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ABSTRACT: Light stress damages the photochemical apparatus and affects seedling
growth of forest species. Using potassium silicate (K,SiO;) can mitigate these deleterious
effects and contribute to the acclimatization and robustness of seedlings. This study
evaluated the effect of K,SiO, and shading levels on the photochemical and growth of
Alibertia edulis (Rich) A. Rich seedlings. The experiment was arranged under three light
conditions based on shading levels of 0 % (full sun), 30 %, and 70 %. Four doses of K2SiO3
applied through foliar spray were tested: 0.0, 2.5, 5.0, and 10.0 mL L™". Cultivation under
full sun and under 70 % of shade was stressful for A. edulis, while cultivation under 30 %
of shade improved plant growth. Increasing application of K,SiO; in seedlings under full
sun damaged the reaction center, causing lower photochemical yields, but increased the
photochemical efficiency of photosystem Il under 30 % of shade. Using K,SiO, contributed
to leaf water regulation while applying 10.0 mL L™ increased chlorophyll indices, leaf area,
physiological indices, and the quality of seedlings cultivated under full sun and 30 % of
shade. Using 10.0 mL L™" K,SiO, mitigated the negative effects of light stress under full sun.
It provided high photochemical efficiency, morphology aspects, and Dickson quality index
A. edulis seedlings in environments with high or moderate light availability.
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Introduction

Alibertia edulis (Rich) A. Rich is a fruit tree native to
Brazil, belonging to the family Rubiaceae. Adult plants
can reach approximately 8 m in height. Regarding the
successional group, the species is classified as early
secondary (Leles et al., 2011), and it occurs in transition
forests, lowland forests, Cerrado biome, "Cerradao”,
swamp forests, and gallery forests (Campos Filho, 2009),
all with different light gradients.

Light availability is a determinant environmental
factor in the capacity of plants in silvicultural activities
since the plants can be inserted in open areas, clearings,
understories, or dense forests in different vegetation
and/or agroforestry systems. Thus, high or low light
intensity can be a stressful condition affecting the
production of photoassimilates since it correlates with
the thylakoid structure (Petrova et al., 2020), mesophilic
conductance, and carboxylation efficiency of RuBisCO
(Mendes et al., 2017), and overall photosynthesis. On
the other hand, some species can acclimatize to these
conditions, adjusting their metabolism through receptors
that control the expression of cell division genes and the
formation of meristematic tissues (Anpo et al., 2019).

The use of agents that mitigate the adverse effects
of environmental stress in species of arboreal interest
is relevant, such as silicon (Si), a beneficial element
generally used in the form of potassium silicate (K,SiO;),
contributing positively to induce plant tolerance to
adverse conditions (Hashemi et al., 2010; Conceic¢éo et
al., 2019; Aras et al., 2020); however, not many studies
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have investigated the association of the use of K,SiO,
agents with light conditions for A. edulis.

Silicon is absorbed via mass flow as monosilicic
acid (H,SiO,) and when translocated by the xylem
(Epstein, 1999; Ma and Yamaji, 2006), it is deposited in
the form of hydrated amorphous silica on the epidermal
cell walls, increasing adaxial epidermis and trichome
thickness and stomatal functionality (Gao et al.,
2022). Potassium (K) is an essential element in osmotic
adjustment and regulation of turgor (Ahanger et al.,
2017; Nobre et al., 2023), favoring leaf metabolism and
nutrition (Lima et al., 2021).

Considering the successional classification of
A. edulis, we hypothesized that foliar application
of K,SiO, contributes to the maintenance of water
balance, stabilizing the photochemical activities in the
PSII reaction centers, alleviating the photo inhibitory
and stressful effect under different light gradients.
Thus, this study discusses the potential of potassium
silicate to mitigate the effects of light stress on the
morphophysiological responses of A. edulis seedlings.

Materials and Methods
Collection of seeds and plant growth conditions

Ripe fruits of A. edulis (Access Registration No. AACDAAE
- CGEN-MMA) were collected from matrices located
in the Brazilian Cerrado (18°07'03" S, 54°25'07" W,
altitude 452 m). The exsiccate (N° 4649) was deposited
at Herbarium DDMS, of Universidade Federal da Grande
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Dourados (UFGD). After manual processing for seed
extraction, sowing was performed in 128-cell expanded
polystyrene trays filled with Tropstrato® with daily
irrigations in a greenhouse.

When they reached an average height of 6.0 cm,
the seedlings were transplanted to 5-kg plastic pots filled
with Oxisol soil (United States - USDA Classification)
correspondent to Dystrophic Red Latosol of clayey
texture staying (Brazilian Classification), for 30 days
with daily irrigations and 50 % shade, characterizing
the acclimatization period. The Oxisols presented
the following chemical attributes according to the
methodology in Silva (2009): CaCl, pH: 6.2; P: 1.7 mg
dm™; Ca: 6.7 cmol, dm™; K: 1.0 cmol, dm™; Mg: 1.8
cmol, dm™; Al: 0.12 mmol, dm™; H + Al: 29.9 mmol,
dm™; sum of bases: 12.9 cmol, dm™; cationic exchange
capacity: 42.4 mmol, dm™, and bases per saturation:
60.5 %.

K,SiO; application, shading levels, and experimental
design

Four doses of K,SiO; (12 % Si and 15 % K,O; density: 1.40
g L) were applied to the seedlings through foliar spray:
0.0, 2.5, 5.0, and 10.0 mL L™, corresponding to 0.00, 0.42,
0.84, and 1.68 g Si L and 0.00, 0.52, 1.05, 2.10 g K,0
L. Two mL of LI 700 adjuvant were added to the K,SiO,
solution to favor adherence. The plants were collected
from an environment protected from rainfall for 24 h.

Subsequently, the pots were arranged under
three light availabilities (22°11'43.7" S, 54°56'08.5" W,
altitude 452 m) based on shading levels of 0 % (full sun),
30 %, and 70 %, with average photosynthetically active
radiation of 988.27, 690.58, and 280.75 pmol photons
m?s™, respectively. Shading was simulated using black
nylon fabric with the corresponding levels of light
retention. K,SiO; doses were applied in two periods (1%
zero time; 2™ after 45 days, with 7.0 and 8.5 cm height,
four and six leaves, and 30 and 75 days after emergence
- DAE, respectively), both on the abaxial and adaxial
surfaces of the leaves, until drip point (10 mL per plant,
based pre-test).

The experimental design was in randomized
blocks, installing three blocks per treatment, with the
treatments arranged in a subplot scheme. Plots consisted
of the shading levels, while subplots corresponded to the
K,SiO,doses, with three replicates. The experimental unit
consisted of three plastic pots with two plants each. During
the experimental period, cultural treatments consisted of
daily irrigations and weeding when necessary.

Evaluated morphophysiological characteristics

Evaluations were performed in the leaves located on the
third pair of fully expanded, considered physiologically
mature, between 8 and 10 h. At 60 days after
transplanting (90 DAE), the seedlings were evaluated for
the following characteristics:

Sci. Agric. v.81, €20230006, 2024

K,SiO; and light in Alibertia edulis

a) Growth: considering plant height - H (cm) (distance
from the ground to the inflexion of the highest leaf),
measured with a centimeter ruler; stem diameter - SD
(mm) (+ 1.0 cm > substrate level), measured with a
digital caliper, and analyzed as a function of the height/
diameter ratio (HDR). The number of expanded leaves
(NL) was also counted. The seedlings were harvested,
and the roots were washed to remove excess substrate.
They were then separated into leaves, stems, and
roots. Leaf area (LA, cm?® was measured with an area
integrator (LI-COR, 3100 C - Area Meter), and the length
of the largest root - RL (cm) was measured.

b) Chlorophyll indices: chlorophyll a, b, and total
chlorophyll (@ + b) were measured using a portable
chlorophyll meter ClorofiLOG® (Falker CFL 1030).

c) Chlorophyll-a fluorescence: the leaves were adapted
to the dark condition for 30 min using leaf clips and,
soon after the initial (F,), variable (F,) and maximum (F )
emission of chlorophyll-a fluorescence, the maximum
quantic photochemical efficiency of photosystem II -
PSII (F,/F,,) was measured using a portable fluorometer
(OS-30p; Opti-Sciences Chlorophyll Fluorometer) at
1,500 pmol m™ s light intensity. Absorbed energy
conversion efficiency (F,/F,) and maximum non-
photochemical performance (Fy/F,) (Rohacek, 2002)
were calculated.

d) Leaf water balance: four leaf discs with a known area
were obtained from each seedling from the different
treatments using a borer. They were weighed in a
millesimal precision scale (0.0001 g) and the fresh weight
was obtained. Subsequently, the discs were placed in a
container with distilled water for 24 h, and the saturated
mass was obtained. The discs were placed in an oven at
60 + 5 °C, until constant dry weight. From these data, the
relative water content (RWC) (Turner, 1981) and deficit
water saturation (AW, ) (Larcher, 2004) were calculated.

e) Physiological indices: from the data on kiln-dried
masses (60 + 5 °C) and leaf area, the leaf area ratio (LAR)
and specific leaf area (SLA) were calculated (Hunt, 2017).

f) Seedling quality standard: Dickson quality index (DQI)
was obtained from the data on height/diameter ratio,
shoot/root ratio, and total dry weight (Dickson et al.,
1960).

Statistical analysis

The data were submitted to analysis of variance (ANOVA)
and, when significant (F test, p < 0.05), the means for
the light availabilities were compared by the Tukey test
+ standard deviation (p < 0.05). The potassium silicate
doses and interaction between the factors were analyzed
through the regression analysis (p < 0.05). All analyses
were performed using SISVAR software.
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Results

In general, A. edulis seedlings had a visual aspect with
good vigor under 30 % of shade and with increasing
doses of K,SiO,, while seedlings under full sun increased
their growth with foliar application of K,SiO, (Figure 1).
Plant height and the number of leaves were influenced
by shading levels individually (Figures 2A and 2C), and
the highest values (11.80 cm and 13 leaves, respectively)
occurred in seedlings under 30 % of shade. The lowest
stem diameter and the highest HDR occurred in
seedlings grown under 70 % shade (Figures 2B and 2D).

Leaf area was influenced by the factors under study
individually, with the highest values occurring under
30 % of shade (109.25 cm? (Figure 3A) and increased
linearly with 10.0 mL K,SiO, (111.08 cm?) (Figure 3B).
Root length (RL) was influenced by the interaction
between shading levels and potassium silicate (Figure
3C). Maximum RL was 12.35 cm in seedlings produced
under 30 % of shade with 4.70 mL K,SiO,. Under full sun
(0 %), the highest values (11.40 and 11.66 cm) occurred
without and with 10.0 mL of K,SiO;, respectively. Under
70 % shade, the K,SiO, did not significantly affect root
length (p > 0.05), which averaged 11.33 cm.

Chlorophyll indices presented the same response
and the isolated effect of shading levels and K,SiO;. For
the shading levels, the highest indices of chlorophyll a,
b, and total chlorophyll were 29.7, 9.36, and 38.07 Falker
in seedlings under 30 % of shade (Figures 4A, 4C, and
4E, respectively). In addition, the seedlings had higher
chlorophyll a (33.11), b (9.70), and total chlorophyll
(42.91) (Figures 4B, 4D, and 4F) when applying 10.0 mL
of K,SiO;.

Chlorophyll-a  fluorescence and indicators
photochemical processes of PSII were influenced by
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the interaction between shading levels and K,SiO,
doses (Figures 5A-5F). Seedlings under full sun showed
an increase in initial fluorescence - F, and maximum
nonphotochemical yield - F,/F, (0.050 and 0.551,
respectively) and a decrease in variable fluorescence -
F,, quantum photochemical efficiency of PSII - F /F,,
and conversion of absorbed energy - F,/F, with values
of 0.043; 0.406; and 0.808, respectively, all due to the
increasing doses of K,SiOs.

The relative water content (RWC) and the water
saturation deficit (AWg,) of A. edulis seedlings were
influenced by the interaction between shading levels and
K,SiO, doses. The maximum RWC calculated was 68 %
in seedlings produced under full sun (0 % shade) with
5.19 mL K,SiO,. Under 30 % of shade, the maximum
value was 67.98 % with 5.79 mL K,SiO;, (Figure 6A). The
AWg, in full sun (0 % shade) adjusted to the quadratic
model, with the highest values, 39 % and 40 %, obtained
with and without 10.0 mL of K,SiO;, respectively (Figure
6B). The results under 30 % of shade were similar, and
at the same K,SiO; doses, the highest calculated values
were 44.73 % and 38.71 %, respectively. For the RWC
and AWy, of seedlings under 70 % shade, no statistical
effect of K,SiO; (p > 0.05), with an average of 64.5 and
34.5 %, respectively.

The specific leaf area was influenced only by
shading levels, with a higher value (288.70 cm?® g’
in seedlings under 70 % shade (Figure 7A). The leaf
area ratio was influenced by the factors under study
individually, with the highest values (155.80 and 126.77
cm? g') obtained under 70 % shade (Figure 7B) and
without K,SiO, (Figure 7C), respectively.

For DQI, the treatment with 70 % of shade did
not significantly affect the quality standard of A. edulis
seedlings due to K,SiO; doses (p > 0.05), with an average

Figure 1 — Visual aspect of Alibertia edulis seedlings grown with potassium silicate (K,SiO;) under different shading levels.
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Figure 2 — Height (A), stem diameter (B), number of leaves (C), and HDR = height/diameter ratio (D) in Alibertia edulis seedlings grown under
different shading levels. Different letters differ from each other + SD (Tukey test; p < 0.05).

Figure 3 — Leaf area (A, B) and root length (C) in Alibertia edulis seedlings produced with potassium silicate (K,SiO;) under different shading
levels. Different letters differ from each other + SD (Tukey test; p < 0.05) (A). *Significant at p < 0.05 (B-C).

of 0.045 (Figure 7D). On the other hand, seedlings under
full sun presented slightly higher DQI than those under
30 % of shade (0.16 and 0.15, respectively), both with
10.0 mL of K,SiO,.

Discussion

A. edulis seedlings responded differently through
morphophysiological adjustments according to the
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shading levels, with environments of 0 % and 70 % of
shade considered stressful for this species. Applying
K,SiO, improved chlorophyll indices and photochemical
functionality and potentiated the increase in biomass
that reflected higher DQI, with varying responses
depending on each light environment.

Although the application of K,SiO, increased
energy expenditure under certain light conditions,
K,SiO, has a compensatory effect in the production of
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Figure 4 — Chlorophyll a (A-B), Chlorophyll b (C-D), and total chlorophyll indices (E-F) in leaves of Alibertia edulis seedlings grown with
potassium silicate (K,SiO;) or different shading levels. Different letters differ from each other + SD (Tukey test; p < 0.05) (A-C-E). *Significant

at p < 0.05 (B-D-F).

photoassimilates, mainly under high and moderate light
availability, proving our initial hypothesis. In general,
the improvement of morphophysiological characteristics
in seedlings grown under 30 % shade correlates with the
fact that A. edulis is an early secondary species (Leles et
al., 2011). This was an adequate and non-stressful light
condition in which the application of K,SiO, potentiated
the production of the species.

The lower values of H, SD, and LA under full
sun are mechanisms to reduce water loss through
transpiration because of less exposure of the canopy to
high temperatures due to high irradiance. Under full sun,
auxin also has less preservation, limiting its production
and transport to the meristematic region, resulting
in short internodes (Fiorucci and Fankhauser, 2017)
and leading to smaller plants. On the other hand, the
lowest value under 70 % of shade indicates phenotypic
plasticity under extreme light conditions. In addition,
because they are in a condition of lower light incidence
and low production of photosynthetic pigments, plants
have little leaf area to optimize available resources.

On the other hand, chlorophyll synthesis
decreases under excessive shading (represented here by
70 % of shade) in A. edulis, reflecting lower production
of photoassimilates and consequently lower vegetative
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expansion of A. edulis seedlings. However, the preference
and responses of tree species for light gradients vary
according to their successional classification. For
example, seedlings of Parkia gigantocarpa Ducke (Lopes
etal., 2015) and Anadenanthera peregrina (L.) Speg (Santos
et al., 2020) grow taller under full sun environments
because these species are heliophilous. In contrast,
seedlings of Azadirachta indica A. Juss (Azevedo et al.,
2015) and Euterpe oleracea Mart. (Aratjo et al., 2019)
respond positively to shaded environments.

The higher SD under 70 % of shade favors soil
moisture, which explains its lower value in this luminous
condition, possibly improving the transport of water and
nutrients, contrary to observations in seedlings under 0
% and 30 % of shade. Under greater light availability, the
evaporation of substrate water and leaf transpiration may
be higher, requiring higher solute translocation capacity.

However, the increase in SD can be monitored as
a function of height; otherwise, seedlings have an aspect
of stagnation, as observed in the HDR of seedlings
under 70 % of shade. Different light intensities can
cause morphophysiological changes; thus, a slight
reduction of light exposure can increase the leaf area
(Garrett et al., 2020). This occurred for seedlings under
30 % of shade, indicating an efficient use of light. On
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Figure 5 — F, = Initial (A), F,, = maximum (B), F, = variable (C), F/F,, = chlorophyll-a fluorescence, photochemical efficiency of photosystem
Il (D), F/F, = absorbed energy conversion efficiency (E), and F/F,, = maximum nonphotochemical yield (F) in leaves of Alibertia edulis
seedlings grown with potassium silicate under different shading levels. *Significant at p < 0.05.

the other hand, excessive shading reduced LA due to
less photosynthetically active radiation, resulting in
less photoassimilates per unit area, negatively affecting
seedling production, represented by the DQI.

Leaf area reduction under 0 % of shade correlates
with the mechanism of mitigating water loss through
transpiration (Pinto et al., 2016), reflecting the smallest
number of leaves. The increase in LA with the application
of K,SiO; correlates with the stimulation of cytokinin
synthesis by K,SiO,;, promoting cell division (Steiner
et al., 2016; Markovich et al., 2017) and increasing the
photosynthetic area.

Plants use mechanisms to maintain their metabolic
efficiency under stress conditions, such as high
irradiance. The first stimulus is the signaling of abscisic
acid, which increases root length and reduces leaf area
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(Daszkowska-Golec, 2016). This contributes to the
ecological adaptation of species, as observed in A. edulis.
However, as turgidity increases, hormonal signaling is
reduced due to the stability of water relations in the
tissue (Sack et al., 2017), resulting in shorter root lengths
with the application of dose close 5.0 mL K,SiO, doses.
Under stress conditions, such as excessive light,
reactive oxygen species (ROS) like hydrogen peroxide
(H,O,) and superoxide (O,) are produced. These
compounds impair several metabolic processes, affecting
the chloroplast structure, promoting chlorophyll photo-
oxidation (Ksas et al., 2015; Saleem et al., 2020),
and reducing chlorophyll indices, especially total
chlorophyll. However, under 70 % of shade, the lower
incident photosynthetically active radiation reduces the
stimulus to synthesize of these pigments, thus reducing
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Figure 6 — RWC = Relative water content (A) and AW, = water saturation deficit (B) in leaves of Alibertia edulis seedlings grown with
potassium silicate under different shading levels. *Significant at p < 0.05.

Figure 7 — SLA = Specific leaf area (A), LAR = Leaf area ratio (B-C), and DQI = Dickson quality index (D) in Alibertia edulis seedlings
produced with potassium silicate under different shading levels. Different letters differ from each other + SD (Tukey test; p < 0.05) (A-B).

*Significant at p < 0.05 (C-D).

these indices in this cultivation condition. Chlorophyll
values confirm that A. edulis seedlings are plastic in
contrasting light environments; they adjust to each
growing condition. These results reinforce the ecological
classification of the species in initial secondary since it
had higher values under 30 % of shade.

Regarding the effect of K,SiO; on the pigments
absorbed by the leaves, K,SiO; contributes to making
them more erect (Ma and Yamaji, 2006), promoting
better use of incident radiation and thereby triggering
the increase in chlorophyll indices, as observed in A.
edulis seedlings.

The increase in F; under full sun conditions (0 %
of shade) suggests that excessive incident light exceeded
the capacity of its use in photochemical processes; that
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is, the treatment exceeded the point of light saturation,
leading to photoinhibition in A. edulis. In this condition,
part of the energy excess is directed to ROS biosynthesis,
such as H,0, and O, , which can degrade lipids and
proteins, such as D, (Goh et al., 2011), damaging the
photochemical apparatus and increasing the dissipation
of energy. In general, although there are reference values
in the literature, the values of the characteristics of
chlorophyll a fluorescence and photochemical processes
associated to the photosystem are variable due to several
factors, such as species, genetics, plant age, and degree
of ecological succession.

Thus, the greater availability of electrons, followed
by their low utilization capacity in this condition,
justifies the lower Fv values and higher energy values
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dissipated without use. In other words, maximum
nonphotochemical yield (Fy/F,) reduces the maximum
photochemical efficiency of PSII (F,/F,) at the expense
of less energy conversion (F,/F,) in the antenna complex
and reaction centers.

Silicon in K,SiO; induces the activity of antioxidant
metabolism enzymes, such as catalase and superoxide
dismutase (Zanetti et al., 2016), which were not shown
in this study. In addition, potassium contributes to the
osmotic adjustment, turgor regulation, and cellular
cytoplasmic content (Ahanger et al., 2017; Nobre et
al., 2023). Nevertheless, increasing doses of K,SiO,
further reduced the photochemical yield of A. edulis
when grown under full sun, possibly due to the higher
energy expenditure in K,SiO, absorption associated to
light stress. For the plant to absorb K,SiO, a mineral
element, the force generated by the electric gradient
must be greater than the force by the chemical gradient
to allow the proton pump H + ATP,, to hydrolyze ATP
and export H* to the apoplast, which requires high ATP
expenditure (Fernandes et al., 2018).

Under the full sun condition, considered stressful,
the seedlings present an unfavorable energy balance
since expenditure is enhanced not only by the greater
energy dissipation caused by photoinhibition, but also
by K,SiO, absorption, damaging the reaction centers
due to metabolic destabilization. However, this damage
to the photochemical apparatus does not mean that gas
exchange parameters are also negatively affected since
they can be reversible (dynamic photoinhibition) (Li et
al., 2020). These parameters were re-established in the
biochemical phase of photosynthesis through metabolic
adjustments and a compensatory effect in the production
of photoassimilates.

On the other hand, the application of 10.0 mL of
K,SiO, in seedlings under 30 % of shade led to distinct
responses and improved photochemical properties of
PSII, especially F/F, (0.686) and F,F, (3.192). This
shading level improves the conditions for the seedlings of
this species to take advantage of the light energy absorbed
since the species prefer moderate shading (Leles et al.,
2011). Moreover, K,SiO; enhanced the photochemical
activities due to its benefits to metabolism, mainly the
increase of chlorophylls, improving the integrity of the
reaction centers and the photochemical yields of PSII.

In seedling cultivation under 70 % of shade,
even without K,SiO; application, the plants have a
high capacity to use available electrons (F,), providing
high conversion efficiency of energy absorbed (F./F),
which works as a strategy to enhance photochemical
processes (F/F,) and keep them stable, as the seedlings
are exposed to less light availability.

The increase in shading levels favors the regulation
of the RWC of plants since, in shaded environments,
there is usually lower substrate water evaporation and
leaf transpiration due to lower temperature (Monteiro
et al., 2016). This occurred for seedlings under 70 % of
shade in this study. Although seedlings grown under
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full sun generally had lower RWC due to the opposite
shading situation, applying K,SiO, promoted higher
RWC and lower AW, under full sun for A. edulis. This
demonstrates the beneficial effect of this application on
regulating water relations by forming a double layer on
the stomatal pore and osmotic adjustment (Chung et al.,
2020), improving water use efficiency.

In our study, the benefits of Si in plant shoots for
chlorophylls, leaf area, and RWC of A. edulis seedlings
correlate with a reduction of the transpiration rate due
to the formation of a double layer over the stomatal pore,
improving water use efficiency (Ma and Yamaji, 2006;
Chungetal., 2020), photochemical of photosynthesis, and
plant growth. In addition, Si positively influences plant
architecture, making leaves more upright, improving
light interception, and stabilizing hormone and enzyme
levels while regulating antioxidant metabolism (Hossain
et al., 2007).

Although  the  seedlings showed lower
photochemical yield (F,/F,) with increasing K,SiO, doses
under full sun, K,SiO, promoted a compensatory effect
on biomass production, as evaluated by the DQI. The
adaptive mechanisms of A. edulis seedlings under 70 %
of shade were proven by the increase in SLA, optimizing
the use of light per unit of biomass (Liu et al., 2016;
Santos et al., 2023). Under a higher shading level, the
plant needs a larger photosynthetically active area to
produce the same number of photoassimilates (Santos
et al., 2023).

Applying K,SiO, optimizes the leaf area for
biomass production due to its beneficial effects on the
plant, such as increased chlorophyll index. A. edulis LAR
decreased with increasing doses of K,SiO;, reinforcing
the importance of K,SiO; application in the stability of
leaf metabolism. The increase in the DQI of A. edulis
seedlings is due to the better development conditions
provided to the plants. This is reflective sufficient and
non-stressful light conditions and the beneficial effects
of Si.

Our results show that using K,SiO, benefits A. edulis
seedlings under full sun, even though it is not a pioneer
species. In this sense, when associated to this practice
(e.g., in seedling production in a nursery), A. edulis has
greater ecological resilience to abiotic adversities. It
has the potential to be introduced in fully anthropized
areas or agroforestry borders. It may be exposed to high
irradiance, especially in the initial growth phase, when
seedlings need high vigor to establish themselves in the
acclimatization phase.

On the other hand, the production or insertion of
A. edulis seedlings under intense shading is not indicated,
regardless of using K,SiO;, since they show reduced
growth, which may hinder initial establishment. Future
studies should analyze other possible agents that mitigate
environmental stress, aiming to understand better the
behavior of native and fruit tree species in the face of
global climate changes and anthropic actions, considering
the in situ and ex situ conservation of biodiversity.
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A. edulis seedlings are sensitive to extremes of light
availability. Cultivation under full sun (0 % shade) or
intense shading (70 %) are considered stressful conditions
for this species. Using potassium silicate at a dose of 10.0
mL L' mitigated the negative effects of light stress caused
by full sun and increased the quality of seedlings under
30 % of shade. It is thus a promising alternative to produce
seedlings of this species, as it favors the production of
robust and high-quality seedlings.
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