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ABSTRACT
The present work aimed to evaluate the osmotic conditioning and shading on the germination and on the
initial growth of aroeira seedlings. The seeds were pre-imbibed in solutions with different concentrations of
PEG (polyethylene glycol) and KNOj5 and incubated at 10°C and 20°C temperatures, during 0 (control), 12
and 24 hours. After these periods, the seeds were dried until they reached the initial levels of humidity. After
that, they were put for germinating in BOD (Biochemical Oxygen Demand) chambers, at alternated 20-
30°C. The control treatment and the pre-conditionings that presented the best results in BOD germination
were selected, PEG (-1.0 MPa) + KNO5 (-1.0 MPa) and KNO; (-1.0 MPa), with pre-imbibition for 12h and
incubated in BOD at 20°C. The seeds were sowed on trays and then they were transplanted, keeping under
a net covered with 50% and 70% of shading and at sunlight. The osmotic conditioning did not change the
seeds germination in BOD, but the highest aerial part size was observed in PEG -1.0 MPa + KNO3-1.0 MPa
treatment. The shading levels at 50% and 70% and the osmotic conditioning with PEG -1.0 MPa + KNOs-
1.0 MPa offered a higher emergence in a greenhouse condition; however, at sunlight the seeds presented a

better index of quality on the 145™ day.

Key words: “aroeira”, Anacardiaceae, Cerrado, shading, PEG 6000 and KNOj.

INTRODUCTION

The Brazilian cerrado has the biggest diversity of
species when compared to other savannahs (Klink and
Machado 2005) and it has presented a great human
pressure, mainly due to mixed-farming activity. In
Brazil, the area of cerrado covers around 1.8 million
Km? (Aguiar et al. 2004), 13% is occupied with

Correspondence to: Rosilda Mara Mussury
E-mail: maramussury@ufgd.edu.br
Bolsista/*CNPq

nature pastures, 23% with cultivated ones, 5% with
agriculture, 18% with other kinds of use and 41% of
this area is not cultivated (Sano et al. 2001).

With a quick rhythm of deforestation, the native
areas have being degraded and gradually reduced as a
consequence of the agriculture development, just as it
occurred in Mato Grosso do Sul with soya cultivation.
So, several vegetal species are limited to determined
areas or are also being extinct (Martins and Silva
2001, Campos et al. cited by Vazzoler et al. 1997).
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Therefore, studies about seeds production
and domestication are necessary to support future
projects for the composition and reforestation of the
degraded areas. However, these studies depend on
the seeds germination and on the initial development
of the seedlings and they must approach the
existing interaction among the natural necessities
of each species and the environmental factors. But
many native species present quiescence or a great
heterogeneity on the germinative potential.

For getting around this heterogeneity, the
technique of osmotic conditioning may be used
since it propitiates higher germination uniformity
and synchronization, an elevated index of
emergence and seedlings development, even in
soils with low contents of humidity and a higher
growth index of the aerial part (Marcos Filho
2005). The technique of osmotic conditioning
of the seeds consists in immersing the seeds in
an osmotic solution under time and temperature
previously determined. It is done with an
increase on the osmotic pressure of the imbibed
solution, adding inorganic osmotic agents such
as NaCl, KNO; ¢ MgSO, and organic ones, like
polyethylene glycol (PEG 6000), mannitol and
sucrose, which increase the solution concentration
and thus, decrease the hydric potential (Roveri
José et al. 1999).

However, the osmotic conditioning may
be affected by environmental conditions such
as temperature and brightness, microbial
contamination, drying or non-drying of the seeds
and oxygen availability (Rovieri José et al. 1999).

The acquaintance about the germination
ecophysiology and the initial growth of the
seedlings is essential for the success of the
seedlings production activity with quality, vital
for an outcome on the reforestation and planting
activities in natural woods.

The light availability is fundamental for
the plants, not only to supply energy for the

photosynthesis but also to supply signals that
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adjust its development through receptors sensitive
to different intensities and spectral quality
(Gongalves et al. 20006).

So changes in the light levels on which a
species is adapted may limit different physiological
responses in their biochemical, anatomical and
growth characteristics (Atroch et al. 2001). As
the process of the stomatal opening and closure is
mainly related to the light intensity and condition
of leaf hydration, the stomata functioning and the
leaf area influence the vegetal productivity since
they control the CO, absorption and the light
interception (Marenco and Lopes 2005).

The success on the adaptation of a species in
different conditions of radiation is related to the
efficiency and quickness on which the patterns
of biomass allocation and physiological behavior
are adjusted. The lowest or the highest adaptive
plasticity of the species to different conditions of
solar radiation depends on the adaptation of its
photosynthetic apparatus, which assures a higher
efficiency when it converts radiant energy into
carbohydrates and consequently offers a higher
growth (Campos and Uchida 2002).

“Aroeira” (Myracrodruon urundeuva Allemao)
presents a great pharmacological use. Carvalho
(2003) observed in his revision that “aroeira” has
anti-inflammatory, astringent, anti-allergic and
healing properties and it is indicated for curing
gastritis, throat’s inflammation, breathing and
urinary diseases and regulates periods. Besides
this, its wood is considered the strongest one in
Brazil due to its durability and difficulty in rot. It is
used on civil construction for building lamp posts
or beams for fences, for manufacturing luxurious
furniture, flooring and adornments. Guedes et al.
2009 observed that due to its several properties, this
species is widely used in a predatory way and this
has caused a reduction on its natural population;
therefore, it was included in IBAMA official list
as an endangered species. In this sense, studies for
the seedlings production are necessary in order to
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make possible its sustainable usage. Dorneles et al.
(2005) observed in their revision that “aroeira is a
species which indicates a mesotrophic cerraddo, in
an area in Central Brazil, and the seeds germination
is changeable and depends on its origin, presenting
an average among 20 to 80%, so it is necessary
studies to optimize and stimulate this germination.
Guedes et al. (2009) observed the seeds
are orthodox and tolerate the drying till 23%.
Therefore, this work aimed to evaluate the osmotic
conditioning and the shading on the germination
and on the initial growth of “aroeira” seedlings.

MATERIALS AND METHODS

The “aroeira” seeds were collected from ten (10)
trees, in Dourados, Mato Grosso do Sul, a city
placed at 22° 14° 16” S and 54° 48”02 W and 452
m of mean altitude, with a weather classified as Cwa
and its annual mean rainfall is 1500 mm. The annual
mean temperature is 22°C. The soil, primarily under
savannah vegetation, has plane topography and
is classified as Distroferric Red Latossol with a
clayish texture (Mato Grosso do Sul 1990).

EFFECT OF THE CONDITIONING, TIME AND TEMPERATURE OF
PRE-IMBIBITION ON THE GERMINATION

The seeds were put in a pre-imbibition condition, in
transparent “gerbox” boxes lined with two sheets of
filter paper, moistened with 15 mL of these respective
test-solutions: 1) PEG 6000 (-0.5 MPa); 2) PEG 6000
(-1.0 MPa); 3) PEG 6000 (-0.5 MPa) + KNO; (-0.5
MPa); 4) PEG 6000 (-1.0 MPa) + KNO; (-1.0 MPa);
5) KNO;j (-0.5 MPa); 6) KNO; (-1.0 MPa); and 7)
control. The calculus for obtaining the PEG 6000
solution concentration was achieved according to
Villela et al. (1991) and the concentration of KNO;
solution was achieved with Van’t Hoff equation (Hillel
1971). For the mixture of KNOz and PEG 6000, the
interaction between both products was ignored.

The transparent ‘gerbox’ boxes were covered
with a plastic film to prevent the evaporation and
then, they were incubated in germination chambers

(BOD) with a controlled temperature for 10°C and
20°C during 0 (control without pre-imbibition) and
for 12 and 24h, both with direct light. After each
period of pre-imbibition, the seeds were taken
from the BOD, and washed in running water for
removing the excess of solution then they were
kept at the laboratory environment condition until
they reached the initial weight presented before
the osmotic conditioning, monitored through
consecutive weightings.

After the drying, the seeds were sowed in
‘gerbox’ boxes, on two sheets of filter paper and
kept in BOD at alternated 20-30°C temperature and
at 8h dark and 16h light photoperiods and irrigated
with water for keeping 2.5 of the paper weight
during 14 days. The germination percentage, index
of germination speed, size of the shoot, root/shoot
ratio and dry mass of the seedlings were evaluated.

The statistical
randomized in a factorial scheme with 7 pre-

design was completely
conditioning treatments X 3 pre-imbibition periods,
with four replications of 25 seeds. All the results
were submitted to the analysis of variance and
the means were compared by Tukey test at 5% of
probability, using the SANEST statistical program
(Zonta et al. 1985).

EFFECT OF SHADING AND OSMOTIC CONDITIONING ON THE

EMERGENCE AND INITIAL GROWTH OF THE SEEDLINGS

The control treatment and the pre-conditioning ones
which presented the best results of germination and
vigor at the laboratory, in BOD, under alternate
temperature and light, were sowed at 1 cm deep in
cell trays containing the substratum Plantmax® +
soil + sand + chicken litter semi-decomposed, at
1:1:1:0.5 (v:v). The chosen treatments were: PEG
(-1.0 MPa) + KNO; (-1.0 MPa) and KNO; (-1.0
MPa), with a 12h imbibitions and incubated in
BOD at 20°C. After the sowing, the trays were kept
under a net covered with 50% and 70% of shading
(black nylon nets were also used) and at sunlight.
All treatments were daily watered by sprinkling
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until they reached the field capacity. The emergence
percentage (E) and the index of emergence speed
[IES = Y (ni/ti)] were evaluated, according to
Popinigis (1985). The experiment was achieved in
a completely randomized design with three levels
of shading and three pre-osmotic conditioning
treatments, with four replications of 25 seeds.

At the 20™ day after the emergence, the
seedlings were transplanted to 20 x 12 cm polyethy-
lene bags, containing as substratum: soil + sand +
chicken litter, at 1:1:1 (v:v) volume proportions and
they were kept in their respective shading places.

The evaluations of the growth and the quality
of the “aroeira” seedlings were achieved on the
45% 70% 95t 120% and 145" days of the seedling
age and the total chlorophyll,
stomatic conductance and photosynthesis were also
evaluated. The transpiration, stomatic conductance

transpiration,

and the photosynthesis evaluations were achieved
between 9 am and 10 am, on leaves completely
outspread with the reinforcement of an LCi portable
measurer of photosynthesis and the chlorophyll
was measured with a SPAD 502 one.

For the evaluations of the growth and the quality
of the seedlings, the following characteristics were
determined: a) seedling height (cm) measured with a
millimeter scale, from the stem until the apical bud;
b) root length (cm) also measured with a millimeter
scale, from the tip of the primary root until the stem;
¢) stem diameter (mm), measured with a caliper rule
(0.01 mm); d) dry mass of the aerial part and of the
roots (g) determined in a greenhouse condition, with
air circulation at 60° + 5°C, until the constant mass;
e) HDR: plant height / stem diameter ratio; f) SRR:
shoot dry mass / root dry mass ratio; g) DQI: Dickson
quality index, obtained by the formula: DQI = [total
dry mass /(HDR + SRR)] (Dickson et al. 1960).

The experiment was carried out in a completely
randomized design, with four replications of 15
seedlings. The obtained results were submitted
to the analysis of variance and as there was
significance, the means of emergence percentage
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and the index of emergence speed were compared
by Tukey test at 5% of probability and for the
other characteristics, it was used the analysis of
regression, using the SANEST (Zonta et al. 1985).

RESULTS AND DISCUSSION

On the first experiment percentage, index of germi-
nation speed of the seeds and the size of the aerial
part of “aroeira” neither present a significant effect
of the treatments and nor any interaction among
them (Table I). However, it is verified for the size
of the aerial part that the treatments of the pre-
conditioning offered higher values, standing out
the treatment PEG (-1.0 MPa) + KNOs (-1.0 MPa).

TABLE I
Germination percentage (%G), index of germination speed
(IGS) and aerial part size (APS) of the Myracrodruon
urundeuva Allemao seedlings due to different treatments
of pre-osmotic conditioning and incubation at 20-30°C.
UFGD, Dourados-MS, Brasil, 2009.

Treatments % G IGS APS

Pre-imbibition 10°C 4555a 1.89a 1.84a
Pre-imbibition 20°C 4749a 198a 1.78a
0 h without pre-imbibition 44.67a 183a 1.73a
12h Pre-imbibition 49.6la 2.07a 1.8]1a
24h Pre-imbibition 4529a 1.89a 1.88a
Control 46.89a 195a 1.67b
KNO; -1.0 MPa 50.00a 2.06a 1.68b
KNO, -0.5 MPa 42.67a 1.76a 1.86ab
PEG-1.0 MPa+KNO; -1.0 MPa 488%a 2.02a 2.06a
PEG -0.5 MPa+KNO,;-0.5MPa 47.11a 195a 1.82ab
PEG -1.0 MPa 46.78a 2.0la 1.74ab
PEG -0.5 MPa 4333a 1.79a 1.84ab
VG% 26.73  26.18 20.28

Means followed by the same letter in the columns do not differ
themselves by Tukey test at 5% of probability.

The results contradict those observed by
D.M. Carvalho et al. (unpublished data) while
evaluating the effect of the water stress on
the germination and vigor of Myracrodruon
urundeuva seeds stored at 20°C and 50% relative
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humidity during five months after they were
osmo-conditioned without endocarp. It was used
a PEG solution at zero, -0.2, -0.4, -0.6, -0.8, -1.0,
-1.2, -1.4 MPa, as well as and incubated in BOD
at 25°C under constant light, verifying a reduction
on the germination and on the germination speed,
with a reduction on the osmotic potential.

However, even with the osmotic conditioning,
the germination data observed in this present
research are lower than those observed on
literature for aroeira. The aroeira seeds treated
with gibberelline, cytokynin, potassium nitrate
and water did not present a significant difference
on the germination, which presented values of
52.8 to 60% when sowed soon after the harvest
(Dorneles et al. 2005).

The scarification of the seeds with a sandpaper
number 60 and sowing two months after the
harvest, at the alternate temperature, offered values
that varied from 79 to 90% of germination when
the sowing occurred over or between the paper or
vermiculite and 25% over or among the sand (Pacheco
et al. 2006). These authors observed an IGS higher
than those ones from this present research, observing
IGS of 5.05 and 3.19 when the sowing occurred
among vermiculite and at alternate temperature of 20-
27°C and 20-30°C respectively, compared to means
of 2.49 and 0.89, when it was among the sand.

Guedes et al. (2009) observed a higher emer-
gence of the seeds when they were scarified with
sulfuric acid for 12 minutes (74% and IGS higher
than 3) when compared to the control (lower than
20% and around 0.5 IGS) and with scarification of
the seeds with a sandpaper number 80 at alternate
temperatures followed by a KNO; imbibition for
24h, which was practically non-existant.

As for the germination of the “aroeira”
seeds, the variable results may be due to the fact
that intra specific and significant changes on the
phenology of the species occur due to the period
and the place, since the environmental factors
and its interaction with the species genotype

may influence on the growth and developmental
responses (Larcher 2000).

For the dry mass, it was not observed any
significant interaction among the treatments with
average of 0.08 g. Seeds submitted to KNO5 (-1.0
MPa) and PEG (-1.0 MPa) + KNO; (-1.0 MPa)
treatments for 12h imbibition presented higher root/
shoot ratios (Table II). In general, it is also observed
a higher root/shoot ratio at 20°C, standing out PEG
(-1.0 MPa) + KNO; (-1.0 MPa) treatment. On
Kissmann et al. (2011) revision, it is observed that
the mixture of salts contaning nitrate and phosphate
may be more effective on the seeds conditioning
than on the pure solutions of PEG 6000 and that
the osmotic conditioning promotes organic solutes
production resulting in a higher potential of the cell
turgor during the seedlings rehydration, which would
result on the emergence of the primary root in a lower
time besides stimulating or synthesizing the enymes.
This result may occur due to a reduction the osmotic
potential of the cells from the radicular tissues,
similar to the occurrence on the osmotic adjustment
in situations of hydric deficit, taking to a higher
entrance of water producing a higher emptiness and
growth, so the plants tend to use more biomass on
the radicular system, allowing higher roots growth
and consequently, an increase on nutrients absorption
capacity (Taiz and Zeiger 2008).

However, for carobinha (Jacaranda decurrens
subsp.symmetrifoliolata Farias & Proenca) a
native species from Cerrado, the conditioning
treatments tested did not differ themselves on any
characteristics of viability and vigour evaluated
(Kissmann et al. 2011).

On the second experiment, it was not observed
any significant interaction among the treatments
for emergence percentage and index of emergence
speed, which were higher under shading. The seeds
submitted to the osmotic conditioning presented
emergence higher than the control seeds and the
index of emergence speed did not differ statistically
for the conditioning (Table III).
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TABLE I1
Shoot/root ratio (SRR) of Myracrodruon urundeuva Allemao seedlings due to different periods of
imbibition, temperature and pre-osmotic conditioning treatments. UFGD, Dourados-MS, Brasil, 2009.

Treatments 0h 12h 24h 10°C 20°C

Control 0.39 Aa 0.54 ABCa 0.49 Aa 0.40 Ab 0.54 ABa
KNO, -1.0 MPa 0.39 Ab 0.63 ABa 0.45 Aab 0.49 Aa 0.49 ABa
KNO, -0.5 MPa 0.39 Aa 0.50 ABCa 0.37 Aa 0.32 Ab 0.52 ABa
PEG -1.0 MPa+KNO;, -1.0 MPa 0.39 Ab 0.70 Aa 0.39 Ab 0.32 Ab 0.66 Aa
PEG -0.5 MPa+KNO, -0.5 MPa 0.39 Aa 0.55 ABCa 0.47 Aa 0.45 Aa 0.49 ABa
PEG -1.0 MPa 0.38 Aa 0.36 BCa 0.33 Aa 0.32 Aa 0.40 Ba
PEG -0.5 MPa 0.39 Aa 0.30 Ca 0.50 Aa 0.37 Aa 0.42 Ba
VG% 34.78 34.78

Means followed by the same capital letter in the columns and small ones on the line do not differ themselves by

Tukey test at 5% of probability.

TABLE IIT
Emergence percentage (E) and index of emergence
speed (IES) of Myracrodruon urundeuva Allemao
seeds due to different levels of shading and
different pre-osmotic conditioning treatments.
UFGD, Dourados-MS, Brasil, 2009.

Treatments E (%) IES

70% of shading 49.67 a 197 a
50% of shading 46.67 b 1.90 a
Full sun 4422 ¢ 1.79b
PEG -1.0 MPa+ KNO; -1.0 MPa 49.55 a 191a
KNO, -1.0 MPa 46.89 b 1.89a
Control 4411 ¢ 1.87a
VG % 3.78 435

Means followed by the same letter in the columns do not
differ themselves by Tukey test at 5% of probability.

The low percentage of the emerged seedlings
and the index of emergence speed in full sun may
occur due to the high temperature caused by a high
light intensity present on this environment, making
lower the availability of water and consequently,
a lower imbibition. Another explanation could be
based on Silva et al. (2002) observations, on which
the seeds germinate in a higher percentage with
the absence of light, but they may be considered
as preferable negative photoblastic ones. The
temperature increase and the decrease on the
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capacity for retaining water from the soil, in arecas
completely exposed, may speed up the seeds
deterioration (Morris et al. 2000) and so, reducing
the emergence index. According to Marcos Filho
(2005), the red radiation (660 nm) penetrates till 2.5
cm of deep in the soil while the infrared radiation
(730 nm) reaches a higher soil depth.

It was not observed any significant interaction
among the treatments of shading, osmotic
conditioning and seedlings age for height, total
chlorophyll, transpiration, stomatic conductance,
photosynthesis and HDR (height/stem diameter
ratio). The osmotic conditioning treatments did not
influence statistically any of the studied variables.

The seedlings height and the HDR were higher
when submitted to 70% of shading (Table IV). The
capacity of a fast growth on a shady environment is
an important mechanism of the species adaptation,
which constitutes a precious strategy for avoiding the
conditions of a low availability of light (Moraes Neto
et al. 2000). In this condition, the plants would try to
assail on a higher quantity of photo assimilates on the
shoot, besides the higher cellular elongation, which
would contribute for a higher height of these species,
under shady environments. The lowest growth of the
seedlings kept in full sun may be assigned to some

process of photo inhibition (Kitajima 1996).
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TABLE 1V
Height (H) and HDR of Myracrodruon urundeuva
Allemao seedlings due o different levels of shading.
HDR = height/stem diameter ratio. UFGD,
Dourados-MS, Brasil, 2009.

Treatments H (cm) HDR
70% of shading 20.37 a 6.53 a
50% of shading 15.78 b 473 ¢
Full sun 14.80 b 524b
VG (%) 14.22 17.45

Means followed by the same letter in the columns do not
differ themselves by Tukey test at 5% of probability.

The shading also caused the highest growth
in the height of other species, as it was observed
by Scalon et al. (2003) in Bombacopsis glabra
under 50% of shading, Rego and Possamai
(2006) in Cariniana legalis Martius kept at 36%
of shading and with Carvalho et al. (2006), with
Syagrus coronata (Mart.) Becc. plants were kept
at 70% of shading.

The height presented a quadratic growth,
reaching at the final of the experiment values of
23.5 cm (Figure 1a). From the 70 days of age, the
length of the seedling roots in full sun presented
a higher growth and kept superior all along the
evaluations (Figure 1b). This highest length of the
root may be assigned due to the seedlings in full
sun probably presented a higher loss of water by
evapotranspiration, and therefore a lower availability
of water in the soil, which unleashes a higher ABA
synthesis on the cells of the radicular tissue and
consequently a higher growth of these cells, leading
to a higher radicular growth and favoring a higher
area of soil to be explored (Taiz and Zeiger 2008).

The seedlings presented a higher stem diameter
when submitted to the conditions in full sun (Figure
Ic). The observed data confirmed those found in
literature. In higher shading levels, there is a
diminish of the assimilates and the growth regulators
due to a decrease of the photosynthesis, reflecting
on a lower development of the stem thickness.
Rego and Possamai (2006) also observed a higher

stem diameter in Cariniana legalis (Mart.) Kuntze
submitted to a higher level of light. According
to Larcher (2000), the diameter growth presents
a direct relation with the liquid photosynthesis
which depends on the carbohydrates and the auxins
accumulated and on a favorable balance between
liquid photosynthesis and respiration.

The higher dry mass of the shoot was observed
in seedlings in full sun at the 145" day of their age
(Figure 1d). Although it had been observed a higher
length of the root on seedlings in full sun, seedlings
at 70% of shading presented a higher dry mass of
the root (Figure le).

These results observed for “aroeira” contradict
those observed in literature, in which the proportion
of dry mass led to the shoot is higher in shady plants
and which the dry mass of the roots is higher in plants
grew with greater light levels, as it was verified in
Syagrus coronata (Mart.) Becc. (Carvalho et al.
2006), Cariniana legalis Martius (Rego and Possamai
20006) and Clitoria fairchildiana (Scalon et al. 2006).
According to Welander and Ottosson (1997), the fact
a lower dry mass of a root is observed in shady plants
is due to the shading provided by the upper leaves on
the stem basis, and so it occurs a lower production
of assimilates from the lower leaves that are put in
charge of tending the carbon demand on the roots.
Seedlings with a higher root biomass probably have
a better chance of surviving to the water stress on
a dry season, when they are in natural environment
(Kitajima 1996) and so, this characteristic is
extremely important for the success of activities for
the seedlings planting (Longman 2003).

The chlorophyll contents were higher in shady
seedlings (Table V) and they kept a quadratic
behavior during the evaluations (Figure 2a). The
increase of the chlorophyll contents on leaves
in shady condition, especially of chlorophyll b,
increases the capacity of light absorbing on a
different photosynthetic active radiation, just as
with blue wave length, present in a great quantity
in shady places (Taiz and Zeiger 2008).
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Figure 1 - Height (a), root length (b), stem diameter (c), shoot dry mass (d) and root dry mass (e) of Myracrodruon urundeuva

ALLEMAO seedlings due to their age.
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TABLE V

Total chlorophyll (TC), transpiration (E), stomatic conductance (Gs) and

photosynthesis (F) of Myracrodruon urundeuva Allemao seedlings due to
different levels of shading. UFGD, Dourados-MS, Brasil, 2009.

807

TC E Gs F
Treatments > P P P
pg.cm mmol.m™.s mol.m™.s pmol.m™.s
70% of shading 50.59a 1.61b 0.20b 7.81¢c
50% of shading 46.76 b 1.81a 0.20b 9.34b
Full sun 45.05¢ 191 a 0.30a 10.39 a
VG % 6.77 20.76 27.43 16.41

Means followed by the same letter in the columns do not differ themselves by Tukey test at 5% of probability.

Observing Table V, it is verified that the
higher the luminous intensity was, the higher the
transpiration, the stomatic conductance and the
photosynthesis of the aroeira seedlings were.
Similar results were observed by Lima Junior et al.
(2006). Yet, the osmotic conditioning treatments
did not influence statistically the contents of
total chlorophyll, the transpiration, the stomatic
conductance and the photosynthesis of the aroeira
seedlings. Rice plants cultivated in a nutritional
solution with polyrthyleneglycol presented a
reduction on the CO, absorption, in the stomatic
conductance and in the transpiration and, in
general, after the interruption of the osmotic and
hydric stress, the plants recovered the water tension
on the 1% day of cultivation in a solution without
PEG (Gomes et al. 1997). So, it is suggested that
the PEG concentrations used in the seeds, during
the imbibition period, did not cause any structural
and metabolic damage on the cells and not interfere
on the photossinthetic efficiency of the seedlings.

Palhares et al. (2010) observed on their revision
that the relation complexity between climate and
soil form Cerrado is related to the diversity of
photosynthetic responses and the hydric relations
on vegetal species adapted to this environment.
Generally, the young plants from Cerrado must
put up with shading, the water seasonal scarcity
on the most superficial layers of the soil and the
forest fires. During the dry season, there are species

that depress the carbon assimilation rate up to
50% (mainly between midday and 2 pm, period
of a higher solar radiation, higher temperature and
lower relative air humidity), while other species
maintain it unaltereted. There are also some species
that present a reduction on carbon assimilation rates
at midday, even during the rainy period. There are
species that during the dry season maintain, depress
or increase the rate of transpiration.

Analyzing the figures 2b, 2¢ and 2d, it may be
observed that the values of transpiration, stomatic
conductance and photosynthesis decreased during
the evaluations. This behavior may be assigned to
the falling on temperature, as a consequence of the
end of the summer (34 + 2°C) and the beginning of
the autumn (24 = 2°C).

It is observed in literature that the transpiration
behavior of the seedlings in different light
availabilities is variable. Welander and Ottosson
(2000), while evaluating the growth of Quercus
robur seedlings, also observed higher indexes of
transpiration with the increase of irradiance.

Alvarenga et al. (2003), while evaluating
the effect of different light levels on the initial
growth of Croton urucurana Baill. seedlings,
also noted that the highest photosynthetic
indexes occurred on cultivated plants with the
highest levels of irradiance.

A similar tendency related to the stomatic
conductance was also observed for the Carapa
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Figure 2 - Total chlorophyll (a), transpiration (b), photosynthesis (¢) and stomatic conductance (d) of Myracrodruon urundeuva

Allemao seedlings due to their age.

guianensis seedlings (Costa and Marrenco
2007), who also observed that the highest values
of stomatic conductance occur when the solar
radiation is maximum and the leaf hydric potential
did not reach the minimum values, liable to lead to
the stomatic closure.

Higher values of HDR were observed on
the 120 days of the seedlings age (Figure 3a).
The height/stem diameter ratio is a parameter
that indicates the seedlings quality that will be

taken to the field, since a development balance

An Acad Bras Cienc (2013) 85 (2)

is waited, as ectiolated seedlings have a higher
probability of suffering a fall, resulting on a
modification on the quality pattern of the adult
plant. The etiolated characteristic of the plant on
shady environments is a very common response
that may be assigned to a higher investment on
the cellular elongation, aiming to a higher search
of light (King 1994).

The SRR parameter shows that the higher shoot
dry mass/root dry mass ratio is, the lower the root
development is, being the opposite for the shoot.
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Figure 3 - HDR (a), SRR (b) and DQI (¢) of Myracrodruon urundeuva Allemao seedlings due to their age. HDR = height/stem
diameter ratio. SRR = shoot dry mass/root dry mass ratio. DQI = Dickson quality index = [total dry mass / (HDR + SRR)].

This present work shows that on the 145" day of
the seedlings age at 50% of shading presented
higher values of SRR (Figure 3b).

The highest values of DQI were gotten in
seedlings kept in full sun, on the 145 days of the
seedlings age (Figure 3c¢), and the DQI is a good
indicator of the seedlings quality, since its estimate
the vigor and the balance of biomass distribution
are taken into consideration, which are good
parameters to be used on the quality evaluation
(Fonseca et al. 2002). According to these authors,

on the system for the seedlings production, the
evaluation of the seedling quality may be a good
instrument to identify if the planting is being carried
out on an adequate manner, i.e., if the seedlings are
healthy, with a maximum potential for the survival
and later for the development in the field. The
morphological parameters and the relations used
for evaluating the seedlings quality do not have to
be used isolated, so that it does not hazard to select
the highest seedlings but the weak ones, discarding
the lowest ones with more vigor.
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CONCLUSIONS

The osmotic conditioning did not change the
seedlings germination in BOD, but the highest
APS was observed on PEG -1.0 MPa + KNO; -1.0
MPa treatment. The shading levels at 50% and 70%
and the osmotic conditioning with PEG -1.0 MPa
+ KNOj -1.0 MPa offered a higher emergence in
greenhouse condition. However, in full sun, the
seedlings presented a better quality index on the
145" day of age.
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RESUMO

O presente trabalho objetivou avaliar o condiciona-
mento osmodtico € 0 sombreamento na germinagio e
no crescimento inicial de mudas de aroeira. As sementes
foram pré-embebidas em solugdes de diferentes
concentragdes de PEG (Polietilenoglicol) e KNOj e
incubadas em temperatura de 10°C e 20°C durante
0 (controle), 12 e 24 horas. Apos estes periodos as
sementes foram secas até atingirem os niveis iniciais
de umidade. Posteriormente elas foram colocadas para
germinar em BOD (Demanda Bioquimica de Oxigénio)
na temperatura de 20-30°C. O tratamento controle e os
pré-condicionamentos que apresentaram os melhores
resultados de germinagdo em BOD foram selecionados,
sendo PEG (-1,0 MPa) + KNO; (-1,0 MPa) e KNO;5 (-1,0
MPa), com pré-embebicao por 12 horas e incubados em
BOD a 20°C. As sementes foram semeadas em bandejas e
posteriormente transplantadas, permanecendo sob telado
coberto com sombrite de 50% e 70% de sombreamento
e a pleno sol. O condicionamento osmdtico ndo alterou
a germinagdo das sementes em BOD, porém o maior
tamanho de parte aérea foi observado no tratamento PEG-
1,0 MPa+KNOj3 -1,0 MPa. Os niveis de sombreamento

An Acad Bras Cienc (2013) 85 (2)

de 50 € 70% e o condicionamento osmdtico com PEG-1,0
MPa+KNOs3-1,0 MPa proporcionaram maior emergéncia
em casa de vegetagdo, entretanto a pleno sol as mudas

apresentaram melhor indice de qualidade aos 145 dias.

Palavras-chave: aroeira, Anacardiaceae, Cerrado,
sombra, PEG 6000 ¢ KNO;.
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