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Aboveground biomass modeling and tree spacing: 
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INTRODUCTION

The growing expansion of productive planted 
forests challenges decision-makers to reconcile high 

ABSTRACT RESUMO

production levels with sustainability parameters 
demanded by the market (Rolim et al. 2019). Global 
concern regarding climate change and sustainability 
led the forestry sector to seek alternatives of a cleaner 
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The search for fast-growing species associated with 
ecological services points out to several Brazilian species 
with potential for reforestation. However, information gaps 
regarding biomass production and sustainability need to be 
overcome. This study aimed to model the aboveground biomass 
and evaluate the influence of planting spacing on biomass and 
nutrient stocks, as well as the nutrient-use efficiency in stands 
of Anadenanthera peregrina (L.) Speg. var. peregrina. In a 
field experiment, 30 trees were sampled, measured, segmented 
into fractions such as stemwood, stembark, leaves, twigs and 
branches, and had their biomass evaluated. Regression models 
were adjusted for biomass prediction, and chemical analysis was 
performed to determine the macronutrients in the aboveground 
biomass. Spacing influenced the allocation of biomass, with 
the highest individual biomass production for the 5 x 5 m 
spacing, but with a similar overall yield per hectare among the 
treatments. The stands were more efficient using nutrients at 
wider spacings, with greater benefits when only the stemwood 
is harvested, possibly mitigating nutritional imbalances, such 
as phosphorus deficiency.

KEYWORDS: Anadenanthera peregrina, forest sustainability, 
silvicultural management.

Modelagem da biomassa acima do solo e 
espaçamento de árvores: implicações nutricionais para 

uma espécie arbórea leguminosa

A busca por espécies de rápido crescimento associadas 
a serviços ecológicos aponta várias espécies brasileiras com 
potencial para reflorestamento. No entanto, lacunas de informação 
relacionadas à produção de biomassa e à sustentabilidade ainda 
precisam ser superadas. Objetivou-se modelar a biomassa acima 
do solo e avaliar a influência do espaçamento de plantio sobre a 
biomassa e os estoques de nutrientes, bem como a eficiência de 
uso de nutrientes em povoamentos de Anadenanthera peregrina 
(L.) Speg. var. peregrina. Em experimento de campo, foram 
amostradas 30 árvores, as quais foram mensuradas e segmentadas 
em frações como lenho do fuste, casca do fuste, folhas, ramos finos 
e galhos, e suas biomassas foram avaliadas. Modelos de regressão 
foram ajustados para a predição de biomassa, bem como análises 
químicas foram realizadas para determinar os macronutrientes na 
biomassa acima do solo. O espaçamento influenciou na alocação 
de biomassa, com maior produção individual no espaçamento de 
5 × 5 m; porém, com produtividade total por hectare semelhante 
entre os tratamentos. Os povoamentos foram mais eficientes no 
uso de nutrientes em espaçamentos mais amplos, com maiores 
benefícios quando apenas o lenho do fuste é colhido, possivelmente 
superando desequilíbrios nutricionais, como o déficit de fósforo.

PA LAV RA S -CH AV E:  Anadenan the r a  pe regr ina , 
sustentabilidade florestal, manejo silvicultural.
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and efficient forest production (Ibá 2023). To achieve 
this goal, intensifying silvicultural management is 
crucial, increasing the production per unit area and 
promoting sustainable forest management techniques 
to offset land use conflicts and environmental impacts 
(Payn et al. 2015).

Eucalyptus plantations occupy most of 
Brazilian silviculture, as one of the main suppliers 
of pulp, paper, biomass, and solid wood products 
(Guimarães et al. 2019). Although the species 
produces greater aboveground biomass stocks 
over time (Eloy et al. 2018), different species 
might produce biomass at different nutrient costs, 
hence, performing differently in terms of nutrient 
sustainability. Aligned with the need for forest 
production diversification, planting native species 
stands out as a promising and sustainable alternative, 
with higher aggregated value and viability for the 
Brazilian and global markets (Batista et al. 2021). 
Research and overall improvements are necessary, 
so native species can reach their best, in terms of 
timber and other products.

Native species with high potential for timber 
and multi-product uses are listed by Silva et al. 
(2012) as lacking in terms of growth behavior and 
genetic breeding studies. Such species are not widely 
used, especially because of persistent branches and 
slow growth patterns. Many of them, however, are 
leguminous trees with rapid growth, high timber value 
and great potential for multiple uses and ecosystem 
services (Castro et al. 2017). For N2 fixing legume 
trees such as Anadenanthera peregrina (L.) Speg. 
var. peregrina, the supposed increase in the amount 
of N on soil and aboveground biomass are promising, 
highlighting the importance of working on its 
silvicultural management for enhanced production.

One of the main factors affecting forest 
production and individual growth patterns are stand 
characteristics. Among these, planting spacing can 
be easily manipulated by the producers, making 
it a dynamic and functional tool in silvicultural 
management (Lima et al. 2013). Studying the 
behavior of native species in forest stands with 
different spacings can provide valuable information 
for the silvicultural management of the species. The 
way individuals store their aboveground biomass 
and nutritional reserves can shed light on production, 
nutritional status of the stand, sustainability of the 
plantation, and conditions for subsequent rotations 
(Rosim et al. 2016).

To understand the role of planting spacing 
and biomass management in the sustainability of 
afforestation and forest production, this study aimed 
to describe the aboveground biomass and evaluate the 
influence of planting spacing on biomass and nutrient 
stocks, as well as the balance between nutrient export 
through harvesting and nutrient cycling from residual 
biomass in stands of Anadenanthera peregrina var. 
peregrina, at 7.5 years after planting. We hypothesize 
that wider spacings increase the nutrient-use 
efficiency and improve long-term sustainability due 
to lower nutrient export per unit area.

  
MATERIAL AND METHODS

A field experiment was established in an area 
administered by the Instituto Federal do Espírito 
Santo, in Alegre, Espírito Santo state, Brazil 
(Figure 1). The region is in the Atlantic Forest biome 
domain and mostly composed of semideciduous 
seasonal forests. The mean annual temperature is 
24 ºC and annual rainfall around 1,200 mm (Brasil 
2022). The site is known for its heterogeneous slope 
and soil types, with Latossolo Amarelo Distrófico 
alone (LAd1) or combined with Argissolo Vermelho-
Amarelo Distrófico (LAd7) or Cambissolo Háplico 
Distrófico (LAd9), according to the Embrapa soil 
classification (Santos et al. 2018), equivalent to 
different types of Ferralsols (FAO 2015).

Historically, the site had been used as grazing 
pasture covered up by Urochloa sp. grasses. The 
weeds were chemically controlled, and the cattle 
were removed. Soil sampling was performed in 2010 
and most soils were classified as clayey textured 
with medium organic matter content and pH values 
varying from 5.3 to 6.1 (Table 1).

Seedlings of Anadenanthera peregrina var. 
peregrina were planted in 2011, in separate locations 
along the same experimental area, occupying at 
least 6.8 ha altogether. The plots were 30 x 50 m 
in size. There were 5 planting spacings among the 
plantings, of which only 3 were considered in this 
study as treatments: 3 x 3 m, 4 x 4 m, and 5 x 5 m. 
The stands were designed in 3 randomized blocks, 
with 3 replicates. The pits were fertilized with 
220 g of formulated 02-30-06 NPK with 0.2 % of 
B, Cu, and Zn. 

A forest inventory was conducted at 7.5 years 
after planting. Diameter measurements at breast 
height (DBH; cm) were taken with a graduated tape 
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measure and commercial heights (Hc; m) with a 
graduated stick. Hc was measured just below the 
first branch insertion. Measurements were taken 
in all the experimental plots for all individuals, 
except for the trees located on the edges of the plot. 
The total heights were measured using a digital 
clinometer on the first 5 trees in each sample plot, 
totaling 45 trees. 

The data were used to fit hypsometric models 
to predict the remaining tree heights. The best-
performing models were selected based on the 
adjusted coefficient of determination (R²adj) 
and the residual standard error (Syx). For the 
3 × 3 m spacing, the selected model was h = -5.844 + 
2.798DBH - 0.1158DBH² (R²adj = 0.947; Syx = 
2.3 %); for the 4 × 4 m spacing, the model was h = 

Figure 1. Experimental area and plot distribution along Anadenanthera peregrina var. peregrina plantings in Alegre, Espírito Santo 
state, Brazil.

Table 1. Main soil chemical attributes at depths of 0-20 and 20-40 cm, at 9 months before the establishment of the stands of 
Anadenanthera peregrina var. peregrina.

Block Depth pH P K Ca Mg OM V m
(cm) H2O _________ mg dm-3 _________ _________ cmolc dm-3 _________  g kg-1 ______________ % ______________

1   0-20 6.0 2.0 75.1 3.5 2.0 21.0 66.2 0.0
20-40 5.9 2.7 39.2 4.2 2.1   9.1 79.2 0.0

2   0-20 6.0 1.9 68.6 4.4 2.3 24.8 70.3 0.0
20-40 6.1 1.9 41.8 4.7 2.0 12.0 77.0 0.3

3   0-20 5.5 2.3 66.7 1.2 1.0 21.0 43.6 7.7
20-40 5.3 2.0 42.8 0.9 0.8 14.5 40.8 14.1

V: base saturation index; m: aluminum saturation index. Methods: pH in water - 1:2.5 ratio; P and K - Mehlich-1 extractor; Ca and Mg - KCl extractor (1 mol L-¹); OM: 
organic matter (C × 1.724). Adapted from Souza et al. (2023).
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5.535 + 0.4277DBH (R²adj = 0.929; Syx = 2.4 %); 
for the 5 × 5 m spacing, the model was h = 9.945 - 
0.0918DBH + 0.0095DBH² (R²adj = 0.906; Syx = 
3.1 %). Table 2 shows the mean measurements of the 
standing and estimated total heights.

Based on the forest inventory, 30 trees were 
selected, 10 per spacing, to estimate the aboveground 
biomass using the direct method. The trees were 
selected according to diametric classification of the 
stand, considering only individuals below and above 
the standard deviation (Picard et al. 2012). After 
measurements, the trees were segmented into the 
following fractions: stemwood (up to commercial 
height), stembark, leaves, twigs, and branches. 
Sampling procedures were conducted according 
to methodologies adopted by Rondon (2002) and 
Dallagnol et al. (2011). All fractions were entirely 
weighed in the field using a digital scale to obtain 
the individual fresh biomass. Stemwood was sampled 
in disks with bark, being approximately 5-cm thick, 
removed at 0.10 m, diameter of 1.30 m, ½ of the stem 
length and top positions. The stembark samples were 
extracted from the disks, making up a composite 
sample of the various sampled diameters. Leaf 
samples were taken from the lower, middle, and upper 
positions of the crown. The twigs (up to 1.0 cm) and 
branches (over 1.0 cm) were sampled in portions from 
the lower, middle, and upper third of the tree’s crown.

The samples were placed in paper packages 
and transferred to the laboratory, where moisture 
content and biomass dry weight were determined 
by weighing the fresh samples and drying them in 
a forced air circulation oven at 103 ± 2 ºC, until 
constant weight. After drying, the stemwood and bark 
samples were weighed and separated to obtain the dry 
weight and the percentage of stembark biomass. The 
dry biomass was calculated according to Soares et al. 
(2011): Biom = [FW(f) * DW(s)]/FW(s), in which: 
Biom is the total dry biomass of the fractions (kg), 

FW(f) the fresh weight of the whole fractions in the 
field (kg), DW(s) the dry weight of the samples (kg), 
and FW(s) the fresh weight of the samples (kg).

With the individual biomass, diameter 
(1.30 m), and total height values, regression models 
were adjusted to predict the biomass in the stands for 
each evaluated fraction and spacing. The regression 
models were adjusted for stemwood, stembark, 
leaves, twigs, branches, and total biomass, based on 
the adjusted coefficient of determination (R2

adj) and 
the residual standard error (Syx). Table 3 shows the 
adjusted equations.

After determining the dry weight of the 
biomass fractions, the samples were ground in a knife 
mill, sieved, and stored in plastic containers. The 
material was subjected to chemical analysis, and the 
macronutrient levels were determined in accordance 
with the laboratory’s standard procedure (Miyazawa 
et al. 1999).

After determining the nutrient content in 
the biomass for the fractions, the nutrient stocks 
in the biomass were calculated by multiplying the 
concentration of each nutrient and the weight in 
biomass of the fraction. Using the individual stocks 
(g tree-1), the stocks per unit area (kg ha-1) were 
calculated for each nutrient, fraction, and total biomass.

To assess the nutritional sustainability of 
the stands, the potential number of rotations for 
each harvest intensity scenario was estimated by 
dividing the remaining nutrient stock (harvest waste 
and soil stock) by the stock of nutrients removed by 
harvesting (Dick & Schumacher 2020). To determine 
the soil nutrient stock (Mg ha-1), mean nutrient 
levels in the soil were sampled from trenches of 
100 cm deep for each experimental plot. The stocks 
were calculated using the methodologies described 
by Veldkamp (1994) and Ellert & Bettany (1995), 
based on the soil density and nutrient contents: soil 
nutrient stock = Ct × BD × e × 10, in which: Ct is 
the macronutrient content (N, P, K, Ca, and Mg), in 
g kg-1; BD the soil bulk density, in g cm-3; and e the 
thickness of the evaluated layer, in m.

Different scenarios of possible nutrient export 
via harvesting were determined. Table 4 lists the 
harvest intensity scenarios and the equations for the 
potential number of rotations.

The data were submitted to variance 
homogeneity test (Oneill & Mathews; p < 0.05) and 
normality of residuals (Shapiro-Wilk; p < 0.05). 
Once the assumptions were met, an analysis of 

SUR: survival rate; DBH: diameter at breast height (1.30 m); Hc: commercial 
height; Ht: total height; G: basal area.

Spacing SUR DBH Hc Ht G
% cm _______ m _______ m2 ha-1

  3 x 3 m 90.4 10.4 3.7 10.6 8.5
  4 x 4 m 90.0 12.2 3.9 12.2 6.6
  5 x 5 m 93.2 14.4 4.2 14.4 6.1

Table 2. Mean measurements in the Anadenanthera peregrina 
var. peregrina stand, at 7.5 years after planting.
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variance (F < 0.05) was conducted using the 
randomized block design, and, if significant, the mean 
comparation test (Tukey; p < 0.05) was applied. The 
tests were conducted in the R environment (R Core 
Development Team 2013).

 
RESULTS AND DISCUSSION

All the fractions and the total aboveground 
biomass were affected by the planting spacing, 

regarding individual aboveground dry weight 
(Figure 2). Higher values are shown for wider spacings, 
regardless of the studied fraction, which was expected 
comparing different studies in forest plantations 
(Eloy et al. 2018). This occurs because there is less 
intraspecific competition, and individuals can obtain 
more resources, in addition to greater root development 
and available growth area (Lima et al. 2013).

The branches’ biomass exceeded the biomass 
attributed to the stemwood at all spacings. One 

Table 3. Adjusted equations and their respective statistics for biomass estimation of the fractions of Anadenanthera peregrina var. 
peregrina trees, at 7.5 years after planting.

Spacing Equation R2adj Syx%
Stemwood

3 x 3 m Y = 103.6 - 21.81d + 0.7698d 2 + 0.0477(d 2 h) 0.954 13.6
4 x 4 m Y = -124.4 + 19.89d - 0.585d 2 0.773 17.6
5 x 5 m Y = -180.9 + 22.55d - 0.485d 2 0.826 14.0

Stembark
3 x 3 m Y = 18.41 - 1.834h - 0.2822d 2 + 0.0303(d 2 h) 0.717 36.4
4 x 4 m Y = -4.317 + 0.7022d 0.644 23.6
5 x 5 m Y = -26.17 + 3.157d - 0.0061(d 2 h) 0.740 16.5

Leaves
3 x 3 m Y = 44.301 - 10.39d + 0.641d 2 0.992   6.3
4 x 4 m Y = -12.012 + 1.811d 0.672 23.9
5 x 5 m Y = 17.0 - 0.510h - 0.1084d 2 + 0.0109(d 2 h) 0.863   9.9

Twigs
3 x 3 m Y = 19.02 - 4.330d + 0.298d 2 - 0.003(d 2 h) 0.849 18.1
4 x 4 m Y = -12.22 + 1.461d 0.739 28.1
5 x 5 m Y = -15.13 + 1.588d 0.900 17.8

Branches
3 x 3 m Y = 205.3 - 49.43d + 3.048d 2 0.932 25.0
4 x 4 m Y = -56.13 + 8.188d 0.597 28.9
5 x 5 m Y = -329.7 + 38.51d - 0.78d 2 0.808 19.5

Total biomass
3 x 3 m Y = 396.9 - 93.24d + 5.715d 0.931 20.4
4 x 4 m Y = -108.1 + 16.47d 0.782 18.0
5 x 5 m Y = -541.7 + 65.84d - 1.318d 2 0.866 13.9

R2
adj: adjusted coefficient of determination; 𝑆𝑦𝑥%: standard error of the estimate in percentage; Y: estimated biomass (kg tree-1); d: diameter at 1.30 m above the ground 
(cm); h: total height (m).

Table 4. Possible harvesting scenarios considering the removal of biomass compartments and calculation of the number of rotations 
(NR).

Scenario Situation Potential use Equation

S1 Total aboveground 
biomass harvest

Clear cut/
site clearance NR (S1) = soil/(crown + stemwood + stembark)

S2 Stemwood with bark 
and branches harvest

Multipurpose 
use NR (S2) = (soil + twigs + leaves)/(stemwood + stembark + branches)

S3 Stemwood with 
bark harvest

Unsustainable 
wood use NR (S3) = (soil + crown)/(stemwood + stembark)

S4 Stemwood 
harvest

Sustainable 
wood use NR (S4) = (soil + crown + stembark)/stemwood 
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of the major challenges in the silviculture of 
non-conventional species is related to trees with 
sympodial growth pattern, most of which have 
spreading crowns (Rolim et al. 2019). The individual 
biomass data confirm this pattern for A. peregrina 
var. peregrina, with predominance of branches 
instead of stemwood, regardless of planting spacing. 
However, tree spacing might be a useful tool to 
control individual biomass distribution and optimize 
branch and stemwood ratios.

The growth pattern was also observed at 
the same exact stands at 4.5 years old, in which 
branches (including twigs) occupied 44.99 % 
of the total aboveground biomass (Souza et 
al. 2023). Nearly 3 years later, in this study, 
the biomass of branches + twigs increased to 
52.6 % of the aboveground biomass. Moura et al. 
(2006), comparing two plantations of the Mimosa 
caesalpiniaefolia species, observed a difference in 
biomass allocation, with greater predominance of 
stem for the 8-year-old stand at the 3 x 3 m spacing 
and greater predominance of branches at the 4.5 x 
4.5 m spacing, at 11 years old.

Changes in biomass allocation in forest 
stands occur mainly due to nutritional phases, with 
a differentiation in nutrient allocation after canopy 
closure (Schumacher et al. 2011). The authors point 
to other factors influencing this process, such as 
species characteristics, soil fertility, and stand density. 
An unfavorable characteristic for these processes in 
the present study is that the species has poor natural 
pruning, requiring silvicultural practices to guide the 
branches (Carvalho 2003), which were not managed 
during the years. In addition, a large part of the branch 
composition is occupied by thick branches, which are 
not susceptible to natural pruning (Silva et al. 2012). 
As for twigs, they occupy a higher percentage at the 
5 x 5 m spacing, in which there is less competition 
among individuals.

Figure 3 shows the stand aboveground biomass 
(Mg ha-1). Only stembark and twig biomass differed 
between the evaluated treatments (p < 0.05), with 
higher stembark production per hectare for the 
3 x 3 m spacing and twigs for 5 x 5 m. The distribution 
pattern of the fractions is like the relative distribution 
previously described, with a predominance of 

Figure 2. Estimated individual aboveground biomass (kg tree-1) in leaves (a), stembark (b), twigs (c), branches (d), stemwood (e), 
and totals (f), in the different planting spacings. Columns followed by different lowercase letters differ statistically in terms 
of planting spacing, according to the Tukey test at 5 % of probability.
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branches > stemwood > leaves > twigs > stembark. 
The branches have the highest biomass production 
per hectare, and its production is higher than the 
stemwood production at all spacings. Nonetheless, 
the twigs were accumulated in the 5 x 5 m spacing, 
due to wider crowns. There was no significant 
difference in total biomass production for the studied 
planting spacings, with values between 44.8 and 
52.1 Mg ha-1 for the 3 x 3 m and 4 x 4 m spacings, 
respectively.

As for total biomass, it is commonly expected 
that denser spacings produce a greater amount of 
biomass per unit area, due to an increasing number 
of individuals, as reported by Eloy et al. (2018), 
where different species produce more biomass per 
hectare in denser spacings, including species from 
the Eucalyptus, Acacia, and Mimosa genus. As for 
A. peregrina var. peregrina trees, it did not occur, 
with significant individual biomass production at 
wider spacings, providing substantial amount of 
aboveground biomass, which did not differ from the 
narrower spacing. The lack of silvicultural practices 
(e.g., fertility corrections, pruning, etc.) may have 
played an important role in the results.

Based on the aboveground biomass stocks, the 
nutrient stocks per hectare were estimated (Table 5). 
Spacing did not alter the nutrient stocks per hectare 
in the biomass of twigs and branches (p > 0.05). In 
the stemwood, only P and Ca stocks changed with 
planting spacing. For stembark and leaves, higher 
stocks of N, P, K, and Ca were expressed in the 3 x 3 m 
spacing and lower stocks for the 5 x 5 m spacing.

The highest nitrogen stocks per hectare were 
found in the leaves, with a mean of 164.8 kg ha-1, 
corresponding to 42 % of the total. Large stocks of 
P and Ca were found for branches biomass, with 
means of 24.8 and 293.17 kg ha-1. N has a high 
concentration in young tissues, whereas P is related 
to cell division and Ca is a major component of the 
cell wall, present in structural tissues (Pandey 2015). 
In the stemwood, Ca values differed statistically, 
with higher stock for the 3 x 3 m spacing. For 
the same nutrient, the 3 x 3 m spacing was also 
higher in leaves and stembark Ca, with 121.0 and 
119.5 kg ha-1, respectively. There was no difference 
for Mg stocks, in terms of planting spacing, 
regardless of the fraction. The 5 x 5 m spacing 
showed the lowest stocks for all nutrients.

Figure 3. Biomass in leaves (a), stembark (b), twigs (c), branches (d), stemwood (e), and total (f) at planting spacings. Columns followed 
by different lowercase letters differ statistically in terms of planting spacing, according to the Tukey test at 5 % of probability.
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In forest stands with commercial exotic 
species, stemwood usually stands out due to its higher 
biomass volume (Gatto et al. 2014). When the species 
has a predominance of stemwood in the total biomass, 
there is a large export of nutrients during harvesting, 
especially if the stembark is exported along with 
the stem (Dick et al. 2016). In the A. peregrina 
var. peregrina stands, as branches occupy a larger 
portion than the trunk, they have larger diameters 
and a greater contribution of bark, making up larger 
stocks than the barkless stemwood. Despite its non-
dominance, stemwood is responsible for significant 
amounts of Ca, as well as stembark. Leaves also store 
good amounts of Ca and are important for nutrient 
cycling, since Ca is not translocated, returning to 
the soil through the litter (Caldeira et al. 2017). In 
addition to Ca, most of the Mg is stored in the leaves, 
followed by branches. 

Sometimes, increased planting spacing turns 
into higher concentration of nutrients in the biomass 
(Medeiros et al. 2020). Considering that most 
biomass fractions are not influenced by spacing, and 
that the stock of nutrients such as P, K, and Ca in the 
stem and leaves is higher in denser spacing, there is an 
inverse pattern to that reported in the literature. The 
smaller planting spacing contributes to the expansion 
of the root system, as well as abundant fine roots, 

which are efficient at capturing nutrients (Craine & 
Dybzinski 2013).

The species shows nitrogen contents because 
it is a fixing-leguminous tree (Mendes et al. 2021). 
As for P, several other leguminous species respond 
positively to this nutrient (Queiroz et al. 2007). The 
high levels of Ca are due to the low conversion 
efficiency of this nutrient and its slow mobility in 
the plant (Dick & Schumacher 2020). The nutrients 
K and Mg, on the other hand, are little required by 
the species (Gonçalves et al. 2008).

Figure 4 shows the estimated potential number 
of rotations and the nutrient balance for each harvest 
scenario. The results reaffirm the pattern of tested 
harvesting intensity, with S1 being more aggressive 
and S4 more conservative, in terms of nutrient 
sustainability. There is no difference in the potential 
cycles in the S1 and S2 harvest scenarios, with greater 
nutrient withdrawal. In the S3 scenario, the 5 x 5 m 
spacing gives greater longevity to the P and Ca cycle. 
In the S4 scenario, the Ca cycle is favored by the 5 x 
5 m spacing, but the 3 x 3 m spacing provides greater 
N longevity.

Total biomass removal scenarios such as 
S1 are considered detrimental to the nutritional 
sustainability of the stand, as a large part of the 
nutrients are supplied by the forest biomass itself 

Table 5. Macronutrient stock per hectare at different planting spacings.

Fraction Spacing (m) Nutrient (kg ha-1)
N P K Ca Mg

3 x 3 168.7 ± 19.9 19.3 ± 2.3 a 52.2 ± 6.2 a 121.0 ± 14.3 a 16.6 ± 2.0
   Leaves 4 x 4 178.4 ± 35.6 14.8 ± 3.0 b 41.7 ± 8.3 a   101.2 ± 20.2 ab 18.3 ± 3.6
 5 x 5  147.4 ± 7.6 10.6 ± 0.5 b 28.0 ± 1.4 b 70.1 ± 3.6 b 17.0 ± 0.9

3 x 3    43.3 ± 3.4 a   6.3 ± 0.5 a 10.3 ± 0.8 a 119.5 ± 9.5 a   2.5 ± 0.2
   Stembark 4 x 4    31.1 ± 5.7 b   4.4 ± 0.8 b   7.4 ± 1.3 b   82.6 ± 15.1 b   2.0 ± 0.4
 5 x 5    27.4 ± 5.3 b   2.5 ± 0.5 c   5.3 ± 1.0 c   69.2 ± 13.4 b   1.9 ± 0.4

3 x 3 33.8 ± 2.6 7.2 ± 0.6 13.4 ± 1.0 74.1 ± 5.6 3.25 ± 0.2
   Twigs 4 x 4   35.9 ± 11.2 7.4 ± 2.3 17.0 ± 5.3 77.9 ± 24.2 3.63 ± 1.1

5 x 5 44.9 ± 7.7 8.1 ± 1.4 18.3 ± 3.1 94.7 ± 16.3 3.42 ± 0.6
3 x 3 111.4 ± 15.0  25.7 ± 3.5 48.2 ± 6.5 318.3 ± 42.7 10.9 ± 1.4

   Branches 4 x 4 132.3 ± 31.2 26.7 ± 6.3 60.4 ± 14.2 316.0 ± 74.5 12.5 ± 3.0
5 x 5 111.6 ± 31.1 22.0 ± 6.1 52.0 ± 14.6 245.2 ± 68.5   9.2 ± 2.5
3 x 3 30.7 ± 3.4      7.7 ± 0.9 a 15.0 ± 1.7 179.0 ± 20.0 a   2.1 ± 0.3

   Stemwood 4 x 4 37.2 ± 7.0       6.4 ± 1.2 ab 14.0 ± 2.6 130.0 ± 24.5 b   2.1 ± 0.4
5 x 5 33.0 ± 8.3      5.5 ± 1.4 b 16.5 ± 4.2   42.1 ± 10.7 c   2.2 ± 0.5
3 x 3 387.9 ± 44.0    66.2 ± 7.7 a 139.1 ± 16.1 811.9 ± 91.5 a 35.4 ± 4.1

   Total 4 x 4 414.9 ± 90.6       59.7 ± 13.6 ab 140.5 ± 31.6   707.7 ± 158.3 a 38.5 ± 8.5
5 x 5 364.3 ± 59.8   48.7 ± 9.9 b 120.1 ± 24.3     521.3 ± 112.31 b 33.7 ± 4.8

± Standard deviation. Means followed by different lowercase letters in the columns differ statistically, in terms of planting spacing, according to the Tukey test at 5 % 
of probability.
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Figure 4. Biomass nutrients and balance after harvesting systems, in a stand of Anadenanthera peregrina var. peregrina at 7.5 years 
after planting.
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(Rosim et al. 2016). The permanence of these 
fractions in the forest soil after harvesting guarantees 
the nutritional sustainability of the next rotations, 
resulting in more ecological practices and savings 
for the producer (Witschoreck & Schumacher 2019). 
With total removal of aboveground biomass from 
the plantations (S1), the subsequent rotation would 
begin with a deficit of P. The species is efficient at 
using P, but the soil lacks this nutrient. In this way, 
P could become a limiting factor for future rotations. 
Although the species has good P use efficiency 
(Table 5), the stocks are scarce and insufficient to 
meet the needs of the stand in a new rotation, in a 
scenario with total removal of aboveground biomass 
(S1). For the same scenario, only Mg has a high 
supply of nutrients, due to the species’ lower demand 
for it.

With the S2 harvest proposal, maintaining 
leaves and twigs on the soil, there is an improvement 
in the potential rotation cycles. For P, the values 
exceed one cycle, and the system can meet the 
needs of the next rotation. The cycles for N, K, and 
Mg double, and those for Ca are also extended in 
S2. In this harvesting system, the species can be 
exploited in various ways. The stembark is used to 
produce tannin (Andrade et al. 2013), the extensive 
biomass of the branches is exploited for energy uses 
(Souza et al. 2020), and the stemwood, which has 
great commercial value, is used for wood processing 
(Carvalho 2003). Although the stembark exports 
large quantities of nutrients, the producer has multiple 
sources of income, and the incorporation of forest 
residues results in savings. Nutritional balance for 
this system is positive for all nutrients.

The S3 and S4 scenarios provide greater 
longevity for subsequent rotations, with more 
nutrients remaining in the system. Both are timber 
harvesting alternatives, leaving the entire canopy 
in the system for the next rotations. The branches 
constitute a large reserve of nutrients, contributing to 
a positive balance that is higher than the initial soil 
stock. In these systems, if well managed, they can 
result in economic gains (Guimarães et al. 2019) and 
prove the sustainability of forest stands (Gatto et al. 
2014). As it is more efficient at wider spacings, for 
some nutrients such as P and Ca in S3 and N and Ca 
in S4, the influence of spacing was observed. Both P 
and Ca are critical for the development of the crops 
in the studied soils, as they have limiting P levels 
and the species demands a greater amount of Ca. Not 

extracting the stembark helps to maintain Ca stocks 
in subsequent rotations (Dick & Schumacher 2020).

 
CONCLUSIONS

1. For Anadenanthera peregrina var. peregrina, 
planting spacings influence the individual biomass 
allocation, but not the total hectare production;

2. The species allocates most of its biomass to the 
branches, and not to the stem;

3. Most nutrients are stored in the leaves and 
branches, with higher accumulation for the 3 x 3 m 
spacing. However, the stands are more efficient 
using nutrients at wider spacings;

4. Harvesting the stemwood without bark provides a 
greater number of potential cycles.
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