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Abstract 
 

The use of rock dust for the production of seedlings of forest species is an option due to its chemical 
characteristics and ease of use. Thus, this work evaluated the use of rock dust for the formation of 
seedlings of aroeira (Myracrodruon urundeuva) in soil Typic Quartzipisamment with addition of 
organic materials. The treatments were: T1. 20% dust + 40% humus; T2. 40% dust + 30% humus; T3. + 
50% humus; T4. 20% dust + 40% vermicompost; T5. 40% dust + 30% vermicompost; T6. 50% 
vermicompost; T7. 20% dust + 40% commercial; T8. 40% dust + 30% commercial; and, T9. 50% 
commercial. The experimental design was completely randomized, with four replications, with 
results submitted to analysis of variance and multivariate, after 105 days of planting. The addition of 
rock dust at 20% of concentration, together witht he presence of vermicompost has provided the 
best growth rates. 
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Resumo 
 

A utilização de pó de rocha para a produção de mudas de espécies florestais é uma opção 
devido as suas características químicas e facilidade de utilização. Assim, este trabalho avaliou a 
utilização de pó de rocha para a formação de mudas de aroeira (Myracrodruon urundeuva) em 
solo Neossolo Quartzarênico com adição de matéria orgânica. Os tratamentos foram: T1. 20% pó + 
40% húmus; T2. 40% pó + 30% húmus; T3. 50% húmus; T4. 20% pó + 40% vermicomposto; T5. 40% pó + 
30% vermicomposto; T6. 50% vermicomposto; T7. 20% pó + 40% comercial; T8. 40% pó + 30% 
comercial; e, T9. 50% comercial. O delineamento experimental foi inteiramente casualizado, 
quatro repetições, com resultados submetidos à análise de variância e multivariada, 105 dias de 
plantio. A adição de pó de rocha em 20%, em conjunto com o vermicomposto, propiciou as 
melhores taxas de crescimento.  
 
Palavras-chave: Rocha basáltica, Vermicomposto, Myracrodruon urundeuva. 
 

 

 

 

 



 
 Artigo original 

 

INTRODUCTION 

 

Currently, unconventional inputs have become attractive at low cost, which can improve 

soil properties, and increase plants production. For these reasons, several studies evaluate the 

effects of these new inputs, such as rock dust ([4], [16], [20], [21] and [27]). Basaltic rock dust is a 

mining residue with potential to be reused as a component of substrates in the production of forest 

seedlings because it contains important mineral elements, such as macronutrients, contributing to 

the fertility of the substrate due to the predominance of easily weathered minerals, and cation-rich 

ones, with gradual release of these nutrients [10] [11]. 

For [10], [11], [16] and [25], rock dust also brings other advantages, for instance reduction in 

labour, once this application requires no frequent fertilization due to its prolonged effect, once the 

dust is not readily soluble in water, it is not leached by the rain or irrigation. The same authors also 

highlight the pH correction, the non-salinization of the soil, the non-absorption in excess of 

potassium, which benefit the absorption of calcium and magnesium, and the decrease of the 

fixation of soluble phosphorus by the presence of silica. 

The growing demand for forest species, concomitant with the little basic information that 

involves the seedlings production of species of interest, it has driven new studies on production 

methods with a standard in quality. The seedlings are mainly responsible for the vigor of the plants, 

and it is necessary that they present a pattern of height, stem diameter, and root system, for 

example, being them indicative of quality. 

The substrate is an external factor that influences the process of rooting, and the quality of 

the roots formed, playing an important role in the initial survivance of the plant. Therefore, new 

mixtures of components, suitable for their physical and mineral characteristics, continue to be 

studied. The mixture of organic materials to the substrate favors its chemical, physical, and 

biological characteristics, creating a more suitable environment for the development of the plant 

as a whole; it improves water retention capacity, and oxygen diffusion rate, as well as it increases 

the availability of essential nutrients, and so the use of different components to form the substrate, 

and it is important to evaluate its growth [22]. 

Numerous forest species are heavily exploited in Brazil, for instance Anacardiaceae such as 

aroeira (Myracrodruon urundeuva Allem.). It is a medium to large tree, reaching between 15 and 

30 meters heigh, 80 to 100 cm of diameter, and having a large geographic distribution in South 

America, occurring in the Northeast, Southeast, and Midwest regions [2] [5]. 

It is a tree species of multiple uses and has a very dense wood, considered noble and used 

for the production of luxury furniture, and in civil construction, with great durability in natural 

conditions. In this way, aroeira has been undergoing a process of intense exploitation, often in a 

predatory manner, causing the devastation of its natural populations [5]. Given its importance, it is 

necessary to make efforts to produce seedlings for large-scale planting. 

The objective of this study was to evaluate the effect of the addition of rock dust to different 

organic substrates for the production of Myracrodruon urundeuva in sandy soil. 



 
 Artigo original 

MATERIAL AND METHODS 

 

 This study is quantitative, experimental research carried out through sampling, thus producing 

accurate and safe numerical results [18]. 

 The experiment was carried out between November 2018 and February 2019, at Campus 

Agrárias, Universidade, Campo Grande, Mato Grosso do Sul, located at an altitude of 665 m, and 

according to the classification of Koppen-Geiger its climate being located in the transition band 

between the subtype mesothermic moist without drought or small drought (Cfa), and the subtype 

tropical humid with hot rainy season in summer, and dry in winter (Aw). 

The soil used as the basis for all treatments, Typic Quartzipisamment (TQ), was collected in 

the Cerrado area of Legal Reserve, being withdrawn in depth of 0-20 cm, dry and sifted (sieve of 2 

mm). The analysis was performed according to [9] for pH in H2O, P and K, method of Mehlich-1, Ca, 

Mg and Al + H, method KCl (1 M), and [6], for organic matter, colorimetric method, resulted in the 

following attributes: texture, 84% sand, 4% silt, and 12% clay; pH H2O, 6.1, and pH CaCl2, 5.5; 

assimilable phosphorus, 15 mg dm-3; exchangeable potassium, 40 mg dm-3; exchangeable 

calcium, 2.4 cmol+ dm-3; exchangeable magnesium, 1.2 cmol+ dm-3; and organic matter 20.1 g dm-

3.  

To the soil used as base basaltic rock dust, organic substrate (humus derived from bovine 

manure), vermicompost, and commercial organic substrate were added. The organic substrate 

(OS) presented the following specifications: total number = 5%; pH = 6; relationship C/N = 14; cation 

exchange capacity (CEC) = 80 mmolc kg-1; and humidity = 50%. The vermicompost (VC), 

elaborated with residues of the rumen of cattle under earthworm action Eisenia foetida: pH = 7.0; 

electric conductivity = 1.23 mS dm-1; P = 260 mg kg-1, K+ = 600 mg kg-1; Ca++ = 25 cmol+ dm-3; H = 

6.54 cmol+ dm-3; density = 0.39 g cm-3; and organic matter = 12.94%. The commercial substrate (CS), 

elaborated with residue of Pinus and vermiculite, pH = 5.5; density = 0.45 g cm-3; water retention 

capacity = 165%; electric conductivity = 1.5 mS dm-1; and humidity = 25% [28]. The rock dust (RD), 

0,28% phosphorus, 1.14% de calcium, 0,08 potassium, 50.9% of SiO2 and 0.69% magnesium, among 

other elements [1]. 

The experiment was conducted in a completely randomized experimental design, using 

nine treatments: T1) RD 20% + OS 40% + TQ 40%; T2) RD 40% + OS 30% + TQ 30%; T3) RD 0% + OS 50% 

+ TQ 50%; T4) RD 20% + VC 40% + TQ 40%; T5) RD 40% + VC 30% + TQ 30%; T6) RD 0% + VC 50% + TQ 

50%; T7) RD 20% + CS 40% + TQ 40%; T8) RD 40% + CS 30% + TQ 30%; and T9) RD 0% + CS 50% + TQ 

50%. 

After homogenization, the substrates were packed in plastic bags of polyethylene (20 cm 

wide x 30 cm tall) with volumetric capacity of 3 L (3 dm-3), and in each bag a seedling was placed. 

The seeds used were obtained from 12 matrices in forest areas of the municipality of Campo 

Grande, and after germination occurred and the seedlings reached four centimeters of height, 

they were transplanted to the planting bags. After transplantation, the bags were kept for two days 

in the shade for acclimatization, and subsequently conducted to the field in full sun. 
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At 105 days after planting, the plants were collected, and after cleaning the parts were 

separated in underground and aerial, measured (cm) and weighed (g), and then had their 

diameter of stem (mm) evaluated. Subsequently, the material was packed in paper bags, 

identified, and placed in a forced ventilation oven at 60 °C, during 48 h for the evaluation of the 

dry mass (g), and determination of the quality index of Dickson (QID). 

In order to evaluate if the different treatments influenced the phytochemical production of 

the plants, the dried leaves were ground (2.5 g), extracted with ethanol (99.5%) in an ultrasonic 

bath, followed by static maceration, with the resulting solution being filtered and the solvent 

evaporated. The procedure was repeated for three days, obtaining the crude ethanolic extracts. 

The phytochemical characterization of the samples occurred following the methodology adapted 

from [15], and analyses performed in triplicates. To determine the presence of the classes of 

secondary metabolites, the intensities of the characterization reactions were classified as: 0 (zero) 

for negative reaction, partial intensity (10%), low (50%), mean (75%), and high intensity (100%) [13]. 

The results were submitted to analysis of variance and multivariate, using the software SAS 

(Statistical Analysis System). 

 

RESULTS AND DISCUSSION 

 

 The addition of rock dust in different proportions led to a trend of substrate neutrality, 

increasing or decreasing the pH of the substrates (Table 1), with the evaluated parameters 

presenting variations. On the other hand, it did not increase the amount of potassium, phosphorus, 

and magnesium. The amount of calcium increased, though.  

 

Table 1 - Chemical parameters and amount of Organic Matter (OM) found on the different 
substrates used (dr = dust rock, os = organic substrate, vc = vermicompost, cs = commercial 
substrate, ss = sandy soil, pH = hydrogen potential, H20 = water, P = phosphorus, K = 
potassium, Ca = calcium, Mg = magnesium, mg/dm3 = milligrams per cubic decimeter, and 
cmol/dm3 = centimol/cubic decimeter 

Treatments 

pH  

H20 

P 

(mg/dm3) 

K 

(mg/dm3) 

Ca 

(cmol/dm3) 

Mg OM 

dr20 + os40 + ss40 7.3 78.9 155.5 12.7 7.2 29.5 

dr40 + os30 + ss30 7.3 73.3 132.0 12.9 5.3 23.4 

dr0 + os50 + ss50 7.9 89.9 149.5 10.3 6.2 41.1 

dr20 + vc40 + ss40 5.8 39.4 54.0 10.6 2.5 36.4 

dr40 + vc30 + ss30 6.4 33.2 44.7 11.3 4.9 28.4 

dr0 + vc50 + ss50 5.3 35.0 51.5 7.2 3.2 41.1 

dr20 + cs40 + ss40 7.6 48.6 112.0 11.2 4.1 33.5 

dr40 + cs30 + ss30 7.2 44.4 118.0 12.0 6.5 28.1 

dr0 + cs50 + ss50 6.9 68.1 126.0 7.8 7.3 35.6 
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 The results obtained were partially similar to those presented by [21], while evaluating the 

fertility of the soil through the addition of crushed basalt, with alteration of pH, and maintenance of 

potassium levels. Opposite to it, it increased the amount of magnesium, and did not affect the 

calcium. [16] have shown that the addition of crushed basalt at the highest concentrations 

provided the maximum reduction of the active acidity, raising the pH, and promoting the increase 

of calcium, magnesium, zinc, iron, and copper contents in the soil. 

 [22], while evaluating the growth of Astronium fraxinifolium Schott in different substrates, 

indicated that the ground basalt presented small contributions to the evaluated chemical 

attributes, and correlated the result to the experiment time (165 days), incipient period to change 

these parameters. However, the data showed increases in pH, K, Ca, and Mg, with the increase of 

the doses of basalt applied, being these results similar to those found by this research. [19], while 

studying the growth of Jatropha curcas L. in response to fertilization with superphosphate and rock 

dust, also did not find any influence on the morphological characteristics of seedlings, and they 

mention the insufficient time for the release of nutrients and the action of soluble fertilizer to meet 

the needs of plants as reasons for it. 

However, the growth results of aroeira plants were affected by the different substrates, 

indicating that the addition of rock dust, in the concentration of 20%, with the addition of fertilizer in 

the form of vermicompost (40%) (T4), produced the best seedlings with better dry weight of the 

root, shoot, and total, besides greater height and diameter of the stem (Table 2). 

 

Table 2 - Growth of aroeira plants on substrates containing different percentages of dust rock, organic 
substrate, vermicompost or commercial substrate and, sandy soil (ss) 

Organic 

product (%) 

ss 

 

Root (g) Aerial (g) Total (g) Height (cm) Stem (mm) QID 

No rock dust  

Organic 50 

50% 

1.3ab 9.6b 10.1b 42.7ab 9.6a 0.23 

Vermicomp 50 0.7c 6.1c 6.1bc 32.2c 8.1b 0.14 

Commercial 

50 
0.5c 2.5d 3.0cd 23.8d 8.2b 

0.08 

  20% rock Dust  

Organic 40 

40% 

1.5a 8.4bc 9.6b 37.8bc 10.4a 0.27 

Vermicomp 40 1.6a 13.6a 15.7a 47.9ª 9.0ab 0.25 

Commercial 

40 
1.2bc 1.0d 1.2d 15.2e 4.4d 

0.03 

  40% rock Dust  

Organic 30 

30% 

1.4ab 5.9c 7.5b 35.3bc 9.1ab 0.16 

Vermicomp 30 0.1d 1.1d 1.3d 16.3e 6.1c 0.18 

Commercial 

30 
1.0bc 7.0bc 7.3b 35.8bc 9.2ab 

0.04 

CV  22,92 10,65 11,42 11,73 14,42  

DMS  0,46 1,2 1,5 5,7 1,7  

*Means followed by the same letter (column) do not differ by Tukey’s test (5% probability). 
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Taking that the addition of rock dust allows a continuous release of ions into account, the 

growth trend of the species in this substrate is to keep being more expressive than the other 

substrates tested, increasing differences in growth over time, which would confirm the assertion of 

[22]. 

The vermicompost is the result of the alteration of organic residues by the action of 

earthworms; this fertilizer has been extensively studied for containing humidifying microorganisms, 

and alkalinizing bacteria [23]. According to [24], the result of this reaction is earthworm excrement 

rich in nutrients, mainly N, Ca, P, Mg, and K, presenting an excellent cation exchange capacity, 

and high organic matter content. 

Although other treatments have also shown significant growth of the root (T1, T2, T3 e, T5), 

height (T3), and stem diameter (T1, T2, T3 e, T5), only T4 treatment stood out in all parameters 

analyzed, demonstrating their better suitability for aroeira species. A thick stem indicates the 

presence of reserve substances, showing that the seedling is suitable for field planting, because the 

energy to form new roots comes from the stem. 

[11], while evaluating the growth of Eucalyptus grandis W. Hill ex Maiden concluded that 

the basalt powder, in dosages of 10 to 20%, in addition to substrates such as vermiculite and peat-

based compound, favored the development of the aerial part and the diameter of the stem, a 

result similar to those found by this work. [7] working with eucalyptus and geological materials of 

Andesite Rock also verified effect gains of eucalyptus diameter demonstrating the benefits of using 

rock waste to grow seedlings. 

The second-best treatment (T3), with addition of organic substrate (50%) to the sandy 

substrate (50%), was also partially adequate, although with lower development of the aerial part, 

demonstrating that a greater organic fertilization is beneficial to the studied species. A similar result 

was obtained by [26], which indicated the use of cattle manure, among others, for the production 

of seedlings of Tectona grandis Linn. F. 

However, the addition of vermicompost in greater quantity (50%) itself did not produce 

differentiated growth, demonstrating that the composition of the substrate interferes in the growth. 

According to [23], high concentrations of vermicompost induce a lower dry mass of the aerial part, 

result of a greater availability of nutrients in the substrate, slowing down the expansion of the root 

system, and hampering the development of the plant, which was observed in T6 treatment. 

[26], comparing the organic substrate found that the treatment with bovine manure 

presented the high levels of organic matter, and the lowest values of phosphorus, potassium, 

calcium, and magnesium. The authors concluded that the addition of humus to the soil itself would 

not be sufficient to produce a differentiated growth in the plants, due to the immobilization of the 

nutrients in the organic matter. 

On the other hand, the commercial substrate had the lowest growth results, demonstrating 

that it is not suitable for the production of seedlings of the species. [8], evaluating the height 

growth, stem diameter, dry mass of the aerial part, roots, and total of seedlings of Sesbania virgata 

(Cav.) Pers. 150 days after sowing, also found the lowest growth rates while using commercial 
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substrate, when compared to substrate using sewage sludge, coconut fiber, vermiculite, and rice 

husk. [17], evaluating seedlings of forest species, also demonstrated that the addition of 

commercial substrate to the sandy soil produced the lowest growth of the seedlings. 

The lower development in T2, T5, and T8, when added 40% of rock dust, is probably related 

to the fact that a higher proportion of this element may cause a process of substrate compaction, 

hindering the processes of gas exchange, and absorption of nutrients. 

The results obtained also demonstrated that most of the substrates (except for T6, T7, T8, and 

T9) produced seedlings capable of surviving in the field, only taking the diameter of the stem into 

account. However, for T1, T3, and T4 the QID presented an average over 0.20, value that 

corresponds to what was recommended, and demonstrates that the seedlings produced in these 

different treatments present satisfactory quality for planting. 

This way, the addition of organic fertilizer and/or dust rock is beneficial for the formation of 

seedlings with higher probability of survival. Once more, it can be emphasized that the worst 

diameters found were observed in the presence of commercial substrate (T7 and T8). 

The main component analysis demonstrated the existence of a correlation between root 

weight and stem diameter, where a greater weight of the root system was followed by the larger 

diameter. [14] consider stem diameter, easily measurable, one of the most important 

characteristics to estimate seedling survival; the height is also an important morphological variable 

to guarantee a good development after the definitive planting in the field. 

 Thus, two important parameters (root and collection) for the survival of the seedlings in the 

field presented significant results in T1, T2, T3, T4, and T5. In T3, without any addition of rock powder, 

50% of organic substrate was adequate to the growth of these parameters; on the other hand, in 

T6, the addition of 50% vermicompost did not provide a better growth. Only T3 and T4 stood out in 

terms of height, demonstrating the positive effect of the addition of organic substrate or 

vermicompost associated with rock dust. 

 [12] evaluating the growth of the same species in Dystrophic Red Latosol and different 

concentrations of nitrogen, indicated that the height did not exceed 21 cm, the diameter of the 

collection, 5.2 mm and, 8 g of total dry weight at 150 days of cultivation. The use of different 

organic substrates with the addition of rock dust was more adequate for the production of 

seedlings, especially the vermicompost.  

[3], while evaluating the growth of the species using fertilization with sewage sludge and 

silicate after 265 days, found a maximum growth of 54.2 cm in height and 19.9 mm of stem, being 

these values lower than those found by this research at 150 days of evaluation. 

Nonetheless, the success of the use of vermicompost and commercial substrate for the 

production of seedlings of forest species is dependent on the species tested, as it was reported by 

[23], who assessed the growth of Eucalyptus grandis Hill ex Maiden and Pinus elliottii var. elliottii 

Engelm. In this case, the addition of vermicompost to the commercial substrate promoted greater 

development for eucalyptus, in relation to the pure commercial substrate. On the other hand, the 
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pine seedlings were not favored by the addition of vermicompost, developing better in pure 

commercial substrate. 

This situation occurs because the forest species have specific requirements for their best 

growth, and each type of substrate provides different conditions of nutrition for the plant, besides 

different physical characteristics [2]. 

Considering the characteristics of the plant as root system, aerial part, height, and stem, the 

organ that had the greatest benefit from the addition of rock dust was the root system, which 

changed from 0.8 g to 1.4 g; but the addition of 40% affected it negatively (Table 2). This fact is also 

verified in the multivariate analysis (Figure 1), where the addition of 20% of rock powder provided 

an increase in root length (CR), in the separation from the other variables. However, in the addition 

of 40% of rock dust, the variables attached to the root system, such as CR, MFR, and MSR were 

separated from the variables of the aerial part, indicating that in this proportion the plant should 

spend more energy in the root system, in detriment to the aerial part, possibly due to the proportion 

of rock dust creating a more compacted environment for the seedlings. 

 
 

 
Figure 1 - Principal component analysis for variable of CR (root length), CPA (aerial length), COL (stem diameter), MFR (fresh 
root), MSR (dry root), MFC (fresh stem), MFTT (total fresh), MSTT (total dry), MFPA (fresh aerial), and MSPA (dry aerial) for 
seedlings of aroeira. 
 

Testing ground basalt dust with seedlings of Eucalyptus benthamii and checking the 

chemical attributes of the soil, [20] explained that the pH of the soil increased as a function of the 

application of the basalt dust. This fact deserves special attention, since the elevation of the pH 

favors the microbiological activity, being these microorganisms responsible for the solubilization of 

the inorganic P through the process called biological weathering. This way, biological activity 

0% rock dust 20% rock dust 

40% rock dust 
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should be emphasized when rock dust is used, as mentioned by [22], while applying the dust of 

rock in an area with objective of remineralization of the soil, they verified that a better 

microbiological repopulation occurred in the place when the rock dust was applied alongside with 

organic residues. 

Regarding the production of secondary metabolites (Figure 2), although the T4 treatment 

was prominent in all analyzed parameters, the phytochemical characterization of leaf extracts 

indicated that the treatments T2 and T9 presented a greater diversity of metabolites (9 class), 

followed by treatments T1, T4, and T5, eight class; the other treatments, seven class. The treatments 

did not interfere in the frequency of phenolic derivatives (flavonoids and anthraquinones 100%, 

and anthocyanins 50%). However, for the phenolic compounds, T1 was superior (100%) to the other 

treatments; the coumarins, lower frequency in T1. 

 

 
Figure 2 - Class and frequency (%) of secondary metabolites of extract of Myracrodruon 
urundeuva cultivated on substrates containing different percentages of dust rock, organic substrate, 
vermicompost or commercial substrate, and sandy soil. 

 

The addition of rock dust, in different proportions, or their absence, did not lead to a 

differentiated production of metabolites, demonstrating the adaptation of the species to different 

cultivation environments, explaining its wide dispersion in several phytoecological regions. The 

production of these metabolites can provide competitive advantages, for example, since certain 

groups act in the defense of plants against pathogens, and/or insect predation, favoring the 

growth of the seedlings and also justifying its use as a medicinal plant. Thus, although the seedlings 

present a growth preference related to the type of substrate, the production of metabolites is 

diversified in all situations evaluated.  
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CONCLUSIONS 

 

 The addition of rock dust at 20% of concentration, together witht he presence of 

vermicompost has provided the best growth rates, being it the most appropriate for the species, 

under the cultivation conditions assessed.  

 The organ that was mostly benefited from the addition of rock dust was the root system; but 

the addition of 40% affected it negatively.  

 The addition of rock dust, at different proportions or their absence, did not lead to a 

differentiated production of metabolites, demonstrating the adaptation of the species to different 

cultivation environments. 
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