances from being lost with
the leaf abscission process, since in extreme situations of light
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or temperature, the transport of substances from the leaves
to the roots can occur and thus decrease their concentrations
in the above ground system.

The intensification of stress can modify cellular content,
causing an imbalance between cellular components and
substances, namely sucrose, carbohydrates, proline, glycine,
among others. At 12 days (Figure 2) of water deficit, the
reduction was not mitigated with the application of SA. Several
factors can cause changes in seedling physiology when exposed
to water deficit. However, one of the first organs affected
will be the leaf. Because in that condition there will be an
imbalance in the water potential of the cells, a reduction in
stomatal conductance as a consequence of stomatal closure,
areduction in the efficiency of the photosystems and relative
water content. In addition, osmotic imbalance of the cells
can occur resulting from the increase in compatible solutes
(Lobato et al., 2008; Campos et al., 2010).
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Figure 1. Relative water content (RWC) in Schinus terebinthifolius
seedlings exposed to water deficit and treated with salicylic acid.
Means followed by the same letter do not differ statistically from each
other by the Tukey test at the level of 1% probability. Caption- The
bars represent the doses of salicylic acid (0, 100, 200 and 300 mg L)
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Figure 2. Nitrate content in leaves of Schinus terebinthifolius seedlings
exposed to water deficit and treated with salicylic acid. The means
followed by the same letter do not differ statistically from each other
by the Tukey test at the level of 1% probability. Caption- The bars
represent the doses of salicylic acid (0, 100, 200 and 300 mg L™').
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Under stressful conditions, the allocation of biomass is
redirected from the leaves and stems to the roots improving
rooting, water absorption, and nutrient uptake. The strategy
is to promote physiological, morphological, biochemical, and
cellular changes that will make the plants prepared for future
adversities. This is a result of the allocation of photoassimilates,
as well as photosynthesis by-products that will stimulate an
increase in plant dry biomass, especially in root tissues, as a
strategy to increase the surface of contact from the roots with
available water in the soil (Correia & Nogueira, 2004; Verma
et al,, 2012; Sapeta et al,, 2013).

Hence, the contents stored in the leaves, mainly sugars and
amino acids were translocated to the roots. This can be seen
in Figure 3, where root levels were increased, because of the
programmed translocation due to the water deficit. At 4 days, the
nitrate contents present in the roots increased with the application
of 300 mg L of SA in comparison to other treatments. The same
trend was observed at 12 days, where the levels decreased in
the leaves and were increased for the roots, with the doses of
100 and 200 mg L'. Many studies have suggested that both
the accumulation and translocation of solutes are influenced
by stressful conditions, whether these are biotic or abiotic. In
addition, the application of plant regulators can cause that activity,
stimulating tolerance (Suwa et al., 2006; Taiz et al., 2017).
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Figure 3. Nitrate content in roots of Schinus terebinthifolius seedlings
exposed to water deficit and treated with salicylic acid. The means
followed by the same letter do not differ statistically from each other
by the Tukey test at the level of 1% probability. Caption- The bars
represent the doses of salicylic acid (0, 100, 200 and 300 mg L*).

The concentrations of free ammonium in leaves of Schinus
terebinthifolius seedlings at 4 and 8 days under water deficit
did not show difference (P > 0.05) with averages of 5.62 and
5.76 mmol of NH,* kg of DM (Dry Matter), respectively. At
12 days, the highest values were obtained with application of
300 mg L' of SA and the averages obtained were equal to 3.62,
5.89, 5.81, and 5.0 mmol ofNH4+ kg of DM for doses of 0,
100, 200, and 300 mg L, respectively. Such trend reinforces
the assumption that high doses of SA intensify stress by
increasing concentration of solutes (Figure 4).

It is worth noting that high concentrations of ammonium can
be toxic and inhibit numerous metabolic activities essential for
plant development by altering the photoassimilates production
routes and reducing plant growth (Almeida & Vieira, 2010).

The levels of ammonium on the roots after 4 days of water
deficit induced a decrease of the averages with the lowest value
obtained with the dose of 300 mg L. With the worsening of
water deficit condition, there was an inversion in the ammonium
concentrations on the roots at 12 days and the highest averages
were obtained with doses of 200 and 300 mg L' however
not differing from the treatment without application of SA.
Therefore, it is inferred that the high concentrations for this
evaluation period were stressful, increasing the levels of the
evaluated solute (Figure 4). Another explanation is that as the
levels were increased, there was signaling of plant defense to
cease biological activities and thereby avoid energy expenditure
and reduce water consumption.

Similar results were reported by Teixeira et al. (2015) where
there was an increase in ammonium concentrations on the
leaves (4.3 to 8.6 mmol of NH, *kg™' of DM) and roots (13.7 to
18.5 mmol NH, " kg™ DM) of Morinda citrifolia L. subjected to
water deficit. This increase can be justified by the reduction in
the activity of the glutamine synthetase enzyme, since the lack
of energy (ATP) and the decrease in glutamate concentrations
negatively impact this conversion from ionic sources (NO, and
NH,*) to essential amino acids (Sodek, 2019).

In addition to the translocation process, another reason
for reductions of both ammonium and nitrate on the leaves
is the conversion of these inorganic sources to their organic
forms. In this case, amino acids or proteins will be returned
to the roots via phloem, or redistributed to fruit seeds and
flowers if it is the reproductive period. This conversion can
occur in the leaves or roots. Depending on the urgency and
demand of the plants, both forms are soluble and mobile in
the plant conduction system (Sodek, 2019).
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Figure 4. Ammonium content in roots of Schinus terebinthifolius
seedlings exposed to water deficit and treated with salicylic acid.
The means followed by the same letter do not differ statistically
from each other by the Tukey test at the level of 1% probability.
Caption- The bars represent the doses of salicylic acid (0, 100, 200
and 300 mg L™").
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In leaves and roots of Schinus terebinthifolius seedlings
there was no difference (P > 0.05) between treatments for
the concentrations of amino acids and the averages obtained
for the respective organs were 9.13 and 8.23 umol of amino
acids g of DM, respectively.

Proline has the function of osmoregulation, establishment
of membranes, and preservation of the structure of proteins,
in addition to eliminating free radicals and adjusting the
redox potential in cells. This amino acid acts as a reserve of
carbon and nitrogen in the detoxification of excess ammonia
and the stabilization of membranes (Ashraf & Foolad, 2007).
In addition, this compound has an increased content due to
abiotic stresses and studies have highlighted that its content can
increase up to 100% in conditions of water deficit (Cvikrova
et al,, 2013; Filippou et al., 2014).

The proline content of Schinus terebinthifolius leaves at 4
and 12 days of water deficit showed no difference (P > 0.05)
with averages of 3.1655 and 2.8102 of Pro g of DM. At 8 days,
however, the highest concentration of proline was obtained
at the maximum dose of SA without however differing from
the control treatment (Figure 5).

Accumulation of proline can be a parameter that defines
resistance in plants, as it is considered an osmoprotector and
ensures greater sensitivity to plants and therefore it is one
of the most studied amino acids (Ashraf et al., 2011; Igbal
et al., 2014; Trovato et al., 2008). Therefore, the increase
in proline, in addition to signaling, acts to protect against
mechanical damage and to prevent overflow of ions as a
result of degradation of the cell membranes.
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Figure 5. Content of proline in leaves of seedlings of Schinus
terebinthifolius exposed to water deficit and treated with salicylic
acid. The means followed by the same letter do not differ statistically
from each other by the Tukey test at the level of 1% probability.
Caption- The bars represent the doses of salicylic acid (0, 100, 200
and 300 mg L7).

The concentrations of proline in roots of Schinus terebinthifolius

seedlings resulted in differences (P < 0.05) depending on the
number of days of water deficit. At 4 days, the levels increased

Floresta e Ambiente 2022; 29(2): 20210047

Biochemical and Physiological Modifications... 5-9

dramatically from the control treatment (without SA) in contrast
with the dose of 300 mg L (Figure 6). The levels of proline
tend to increase to balance and detoxify the cells, avoiding
toxicity caused by the accumulation of ammonium (Figure 6).
Ammonijum can be influenced by the content of proline, since
the high concentration of the latter generates detoxification of
the excess ammonium and thus the stabilization of proteins
and amino acids present on plants (Kavi Kishor et al., 2005).

At 12 days of water deficit, proline levels increased
significantly in the control seedlings (Figure 6); that is,
in untreated seedlings the main stress condition was the
lack of water. On the other hand, after the application of
salicylic acid, the concentrations were reduced (Figure 1).
These averages coincided with the reduction of the relative
water content, reinforcing that the osmotic adjustment is a
short-term alternative and consequently with the evolution
of the stress period, both the application of treatments and
the defense mechanism of the plants becomes more efficient.
Therefore, in the same proportion that there was a reduction
in water, proline, and the osmotic adjuster. Contrasting results
have been described for Cajanus cajan L. in cultivars BRS
Mandarim and Caqui, where proline levels in leaves and
roots increased with decreasing water levels and increasing
salinity (Monteiro et al., 2014).
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Figure 6. Proline content in roots of Schinus terebinthifolius seedlings
exposed to water deficit and treated with salicylic acid. The means
followed by the same letter do not differ statistically from each other
by the Tukey test at the level of 1% probability. Caption- The bars
represent the doses of salicylic acid (0, 100, 200 and 300 mg L*).

Under adverse conditions, there may be an increase in
glycine levels in order to balance water and osmotic potential
on plant cells. The strategy is to encourage an increase in the
number of solutes of the roots, thus decreasing the water
potential and facilitating the transport of water in favor of a
positive gradient from the soil to the roots (Anjum et al., 2011).

In Schinus terebinthifolius seedlings submitted to 8 days
of water deficit, the dose of 200 mg L of SA showed a higher
average equal to 16.62 mg of glycine betaine g DM differing
from the other treatments (Figure 7).
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SA can induce accumulation of glycine betaine at a
dose of 0.5 to 2.5 mM on plants subjected to water, salt, and
cold stresses. That increase can improve the overall plant
development such as primary and secondary growth, seedling
biomass, as well as adjustments of photosynthetic metabolism
(Wang et al., 2010; Misra & Misra, 2012; Bharwana et al., 2014;
Khan etal., 2014) as observed in the present research, where
application of SA resulted in accumulation of the amino acid.

For the doses 0of 200 and 300 mg L' there was an increase
on the levels of glycine betaine up to 8 days of water deficit
with values of 16.62 and 13.22 mg of glycine betaine g* DM,
respectively. In this experiment and for this species, the
highest dose reduced the glycine betaine content which may
be associated with attenuation of the water deficit (Figure 7).
The obtained increase was 76.81% of the control treatment
compared to the application of 200 mg L of SA. However,
after 12 days of water deficit, the levels began to decrease,
leading to the understanding that, in the long run, SA may
lose its potential to attenuate or even intensify the plant
responses to water deficit since the osmotic adjustment is
a strategy efficient only for short periods. Carlin & Santos
(2009) reported an increase of 26.4% in the concentrations
of glycine betaine in plants under water restriction.
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Figure 7. Glycine content in leaves of Schinus terebinthifolius seedlings
exposed to water deficit and treated with salicylic acid. The means
followed by the same letter do not differ statistically from each other
by the Tukey test at the level of 1% probability. Caption- The bars
represent the doses of salicylic acid (0, 100, 200 and 300 mg L™).

Glycine-betaine was not affected by the doses of SA
and number of days of water deficit on roots of Schinus
terebinthifolius seedlings. The averages were 21.26, 22.82,
and 24.63 mg of glycine betaine g of DM after 4, 8 and 12
days of water deficit, respectively.

The SA interacts with other hormones and substances
dispersed across cells, harmoniously or not, depending on

the conditions to which plants are exposed, in addition to
intrinsic factors (Joseph et al., 2010). Therefore, its action
will be variable as changes, even minimal ones, occur.
Therefore, the use of salicylic acid is a viable option for the
studied specie, as it can help, depending on the conditions,
improving tolerance to biotic stresses. It is interesting that
new studies, both with the species and with the regulator are
developed, reducing the gaps, especially in relation to which
dose would be more appropriate and whether that would
be included in the concentrations used in current research.
Additionally, other physiological, enzymatic and biochemical
variables that would serve as standards for the development
of seedling quality recommendations.

4. CONCLUSION

Nitrogen metabolism of Schinus terebinthifolius seedlings
was altered according to the number of days of water
deficit and the application of salicylic acid. Relative water
content value was the biggest influencer of the variation
for the compatible solutes, based on the fact that, due to
the water imbalance, the plant osmotically adjusts the
cellular content.

When evaluating the relative water content in seedlings
of Schinus terebinthifolius at 8 days, it was observed that the
dose of 200 mg L helped in the attenuation of water stress,
reflecting in increments in the water content. Despite this, the
mean obtained in this treatment was still lower than the control
treatment (without application of SA). Thus, it is interesting
to note that each condition, whether internal or external the
seedlings will affect their responses and development and
therefore, at 4 days, as it is a rustic species, there was no
significant response (doses without significant difference) and
at 12 days the plants were subjected to an extremely stressful
condition, both due to the fault water condition and to the
application of the plant regulator, resulting in low values for
the relative water content.

Schinus terebinthifolius seedlings showed physiological
responses when subjected to doses of salicylic acid of 200 and
300 mg L, since they promoted variation in compatible solutes,
among which, nitrate, ammonium, proline, glycine-betaine.
Furthermore, the species seedlings showed no variation of
concentration for some quantified solutes.
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