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Abstract

Knowledge on the ideal conditions for the formation of high quality seedlings is fundamental to guarantee
establishment success of crops in a safe and efficient manner. Here, we evaluate the effect of different substrates
and irrigation frequencies on the initial growth of parica (Schizolobium parahyba var. amazonicum) seedlings.
The experiment was conducted in a greenhouse at the Federal Rural University of Amazoénia, Capitdo Pogo, PA.
Several variables were analyzed including seedling height, stem diameter, number of leaflets, shoot dry matter,
root dry matter, total dry matter, height and stem diameter ratio, shoot dry matter ratio and root dry matter. We
found significant differences in seedling development between the applied treatments, including a significant
interaction between substrate type and irrigation regime on seedling height, stem diameter, the number of leaflets
and plant growth indices, with the best response for proportions 75% soil + 25% bovine manure and 50% soil +
50% bovine manure. Therefore, the substrates containing organic compounds resulted in a higher quality of the
seedlings, while the sand consistently presented the lowest increases in seedling production under the three
experimental irrigation frequencies, and thus is not recommended as a substrate for the development of
Schizolobium parahyba var. amazonicum.

Keywords: parica, forestry, nurseries
1. Introduction

The plant species Schizolobium parahyba var. amazonicum (Huber ex Ducke), commonly known as parica, is
native to the Amazon region and has several economic uses in the forest-based industrial sector, including use as
raw material for the pulp industry (Silva et al., 2015). For the successful establishment of silvicultural crops in
the field, it is necessary that the young plants are produced in ideal nursery conditions, and in particular, abiotic
factors such as temperature, solar radiation, irrigation frequency, amount of water and soil substrate can play a
key role in the physiology of the seedlings. Optimizing conditions at germination and seedling stage can have a
direct influence on the later growth of adult plants in the field, improving homogeneity in development among
individuals and reduction of mortality rates (Ferreira et al., 2009).

The use of suitable substrates is essential to promote the full development of the root system and, consequently,
above-ground plant structures, and therefore, must contain the ideal array of nutrients. According to Trazzi et al.
(2013), for the availability of nutrients, it is common to use organic compounds of animal origin, because this
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contributes to the improvement of physical properties, such as increased soil porosity and microbiological
activity, which reduces costs in seedling production.

On the other hand, water stress, as a result of inadequate irrigation, has a major impact on seedling development
and mortality rates. For example, Moura et al. (2011), observed that water stress is one of the main factors that
interferes with plant development, in some cases even more so than saline stress. Low water availability greatly
reduces establishment success in many crops, because it directly affects the production of photoassimilates
essential for the production and partitioning of biomass. Therefore, optimizing irrigation frequency is of
fundamental importance to avoid excessive water stress during seedling development.

In view of the above, it is clear that substrate and irrigation frequency are crucial factors for the establishment of
forest crops. However, to be sure of their efficiency, it is necessary to identify ideal conditions to reduce
production losses and improve seedling quality. Yet, for parica, as with many Amazonian plant species,
information on optimum growing conditions is extremely limited, which makes it difficult to inform producers.
Such a lack of information regarding the use of substrates for native forest species is a hindrance to the formation
of seedlings and reduces success rates of transplantation to the field, reducing financial returns for producers
(Godin et al., 2015).

The objective of the research was to evaluate the effect of different substrates and irrigation frequencies on the
development of parica seedlings.

2. Methods

2.1 Field Sites and Material Description

The experiment was conducted in the greenhouse at the Federal Rural University of Amazonia (UFRA), in the
municipality of Capitdo Pocgo, located in the northeast of the State of Para (01°44'04” S 47°03'28" W). The study
was performed between May and August 2014.

According to the Koppen classification, the regional climate is classed as the Ami type (tropical altitude). Soil is
classified as an Alico Yellow Latosol (Embrapa, 2013), with the following chemical characteristics (Table 1).

Average maximum and minimum temperatures during the experiment were 33.5 and 22.5 °C, respectively, with a
mean relative humidity of 77% (measured with a digital thermo-hygrometer).

Table 1. Chemical analysis of soil

Nutrient pH E.C. Ca** Mg Na* K° AFF S T C N CN OM. Pas V M
0-20 dSm™! s cmolc kg™ gkg mgkg! - % -
Soil 45 025 07 06 005 009 08 14 59 85 09 100 147 800 24 36

Note. pH: hydrogenation potential in water, 1:2.5 v/v; E.C: electric conductivity; Ca = calcium; Mg =
magnesium; Na = sodium; K = potassium; Al = aluminum; S = sulfur; T = CEC (cation exchange capacity) total;
C = carbon; N = nitrogen; C/N = carbon/nitrogen; O.M: organic matter (Walkley-Black method); P-ass =
phosphorus assimilable, V = base saturation, M = saturation by aluminum. These analyses were performed
according to the methodology of Embrapa (1997).

Table 2. Chemical analysis cattle manure
Nutrient pH E.C. Ca®* Mg®* P,0s K' K, 0 S P N Cu Fe Mn  Zn - -
- - - % mg kg! - -
Manure 59 174 0.67 033 032 088 1.1 0.05 0.14 09 160 1558.0 3300 330 - -
Note. These analyses were performed according to the methodology Embrapa (2017).

2.2 Experimental Design

To evaluate effects of substrate and irrigation frequency on parica seedling development, we used a randomized
block design in a 5x3 factorial scheme consisting of five substrates: sand, soil, 75% soil + 25% bovine manure,
50% soil + 50% bovine manure; 70% of soil + 20% of tanned organic compound (bovine manure) + 10%
superphosphate simple (18% P,Os); and three irrigation frequencies (daily, every two days and every three days).
The determination of the amount of irrigation water corresponding to the Real Soil Water Capacity (CRA) of
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each substrate was performed according to the procedure specified by Bernado et al. (2006). The values obtained
were converted to the container area and are described in Table 3.

Table 3. Water blades corresponding to WBC (mm) and applied to the containers (mL) during the experiment on
the different substrates

Substrates Orc (100 kPa)  Opp (1500 kPa) Sd Amount of irrigation ~ Amount of irigation
% g cm®  Mm mL

Sand 10.0 3.20 1.59 13.5 240

Soil 17.82 7.13 1.93 26.0 460

75% soil + 25% bovine manure  7.57 1.48 0.96 7.3 130

50% soil + 50% bovine manure  8.52 2.05 1.01 8.2 145

Chemical compound 19.0 10.0 1.31 18.0 320

Note. Orc= soil water content at field capacity at 100 kPa; 6, = soil water content at wilting point at 1500
kPa; Sd = soil bulk density.

The amount of water was applied manually using a graduated test-tube. Irrigation occurred in two periods
(morning and afternoon). The seeds of Schizolobium parahyba var. amazonicum (Huber ex Ducke) were
acquired at the Company Sementes Caigara Ltda.

To overcome integumentary dormancy, the seeds were submitted to mechanical scarification, using 20 mm
sandpaper. The germination occurred naturally with the irrigations of each treatment. Three seeds were sown in
each polyethylene bag with a capacity of 1.5 kg (15 cm in diameter and 25 c¢cm in height), when the thinning of
the lower plants was germinated leaving one per experimental unit.

Biometric evaluations of plant height (SH), stem diameter (SD) and number of leaflets (NL) were performed at
three different periods: 30, 60 and 90 days after sowing. The height of plants was measured using a ruler
graduated in centimeters (cm), measuring the seedlings from the surface of the substrate to the apical bud, the
stem diameter was measured with the aid of a pachymeter with an accuracy of 0.05 mm.

After 90 days, plants were removed from the substrate, washed and separated into above-ground structures and
root, placed in paper bags and dried at 70 °C for two days, before dried material was weighed using a precision
scale (Silva, Rodas, & Carvalho, 2013). Specifically, we measured shoot dry matter (SDM), dry matter of roots
(RDM) and total dry matter (TDM). Based on these results, the seedling quality indexes were obtained:
relationship between seedling height and stem diameter (SH/SD), shoot dry matter and root dry matter (SDM /
RDM) and the Dickson Quality Index (DQI) (Dickson et al., 1960).

2.3 Analytical Procedures

Data were evaluated using Shapiro-Wilk and Bartlet tests (p > 0.05) to verify normality and homoscedasticity.
Data that did not meet the assumptions of parametric tests were transformed using the Box-Cox method (Box &
Cox, 1964). When these assumptions were met, we used an ANOVA to test effect of treatment on plant
development parameters and the Tukey test to compare differences between treatments. All analyzes were
conducted using the SISVAR statistical software (Ferreira, 2011).

3. Results and Discussion

We found significant differences between the applied treatments, with the interaction between the substrate and
irrigation on seedling height, stem diameter, the number of leaflets and plant growth indices (Table 4). These
results show the interplay between the substrate type and water regime on plant morphological characteristics
(Vallone et al., 2010). Other studies have also demonstrated the importance of the relationship between these
factors in seedling production (Dias et al., 2008; Pimentel & Guerra, 2011). Similarly, Alves et al. (2015)
observed that there was a significant interaction between the substrates factors and irrigation turn in the
emergence rate of Schizolobium parahyba var. amazonicum.
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Table 4. Summary table of variance analysis of the mean squares for the effects of substrates and irrigation turn
in seedlings of Schizolobium parahyba var. amazonicum. Substrate (S) (d.f. = 4), Irrigation (I) (d.f. =2), S x I
(d.f. = 8), Treatment (d.f. = 14), Residual (d.f. = 45)

Variable Substrate Irrigation regime Sx1 CV (%)
SH30 43.49% 153.76** 16.03™ 14.56
SH60 789.69%* 60.25™ 108.80* 13.95
SH90 2243.23%* 345.93%* 44.78™ 11.09
SD30 0.014* 0.020%* 0.005™ 16.09
SD60 0.039** 0.001™ 0.004 ™ 11.27
SD90 0.065%* 0.234%** 0.027** 12.02
NL30 7.55% 411™ 7.22%% 23.16
NL60 192.79%* 21.65% 32.75%%* 16.13
NL90 767.85%* 101.61™ 28.65™ 30.00
SDM 94.51%* 6.16™ 2.143™ 26.58
RDM 18.84%* 0.291™ 0.726* 22.26
TDM 196.88%* 8.04™ 546" 21.97
SH/SD 5088.41%* 22013.14%* 1861.56** 16.58
SDM/RDM 0.901** 0.651* 0.230™ 20.41
DQI 0.0139** 0.0110** 0.0024** 27.71

Note. * Significant at the 0.05 level of error probability, ** Significant at the 0.01 probability level of the error
and ™ Not significant at the 0.05 level of probability by the F test. Seedling height at 30 days (SH30), height at
60 days (SH60), height at 90 days (SH90), stem diameter at 30 days (SD30), diameter at 60 days (SD60),
diameter at 90 days (SD90), number of leaflets at 30 days (NL30), number of leaflets at 60 days (NL60), number
of leaflets at 90 days (NL90), shoot dry matter (SDM), root dry matter (RDM), total dry matter (TDM), seedling
height ratio and stem diameter (SH/SD), shoot dry matter ratio and root dry matter (SDM/RDM) and Dickson
Quality Index (DQI).

At 30 days after emergence the soil allowed good conditions for the development of the seedlings, since this
substrate provided the highest SH30, although not statistically different from the other treatments. Irrigation
every three days presented the best response (Table 5).

Table 5. Seedling height at 30 days (SH30), height at 90 days (SH90), stem diameter at 30 days (SD30),
diameter at 60 days (SD60), of parica seedlings in different substrates and irrigation regimes

SUBSTRATE SH30 SH90 SD30 SD60
Sand 23.81b 29.62¢ 0.35b 0.37b
Soil 28.28* 52.70b 0.41ab 0.51a
75% soil + 25% bovine manure 24.41ab 61.58a 0.36ab 0.50a
50% soil + 50% bovine manure 25.41ab 64.24a 0.36ab 0.48a
Chemical compound 27.33ab 54.51b 0.42¢ 0.50a
IRRIGATION REGIME

Every day 24.93b 47.87b 0.39ab 0.48a
Every 2 days 23.66b 53.80a 0.35b 0.48a
Every 3 days 28.97% 55.87a 0.41% 0.46a

Note. *Average followed by distinct letters differ in the column (lowercase) by the Tukey test at 5% probability.

In relation to SH90, there was a greater increase in height of the seedlings with substrates containing bovine
manure and irrigation every two to three days than other treatments (Table 5). In this sense, the use of substrates
with bovine manure positively influenced the growth and initial development of S. parahyba var. amazonicum.
Substrate improvements with the addition of organic residues were also observed and reported by Delarmelina et
al. (2013) and Maranho et al. (2013), which showed major growth in height in cultivated seedlings of Sesbania
virgata and Cordia alliodora, respectively.
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In relation to the SD30 (Table 5) there was a significant difference between substrate treatments, as well as
between differing irrigation regimes, with the chemical compound treatment and irrigation every three days
showing the greatest increases in diameter. For SD60, there were higher responses in seedlings in all treatments
containing soil and the chemical compound, but no clear effect of irrigation. The positive effect of substrates
containing bovine manure on stem diameter can be attributed to the presence of the greater concentration of
nutrients in these substrates compared with sand, due to the presence of the organic matter and/or chemical
compounds essential for seedling development (Schmitz et al., 2002). Vieira et al. (2014) demonstrated that
organic matter present in substrates such as bovine manure contains a high content of organic carbon, which in
turn contributes to the increase of the humic fraction of the soil, considered an important source of ionic loads in
the substrate and to increase the Cation Exchange Capacity in the soil.

The substrate composed of sand presented the same result in all evaluated variables, corresponding to the
response significantly lower than the other sources used (Table 5). For Pelegrini et al. (2013) the use of sand only
as substrate may compromise the development of seedlings. Because, it has low water availability, which may
limit the growth and development of plants, by influencing various physiological processes. In an experiment
conducted by Figueiredo et al. (2011) in Eucalyptus urograndis plantations in areas with low water availability,
in the initial development stage of the species, showed a significant reduction in growth rates such as height,
diameter and dry matter. Water is one of the most important abiotic factors for the development of seedlings as it
directly influences rates of photosynthesis. In this context, the capacity of the substrate to hold water is crucial,
allowing it to remain readily available according to the need of plants (Schwider et al., 2013).

We have confirmed that substrates containing bovine manure, and the chemical compound, under irrigation
every day provided the tallest plants after 60 days, largest stem diameter at 90 days, and a higher number of
leaflets at 30 and 60 days, independently of irrigation regime. In contrast, the seedlings produced in sand showed
worse response for these variables (Table 6).

Table 6. Effect of the interaction of substrates and irrigation turn at seedling height at 60 days (SH60), stem
diameter at 90 days (SD90), number of leaflets at 30 days (NL30) and number of leaflets at 60 days (NL60) at
seedlings of parica

SUBSTRATE/IRRIGATION SH60

Every days Every 2 days Every 3 days
Sand 26.12 Ca 33.10 Ba 31.50 Ca
Soil 30.00 BCb 51.55 Aa 52.62 ABa
75% soil + 25% bovine manure 44.50 ABa 48.50 Aba 58.00 Aa
50% soil + 50% bovine manure 49.77 Aa 47.87 Aba 43.87 ABCa
Chemical compound 49.00 Aa 46.42 Aba 40.00 BCa
SDY0
Sand 0.45Ca 0.42Ba 0.37ABa
Soil 0.52BCa 0.57Aa 0.50Aa
75% soil + 25% bovine manure 0.67Aa 0.65Aa 0.35Bb
50% soil + 50% bovine manure 0.77Aa 0.65Ab 0.37ABc
Chemical compound 0.65ABa 0.65Aa 0.47ABb
NL30
Sand 3.750Bb 5.25Bab 7.25Aa
Soil 6.75ABa 7.50Aba 6.75Aa
75% soil + 25% bovine manure 7.00Ab 9.75Aa 5.75Ab
50% soil + 50% bovine manure 6.75ABa 6.00Ba 7.75Aa
Chemical compound 7.00Aa 7.00Aba 7.25Aa
NL60
Sand 7.00Ca 8.50Ca 9.00Ba
Soil 12.75Ba 16.75Ba 16.75Aa
75% soil + 25% bovine manure 14.00Bb 22.00Aa 14.00Ab
50% soil + 50% bovine manure 21.25Aa 19.25ABab 15.50Ab
Chemical compound 16.75ABa 14.50Ba 17.00Aa

Note. *Average followed by distinct letters differ from each other in the column (upper-case) and in the line
(lowercase) by the Tukey test at 5% probability.
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A lack of water in the soil can cause decrease in the rate of liquid photosynthesis and consequently, in the
production of carbohydrates, which may have led to a decrease in the biomass accumulation of the evaluated
plants (Taiz & Zeiger, 2017).

Studies performed by Vieira et al. (2014) highlighted that the use of organic residues positively favors the growth
and initial development of S. parahyba var. amazonicum and that the stem diameter is directly related with the
survival of the seedlings after planting in the field. In this way, it is an important variable for evaluating seedling
quality and likely establishment success following transplantation to the field.

Here, we found that parica stem diameter responded positively to the proportion of bovine manure in substrate
mixtures. These results can be explained by increased soil fertility and improved physical properties (Aragjo et
al., 2017). Kratka and Correia (2015) evaluated seedlings of Myracrodruon urundeuva at 120 days after planting
observed that substrates containing bovine manure presented the best responses regarding stem diameter.
Bortolini et al. (2012) also obtained a larger increase in the stem diameter of the Gleditschia amorphoides on
substrates containing bovine manure.

According to the statistical analysis, the variables NLO90, SDM, TDM and SDM/RDM presented better
responses in the substrates with bovine manure, with values similar between irrigation regimes, except in the
SDM/RDM variable, where irrigation every two days did not differ from every three days (Table 7). This result
highlights the important functional role of substrate quality over than water availability on parica seedling
development, optimizing the physical attributes of the soil, favoring development of beneficial microbial flora
and improving the water retention capacity and aeration of the soil (Gdes et al. al., 2011).

Table 7. Number of leaflets at 90 days (NLO90), shoot dry matter (SDM), root dry matter (RDM), total dry
matter (TDM) and relation shoot dry matter and root dry matter (SDM/RDM) submitted to different substrates
and irrigation turn in parica seedlings

SUBSTRATE NL90 SDM TDM SDM/RDM
Sand 9.50b 1.69d 2.72d 1.66b

Soil 17.75¢ 3.38c 5.10c 1.96ab
75% soil + 25% bovine manure 29.66* 7.2ab 10.69a 2.06ab
50% soil + 50% bovine manure 27.16ab 8.57* 12.67a 2.16a
Chemical compound 21.08bc 6.03b 8.59b 2.40a
IRRIGATION REGIME

Every days 20.35% 4.90* 7.50a 1.84b
Every 2 days 23.552 5.98* 8.68a 2.16a
Every 3 days 19.20* 5.23% 7.69a 2.14ab

Note. * Average followed by distinct letters differ in the column (lower-case) by the Tukey test at 5% probability.

Furthermore, manure is a good alternative to chemical fertilizers to increase the availability of macro and
micronutrients in the soil (Luz et al., 2009). Following Kratka and Correia (2015), substrate without any
fertilization should not be used by nurseries, as it is clear that substrates with organic matter improves seedling
production compared to sterile media (e.g. sand).

For root dry matter, the substrate 50% soil + 50% bovine manure provided the best response under daily
irrigation (Table 8). We also found no difference in root dry matter between seedlings cultivated in different
media and irrigated every three days. Aratjo et al. (2017) also found irrigation frequency was an important
predictor of forest seedling survival and initial growth in the field.
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Table 8. Effect of substrates and irrigation turn on root dry matter (RDM), height/diameter relation (SH/SD) and
Dickson Quality Index (DQI) on parica seedlings

SUBSTRATE/IRRIGATION REGIME RDM

Every days Every 2 days Every 3 days
Sand 1.19Ca 1.06Ba 0.84Da
Soil 1.53Ca 1.95Ba 1.66CDa
75% soil + 25% bovine manure 3.45Ba 3.73Aa 3.27ABa
50% soil + 50% bovine manure 4.77Aa 3.59Ab 3.95Aab
Chemical compound 2.02Cb 3.11Aa 2.54BCab
SH/SD
Sand 56.31Aa 80.43Aa 78.22Ca
Soil 83.75Ab 94.98 Aab 123.16Ba
75% soil + 25% bovine manure 84.42Ab 96.52Ab 190.83Aa
50% soil + 50% bovine manure 81.80ADb 99.28Ab 175.04Aa
Chemical compound 78.63Ab 82.48Ab 133.12Ba
DQI
Sand 0.04Ca 0.03Ba 0.03Aa
Soil 0.04Ca 0.06Ba 0.04Aa
75% soil + 25% bovine manure 0.11Ba 0.11Aa 0.05Ab
50% soil + 50% bovine manure 0.17Aa 0.12Ab 0.06Ac
Chemical compound 0.08BCab 0.12Aa 0.06Ab

Note. * Average followed by distinct letters differ from each other in the column (upper case) and in the line (lower
case) by the Tukey test at 5% probability.

Similar results to this study were found for Schizolobium parahyba seedlings by Moreira et al. (2015), which
also found a significant effect on RDM using 50% soil + 50% bovine manure substrate, while the treatments
comprised of 100% sand and 100% soil obtained lower RDM values. In a study by Guimaraes et al. (2013), a
lower value was observed for root dry matter in Pithecellobium dulce seedlings for treatments with only soil,
however there was a higher response for this variable when bovine manure was added as one of the substrate
components.

Regarding the relation plant height and diameter (SH/SD), we found better responses in substrates with bovine
manure, and with irrigation every three days (Table 8). According to Gomes and Paiva (2011) the SH/SD relation
is one of the best indicators of plant developmental success in the field, due to the tendency to balance vertical
growth and stem diameter, especially with regard to robustness of seedlings. According to Fonseca et al. (2002),
these aspects should not be analyzed in isolation to classify the potential of the seedlings, since taller plants can
have a much lower diameter and, consequently, lead to stretching of seedling and possible damping off of the
seedlings after transplanting. For this reason, seedlings that have a larger stem diameter and lower height can be
considered better quality to taller plants, with smaller stem diameter (Pinto et al., 2016).

As mentioned by previous authors, there was a greater increase in height and diameter when bovine manure was
used in the substrate mixture in Tabebuia aurea. Freire et al. (2015) evaluating the production of T. aurea
seedlings, observed that the use of bovine manure provided higher values in SH/SD relation.

When analyzing the DQI, the 50% soil + 50% bovine manure with irrigation performed every day presented
superior results and there were no significant differences between the substrates in treatments being irrigated
every three days (Table 8). The DQI is generally considered ideal for the development and formulation of crop
substrates for the production of seedlings of forest species (Gomes et al., 2013; Faria et al., 2013). Although,
other studies have shown that DQI may lead to variable responses (Trazzi et al., 2010; Derlamelina et al., 2013).
These differences occur because the quality of the seedlings depends considerably on which tree species is used,
the proportion and type of substrate applied, the management of the seedlings, as well as the development period
evaluated after planting, mainly in the initial phase (Caldeira et al., 2012).

Previous studies have demonstrated several substrate recommendations in the production of seedlings of native
forest species, but researches more specifically in the substrate ideal for seedlings production of Schizolobium
parahyba var. amazonicum, are still scarce in the literature. According to Vieira et al. (2014), the different
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combinations of organic substrates (swine, sheep and bovine manure) positively influence the initial growth and
nutrition of nursery seedlings.

Studies have also shown that the increase in the formation of forest seedlings may be related to the presence of
bovine manure in the substrate composition (Freire et al., 2015, Costa et al., 2015). Manure is commonly used in
soil fertilization due to its characteristics conducive to improving its physicochemical attributes and stimulating
microbial processes (Morais et al., 2012). In contrast, substrates with 100% sand presented the lowest values in
all variables analyzed in the present study. This is due to the low fertility of the substrate, whose material is inert,
not being a good source of nutrients, causing a reduction in the development of the seedlings, in terms of height,
dry mass and leaf area. Moreover, high drainage and high leaching related to porosity and low water retention of
sand was enough to strongly inhibit the development of seedlings (Guimarées et al., 2011).

4. Conclusion

Substrates that contained organic matter resulted in a higher quality of the seedlings, while sand presented a
smaller increment in seedling production relative to differences in irrigation frequencies, and is not
recommended as a medium for the initial development of Schizolobium parahyba var. amazonicum.

References

Alves, J. D. N, Moreira, W. K. O., Oliveira, S. S., Ledo, F. A. N., & Okumura, R. S. (2015). Taxa ¢ indice de
velocidade de emergéncia de paricdA em diferentes substratos e frequéncia de irriga¢do. Enciclopédia
Biosfera, 11(21), 17-68.

Aratjo, E. F., Aguiar, A. S., Arauco, A. M. S., Gongalves, E. O., & de Almeida, K. N. S. (2017). Crescimento e
qualidade de mudas de parica produzidas em substratos a base de residuos organicos. Nativa, 5(1), 16-23.
https://doi.org/10.5935/2318-7670.v05n01a03

Bernado, S., Soares, A. A., & Mantovani, E. C. (2006). Manual de Irrigagdo (8th ed., p. 625). Vigosa: Editora
UFV.

Bortolini, M. F., Koehler, H. S., Zuffellato-Ribas, K. C., & Fortes, A. M. T. (2012). Crescimento de mudas de
Gleditschia amorphoides Taub. produzidas em diferentes substratos. Ciéncia Florestal, 22(1).
https://doi.org/10.5902/198050985077

Box, G. E. P, & Cox, D. R. (1964). An Analysis of transformations. Journal of the Royal Society, 26, 211-252.

Caldeira, M. V. W,, Delarmelina, W. M., Liibe, S. G., Gomes, D. R., Gongalves, E. O., & Alves, A. F. (2012).
Biossolido na composi¢do de substrato para a produg¢do de mudas de Tectona grandis. Floresta, 42(1),
77-84. https://doi.org/10.5380/rf.v42i1.26302

Costa, E., Dias, J. G., Lopes, K. G., Binotti, F. F. S., & Cardoso, E. D. (2015). Telas de sombreamento e
substratos na producdo de mudas de Dipteryx alata Vog. Floresta e Ambiente, 22(3), 416-425.
https://doi.org/10.1 590/2179 -8087. 071714

Delarmelina, W. M., Caldeira, M. V. W,, Faria, J. C. T., & Gongalves, E. O. (2013). Uso de lodo de esgoto ¢
residuos organicos no crescimento de mudas de Sesbania virgata (Cav.) Pers. Revista Agro-@mbiente
On-line, 7(2), 184-192. https://doi.org/10.18227/1982-8470ragro.v7i2.888

Dias, M. A., Lopes, J. C., Corréa, N. B., & Dias, D. C. F. S. (2008). Germinagio de sementes e desenvolvimento
de plantas de pimenta malagueta em fungdo do substrato e da lamina de agua. Revista brasileira de
sementes, 30(3), 115-121. https://doi.org/10.1590/S0101-31222008000300015

Dickson, A., Leaf, A. L., & Hosner, J. F. (1960). Quality appraisal of white spruce and white pine seedling stock
in nurseries. The Forestry Chronicle, 36(1), 10-13. https://doi.org/10.5558/tfc36010-1

EMBRAPA (Empresa Brasileira de Pesquisa Agropecuaria). (1997). Centro Nacional de Pesquisa de Solos.
Manual de métodos de andlise de solo (2nd ed., p. 212). Rio de Janeiro, EMBRAPA-CNPS.

EMBRAPA (Empresa Brasileira de Pesquisa Agropecuaria). (2013). Centro Nacional de Pesquisa de Solos.
Sistema Brasileiro de Classificag¢do de Solos ( 3nd ed., p. 353). Brasilia, EMBRAPA-CNPS.

EMBRAPA (Empresa Brasileira de Pesquisa Agropecuaria). (2017). Manual de métodos de andlise de solo (3rd
ed., p. 573). Brasilia, DF: EMBRAPA-CNPS.

Faria, J. C. T., Caldeira, M. V. W., Delarmelina, W. M., & Rocha, R. L. F. (2013). Uso de residuos orgénicos na
producdo de mudas de Senna alata (L.) Roxb. Revista Ecologia e Nutri¢do Florestal-ENFLO, 1(3), 133-146.
https://doi.org/10.13086/2316-980x.v01n03a05

256



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 11; 2018

Ferreira, D. F. (2011). Sisvar: A computer statistical analysis system. Ciéncia e Agrotecnologia, 35(6),
1039-1042. https://doi.org/10.1590/S1413-70542011000600001

Ferreira, M. G. R., Rocha, R. B., Gongalves, E. P., Ursulino Alves, E., & Ribeiro, G. D. (2009). Influéncia do
substrato no crescimento de mudas de cupuacu (Theobroma grandiflorum Schum.). Acta Scientiarum
Agronomy, 31(4).

Figueiredo, F. A. M. M. A., Carneiro, J. G. A., Penchel, R. M., Barroso, D. G., & Daher, R. F. (2011). Efeito das

variagdes biométricas de mudas clonais de eucalipto sobre o crescimento no campo. Revista Arvore, 35(1).
https://doi.org/10.1590/S0100-67622011000100001

Fonseca, E. P., Valéri, S. V., Miglioranza, E., Fonseca, N. A. N., & Couto, L. (2002). Padriio de qualidade de
mudas de Trema micrantha (L.) Blume, produzidas sob diferentes periodos de sombreamento. Revista
Arvore, 515-523.

Freire, A. L. O., Ramos, F. R., Gomes, A. D. V., Santos, A. S., Alves, F. L. M., & Arriel, E. F. (2015).
Crescimento de mudas de craibeira (Tabebuia aurea (Manso) Benth. & Hook) em diferentes substratos.
Agropecuaria Cientifica no Semiarido, 11(3), 38-45.

Goes, G. B., Melo, 1. G. C., Dantas, D. J., Aratjo, W. B. M., & Alencar, R. D. (2012). Utilizagdo de hiimus de
minhoca como substrato na produgdo de mudas de tamarindeiro. Revista Verde de Agroecologia e
Desenvolvimento Sustentavel, 6(4), 125-131.

Gomes, D. R, Caldeira, M. V. W., Delarmelina, W. M., Gongalves, E. O., & Trazzi, P. A. (2013). Lodo de esgoto
substrato  para  producdo de  mudas de Tectona  grandis L. Cerne, 19(1).
https://doi.org/10.1590/S0104-77602013000100015

Gomes, J. M., Paiva, & H. N. (2011). Viveiros Florestais: Propaga¢do Sexuada (p. 116). Vigosa: Editora UFV.

Gondin, J. C., Silva, J. B., Alves, C. Z., Dutra, A. S., & Elias Junior, L. (2015). Emergéncia de plantulas de
Schizolobium amazonicum Huber ex Ducke (Caesalpinaceac) em diferentes substratos e sombreamento.
Revista Ciéncia Agronémica, 46(2), 329-338. https://doi.org/10.5935/1806-6690.20150012

Guimaraes, 1. P., Coelho, M. F. B., Benedito, C. P, Maia, S. S. S., Nogueira, C. S. R., & Batista, P. F. (2011).
Efeito de diferentes substratos na emergéncia e vigor de plantulas de Mulungu. Bioscience Journal, 27(6).

Kratka, P. C., & Correia, C. R. M. A. (2015). Crescimento inicial de Aroeira of Sertdo (Myracrodruon
Urundeuva Allemio) em diferentes substratos. Revista Arvore, 39(3), 551-559. https://doi.org/10.1590/
0100- 676 22015000300016

Luz, J. M. Q., Morais, T. P. S., Blank, A. F., Sodré, A. C. B., & Oliveira, G. S. (2009). Teor, rendimento e
composi¢do quimica do dleo essencial de manjericdo sob doses de cama de frango. Horticultura Brasileira
27,349-353.

Maranho, A. S., Paiva, A. V., & Paula, S. R. P. (2013). Crescimento inicial de espécies nativas com potencial
madeireiro na Amazonia, Brasil. Revista Arvore, 37(5). https://doi.org/10.1590/
S0100-67622013000500014

Morais, F. A., de Goées, G. B., da Costa, M. E., Melo, I. G., Veras, A. R., & Cunha, G. O. M. (2012). Fontes ¢
propor¢des de esterco na composi¢do de substratos para produgdo de mudas de jaqueira. Revista Brasileira
de Ciéncias Agrarias, 7(Suppl.), 784-789. https://doi.org/10.5039/agraria.v7isa2204

Moreira, W. K. O., Alves, J. D. N., Ledo, F. A. N., Oliveira, S. S., & Okumura, R. S. (2015). Efeito de substratos
no crescimento de mudas de guapuruva (Schizolobium parahyba (vell.) S. F. Blake). Enciclopédia Biosfera,
11(22), 1067-1075. https://doi.org/10.18677/Enciclopedia_Biosfera 2015 143

Moura, M. R., Lima, R. P, Farias, S. G. G., Alves, A. R., & Bezerra, R. (2011). Efeito do estresse hidrico e do
cloreto de sodio na germinagdo de Mimosa caesalpiniifolia Benth. Revista Verde de Agroecologia e
Desenvolvimento Sustentavel, 6(2), 230-235.

Pelegrini, L. L., Borcioni, E., Nogueira, A. C., Koehler, H. S., & Quoirin, M. G. G. (2013). Efeito do estresse
hidrico simulado with Nacl, Manitol and Peg (6000) na germinacdo de Erythrina falcata Benth. Ciéncia
Florestal, 23(2), 511-519. https://doi.org/10.5902/198050989295

Pimentel, J. V. F., & Guerra, H. O. C. (2011). Irrigagdo, matéria organica e cobertura morta na produgdo de
mudas de cumaru (Amburana cearensis). Revista Brasileira de Engenharia Agricola e Ambiental, 15(9),
896-902. https://doi.org/10.1590/S1415-43662011000900004

257



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 11; 2018

Pinto, A. V. F., Almeida, C. C. S., Barreto, T. N. A., Silva, W. B., & Pimentel, D. J. O. (2016). Efeitos de
substratos e recipientes na qualidade das mudas de 7abebuia aurea (Silva Manso) Benth. & Hook. F. Ex S.
Moore. Revista Biociéncias, 22(1), 100-109.

Schmitz, J. A. K., SOUZA, P. V. D., & Kampf, A. N. (2002). Propriedades quimicas e fisicas de substratos de
origem mineral e organica para o cultivo de mudas em recipientes. Ciéncia Rural, 32(6), 937-944.
https://doi.org/10.1590/S0103-84782002000600005

Schwider, Y. S., Pezzopane, J. E. M., Corréa, V. B., Toledo, J. V., & Xavier, T. M. T. (2013). Efeito do déficit
hidrico sobre o crescimento de eucalipto em diferentes condigdes microclimaticas. Enciclopédia Biosfera,
9(16), 888-900.

Silva, G. F., Mendonga, A. R., Hoffmann, R. G., Zaneti, L. Z., Chichorro, J. F., & Ferreira, R. L. C. (2015).
Rendimento em laminagdo de madeira de parica na regido de Paragominas, Para. Ciéncia Florestal, 25(2),
447-455. https://doi.org/10.5902/1980509818464

Taiz, L., Zeiger, E., Moller, I. M., & Murphy, A. (2017). Fisiologia Vegetal (6th ed., p. 888). Porto Alegre,
Artmed.

Trazzi, P. A., Caldeira, M. V. W., & Colombi, R. (2010). Avaliagdo de mudas de Tecoma stans utilizando
biossoélido e residuo organico. Revista de Agricultura, Piracicaba, 85(3), 218-226.

Trazzi, P. A., Caldeira, M. V. W., Passos, R. R., & Gongalves, E. O. (2013). Substratos de origem orgénica para
producdo de mudas de teca (Tectona grandis Linn. F.). Ciéncia Florestal, 23(3), 401-409.
https://doi.org/10.5902/1980509810551

Vallone, H. S., Guimardaes, R. J., Mendes, A. N. G., Cunha, R. D., Carvalho, G. R., & Dias, F. P. (2010). Efeito
de recipientes e substratos utilizados na produgido de mudas de cafeeiro no desenvolvimento inicial em casa
de vegetacdo, sob estresse hidrico. Ciéncia e Agrotecnologia, Lavras, 34(2), 320-28. https://doi.org/
10.1590/81413-70542010000200008

Vieira, C. R., Weber, O. L. S., & Scaramuzza, J. F. (2015). Estudo de residuos orgénicos como substrato para a
producdo de mudas de parica. Revista de Ciéncias Ambientais, 8(2), 47-60.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

258



