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Abstract
It is essential to know the ecological tolerance of Anadenanthera peregrina (L.) Speg seedlings regarding the light and 
edaphic conditions. The aim of this study was to evaluate the effect of substrates and shading levels on the emergence 
and quality of A. peregrina seedlings. The seeding was done in two substrates: 100% Dystroferric Red Latosol (DRL) 
and DRL + commercial substrate (1:1, v/v). The species were kept under four shading levels: 0% (direct sunlight), 30%, 
50% and 70%. The highest speed and shortest emergence time of A. peregrina occurred in DRL. The highest growth 
characteristics of aerial part, xylopodium and roots occurred under direct sunlight and DRL. The productions of fresh 
and dried masses of different vegetative organs, physiological and Dickson quality index were higher in DRL and direct 
sunlight. The A. peregrina seedlings in 100% of DRL and direct sunlight showed more viable morphophysiological and 
quality indicators for their production.
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1. Introduction and objective

Among the native species found in the Brazilian Cerrado, 
it can be noted that the species Anadenanthera peregrina (L.) 
Speg., also known as “Angico preto”, belongs to the Fabaceae 
family and it has biological nitrogen fixation potential and it is a 
significant option to be inserted in areas for forest recomposition 
(Souza et al., 2012) or agroforestry systems. The wood can be 
used for charcoal, firewood, furniture, flooring and construction, 
as it has high density (1.08 g/cm3), strength and durability, as 
well as smooth and glossy surface with high decorative value 
(Mori et al., 2003; Monteiro et al., 2006).

According to the medicinal point of view of this species, it 
is used to treat respiratory, pulmonary and diarrhea infections 
(Mota et al., 2017a). Regarding the A. peregrina importance 
and its risk of reduction and/or extinction of native forests 
due to inappropriate collection practices or anthropogenic 
actions of vegetal suppression, its ex situ cultivation becomes 
necessary, especially owing to the information about the 
seedling productions.

Among the abiotic factors, the light availability is one of 
the environmental conditions that influence the establishment 
of tree species in the Cerrado physiognomies (Pinheiro & 
Monteiro, 2010). This way, the exposure of plants to different 
light conditions may vary depending on the species and its 
successional degree. The species may present adaptive mechanisms 
based on adjustments of their photosynthetic apparatus, in 
order to use light more efficiently (Ruban, 2015; Carvalho & 
Castilho, 2018).

Thus, it is important to know the tolerance and capacity 
of seedlings from native Cerrado species, especially those of 
A. peregrina, in response to light gradients, aiming to direct 
the insertion area to be transplanted considering the growth 
indicators and the quality of seedlings that ensure their 
performance under different environmental restrictions.

Another practice of plant nursery should be analyzed aiming 
the decision to ensure seedling quality standards for the substrate. 
The substrate that will be used must present good chemical, 
physical and microbiological attributes, in order to meet the 
nutritional requirements of the species and provide good growth 
conditions (Fonseca & Scott, 2018; Ceccagno et al., 2019) of 
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the different vegetative organs. Some species respond positively 
to substrates with higher fertility (Carlos et al., 2018) while 
others present better development with acid pH, aluminum 
presence and lower organic matter and nutrients (Gross et al., 
2004; Souza et al., 2016).

In the scientific field, it could be found several studies 
associated with different substrates regarding the growth and 
quality of many native tree species in Cerrado biome, such as: 
Tocoyena formosa (Cham. & Schltdl.) K. Schum (Bonamigo et al., 
2016); Alibertia sessilis (Vell.) K. Schum (Mota et al., 2017b); 
Eugenia dysenterica DC. (Dornelles et al., 2018) and Copaifera 
langsdorffii Desf. (Fonseca & Scotti, 2018).

For the genus Anadenanthera, academics works were found 
with the species A. columbrina (Vell.). Brenan (Scheer et al., 
2012) and A. macrocarpa (Benth.) Brenan (Uliana  et  al., 
2014), but not with A. peregrina. The hypotheses seeking to 
answer the following questions were tested: i) May A. peregrina 
tolerate different shading levels without changing the quality 
of the seedlings? ii) What is the preferred substrate and fertility 
of the species? iii) What is the best area for transplantation 
considering its production indicators?

In relation to those questions, the aim of this study was 
to evaluate the effect of different shading levels and substrates 
on emergence, morphophysiological response and quality of 
A. peregrina seedling.

2. Material and methods

2.1. General conditions and seed collected

The experiment was developed in July 2018 until December 
2018 at the Faculty of Agrarian Sciences (22º11’43.7”S and 
54º56’08.5”W, 452 m) at the Universidade Federal da Grande 
Dourados (UFGD), in the city of Dourados, and in the state 
of Mato Grosso do Sul (MS), Brazil. To perform the work, 

the species was identified and a voucher was deposited in the 
Dourados, State of MS (DDMS) Herbarium of UFGD, under 
the registration no. 5416. In July, the fruits from ten matrices of 
A. peregrina were randomly collected from the remaining Cerrado 
area (SISGEN Access Register No. A9CDAAE), located at the 
Santa Madalena Farm (18º07’03”S and 54º25’07”W, 452 m).

2.2. Factors and experimental design

After the fruits were used, seeding was immediately 
performed at ± 1.0 cm depth in 290 cm3 polyethylene tubes 
filled with two substrates: S1) 100% of Dystroferric Red 
Latosol (DRL) with clay texture (Santos et al., 2018); and S2) 
DRL + commercial substrate - Tropstrato (1:1, v/v), packaged 
under four shading levels: 0% (direct sunlight), 30%, 50% 
and 70%. The experimental arrangement was performed in 
a 2 x 4 factorial scheme, in a randomized block design with 
three replications, and each experimental unit consisted of 
27 sub samples.

The commercial substrate (Tropstrato) used to prepare 
S2 substrate ​​was composed of pine bark, peat, expanded 
vermiculite, potassium nitrate and simple superphosphate. 
The effects of shading on species were obtained using black 
colored screens with different light retention levels. During 
the experimental period, the crop treatments were consisted of 
daily irrigation, once a day, using micro-sprinklers, maintaining 
70% of water retention capacity on substrate according to 
Souza et al. (2000), and spontaneous weeding when necessary. 
The chemical attributes of the substrates at the end of cycle of 
seedling production (Table 1) were determined according to 
Silva (2009) methodology.

2.3. Emergence indicators

The hypocotyl began to straighten at seven days after 
seeding, while the epicotyl and cotyledons began at ten days 
(Figure 1B). After this period, between the interval of two days, 

Table 1. Chemical attributes of substrates at the end cycle of A. peregrina seedling production in different substrates and shading levels. 

Attributes
0% 30% 50% 70%

S1 S2 S1 S2 S1 S2 S1 S2
pH H2O 5.03 6.54 5.41 6.45 5.73 6.53 5.86 6.45
P (mg dm-3) 5.61 73.66 3.73 96.25 5.88 93.03 5.34 59.14
K (cmolc dm3) 0.23 0.62 0.15 0.66 0.20 0.60 0.17 0.59
Ca (cmolc dm3) 2.95 10.07 2.65 10.41 2.93 10.04 2.82 8.01
Mg (cmolc dm3) 1.63 5.22 1.47 5.31 1.61 5.09 1.53 4.60
Al (cmolc dm3) 0.48 0.00 0.28 0.00 0.26 0.08 0.28 0.00
H+Al (cmolc dm3) 3.01 2.90 2.88 2.91 2.54 2.86 2.50 2.74
SB (cmolc dm3) 4.80 15.91 4.27 16.39 4.74 15.73 4.53 13.19
CEC (cmolc dm3) 7.82 18.81 7.15 19.30 7.28 18.59 7.02 15.94
Saturation (V %) 61.49 84.55 59.69 84.86 65.11 84.53 63.86 82.65
Organic matter (%) 0.64 7.58 0.96 6.65 0.61 6.92 0.93 5.31
S1= 100% Dystroferric Red Latosol (DRL); S2= DRL + Tropstrato (1:1, v/v).
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the percentage of seedling emergence was accounted for, and the 
Speed Index (SE) [1] (Maguire, 1962) and Mean Emergence 
Time (MET) [2] (Labouriau, 1983) were calculated by using 
the following Equations 1, 2:

  ( / )  SE ni ti=Σ  	 (1)

  ( * ) /MET ni ti n=Σ Σ  	 (2)

In which: ni= number of seedlings computed at first, second, 
third and last counts; ti= number of days from seeding to first, 
second, third and last counts; n= total number of seedlings 
that emerged.

After 20 days of seeding, when the emergence of the seedlings 
was stabilized (Figure 1C), the final emergence count was made 
and the results were expressed in %.

2.4. Survival, growth and production

Every 30 days, from 60 to 150 Days After Seeding (DAS), 
survival evaluations (seedlings with fully expanded leaves and 
green coloration) were applied, as well as plant height with 
graded ruler were performed, considering as standard for 
distance measurement between the collar until the emergence 
inflection point of the highest leaf, and the results were expressed 
in cm/plant. It was also measured the stem diameter with a 
digital caliper (± 1.0 cm above the substrate level) and the 
number of fully expanded leaves were counted.

In December, at 150 DAS, the seedlings were collected, 
washed in running water to remove impurities in sieves of 
2.0 mm and later separated into leaves, stems, xylopodium and 
roots. By then, the leaf area (LA) was determined with the area 
integrator (LI-COR, Model 3100 LC; Nebraska, USA) and the 
results were expressed in cm2/plant. Right after this procedure, 
the length of the largest root was measured (cm/plant), as well 
as the length and diameter of the xylopodium, and the results 
were expressed in mm/plant.

Samples of the fresh vegetative organs (leaves, stem, 
xylopodium and root) of the seedlings were collected, and 
a precision scale was used to weight the plants (0.0001 g). 
To obtain the dry mass, the samples were placed in a Kraft 
paper bag and kept in an oven with forced air circulation 
(60 ± 5ºC), until constant dry mass.

2.5. Physiological and quality index

To estimate the LA and Dry Biomass Data, the following 
physiological indexes were calculated: Specific Leaf Area (SLA); 
Leaf Area Ratio (LAR) and Specific Leaf Mass (SLM) (Hunt, 
1990). It was also calculated the Total Dry Mass (TDM), 
Ratio of Height to Diameter (RHD) and Aerial Part and Root 
Ratio (APRR), as well as the Dickson Quality Index (DQI) [3] 
(Dickson et al., 1960) according Equation 3:

  / (   )DQI TDM RHD APRR= +  	 (3)

Figure 1. Seeds (A), seedlings emergence (B) and seedlings formation (C, D, E and F) of Anadenanthera peregrina (L.) Speg seedlings. 
Photos: Authors (2018).
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2.6. Statistical analysis

Emergency indicator data were subjected to homogeneity of 
variance and normal distribution by the Bartlett and Shapiro‑Wilk 
test, respectively. After that, all data were subjected to analysis 
of variance (ANOVA), and when significant by the F test, the 
means were submitted to Student’s t test for substrates and to 
Tukey’s test for shading levels (p<0.05). Survival and growth 
data, that were taken throughout the crop cycle, were analyzed 
in time, subdivided into plots and subjected to ANOVA 
and regression analysis (p<0.05) using the SISVAR software 
(Ferreira, 2014).

3. Results

3.1. Emergence indicators

The rate of speed and MET of A. peregrina seedlings was 
influenced by the substrates (p<0.05), and the highest SE and 
lowest MET occurred when seeding reached 100% of DRL, 
regardless of shading level. The end of seedlings emergence was 
not influenced by the factors under study progress (p>0.05) 
(Table 2).

The RHD was influenced by the factors, days after seeding, 
shading (Figure 3a) and substrates (Figure 3b), and the highest 
values occurred in seedlings exposed to direct sunlight, followed 
by those under 70% shade, both at 150 DAS. In the interaction 
days after seeding and substrate, the highest value of the RHD 
(5.5) was observed in the DRL.

The number of leaves was influenced by the interaction of 
shading and days after sowing, verifying that under all shading 
levels the data fit the quadratic model. The largest amount of 
leaves (4.8 leaves/plant) occurred in seedlings under direct 
sunlight, throughout the evaluation cycle up to 145 DAS 
(Figure 4).

The leaf area was influenced by substrates and shading levels 
isolation, with the highest values ​​occurring in DRL and in 
direct sunlight (Table 3). Root length was higher in seedlings 
produced under 50% and 70% of shade, regardless of substrates 
(Table 3). The Xylopodium Length (XL) was influenced by 
substrates and shading levels separately, with higher value in 
DRL and under direct sunlight (0%). For the Xylopodium 
Diameter (XD), it was observed higher value in seedlings in 
DRL, regardless of the shading level.

Regarding the fresh mass of the leaf, it was verified that this 
characteristic was influenced only by the shades with higher 
value in direct sunlight. Therefore, for stem fresh mass there 

Table 2. Speed Index (SE), Mean Emergence Time (MET) and 
percentage of emergence of A. peregrina seedlings in different 
substrates and shading levels.

Substrates SE MET (days) Emergence 
(%)

S1 1.75 a 13.57 b 67.0 a
S2 1.33 b 14.20 a 61.0 a
Shading Levels
0% 1.33 a 14.10 a 60.0 a
30% 1.83 a 13.82 a 65.0 a
50% 1.50 a 13.94 a 70.0 a
70% 1.50 a 13.69 a 61.0 a
C.V. (%) 31.25 3.89 26.80
S1= Dystroferric Red Latosol (DRL); S2= DRL + Tropstrato (1:1, v/v); 
C.V. = coefficient of variation. Averages followed by equal letters in the 
columns do not differ by Student’s t test for substrates and Tukey’s test for 
shading levels (p>0.05).

Figure 2. Height of A. peregrina seedlings under different 
shading levels and substrates at 150 days after seeding. (a): 100% 
Dystroferric Red Latosol (DRL) and (b): DRL + Tropstrato 
(1:1, v/v). * (p<0.05).

3.2. Survival, growth and production

Seedling survival was not influenced by the factors affecting 
the study progress (p>0.05), with an average of 65%. Seedling 
height was influenced by the triple interaction, with higher 
values (9.5 cm) under 70% shading in DRL (Figure 2a) and 
direct sunlight (9.0 cm) in DRL + Tropstrato (Figure 2b), 
both data at 150 DAS. The stem diameter was not influenced 
by any of the factors under study (p>0.05), with an overall 
average of 1.19 mm.
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was a significant difference only for substrates, with higher 
values in DRL (Table 4). It was found that for the xylopodium 
and root fresh mass, there were significant differences for both 
substrate and shading separately, and the highest values occurred 
in DRL and under direct sunlight (0%).

The leaf dry mass was influenced only by the shading levels, 
and its highest yield occurred in seedlings under direct sunlight 
(Table 5). However, the stem dry mass was not influenced by 
any of the factors under study (p>0.05). The xylopodium dry 
mass presented significant difference, both as a function of 
substrates and shading levels, in isolation, with higher yield 
when produced in DRL and under direct sunlight.

3.3. Physiological and quality index

Only the shading levels influenced the LAR and SLA; the 
highest values of both characteristics occurred in seedlings under 
direct sunlight (Table 6). The LAR was not influenced by any 

of the factors under study (p>0.05). The ratio between APRR 
was influenced by the factors that were analyzed separately, 
being higher in seedlings produced in DRL + Tropstrato 
and direct sunlight environment. The DQI presented highest 
values occurred in seedlings under direct sunlight and DRL.

4. Discussion

4.1. Emergence indicators

The results obtained from SE and MET are due to the larger 
contact surface between the seed and the substrate, since this is 
one of the factors that directly affect the water absorption by the 
seed during the germination process (Carvalho & Nakagawa, 
2000). The soil used in the experiment was the DRL with clay 
texture, which presents high particle density (Santos  et  al., 
2018), that facilitates the contact of the seed with the soil, 
favoring root imbibition and protrusion.

Figure 3. Ratio of Height to Diameter (RHD) of A. peregrina seedlings under different shading levels (a) and substrates (b), at 150 days 
after seeding. * (p<0.05).

Figure 4. Leaf number of A. peregrina seedlings under different 
shading levels at 150 days after seeding. * (p<0.05).

Table 3. Leaf Area (LA), Root Length (RL), Xylopodium Length 
(XL) and Xylopodium Diameter (XD) in A. peregrina seedlings in 
different substrates and shading levels.

Substrates
LA RL XL XD

(cm2/plant) (cm/plant) (mm/plant)
S1 47.06 a 14.02 a 46.74 a 4.14 a
S2 36.10 b 14.46 a 34.67 b 3.00 b

Shading Levels
0% 105.50 a 13.08 b 59.60 a 3.28 a

30% 16.75 b 13.34 b 44.94 b 3.33 a
50% 22.84 b 15.23 a 29.34 c 3.83 a
70% 21.25 b 15.30 a 28.94 c 3.85 a

C.V. (%) 16.71 7.65 12.68 14.22
S1= 100% Dystroferric Red Latosol (DRL); S2= DRL + Tropstrato® (1:1, 
v/v); C.V. = coefficient of variation. Averages followed by equal letters in 
the columns do not differ by Student’s t test for substrates and Tukey’s test 
for shading levels (p>0.05).
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The emergence percentage of seedlings did not influence this 
process, possibly because it is a native species delimited in this 
itself phytophysiognomy, thus it has the ability to adapt to the 
edaphic conditions of Cerrado (Gross et al., 2004). However, 
it should be noted that emergence and speed responses may 
vary among Cerrado species, mainly due to their successional 
and ecological characteristics. In addition, the information 
regarding the ecophysiology of germination and emergence of 
native tree species is still scarce, making our study necessary for 

the elaboration of plans and monitoring of the environmental 
recovery.

4.2. Survival, growth and production

The species were not influenced by the factors under study 
for seedling survival, thus indicating ecological amplitude at 
different light gradients and soil fertility conditions. The height 
under direct sunlight in this study was characterized by being 

Table 4. Leaves Fresh Mass (LFM), Stems Fresh Mass (SFM), Xylopodium Fresh Mass (XFM) and Roots Fresh Mass (RFM) in A. peregrina 
seedlings in different substrates and shading levels.

Substrates
LFM SFM XFM RFM

(g/plant)
S1 1.824 a 0.668 a 2.679 a 0.742 a
S2 1.131 a 0.379 b 1.296 b 0.394 b

Shading Levels
0% 3.588 a 0.793 a 2.811 a 0.737 a

30% 0.610 b 0.548 a 1.860 b 0.544 ab
50% 0.944 b 0.384 a 1.993 b 0.629 ab
70% 0.770 b 0.368 a 1.286 b 0.361 b

C.V. (%) 62.97 56.31 46.44 29.51
S1= 100% Dystroferric Red Latosol (DRL); S2= DRL + Tropstrato (1:1, v/v); C.V. = coefficient of variation. Averages followed by equal letters in the columns 
do not differ by Student’s t test for substrates and Tukey’s test for shading levels (p>0.05).

Table 5. Leaves Dry Mass (LDM), Stems Dry Mass (SDM), Xylopodium Dry Mass (XDM), Root Dry Mass (RDM) and Total Dry Mass 
(TDM) in A. peregrina seedlings in different substrates and shading levels.

Substrates
LDM SDM XDM RDM TDM

(g/plant)
S1 0.942 a 0.257 a 1.190 a 0.459 a 2.919 a
S2 0.599 a 0.193 a 0.556 b 0.290 b 1.640 b

Shading Levels
0% 1.948 a 0.347 a 1.238 a 0.411 a 4.083 a

30% 0.307 b 0.183 a 0.884 ab 0.398 a 1.773 b
50% 0.465 b 0.200 a 0.876 ab 0.444 a 1.986 b
70% 0.362 b 0.170 a 0.493 b 0.247 a 1.274 b

C.V. (%) 45.82 57.19 35.41 47.85 41.61
S1= 100% Dystroferric Red Latosol (DRL); S2= DRL + Tropstrato (1:1, v/v); C.V. = coefficient of variation. Averages followed by equal letters in the columns 
do not differ by Student’s t test for substrates and Tukey’s test for shading levels (p>0.05).

Table 6. Specific Leaf Area (SLA) and Specific Leaf Mass (SLM), Leaf Area Ratio (LAR), Aerial Part and Root Ratio (APRR) and Dickson 
Quality Index (DQI) in A. peregrina seedlings in different substrates and shading levels.

Substrates
SLA SLM LAR APRR DQI

(g cm-2) (cm2 g-1)
S1 14.82 a 0.278 a 53.15 a 0.661 b 0.49 a
S2 21.69 a 0.306 a 70.18 a 0.861 a 0.29 b

Shading Levels
0% 32.01 a 0.457 a 51.61 a 1.299 a 0.54 a

30% 9.72 b 0.174 c 55.54 a 0.389 c 0.39 ab
50% 13.09 b 0.250 bc 63.15 a 0.576 b 0.39 ab
70% 18.20 b 0.288 b 76.36 a 0.781 ab 0.25 b

C.V. (%) 43.17 16.17 49.95 26.25 38.81
S1= 100% Dystroferric Red Latosol (DRL); S2= DRL + Tropstrato (1:1, v/v); C.V. = coefficient of variation. Averages followed by equal letters in the columns 
do not differ by Student’s t test for substrates and Tukey’s test for shading levels (p>0.05).
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present in open areas, where there is a high light incidence, 
especially in the early development phase (Souza et al., 2012).

Nevertheless, plant growth depends on its degree of 
adaptability to the type of environment (Souza et al., 2019). 
The height of the plant is one of the variables to indicate its 
development when subjected to different shading conditions, as 
some species show excessive etiolation when they were able to 
grow under high shade level, however, not being an advantage 
since the seedling may reach the soil under field conditions.

The RHD indicates the robustness of the seedlings that will 
be taken to the field, as a balanced development is expected 
(Campos & Uchida, 2002; Freitas et al., 2012), both in height 
and diameter. Values for A. peregrina seedlings did not show the 
presence of etiolation, demonstrating balanced distribution of 
receiving photoassimilates. The increase of the number of leaves is 
important because it indicates an increase in photosynthesis/area, 
which suggests its efficiency in the production of photoassimilates 
that are later translocated to other parts of the plant, that can 
be favored by the input of phytomass (Martins et al., 2015), 
since a plant that has a well-developed aerial stem improves 
its ability to intercept and use the Photosynthetically Active 
Radiation (PAR) under direct sunlight.

On the other hand, some species have the ability to be 
adapted to shaded environments due to early or late secondary 
successional species (ecological group), and in some cases owing 
to their phenotypic plasticity. This information is important 
because it facilitates planning and making decision for choosing 
the area to transplant the seedlings, ensuring the success of 
reforestation, enrichment of forests or formation of integrated 
production systems. The increase in leaf area due to the higher 
amount of leaf lamina at the same light condition (Figure 4) 
that favors the input of the biomass may be directly related 
to the photosynthetic capacity (Amax) of the plant, thus, the 
higher the value is taken the larger the unit of PAR to capture 
solar radiation will be.

Low water loss in seedlings under 50% and 70% of shading 
favored the elongation of the root system and its exploitation in 
the soil (Oliveira et al., 2018), the moisture was longer kept, due 
to lower evaporation substrate, which favored its development, 
in the seedlings with smaller XL. However, it should be noted 
that even with smaller roots under 0% and 30% of shading 
levels, there was an increase in the morphometric aspects of 
reserve structures, which contributes to their ecological tolerance 
to environmental conditions.

The increase of xylopodium is important especially in 
environment under high irradiance because this reserve may 
assist plants to overcome environmental restrictions, such as 
seasonal drought and fire, owing to the prominent presence of 
buds in the upper portion and photoassimilates depended on 
reserve organ by favoring the capacity of ecological resistance, as 
it has the potential for sprouting (Ratter et al., 1997; Cruz et al., 

2016) and ensuring the survival and establishment of seedlings. 
These same authors described that for the development of these 
structures, there is generally a higher nutritional demand.

However, this study demonstrated that A. peregrina seedling 
production may be adapted to low and medium soil fertility 
conditions, even for the formation of different vegetative organs, 
since the species has the potential to be inserted in areas from 
medium to high levels of degradation, that are characterized 
by low Vegetation Indices (VI), soil nutrient and organic 
matter, especially consisted of the presence of acid pH and 
aluminum (Table 1). However, the highest growth indicators 
of xylopodium, especially length, contribute to the ability of 
A. peregrina seedlings to enhance water and nutrient storage.

This increase of leaves fresh mass was associated with the fact 
that the seedlings present larger number of leaves (Figure 4) and 
LA (Table 3) at the same light condition. Predominantly, the 
species A. peregrina develops well in soils with low fertility and 
organic matter, typical of tropical regions, such as the Cerrado 
biome, contributing to its ecological tolerance. However, the 
substrate preference may vary between species. The seedlings 
of the Cerrado species called Hymenaea stigonocarpa Mart. 
responded positively to substrates that were rich in organic 
matter and nutrients (Mizobata et al., 2016), being different 
from the results observed for A. peregrina.

Possibly, the result of xylopodium and root fresh as well 
as dry mass was associated with the higher amount of the 
PAR, favoring the photoassimilates and biomass productions. 
Similarly, regarding the root mass, a study by Larraburu et al. 
(2018) showed that both the fresh and dry mass of the roots 
from the Cerrado species called Handroanthus ochraceus 
(Cham.) Matos were influenced by luminosity, and those 
that were exposed to higher irradiance levels (0%) presented 
higher mass production. Thus, prominent results regarding 
leaf dry mass in direct sunlight may have occurred because 
the plant obtained higher concentration of photoassimilates 
and irradiation adaptation when compared to shading levels 
(Ajalla et al., 2012).

The mass input is due to the largest indicators of this reserve 
structure, being related to its length and diameter (Table 3) 
under these same seedling production conditions. Seeing that the 
species A. peregrina presented relevant production performance 
in direct sunlight environments, it may be possible to reduce 
the acclimatization (rustification) of these seedlings, since they 
are already adapted to these natural light conditions.

4.3. Physiological and quality index

The increase of SLA and SLM components, under direct 
sunlight due to the functional adaptive capacity of the leaf 
tissues, represents the increase of the palisade layer and biomass 
accumulation, directly related to the need for the plant to 
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grow in high irradiance environments (Martins et al., 2015), 
favoring its ecological tolerance.

The high values of DQI may be associated with their 
higher growth characteristics, physiological indices and yield 
in these same conditions. Reis et al. (2016) highlighted that 
some characteristics were evaluated separately, for instance, 
the height when this parameter does not ensure neither the 
quality of the seedling nor its survival under field conditions, 
especially by using the technique of etiolation. This way, the 
DQI considers the level of robustness and biomass input, and 
when the higher the value is taken, the greater its possibility of 
survival and establishment in the field after transplanting will 
be, nevertheless, also being an indicator of seedlings pattern 
evaluation, especially of forest essences.

In a general way, the species A. peregrina was adapted to 
high light conditions and from low to medium soil fertility 
conditions, typical aspects of the Cerrado biome, with the 
presence of acid pH (5.0) and aluminum. The seedlings of this 
species may be inserted in degraded areas and/or integrated 
in sustainable production systems, both at the edges or open 
areas, being indicated as a heliophilous species, in other words, 
this species grows under shading conditions in which there is 
a reduction of leaf aspects and seedling quality.

5. Conclusion

Anadenanthera peregrina (L.) Speg seedlings presented 
morphophysiological characteristics that provided high capacity 
for ecological tolerance under high irradiance environmental 
and soils with low to medium nutrient inputs and Soil Organic 
Matter (SOM) pools.

The indicators of seedling emergence were more viable 
with seedling growth in 100% of DRL, regardless of 
shading levels. The production of A. peregrina in 100% of 
DRL and under direct sunlight provided higher seedlings 
quality standards.
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