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Abstract 

Red Latosol (LV), Red Nitosol (NV) and Quartzarenic Neosol (RQ) have different physical and chemical 
characteristics, as well as water holding capacity. This study aimed to determine how such differences cause 
changes in wood density, extractives, lignin and holocellulose contents, as well as higher heating value (HHV), 
lower heating value (LHV) and useful heating value (UHV), in C. citriodora wood. Wood density was lower in NV. We 
observed differences in chemical constituents of C. citriodora wood in all three soil types. Trees in RQ and LV soils 
have higher HHV, LHV and UHV values than trees in NV soil. We concluded that wood produced from all three 
soils is suitable for use in the Brazilian bioenergy market based on HHV values between 16500 and 18000 kJ.kg-1. 
Studies in the literature describe extractives and lignin as positively related, while holocellulose is negatively 
related to calorific value. In our study, wood density seems to have had a greater influence on calorific results than 
chemical constituents. It is possible that better water and nutrient availability from NV soil compared to RQ and 
LV soils may have led to higher tree growth, resulting in lower density and, hence, lower calorific values. 

Keywords: Extractives; Holocellulose; Higher heating value; Lignin; Lower heating value; Wood density. 

Resumo 
O Latossolo Vermelho (LV), o Nitossolo Vermelho (NV) e o Neossolo Quartzarênico (RQ) apresentam 
características físicas e químicas distintas, além da capacidade de retenção de água. Este estudo teve como 
objetivo determinar como tais diferenças causam alterações na densidade da madeira, extrativos, teores 
de lignina e holocelulose, bem como o poder calorífico superior (HHV), poder calorífico inferior (LHV) e poder 
calorífico útil (UHV), em madeira de C. citriodora. A densidade da madeira foi menor em NV. Observamos 
diferenças nos constituintes químicos da madeira de C. citriodora nos três tipos de solo. Árvores em solos 
RQ e LV têm valores maiores de HHV, LHV e UHV do que árvores em solo NV. Concluímos que a madeira 
produzida nos três solos é adequada para uso no mercado brasileiro de bioenergia com base em valores 
de HHV entre 16500 e 18000 kJ.kg-1. Estudos na literatura descrevem extrativos e lignina como 
positivamente relacionados, enquanto a holocelulose está negativamente relacionada ao poder calorífico. 
Em nosso estudo, a densidade da madeira parece ter tido maior influência nos resultados caloríficos do que 
os constituintes químicos. É possível que uma melhor disponibilidade de água e nutrientes do solo NV em 
comparação com os solos RQ e LV possa ter levado a um maior crescimento da árvore, resultando em 
menor densidade e, portanto, menor poder calorífico. 

Palavras-chave: Extrativos; Holocelulose; Poder calorífico superior; Lignina; Poder calorífico inferior; 
Densidade da madeira. 
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INTRODUCTION 

Woody biomass represents a renewable resource with multiple industrial applications. It 
serves as a raw material for the pulp and paper industry, but it can also meet energy or biofuel 
needs (Hinchee et al., 2009). 

The economic importance of C. citriodora in Brazil is more related to wood production for energy 
and lumber, as well as for the extraction of essential oils from leaves (Reis et al., 2013). The oils 
located in leaf glands are used to prepare medicines, industrial oils and perfumes (Vitti & Brito, 2003). 
Recently, the use of C. citriodora has become more widespread, and its wood has come to be 
appreciated for applications in industry and furniture making owing to its qualities, but also due to 
the scarcity of certified wood (Vilas Bôas et al., 2009). C. citriodora wood is durable with little 
susceptibility to cracking (Cunha et al., 2019). However, the species is not yet favored by forestry 
companies in Brazil for cultivation (Vieira, 2004), leaving this chore to small and medium rural 
producers. Less use of the species C. citriodora results from the lack of extensive plantations and a 
short production cycle, even though C. citriodora is often compared to Eucalyptus species, which are 
generally grown in short cycles for cellulose, coal, or construction purposes (Cunha et al., 2019). In 
Australia, C. citriodora tolerates a variety of soils, but it is commonly found in poor, stony soils, podzols 
and residual podzols of lateritic origin, preferring well-drained, but somewhat stony soils 
(Nichols et al., 2010). In Brazil, it is used for reforestation in the central region of the country and the 
northeastern coast. The wide distribution of C. citriodora can be explained by its regional adaptability 
with different edaphic climatic conditions, good wood volumetric increment, and sprouting capacity 
after cutting (Reis et al., 2013). In São Paulo state, C. citriodora is susceptible to frost, but it is resistant 
to water deficit (Morais et al., 2011). 

There is a wide range of uses of C. citriodora wood that can be widely used for buildings, 
structures, sleepers, and charcoal. It is also used for industrial production of chipboards 
(Iwakiri et al., 2000) and as coal demanded by the steel industry. Corymbia citriodora trees at 
5  years of age could produce approximately 231.36 tons/ha of wood and this wood could 
attain 71.58 tons/ha of coal (Geromel et al., 2011). 

In the present study, we investigated the wood of Corymbia citriodora (Hook.) K.D. Hill, & 
L.A.S. Johnson (formerly Eucalyptus citriodora Hook.) in three soil types: Quartzarenic Neosol, 
Red Latosol and Red Nitosol. We aimed to clarify how physical, chemical and water holding 
capacity differences among these three types of soils can cause changes in wood density, 
extractives, lignin and holocellulose contents, as well as higher heating value, lower heating 
value and useful heating value in C. citriodora wood. 

MATERIAL AND METHODS 

Provenances of the seeds, planting area and sampling 

In 1982, Corymbia citriodora seeds of open-pollinated plants were collected in commercial 
plantations in the Pederneiras State Forest, located in Pederneiras City, São Paulo State, Brazil 
(22°27′S, 48°44′W, elevation 500 m) where the climate is CWa. In 1983, a progeny test was 
established with 56 progenies at the Luiz Antonio Experimental Station (LAES), Luiz Antônio 
City, São Paulo (21o40ʼS, 47o49ʼW, elevation 550 m) (Gurgel-Garrido et al., 1997). Climate is Aw 
according to the Köppen-Geiger classification (Centro de Pesquisas Meteorológicas e 
Climáticas Aplicadas à Agricultura, 2019). The average annual rainfall is 1,365 mm, and average 
annual temperature is 21.7 ºC, with the warmest months occurring in January, February and 
March and the coldest months in May, June and July. 

The planting was established at a spacing of 3 m x 2 m, with one external border row of the 
same species without fertilization. The planting was installed with the same design in three different 
soil types according to the Brazilian system of soil classification – SiBCS (Santos et al., 2018) and soil 
maps of Estação Experimental de Luiz Antônio (Santos et al., 2016). Site 1 has soil classified as 
Quartzarenic Neosol (symbol is RQ), site 2 as Red Latosol (LV), and site 3 as Red Nitosol (NV). The 
correspondences between classes of SiBCS compared with WRB/FAO, Soil Taxonomy/USDA are RQ 
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(arenosols / quartzipsamments), LV (ferralsols / oxisols) and NV (nitisols / Oxisols - Kandic) by 
Santos et al. (2018). 

In 2008, the LAES team determined height, DBH (diameter at breast height - 1.30 m 
from the ground) and stem shape, using a grading system, with values ranging from one 
(worst grade, crooked trunks) to five (best grade, straight trunks) and survival. In 2015, the 
LAES team conducted new growth, shape and survival analyses, but the competition among 
the trees was added. The 2008 and 2015 information served as basis for our selection of 18 
trees (one of each progeny), the tallest and largest in diameter, for each type of soil, totaling 
54 trees. 

In 2016, we felled the selected trees, and from each tree, a log, 1 meter in length, was 
cut at the region immediately below breast height. From logs, a central plank (5 cm thick) 
was cut, and from these planks, we cut three specimens in three radial positions: the nearest 
part of trunk center, designated as pith, a middle position, and a position close to the bark, 
designated as bark. 

Soil sampling and analysis 

We performed physical and soil water retention analysis according to Embrapa 
(Teixeira et al., 2017) in non-deformed samples. We collected samples at depths between 
0– 20 cm, three points within plantation, and then we mixed samples to prepare a 
composite sample. We repeated the same procedure for each soil type. For texture 
analysis, we determined the percentages of sand, clay and silt. We also determined soil 
water retention content and soil bulk density with a volumetric cylinder for three samples 
of each soil type. 

Air-dried soil samples were analyzed for phosphorus (P); aluminum (Al); H+Al; aluminum 
saturation (m%); basic cations, including potassium (K), calcium (Ca), and magnesium (Mg); 
sum of the bases Ca, Mg and K (SB); pH; base saturation (V%); micronutrients boron (B), copper 
(Cu), iron (Fe), manganese (Mn) and zinc (Zn); cation exchange capacity (CEC) and total organic 
carbon (O.M.). Soil analysis was carried out according to the procedures described by 
Agronomic Institute of Campinas (van Raij et al., 1996). 

Density (ρ12) 

Wood density at 12% moisture content was determined according Glass & Zelinka 
(2010). The mass and volume at 12% moisture content (MC) were evaluated. Specimens 
2  cm  x  2  cm  x  3 cm in size were conditioned at constant temperature (21°C) and 65% MC, 
respectively, and in these conditions, the mass was determined by the use of an analytical 
balance, and the volume was estimated by means of measurements of the diameters with 
an external digital micrometer. 

Chemical assays 

To determine extractives (EX) and lignin (LI) contents, TAPPI standards T204 (TAPPI, 
1999a) and T222 (TAPPI, 1999b) were used, respectively. The samples were fragmented into 
smaller pieces with a hammer and chisel and milled in a micro mill. The resulting powder 
was sieved through 40 and 60 mesh screens, and the material retained on the last sieve was 
used for analysis. The analyses sequence was such that the extractives were first removed 
and then lignin by acid treatment, and holocellulose content was calculated. For extractive 
contents, solutions of toluene: alcohol (2:1 v:v) were employed, and alcohol extractions were 
performed at times exceeding 12 h in a Soxhlet extractor. For lignin, extractive-free powder 
was prepared in several stages with 72% sulfuric acid to obtain insoluble and soluble lignin 
(Cary 100  UV– visible spectrophotometer). Finally, the two values of lignin were added. 
Insoluble lignin (IL) content was determined as IL = [(DWlig)/(DW)]*100, where DWlig = Dry 
weight of insoluble lignin and DW  = Dry sawdust weight. For soluble lignin (SL), we analyzed 
filtrates, and the blanks were read at two wavelengths (215nm and 280nm) using quartz 
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cuvettes. Soluble lignin content was determined as SL = [4.53*(L.215 – blank) – (L.280 – 
blank)/(300*DW)*100], where DW = Dry sawdust weight. Ex and Li were expressed as a 
percentage (%) of oven-dry weight of unextracted wood. Then, the holocellulose (HO) 
content was determined as Ho% = [100 – Li]. 

Bioenergy values 

In this step, samples from pith to the bark (wood near the bark) were mixed. The 
moisture content was determined based on the methodology described by NBR 14929 
(Associação Brasileira de Normas Técnicas, 2003) (Wood - Determination of the moisture 
content of chips - Method for oven drying). Wood chips were placed in a forced ventilation 
oven at 103  °C  ±  2  °C until constant mass was obtained. Mass is considered constant 
when no change in reading (± 0.5 g) occurs within a time interval of one hour after 
successive weighing was done. Moisture content was determined as MC = (WM - DM/DM) 
* 100 (%), where MC  =  moisture content (%), WM = Sample wet mass (g) and DM = Sample 
dry mass (g). 

We determined the Higher Heating Value (HHV) using an adiabatic calorimeter pump, 
according to NBR 8633 (Associação Brasileira de Normas Técnicas, 1984) (Charcoal - 
Determination of calorific value - test). The samples were fragmented into smaller pieces 
with a hammer and chisel and milled in a micro mill. The resulting powder was sieved 
through 40 and 60 mesh screens, and the material retained on the last sieve was used for 
analysis. A 1g sample was taken from each sample, homogenized and again separated into 
three fractions. 

We determined Lower Heating Value (LHV) as LHV = HHV – [600*9*H)/100], where 
LHV  =  Lower Heating Value (kJ.kg-1), HHV = Higher Heating Value (kJ.kg-1), and H = Hydrogen 
(%). 

For calculation of Useful Heating Value (UHV), we used a moisture content of 20% on a 
dry basis (average value in which wood for burning firewood in poultry is used), which 
represents 16.67% moisture on a wet basis, which is the value used in the following equation: 
UHV = LHV*((100 – U)/100) – 6*U (kJ.kg-1), where UHV = Useful Heating Value (kJ.kg-1), 
LHV  =  Lower Heating Value (kJ.kg-1), and U = Wet basis moisture content (%). 

Data Analyses 

To determine variations among wood density, chemical contents, and bioenergy values 
in three soil types, we initially undertook descriptive a statistical analysis and used the Box 
Plot graphics to detect outliers. Thus, values 1.5 times higher than the 3rd quartile and 
values 1.5 times lower than the 1st quartile were excluded from the analysis. Normality tests 
were performed to check the distribution of data, and when a normal distribution was not 
observed, data were square root-transformed. Then, a parametric analysis of variance (one-
way analysis of variance (ANOVA)) was performed. When a significant difference was 
observed, Tukey’s test was used to identify pairs of significantly different means. We also 
utilized a multivariate analysis via principal components analysis to verify the grouping of 
the different observed responses to different soil classes, taking into account the entire set 
of physical, chemical and heating value features. Because the measurement units differed 
between features, the data were log-transformed to reduce the effect of the numeric scale 
(McGarigal et al., 2000). 

RESULTS AND DISCUSSION 

Soils 

According to granule size analyses, differences in texture were found in the three soil 
types. RQ is classified as sandy texture and has 52% coarse sand, 41% fine sand, 4% clay and 
3% silt. LV is classified as medium texture and has 40% coarse sand, 41% fine sand, 16% clay 
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and 3% silt. NV is classified as clayey texture and presented the lowest amount of coarse 
sand (6%), fine sand (13%) and the largest amount of clay (52%) and silt (29%) (Table 1). 

Table 1. Physical attributes of three soil types (0-20 cm layer) of 33-year-old Corymbia citriodora plantings. 

Soils 
Sand 

Clay Silt 
Soil texture Coarse Fine Total 

(g.kg-1) 
RQ 516 415 930 43 27 Sandy 
LV 399 413 812 158 30 Medium 
NV 65 130 195 519 286 Clayey 

Quartzarenic Neosol (RQ); Red Latosol (LV); Red Nitosol (NV). 

For chemical attributes, we observed differences in pH, organic matter, macronutrients and 
micronutrients, and base saturation. We noticed the most acidic pH in LV, and organic matter is 
higher in NV. LV and RQ soils have high Al3+, but phosphorus, potassium, calcium and magnesium 
had low values. Sulfur has average reference values for the three soil types. On the other hand, 
significant differences were observed for micronutrients between LV and RQ, with lower values, and 
NV, with higher values. In all soils, high levels of iron, manganese and zinc were found with low values 
for LV and RQ. NV had high values for all macronutrients and micronutrients. According to the 
reference values, the base saturation (V%) was very low for LV and RQ and intermediate for NV soils 
(Table 2). RQ had higher soil density, while NV had lower density and higher retained water (Table 3). 

Table 2. Soil pH, organic matter and mineral nutrients in three soil types (0-20 cm layer) of 33-year-old 
Corymbia citriodora plantings. 

Soils 
pH O.M P 

Al3+ 
H+Al K Ca Mg S SB CTC 

m% V% 
B Cu Fe Mn Zn 

CaCl2 g.dm-3 mg.dm-3 _ _ _ _ _ _ __ _ _ _ _ _ _ mmolc.dm-3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ mg.dm-3_ _ _ _ _ _ _ _ _ 
RQ 4.1 7 3 6 29 0.4 2 1 7 3 32 64 9 0.15 0.2 88 0.5 0,1 
LV 3.8 10 4 10 56 0.4 2 1 6 3 59 75 5 0.20 1.4 68 0.9 0,1 
NV 4.6 24 96 1 92 6.1 62 13 7 81 173 1 47 0.26 14.6 49 94.8 4,4 

Quartzarenic Neosol (RQ); Red Latosol (LV); Red Nitosol (NV); total organic carbon (O.M.); phosphorus (P); aluminum (Al); H+Al; 
potassium (K), calcium (Ca), magnesium (Mg); sulfur (S); sum of the bases Ca, Mg and K (SB); cation exchange capacity (CEC); 
aluminium saturation (m%); base saturation (V%); boron (B), copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn). 

Table 3. Average retained water and soil density in three soil types (0-20 cm layer) of 33-year-old Corymbia 
citriodora plantings. 

Soils 
Retained water (dm3.dm-3) 

Soil density 
Tension (MPa) 

Saturated 0.003 0.006 0.01 0.03FC 0.1 0.5 1.5PWP (kg.dm-3) 
RQ 0.43c 0.33c 0.22c 0.13c 0.09c 0.07c 0.06c 0.05c 1.85a 
LV 0.53b 0.39b 0.29b 0.19b 0.14b 0.12b 0.10b 0.10b 1.70b 
NV 0.63a 0.47a 0.44a 0.38a 0.33a 0.31a 0.29a 0.29a 1.51c 

Quartzarenic Neosol (RQ); Red Latosol (LV); Red Nitosol (NV). FC = field capacity, PWP = permanent wilting point. 

We observed differences in wood density and chemical constituents of C. citriodora wood 
in the three soil types. Wood density was lower in NV. We found differences in extractive 
contents, higher in NV and lower in RQ, and LV did not differ from NV and RQ. Lignin content 
was higher in LV, and holocellulose was higher in RQ (Table 4). 

Table 4. Wood density (ρ12%) and chemical constituents of 33-year-old Corymbia citriodora wood in three 
soil types. 

 Quartzarenic Neosol Red Latosol Red Nitosol 
ρ12% (g.cm-3) 0.91a 0.92a 0.87b 

EC (%) 8.04b 8.97ab 9.33a 
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LC (%) 29.28b 30.14a 29.85b 
HC (%) 62.66a 60.88b 60.81b 

ρ12% = wood density; EC = extractive content; LC = lignin content; HC = holocellulose content. In the same row, distinct 
letters differ statistically (P < 0.05) by Tukey’s test. 

Regarding bio-energetic analysis, trees in RQ and LV soils had higher values of HHV, LHV 
and UHV compared to trees in NV soil (Table 5). 

Table 5. Comparison among Higher Heating Value, Lower Heating Value and Useful Heating Value of 33-
year-old Corymbia citriodora in three soil types. 

 Quartzarenic Neosol Red Latosol Red Nitosol 
HHV (kJ.kg-1) 20036a 19949a 19599b 
LHV (kJ.kg-1) 18763a 18676a 18327b 
UHV (kJ.kg-1) 16142a 16218a 15828b 

HHV = Higher Heating Value; LHV = Lower Heating Value; UHV = Useful Heating Value. In the same row, distinct letters 
differ statistically (P < 0.05) by Tukey’s test. 

Table 6 and Figure 1 show the correlations among the variables examined and the first 
and the second ordination axes responsible for 82.3% of the explanation of PCA. Axis 1 
contributed 58% of the variability, and the variables which were most correlated with it were 
as follows: holocellulose content (r = -0.979), lignin content (r = 0.917), and extractive content 
(r = 0.896). Axis 2 contributed 24.2% of the variability, and the variables with higher correlation 
coefficients were as follows: useful heating value (r = 0.887) and density (r = 0.576). 

Table 6. Principal component analysis of physical and chemical properties and heating values of 33-year-
old Corymbia citriodora in three soil types. 

 Principal Components 
Variables PC 1 PC 2 

Density 12% 0.544 0.576 
Extractive content 0.896 -0.246 

Lignin content 0.917 0.022 
Holocellulose content -0.979 0.171 
Useful heating value 0.060 0.887 

Percentage of explained variation 58.09% 24.22% 

 
Figure 1. Ordination generated via principal components’ analysis based on the entire dataset obtained 

from physical and chemical properties and heating values. Soil classes are represented by (■) 
Quartzarenic Neosol, (♦) Red Latosol and (□) Red Nitosol. Density 12% (ρ), Contents of extractives (Ex), 
Contents of lignin (Lig), Contents of holocellulose (Hol) and Useful Heating Value (UHV). The percentage 

of variation explained by each principal component (PC1 and PC2) is shown. 
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The three soil types significantly influenced wood density, chemical constituents and calorific 
value of C. citriodora wood. Calorific value is directly related to wood density (Dias & Arroja, 2012). In 
a study of coal production from timber industry waste in northern Brazil, they reported that density 
is used as one of the parameters for selecting species with energy potential (Silva et al., 2007). 
Considering these statements, based on density, wood from RQ and LV trees presents higher 
potential for energy since the mean value (between radial positions) show a higher density when 
compared to wood from NV trees. Wood density results corroborate these statements since wood 
from NV trees presented the lowest values of HHV, LHV and UHV. It can be inferred that the more 
clayey and better structured soils have higher porosity (> micro porosity, > adsorption, > superficial 
tension and > capillarity), which implies greater retention and availability of moisture, providing less 
growth stress and, consequently, less wood density. However, in a study it was suggested that woods 
with lower densities and wood waste can be transformed into briquettes or pellets to increase 
calorific value (Quirino et al., 2005). The soil water retention occurs due to the structure in the low 
potential values, conditioned by the frequency of macro and micro-pores and by particle size and 
mineralogy in the high tensions. The texture determines the higher or lesser contact between soil 
particles and water, defining pore size. The structure defines particles’ arrangement, determining 
pore distribution. Thus, clay soils have a great capacity to retain water due to its characteristics, such 
as a higher specific surface of particles, with consequent greater soil/water interaction, in addition to 
diversity of pores due to its structure. In sandy soil, infiltration is faster with less water retention due 
to the predominance of macro-pores, which allow more free drainage of water from the soil. 

In one study it was observed that extractive contents in Eucalyptus grandis wood was not 
affected by soil attributes, while total lignin content decreased and holocellulose content increased 
when soil clay content increased (Gava & Gonçalves, 2008). In the present study, we observed distinct 
results in C. citriodora in which extractive contents increased together with clay content in the soil, 
with lowest value in RQ and highest in NV. Whereas lignin content was higher in LV which has an 
intermediate clay content; holocellulose content was higher in RQ that has a lower clay content. We 
did not find studies in the literature to explain these results satisfactorily; Santana et al. (2012) 
reported that holocellulose and total lignin contents are hardly influenced by age, however in our 
study, sample collections were standardized in the trunk position, so we cannot suggest age as an 
indication of variation. In another study by our group (Vieira, 2019), we found that trees that grew in 
RQ soil had less volume compared to those in the other two soil types; perhaps this lower growth 
may have interfered with the higher holocellulose contents. Thus, results may vary, depending on 
the species, even though the soil type is the same, a phenomenon emphasized by Gava & Gonçalves 
(2008) who also studied the chemical constituents of Eucalyptus grandis wood in Red Latosol, Yellow 
Red Latosol and Quartzarenic Neosol. 

In addition to differences found in extractive contents among soil types for C. citriodora, age 
also plays a role. Our results on 33-year-old C. citriodora presented mean EC values from 8.04% 
to 9.33%, similar to those found for older trees. Several studies with C. citriodora of different ages 
have found different values for extractive contents. The 32-year-old C. citriodora presented an 
average extractive content of 7.29% (Severo  et al., 2006), while 10-year-old C.  citriodora 
presented an average extractive content of 5.68% (Costa et al., 2014), and 7- year- old 
C.  citriodora presented an average extractive content of 6.25% (Zanuncio et al., 2014). 

Klumpers et al. (1993) studied the relationship between soil water amount and color 
heartwood in Quercus robur and Q. petraea. The authors found a positive relationship between soil 
water amount and heartwood color in Q. robur and that a more reddish heartwood was produced 
in trees where soil water was abundant in the spring. Based on the Klumpers finding, we were able 
to explain our results, since we observed a gradual increase in extractive content in relation to soil 
types, in which there is a lower extractive content in Quartzarenic Neosol, an intermediate 
extractive content in Red Latosol and a higher extractive content in Red Nitosol, considering the 
two extremes according to soil water retention potential (lower in RQ) and higher in (NV). 

In a study which evaluated the effect of fertilization with K and Na on Eucalyptus grandis 
from 1 to 4 years under climatic conditions similar to those in the present study and dystrophic 
Red-Yellow Latosol soil with medium texture (200 g.kg-1 clay) the authors found no difference 
for extractive contents between fertilization and control treatments; however, differences did 
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occur between different ages with 5.1% in the first year and 2.1% in the fourth year (Sette 
Junior et al., 2014). 

Lignin contents from the three soil types did not present a similar response pattern to that 
found for the extractive contents. Between the soil classes NV and RQ no difference for lignin 
contents was observed, although both soils have distinct characteristics for physical, nutritional 
and water properties. LV resulted in a slight increase of lignin when compared to NV soil (0.97%) 
and RQ soil (2.94%). In 6-year-old Eucalyptus grandis x Eucalyptus urophylla clones Barbosa et al. 
(2019) found a positive correlation between lignin contents and rainfall and a negative correlation 
for water deficit in different localities under different climatic conditions. 

For Eucalyptus grandis of an age of approximately 4 years old planted in three different fertile 
soils Sansígolo & Ramos (2011) found that extractive contents showed no difference between the 
three soil types. Even when examining a trend from less fertile soil to more fertile soil, lignin content 
still showed no difference among soil types and did not respond in the same trend as soil fertility. 

RQ soil resulted in the highest holocellulose content with a difference of 3% compared to 
other soils. We suggest that higher holocellulose content in our results is related to an increase 
in basic density. Similar results were found by (Melo et al., 2016) and (Arnaud et al., 2019) in 
the wood of Eucalyptus planted in low fertility and soils with water availability. 

Extractives and lignin are positively related to calorific value (Telmo & Lousada, 2011), and 
high lignin values are associated with higher charcoal gravimetric yield (Pereira et al., 2000). 
On the other hand, holocellulose is negatively related to calorific value; as the thermal 
degradation of holocellulose is faster than that of lignin (Costa et al., 2014). Therefore, wood 
with the highest potential for energy use would be that with higher extractive and lignin 
content, but with lower holocellulose content (Menucelli et al., 2019). 

Based on this information, wood from LV trees with higher values of lignin and LV and NV 
wood based on higher extractive values would be most suitable for energy use. Wood from 
RQ presents the lowest potential for energy. However, when analyzing calorific results, we 
found that they did not follow the expected pattern for chemical constituents since wood from 
LV trees presented higher extractive contents, similar to LV wood, and lower lignin content, 
similar to RQ wood. Thus, it seems that density had a greater influence on calorific results than 
chemical constituents. From the principal components analysis, the separation of RQ and LV 
soils by chemical constituents (EC, LC and HC), when compared to NV, was clear. In Table 6, 
we identified that UHV showed lowest value in axis 1, but had highest participation in axis 2, 
contributing to the separation of samples from NV. 

However, despite lower calorific values from NV, (Menucelli et al., 2019), studying the 
Brazilian market, reported that HHV values between 16500 and 18000 kJ.kg-1 are suitable values 
for use in bioenergy. Thus, although wood from all three soils in the present work is suitable for 
use in bioenergy, we suggest that Quartzarenic Neosol and Red Latosol are more suitable soils, 
since they resulted in higher energy values when compared to Red Nitosol values. 

CONCLUSION 

In the Brazilian market, HHV values between 16500 and 18000 kJ.kg-1 are suitable values 
for use in bioenergy; therefore, wood from all three soils is suitable for bioenergy use. As 
reported in the literature, extractives and lignin are positively related, and holocellulose is 
negatively related to calorific value. In contrast, our study showed that wood density seemed 
to have a greater influence on calorific results than chemical constituents. It is possible that 
better water and nutrient availability from NV soil compared with RQ and LV may have led to 
higher tree growth, which resulted in lower density and, therefore, lower calorific values. 
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