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1. INTRODUCTION

In Brazil, the population’s awareness of environmental 
problems boosted the demand for native forest seedlings 
for reforestation and recovery of deforested areas, allowing 
efficient recovery of vegetation cover, essential for the 
restoration of environmental balance (Gonçalves et al., 2015; 
Soares et al., 2017; Freitas et al., 2017).

Among the forest species with the potential to be 
used in reforestation projects, Jacaranda mimosifolia 
D. Don stands out, a tree native to Brazil, belonging to 
the Bignoniaceae family (Zaghloul et al. 2011). This tree 
is widely distributed in tropical and subtropical regions of 
the world (Moharram & Marzouk 2007). Furthermore, it 
is used in urban afforestation and as an ornamental plant 
(Socolowski & Takaki, 2004).

However, one of the main problems encountered in the 
formation of stands aiming the forest restoration is the quality 
of seedlings (Lima Filho et al., 2019).  Good quality seedlings 
are essential in the development of forest populations, as they 
present higher resistance to biological and abiotic conditions, 
directly implying in the success of these forest areas (Cruz 
et al., 2004; Dionísio et al., 2019). The production of quality 
forest seedlings is conditioned to the substrate used during 
leading and management since seed germination and the 
initial development of species are linked to the particularities 
of each substrate (Caldeira et al., 2012).

In the exposed, the use of organic materials in the 
substrate composition held an excellent alternative for the 
use of residues, as well as the source of plant nutrients that 
might reduce the high costs to the minimum necessary for 
the production of forest seedlings (Trazzi et al., 2013).
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In that context, in the transition zone among Amazon, 
Cerrado, and Caatinga biomes, the decomposed babassu 
biomass (DBB) has been used empirically by several farmers 
for seedlings production. Babassu biomass is an organic 
residue to be obtained after the process of decomposition 
of the babassu palm (Attalea speciosa Mart.).

Therefore, the objective was to analyze the potential 
use of decomposed babassu biomass in the production of 
Jacaranda mimosifolia seedlings.

2. MATERIAL AND METHODS

2.1. Location 

The experiment was carried out from October to December 
2019 at the Center for Agricultural and Environmental Sciences 
at the Federal University of Maranhão, Chapadinha, Maranhão, 
Brazil (3°44ʹ12.62” S, 43°19ʹ03.51” E, and 105 meters above 
sea level). The climate classification of the region is humid 
tropical, with an average annual rainfall of 1613.2 mm and 
a mean annual temperature of 26.9 °C (Passos et al., 2016).

2.2. Experimental design and treatments 

The study was carried out in a completely randomized 
design, with six treatments, that is, six substrate compositions 
having as a component, the babassu decomposed biomass 
(DBB) residue, arranged in 5 repetitions, each containing 
five plants, totaling 25 plants per treatment and 150 in the 
total. The substrate compositions were: S1: 100% soil + 0% 
DBB (control); S2: 80% solo + 20% DBB; S3: 60% solo + 40% 
DBB; S4: 40% solo + 60% DBB; S5: 20% solo + 80% DBB and 
S6: 0% solo + 100% DBB.

DBB was provided through the association of rural products 
from Chapadinha-MA. The soil collected in the experimental 
area of the Federal University of Maranhão was classified as 
dystrophic Yellow Latosol (Santos et al., 2013), composed of 
560, 190, and 250 g Kg-1 of sand, silt, and clay, respectively, 
had an “average” textural classification. The granulometric 
analysis was performed as proposed by Almeida et al. (2012).

2.3. Physical and chemical characterization 
of substrates

The samples of substrate compositions were sent to the 
Soil Science Laboratory at the Federal University of Ceará, 
Fortaleza, Brazil, to determine the global density (GD), 
particle density (PD), and total porosity according to the 
procedures described by Brazilian Agricultural Research 
Corporation (EMBRAPA, 1997).

To GD determination (Table 1), samples were inserted 
in a volumetric ring of known volume and then placed in 
an oven with forced air circulation at 105 ºC for 24 hours 
(SS®, MBSSDCR40L, São Paulo, SP, Brazil). Thus, GD was 
determined by the relationship between sample volume and 
weight (Table 1). After drying in an oven at 105 ° C for 24 hours, 
the samples were transferred to a 50 mL volumetric flask 
containing ethyl alcohol, where it was possible to determine 
the PD and porosity by equations 1 and 2, respectively.

	 (1)

 	 (2)

In which: PD: particle density (g cm-3); GD: global density (g cm-3); KSW: kiln-
dried sample weight (g); V: volume of alcohol (cm3).

Table 1. Physical characterization: global density (GD), particle 
density (PD), and total porosity.

Substrates
GD PD Porosity 

(g cm-³) (%)

S1 1.44 2.67 45.99

S2 1.28 2.64 51.53

S3 1.18 2.57 54.01

S4 0.98 2.24 56.22

S5 0.73 1.88 60.91

S6 0.33 0.97 65.95

S1: 100% soil + 0% DBB (control); S2: 80% soil + 20% DBB; S3: 60% soil + 40% DBB; 
S4: 40% soil + 60% DBB; S5: 20% soil + 80% DBB, and S6: 0% soil + 100% DBB.

The pH values, electrical conductivity, nitrogen, 
phosphorus, potassium, calcium, magnesium, and sulfur of 
the compositions of each substrate were determined by the 
methodology described in Normative Instruction No. 17 of 
the Ministry of Agriculture, Livestock, and Supply of Brazil 
(MAPA, 2007) (Table 2).

pH of each substrate was determined by direct measurement 
in a solution of the substrate with water in the proportion 1: 2.5 
using a pH meter (Simpla®, PH140, São Caetano, SP, Brazil). 
EC was determined by direct electrode reading using a 
conductivity meter (CDH222, São Caetano, SP, Brazil) after 
obtaining the soil solution by the method of paste saturation 
with vacuum extraction.

The nitrogen content was determined by applying a method 
adapted from Kjeldahl, with digestion in H2SO4 followed by 
steam distillation with NaOH solution, and also, an H3BO3 
solution as an indicator. After distillation, titration was performed 
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with a standard HCl solution. The carbon was analyzed by 
the Walkley-Black method, using samples dried at 65 °C. The 
calcium and magnesium contents were determined by atomic 
absorption spectrometry (Konica Minolta®, CM-3600A, Tokyo, 
Japan) after extraction with 1 mol L-1 KCl. The potassium 

content were determined using a flame photometer (Digimed®, 
DM-63, São Paulo, SP, Brazil) and the phosphorus and sulfur 
contents were obtained with a photocolorimeter (Alfakit®, 
AT 100P II, Florianópolis, SC, Brazil) after extraction with 
Melich 1 solution (HCl 0,05 mol L-1 + H2SO4 0.0125 mol L-1).

Table 2. Chemical characterization: hydrogen potential (pH), electric conductivity (EC), nitrogen (N), carbon (C), phosphorus (P), 
potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S).

Substrates
pH EC N C P K Ca Mg S

dS m-1 g kg-1 mg kg-1 cmolc kg-1 

S1 5.06 0.10 0.63 8.94 13.00 0.07 0.80 0.30 1.50

S2 4.88 0.61 1.23 14.76 14.00 0.67 1.60 1.00 3.80

S3 5.11 1.36 1.46 21.48 13.00 1.82 3.20 1.70 7.60

S4 4.83 1.79 2.02 40.92 13.00 2.35 4.40 2.80 10.80

S5 5.16 3.00 3.47 44.04 27.00 6.17 10.90 4.60 24.60

S6 5.32 4.34 5.88 145.20 33.00 3.63 20.60 15.20 41.50

S1: 100% soil + 0% DBB (control); S2: 80% soil + 20% DBB; S3: 60% soil + 40% DBB; S4: 40% soil + 60% DBB; S5: 20% soil + 80% DBB, and S6: 0% soil + 100% DBB.

2.4. Experimental procedure

The seeds were obtained from four Jacaranda mimosifolia 
trees in the municipality of Anapurus, Maranhão, Brazil. 
Seeds were sown in polyethylene bags (12 × 20 cm) with 
two seeds per bag at 1-cm depth. The bags were placed on 
a wooden bench in an area covered by Sombrite® with 70% 
shading. On average, each seedling received ~ 0.25 L of water 
per day in the late afternoon during the experiment, using a 
5 L capacity manual watering can.

Phytosanitary control was carried out according to 
the technical recommendations adopted in the region 
for the crop, with preventive applications of the organic 
insecticide Neem oil (Azadirachta indica) at the dose 
of 10 L ha−1 weekly during the experiment. There was 
daily monitoring to investigate phytosanitary issues of 
the seedlings, and no damage was identified throughout 
the research.

Two days after sowing (DAS), seeds started emerging 
with fully open cotyledons above the substrate while at 
23 DAS, seedlings were thinned, which only one plant per 
bag was left. The germination percentage (GP) and emergency 
speed index (ESI) were calculated based on these data, 
according to Silva Matos et al., (2015). At 60 DAS, seedling 
height (SH), (measured from the lap to the insertion of the 
last leaf), root length (RL), diameter at neck height (lap) 
(DNH), root volume (RV), aboveground dry mass (ADM), 
belowground dry mass (BDM).

The leaf area (LA) was obtained through the photographic 
record of the leaf and subsequent digitized image analysis with 
the aid of the Image J® software. For the height and length 
measurements, graduated rulers in mm were used. Besides, 
for the diameter, a digital caliper (100.174BL, Digimess®, 
São Paulo, SP, Brazil) was employed. RV was recorded by 
measuring the water column displacement in a graduated 
beaker promoted by roots, having a known volume of water 
(100 mL). Moreover, to determine ADM and BDM, fresh 
material was placed in a forced-air-circulation oven for 72 h 
and then weighed on a precision scale (AD5002, Dubesser®, 
São Caetano do Sul, SP, Brazil). The Dickson quality index 
(DQI) was determined according to Equation 3 (Dickson 
et al., 1960).

DQI = TDM/(HP/DSD+ ADM/BDM) 	 (3)

In which: TDM= total dry mass (g); HP= plant height (cm); SD= stem diameter 
(cm); ADM= aboveground dry mass (g); BDM= belowground dry mass (g).

2.5. Statistical analysis

Analyses were made using Infostat® 2020 (Di Rienzo 
et al., 2020). In the present study, P < 0.05 was set as statistical 
significance for all tests. Data were submitted to normality 
analysis by the Shapiro Wilk test. GP and ESI were submitted 
to analysis of variance (ANOVA), followed by a Tukey test. 
Moreover, other variables, when significant, were explored 
by regression analysis. Associations among variables were 



Floresta e Ambiente 2021; 28(2): e20200045

4 - 9 Cavalcante, HS, Sousa, PVS, Santos, RJN, Cordeiro, KV, Andrade, HAFA, Machado, NAF, Silva-Matos, RRS

4

assessed using Pearson’s linear correlation coefficient (r),  
as shown in Equation 4.

	 (4)

In which x and y are the sample means of x and y, respectively, and Sx and Sy 
are the sample standard deviations of x and y, respectively.

3. RESULTS AND DISCUSSION

The use of DBB resulted in the development of the aerial 
part of the Jacaranda seedlings, with effect for LA (P <0.001), 
SH (P = 0.005), DNH (P = 0.003). In addition, it resulted in an 
effect for ESI (P = 0.002), GP (P <0.001) and IDQ (P = 0.043). 
However, it did not change the root development of the 
seedlings, except for BDM (P = 0.046) (Table 3).

The substrates formulated with 20 to 80% DBB, 
promoted a better emergence speed index (ESI), with an 
average of 4.55. While control (100% soil + 0% DBB), and 
substrates with 100% DBB reduced the ESI by 23.51 and 
45.71%, respectively (Figure 1A). The substrate composed of  
80% DBB increased (P <0.05) the percentage of germination 
of the seeds, obtaining 98.75% of the seeds germinated 
(Figure 1B). This occurs due to the structure and capacity 
of aeration and water retention of the substrates analyzed in 
these DBB properties, since these characteristics influence the 
water absorption rate and the biochemical reactions related 
to germination (Martins et al., 2013; Oliveira et al., 2015). 
Therefore, compositions of 20 to 80% of DBB promoted a 
more favorable environment for germination.

S1 (control), was characterized by presenting low porosity, 
and this may have resulted in an inadequate supply of oxygen in 
the tissues (Barreto et al., 2018), in addition to less nutritional 
capacity, although at this time this characteristic is not one 
of the most limiting. On the other hand, the inclusion of 
DBB, in the substrates provided an increase in the porosity 
characteristic, positively altering the performance of ESI 
and the germination of Jacaranda seedlings. However,  

in S6 (0% soil + 100% DBB), due to the high porosity and 
the lower water retention capacity, and consequently, less 
water content available for the seeds, they provided lower 
mean SDI and germination values (P < 0.05), than the control 
substrate (S1), Table 1.

Therefore, seed germination improved from a increase in 
DBB in the composition of the substrates, possibly according 
to the adequate supply ratio between water and oxygen. Han 
et al., (2018) evaluated the germination of Picea jezoensis 
seedlings and found the highest germination percentage (50%) 
in substrates with woody debris concerning the soil (28%) and 
sand (28%) due to porosity characteristics, similar to that 
observed in this study. 

The responses of BDM, LA, SH, and DNH were adjusted 
in quadratic polynomial models with R² = 0.709; 0.755; 0.723; 
and 0.656, respectively. The highest values were obtained in 
the substrates with 40 to 80% DBB (Figure 2).

These positive responses to the morphological attributes 
with the inclusion of DBB in the soil are possibly related to 
the fertility of the substrates, which made nutrients available 
during the experiment (Table 2). Prato et al. (2020) highlighted 
that the inclusion of organic substrates in the soil promotes 
improvement in the chemical properties of the substrates mainly 
by increasing the availability of nutrients to the seedlings.

The increase in P in the substrates occurred according 
to the increase in DBB, obtaining an increase of 60.6% of 
P in the substrate with 100% DBB in relation to the soil 
(Table 2). Therefore, a greater amount of P was available 
to be absorbed by the seedlings. P is an important nutrient 
in carbohydrate biosynthesis (Khavari-Nejad et al., 2009). 
This may be an indication to explain an improvement in the 
development of seedlings. Because in optimal conditions 
of P, the number of carbohydrates produced is sufficient to 
meet the growing demand and, therefore, greater biomass 
production (Figure 2A), including an increase in the leaf area 
(Figure 2B) (Zambrosi et al., 2012). Consequently, plants with 
a larger leaf area can intercept greater light energy, converting 
it to chemical energy (Crous et al., 2015).

Table 3. Summary of analysis of variance for belowground dry mass (BDM), aboveground dry mass (ADM), leaf area (LA), root volume (RV), 
seedling height (SH), diameter at neck height (lap) (DNH), root length (RL), emergency speed index (ESI), germination percentage (GP), 
and Dickson quality index (DQI).

VS
Medium Square

BDM ADM LA RV SH DNH RL ESI GP DQI

DBB 2.6* 1.7ns 20.4** 2.1ns 4.8** 5.4* 1.2ns 9.4** 46.3** 2.8*

P value 0.046 0.178 <0.001 0.111 <0.001 0.003 0.338 0.002 0.001 0.043

CV (%) 28.53 26.3 20.14 22.88 13.93 12.36 15.85 14.33 6.63 25.18

VS: Variation Source; CV: Coefficient of Variation. ** F test significant at the 1% probability level, * significant at the 5% probability level, ns: not significant (N = 25).
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Figure 1. Mean values of emergency speed index (A) and germination percentage (B). Means followed by equal letters did not significantly 
differ according to a Tukey test at 5% significance. Bars indicate mean standard error.

Figure 2. Regression diagrams among levels decomposed babassu biomass and belowground dry mass (A), leaf area (B), seedling height (C), 
diameter at neck height (lap) (D).
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In addition to this, it is observed that with the inclusion 
of DDB in the composition of the substrates, it caused an 
increase in the N content in the substrate by 89.3% (Table 2), 
which may have benefited the development of the plants.  
N is the macronutrient that maintains the photosynthetic 
rate at satisfactory levels, this is extremely important for 
seedling production (Kanai et  al., 2008). In this study,  
the results suggest that an increase in the biometric variables BDM 
and LA with the inclusion of DDB, and consequently, a higher 
rate of production of photoassimilates, directed to the increase 
in plant height (Figure 2C) and stem diameter (Figure 2D).

However, after adding a substrate containing C in the soil, 
the microbial biomass is increased, as well as the demand 
for N by decomposer populations. According to Sigua et al., 
(2016), the inputs added to the soil with a C:N ratio greater 
than 24:1 can result in a temporary deficit of N, that is, 
immobilization; this explains the results obtained with S6 
(100% DBB). This substrate had a C/N ratio greater than 
24:1 (Table 2). Therefore, it is not ideal for the production of 
Jacaranda mimosifolia seedlings, which possibly requires the 
rapid availability of the nutrients, especially N, as an effect 
of reducing biometric variables in cases of immobilization.

This phenomenon directly affects the photosynthetic 
capacity of seedlings, and when this occurs, the amount of 
photoassimilates produced is also affected, which is probably 
related to the increases observed in the other biometrics 
(Belapart et al., 2013). It is important to note that the higher 
the value of the seedling biomass, the stronger the seedling 
structure will be, as it will give the seedling greater resistance 
to adverse conditions in the field, promoting greater survival 
(Gonçalves et al., 2014).

Seedlings grown on substrates composed of 40 and 80% 
DBB showed excellent SH responses (Figure 2C). SH may be 
used as an estimate of the prediction of initial growth in the 
field (Gonçalves et al., 2014). Thus, it happened for DNH, 
which is, generally, observed in the evaluation of seedling 
survival capacity in the field (Silva et al., 2019). These results 
possibly occur due to the increase in the levels of nutrients that 
act in the growth and development of plants, playing a role in 
the physiological processes (Oosterhuis et al., 2013). As the 
K that promotes the firmness of the plant cell walls (turgor) 
as well as the nutrients Ca and Mg, had their availability 
increased with the increase of DBB to the soil (Table 2).

An adequate supply of K available in the soil is necessary 
for optimal growth (Barzegar et al., 2020), especially for 
the thickening of the seedling stem (Valeri & Corradini, 
2005). Ca plays a role in the stability of biomembranes, 
with a fundamental role in cell division and development, 
cell wall structure, and formation of the middle lamella 
(Hepler & Winship 2010). Mg acts in an indispensable for 

photosynthetic activity, since about a fifth of this plant tissue 
is found in chlorophyll molecules (Mauad et al., 2019).

However, it is supposed that from the dose of 80% of DBB, 
toxicity may have occurred and, consequently, the growth of 
these seedlings decreased (Silva et al., 2018). Additionally, 
K, Ca, and Mg compete for the same absorption sites on the 
membrane. Thus, the high availability of a certain element 
may cause a reduction in the absorption of the other (Taiz 
et al., 2017). Possibly, substrates composed of 40 to 80% 
DBB provide adequate and balanced nutrition among the 
nutrients for Jacaranda mimosifolia seedlings.

Applying DBB, better quality seedlings are produced. 
Using 20 to 100% DBB, increased DQI (P <0.05) compared 
to the control, but the 40/60 relationship between soil and 
DBB provided seedlings with better DQI results (Figure 3). 
The quality of seedlings can determine success during the 
establishment of the forest stand (De Marco et al., 2020). 
The DQI produces a relationship between the morphological 
variables, suggesting higher values for higher quality seedlings 
(Prato et al., 2020). Such attributes were obtained in line 
with the DBB added to the soil, improving the physical and 
chemical characteristics of the substrates.

Figure 3. Mean values of the Dickson quality index for the Jacaranda 
mimosifolia seedlings. Means followed by equal letters did not 
significantly differ according to a Tukey test at 5% significance. 
Bars indicate mean standard error.

Substrates composed of DBB, specifically the substrate with 
40% DBB, improved seedling quality in relation to soil use. 
This is because, in a tropical climate, as in the study region, 
soil nutrients are limiting factors for plant growth due to acidic 
soil conditions and nutrient leaching (Fagbenro et al., 2015), 
so adding soil DBB is responsible for improvements in the 
availability of nutrients needed for the best germinative and 
biometric development of Jacaranda mimosifolia seedlings, 
contributing to obtain quality seedlings.
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The ADM presents a strong positive correlation with the 
SH of the seedlings (r = 0.655), as verified by Araújo et al., 
(2017), possibly because it contributes more significantly 
to the biomass supply. Besides that, the ADM expresses a 
very strong positive correlation with the DQI (r = 0.998), 
and considering the variables used in the calculation, the 
correlation response indicates how the ADM is essential 
to improve the quality of the Jacaranda seedlings (Table 4).

Thus, like the ADM, SH also has a strong correlation 
(r = 0.656) with IQD, suggesting that better quality seedlings 

have better height development, which gives greater competitive 
advantage. 

It is observed that LA has a strong positive correlation 
(r = 0.614) with GP, while the latter has a strong positive 
correlation (r = 0.772) with ESI. This is congruent, since 
the more seeds germinate, the faster the germination 
speed of these seeds will be. And, similarly occurs with 
LA, because when seed germination occurs, initially the 
development of plants, including leaves, depends on the 
seed reserves.

Table 4. Pearson correlation matrix among belowground dry mass (BDM), aboveground dry mass (ADM), leaf area (LA), root volume (RV), 
seedling height (SH), diameter at neck height (lap) (DNH), root length (RL), emergency speed index (ESI), germination percentage (GP), 
and Dickson quality index (DQI).

BDM ADM LA RV SH DNH RL ESI GP DQI

BDM

ADM 0.494 ¹Very strong

LA 0.138 0.370 Strong

RV 0.042 -0.029 0.558* Moderate

SH 0.460* 0.655* 0.454* 0.297 Weak

DNH -0.143 0.215 0.516* 0.380 0.131 No correlation

RL 0.123 0.233 0.130 0.107 0.446* 0.092

ESI -0.135 0.224 0.491* 0.522* 0.475* 0.436* 0.209

GP -0.053 0.300 0.614* 0.444* 0.543* 0.453* 0.288 0.772*

DQI 0.511* 0.998* 0.374 -0.014 0.656* 0.227 0.236 0.275 0.312
* significant at 5%.  ¹classified according to Gavioli et al. (2019), where 0 < r ≤ 0.2: no correlation; 0.2 < r ≤ 0.4: weak correlation; 0.4 < r ≤ 0.6: moderate correlation; 
0.6 < r ≤ 0.8: strong correlation; and 0.8 < r ≤ 1: very strong correlation.

4. CONCLUSIONS

The decomposed babassu biomass may be used as an 
alternative substrate for the production of Jacaranda mimosifolia 
seedlings. It is recommended to use 40% of the decomposed 
babassu biomass with 60% of soil in the substrate composition 
to improve the morphological development of the seedlings.
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