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Acai fruit production and carbon stock in managed plantations
in Southeast of Roraima

Producéo de frutos de acai e estoque de carbono em plantios manejados
no Sudeste de Roraima
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Abstract: The quantification of the carbon stock present in fruits and residues from the manufacture of agai
pulp provides an estimate of the contribution of these key-species to the Amazonian ecosystem to maintain
the Earth’s climatic balance. Thus, this work aimed to evaluate the production and carbon stock, based on
factor 0.5, developed by the Intergovernmental Panel on Climate Change (IPCC), present in acai (Euterpe
oleraceae M.) “BRS-Pard”, in managed plantations in S&o Jodo da Baliza, Roraima. Allometric models were
adjusted to estimate the carbon stock present in the fruits, bunches, and total (bunch and fruits) of agai
in terms of height and root collar diameter, a variable easily measured in the field. The production of agai
fruits and the forest carbon stock were higher in the managed planting with restriction thinning of only one
remaining stem (single) about managed planting with thinning and clump conduction (average of three
stipes). Therefore, both plantations provided a large production of acal pulp with good economic yield and
increased forest carbon stock per hectare.
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Resumo: A quantificagdo do estoque de carbono presente nos frutos e residuos da fabricagdo de polpa
de acali proporciona a estimativa de contribuicdo desta espécie-chave no ecossistema amazoénico para a
manutencdo do equilibrio climatico da Terra. Assim, objetivou-se com este trabalho avaliar a producéo e
0 estoque de carbono, a partir do fator 0,5 desenvolvido pelo Painel Intergovernamental sobre Mudancas
Climaticas (IPCC), presente em frutos de acai BRS-Para (Euterpe oleraceae M.) nos plantios manejados
em S&o Jodo da Baliza, Roraima. Foram ajustados modelos alométricos para estimar o estoque de carbono
presente nos frutos, cachos e total (cacho e frutos) de agai em fungdo do didmetro a altura do coleto, variavel
de facil mensuragdo em campo. A producgdo de frutos de acgai e o estoque de carbono florestal foram
superiores em plantio manejado com desbaste de restricdo de apenas um estipe remanescente (solteiro)
em relacao ao plantio manejado com desbaste e condugao em regime de touceira (média de trés estipes).
Ambos os plantios proporcionam grande producédo de polpa de acai com bom rendimento econémico e
incremento do estoque de carbono florestal por hectare.

Palavras-chave: Amazonia. Euterpe oleraceae Martius. Biomassa. Carbono florestal.
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INTRODUCTION

The agai palm trees (Euterpe oleraceae M.) is a palm
native from the Amazonian, considered a key-species
to human nutrition (NOGUEIRA; SANTANA, 2016).
Its fruits are appreciated worldwide, consumed natural
or transformed into several by-products (SANTANA et
al., 2014). However, the growing historical demand for
the unsustainable extraction of palm hearts and fruits of
Euterpe genus, which have initially been drawn from
the species E. edulis in the Atlantic Forest (SANTOS et
al., 2016; CONDE et al., 2018), and since 1960, with
emphasis on native populations of E. precatoria and E.
oleraceae in the Amazonian, has created a risk of extinction
of autochthonous populations. The increasing natural
vegetation stripping and selective exploitation of illegal
wood associated with forest fires (CONDE et al., 2019)
have also contributed to the reduction of these natural
populations in Amazonian.

On the other hand, acai production in floodplain
environments has advanced with management techniques
in agroforestry systems with thinning species of low
commercial value and planting improved seedlings,
forest and fruit essences. On dry land, stipe management
techniques, irrigation, fertilization, weeding, and pest control
have been increasing the productivity of the agai palm trees
(OLIVEIRA; FARIAS NETO, 2004; FARIAS NETO et
al., 2011). Approximately 80% of acai production in the
Amazonian comes from extraction in natural forests, and
20% correspond into plantations or “agaizais” managed in a
floodplain and on dry land environments (HOMMA, 2014).

In the face of growing implantation of agai plantations
on drylands environments in Amazonian, it sought to
understand the role of these key-species in the Amazonian
ecosystem for the contribution of maintaining the Earth’s
climatic balance. It is a must to quantify the biomass and
estimate the carbon stock present in the fruits and residues
inherent to the manufacture of agai pulp. Reforestation
tree plantings with the Euterpe genus may be considered
sustainable and promising sources to the forest carbon
storage and recuperation of degraded areas in clean
development mechanisms (MDL) (UNFCCC, 2018).
Information on carbon storage potential in agai plantations
in the state of Roraima remains incipient.

In order to delimit the present study, the following
questions were formulated: 1*) Which stipe conduction
management system generates greater fruit production
for the pulp of the agai BRS-Para cultivar: with solitary
thinning or in a clump regime?; 2%) What is the role
of these plantations in greenhouse gases reducing?;
3%) Which allometric models should be recommended
to estimate the carbon stock present in agai bunches
in Southeast of Roraima? Therefore, the present study
aimed to evaluate fruit production and the quantification
of the carbon stock in plantations conducted with solitary
thinning and in a clump regime.

INTRODUCAO

O agaizeiro (Euterpe oleraceae M.) é uma palmeira
nativa da Amazonia, considerada espécie-chave na
alimentacdo humana (NOGUEIRA; SANTANA, 2016).
Seus frutos sdo apreciados mundialmente, consumidos
in natura ou transformados em diversos subprodutos
(SANTANA et al., 2014). Entretanto, a crescente demanda
historica por extragdo insustentavel de palmitos e frutos do
género Euterpe, inicialmente oriundos da espécie E. edulis
na Mata Atlantica (SANTOS et al., 2016; CONDE et al.,
2018), e a partir de 1960, com maior énfase nas populagdes
nativas de E. precatoria e E. oleraceae na Amazonia, tem
gerado risco de extingdo de populagdes autoctones. O
crescente desmatamento e exploracao seletiva de madeira
ilegal associadas aos incéndios florestais (CONDE e al.,
2019) também tem contribuido para a reducdo dessas
populagdes naturais na Amazodnia.

Por outro lado, a producdo de acai em ambientes de
varzea tem avangado com técnicas de manejo em sistemas
agroflorestais, com desbaste de espécies de baixo valor
comercial e plantio de mudas melhoradas, esséncias
florestais e frutiferas. Em terra firme, técnicas de manejo
de estipe, irrigago, adubagio, rogagem e controle de pragas
tém aumentado a produtividade do acaizeiro (OLIVEIRA;
FARIAS NETO, 2004; FARIAS NETO et al, 2011).
Estima-se que 80% da producao de acai na Amazonia seja
oriunda de extrativismo em florestas naturais e 20% esteja
dividida em plantios ou “agaizais” manejados em ambientes
de varzeas e terra firme (HOMMA, 2014).

Diante da crescente implantagdo de plantios de agai
em ambientes de terra firme na Amazonia, buscou-se
compreender o papel desta espécie-chave no ecossistema
amazoOnico para a contribui¢do da manuteng¢ao do equilibrio
climatico da Terra. Faz-se imprescindivel quantificar a
biomassa e estimar o estoque de carbono presente nos
frutos e residuos inerentes a fabricagdo de polpa de agai.
Plantios de reflorestamento com o género Euterpe podem
ser considerados fontes sustentdveis e promissoras no
armazenamento de carbono florestal e recuperagdo de
areas degradadas em mecanismos de desenvolvimento
limpo (MDL) (UNFCCC, 2018). As informagdes sobre o
potencial de armazenamento do carbono em plantios com
acai no estado de Roraima ainda permanecem incipientes.

Para delimitar o presente estudo, foram formuladas
as seguintes questdes: 1%) qual sistema de manejo de
condugdo de estipe gera maior produgdo de frutos para
polpa do cultivar agai BRS-Para: com desbaste solitario
ou em regime de touceira?; 2%) qual é o papel destes
plantios na reducdo dos gases de efeito estufa?; 3%)
quais modelos alométricos podem ser recomendados
para estimar o estoque de carbono presente nos cachos
de agai no Sudeste de Roraima? Assim, objetivou-se
no presente estudo avaliar a producdo de frutos e a
quantificacdo do estoque de carbono em plantios
conduzidos com desbaste sem ou com estipes.
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MATERIAL AND METHOD

Study Area

The study was carried out in three plantations
managed with the acai BRS-Para (Euterpe oleraceae
M.) cultivar, in the municipality of Sdo Jodo da Baliza,
Southeast of Roraima (Figure 1). The municipality
climate is of the Awi type (rainy tropical with a short
dry period) and Aji type (rainy tropical without dry
season), with a mean annual temperature of 27 °C, and
rainfall of 1,750 mm (MDA, 2010). The predominant
soil classes are Red-Yellow Argisol and Red-Yellow
Latosol (MDA, 2010).
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MATERIAL E METODOS

Area de estudo

O estudo foi realizado em trés plantios manejados
com o cultivar agai BRS-Para (Euterpe oleraceae M.)
no municipio de Sao Jodo da Baliza, Sudeste de Roraima
(Figura 1). O clima do Municipio ¢ do tipo Awi (tropical
chuvoso com pequeno periodo de seca) e Aji (tropical
chuvoso sem estago seca), com temperatura média anual
de 27 °C e precipitacao pluviométrica de 1.750 mm (MDA,
2010). Os solos predominantes sdo das classes Argissolo
Vermelho-Amarelo e Latossolo Vermelho-Amarelo
(MDA, 2010).
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Figure 1 — Study area in the municipality of Sdo Jo&do da Baliza, Southeast of Roraima.
Figura 1 - Area de estudo no municipio de S&o Jodo da Baliza, Sudeste de Roraima.
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To this study, in 2016, it was carried out the forest
inventory (IF) of managed planting with agai. They were
grouped under three to three plantations based due to
age, as follow: a) Planting 1 (P ): 1.5 years old (Figure
2a); b) Planting 2 (P,): aged 6.0 (Figure 2b); c) Planting
3 (P,): 6.5 years old (Figure 2c).

a) P1

L

Para o estudo, em 2016, foi realizado o inventario
florestal (IF) dos plantios manejados com acali,
agrupados trés em trés plantios em razdo da idade,
sendo: a) Plantio 1 (P,): com 1,5 anos (Figura 2a); b)
Plantio 2 (P,): com 6,0 anos (Figura 2b); ¢) Plantio 3
(P,): com 6,5 anos (Figura 2c).

Figure 2 — Managed planting with acal BRS-Para (Euterpe oleraceae M.) cultivar in rural properties in Southeast

Roraima.

Figura 2 — Plantios manejados com o cultivar acai BRS-Para (Euterpe oleraceae M.) em propriedades rurais

no Sudeste de Roraima.

Acai BRS-Para (Euterpe oleraceae M.) cultivar

Acai BRS-Pard (Euterpe oleraceae M.) cultivar
was developed by the Brazilian Agricultural Research
Corporation (EMBRAPA) in the state of Para. This
cultivar presents a reduced height in the first bunch
emission, resulting in easier handling in fruit collection,
a considerable amount of bunch per annual plant, good
tillering, vigor, good pulp yield, and rusticity, also,
good financial return to small, medium, and large areas
(OLIVEIRA; FARIAS NETO, 2004).

Cultivar acai BRS-Para (Euterpe oleraceae \.)

O cultivar acai BRS-Para (Euterpe oleraceae M.)
foi desenvolvido pela Empresa Brasileira de Pesquisa
Agropecuaria (EMBRAPA) no estado do Para. Este
cultivar apresenta reduzida altura na primeira emissdo do
cacho, resultando em grande facilidade de manejo na coleta
de frutos, boa quantidade de cacho por planta anual, bom
perfilhamento, vigor, bom rendimento de polpa, rusticidade
¢ bom retorno financeiro para pequenas, médias e grandes
areas (OLIVEIRA; FARIAS NETO, 2004).
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Data collection

During the IF of each planting, the following
information on crop management was collected: a)
Spacing used: : P, -5x5m;P,-3x3m;P,-5x5m;b)
cultivated area (ha): 1 ha (all); ¢) Age: P - 1.5 years; P,
- 6.0 years; P, - 6.5 years; d) Irrigation: P, - no; P, - yes;
P, - yes; €) Stipe management: P, - without thinning;
P, - with thinning of plants and maintenance of only
one solitary stipe; P, - thinning and clump conduction
with up to three plants (“grandmother, mother, and
granddaughter”); f) Silvicultural treatments: control of
competition for weeds and pests, annually, replacement
fertilization or cover (6 months after planting with
NPK), observed in all plantations.

In the IF, palm trees measurement (N = 124) was
carried out randomly within the three plantations, in
which samples were 30 palm trees (n, = 30) in P, 30
palm trees (n, = 30) in P, and 64 palm trees (n, = 64) in P..
The following variables were evaluated in each sample:
a) circumference (CBH), measured at 1.30 m from the
ground, not measured at P, because the palm trees
had insufficient height, calculation basis for diameter
(DBH = CBH/n); b) root collar circumference (Ccol.),
measured at ground height, the basis for calculating
the root collar diameter (DC = Ccol./nt); c¢) Stipe height
(Ae), measured in just one stipe, selected randomly
per plant, with Vertex IV Hypsometer (Haglof) from
ground level to the end of the culm; d) Total height (At),
measured in meters from the ground level to the end or
end of the leaf sheath; ) Number of fruit bunches per
plant (Cp), measured by counting bunches per plant.

Evaluation of the fruit production of Acai BRS-
Para (Euterpe oleraceae M.) cultivar

For estimating the production of the fruit agai BRS-
Para cultivar, the fruit biomass (BF), biomass without
fruits (BC), and total biomass production (BT = fruits
and bunch) in the plantations (P, e P,) were quantified.

For plant sampling, it was randomly selected 15
palms in P, and 15 palms in P, (total number = 30).
From each plant, a bunch of ripe fruits (1 bunch per
palm tree) was extracted, determining the following
variables: humid weight - PU (field), separately from
three parts: fruits, bunch without fruits, and total (bunch
and fruits).

Coleta de dados

Durante o IF de cada plantio foram coletadas as
seguintes informagdes sobre o manejo da cultura: a)
Espagamento utilizado: P, -5x5m; P, -3x3m; P, -5
x 5 m; b) area plantada (ha): 1 ha (todos); ¢) Idade: P,
- 1,5 anos; P, - 6,0 anos; P, - 6,5 anos; d) Irrigagdo: P,
- ndo; P, - sim; P, - sim; €) Manejo de estipe: P, - sem
desbaste; P, - com desbaste de plantas e manutengdo de
apenas um estipe solitario; P, - com desbaste € condugdo
em regime de touceira com até trés plantas (“avo, mae e
neta”); f) Tratos silviculturais: controle da competicdo
por ervas daninhas e pragas, anualmente, adubagdo de
reposi¢do ou cobertura (6 meses apos o plantio com
NPK), observado em todos os plantios.

No IF, a mensuragdo das palmeiras (N = 124) foi
realizada aleatoriamente dentro dos trés plantios, sendo
amostradas 30 palmeiras (n, = 30) em P, 30 palmeiras
(n, = 30) em P, e 64 palmeiras (n, = 64) em P,. Em
cada amostra, foram avaliadas as seguintes variaveis:
a) circunferéncia (CAP), mensurada a 1,30 m do solo,
ndo mensurada em P1 porque as palmeiras apresentavam
altura insuficiente, base de calculo para didmetro (DAP =
CAP/m); b) circunferéncia do coleto (Ccol.), mensurada
a altura do solo, base de calculo para didmetro do coleto
(Dc = Ccol./m); c) Altura da estipe (Ae), mensurada
em apenas uma estipe, selecionada aleatoriamente por
planta, com hipsémetro Vertex IV (Haglof), desde o
nivel do solo até o fim do colmo; d) Altura total (At),
mensurada em metros desde o nivel do solo até o fim ou
extremo da bainha foliar; e) Quantidade de cachos de
frutos por planta (Cp), mensurada por meio da contagem
de cachos por planta.

Avaliacao da producao de frutos do cultivar
acai BRS-Para (Euterpe oleraceae M.)

Para estimar a producdo de frutos do cultivar agai
BRS-Para foi quantificada a biomassa dos frutos (BF),
biomassa do cacho sem frutos (BC) e biomassa total (BT
= frutos e cacho) dos plantios em produgédo (P, e P,).

Para a amostragem das plantas, foram selecionadas
aleatoriamente 15 palmeiras em P, e 15 palmeiras em
P, (nimero total = 30). De cada planta, foi extraido
um cacho com frutos maduros (1 cacho por palmeira),
determinando-se as seguintes variaveis: peso umido - PU
(campo), separadamente de trés partes: frutos, cacho sem
frutos e total (cacho e frutos).
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Then, humid samples - PU (sample) were taken out,
packaged into newsprint, and posteriorly placed to dry in the
greenhouse at 80 °C until constant weight. The dry samples
were weighed on a precision scale in grams (g). Through
the equation below, the dry weight of each component was
obtained (SOARES et al., 2011):

[Pu (field) - PS (sample)

Em seguida, foram retiradas amostras umidas - PU
(amostra), sendo acondicionadas em papel jornal e
encaminhadas para a secagem em estufa a 80 °C até peso
constante. As amostras secas foram pesadas em balanga de
precisdo, em gramas (g). O peso seco de cada componente
foi obtido pela equacdo abaixo (SOARES et al., 2011):

Eq. 1

PS (field) = -

Where: PS (field) = dry biomass, in kg; PU (field) =
humid weight, in kg; PS (sample) = dry sample weight, in
kg; PU (sample) = humid sample weight, in kg.

Estimation of forest carbon stock and economic
valuation

The calculation of the carbon stock estimate (C)
present in fruits (CF), in bunches without fruits (CC) and
total (CT = bunches with fruits) was carried out using 0.5
factor of conversion from biomass to carbon, adopted by
the Intergovernmental Panel on Climate Change (IPCC,
2003), and recommended by Soares et al. (2011). Miranda
et al. (2012) found a very similar average value (0.4955)
for the carbon level present in the bunches and fruits
compartments of Euterpe oleracea Mart., on Marajo
Island, PA. Therefore, the use of the IPCC factor 0.5
becomes feasible and accurate.

Two methods had been testing, the first consisted of
using the mean production of palm fruit, concerning the
spacing between plants adopted for planting, whereas 25%
of the fruit is the yield of acai pulp, reported by region
producers, while the second, composed by the rest (75%),
is used for organic fertilization in own plantations.

The calculation of the average estimate of C
production of the fruit (CF), the pulp (Cpulp), bunches
without fruits (CC), and total (CT) per hectare is given
by the following equations:

CF = [(Fruit Carbon Average - Cp Average) N]

Cpulp = [CF - Fp]

CC = [(CT = Bunches Carbon Average . Cp Average) N]

CT = [(Total Carbon Average . Cp Average) N]

Where: CF = Fruit carbon per hectare; Cp = Bunches
of fruit per plant; N = Number of plants per hectare
according to the chosen spacing; C pulp = Pulp carbon
per hectare; Fp = Pulp yield factor = 0.25; CC = bunches
carbon per hectare; CT = Total carbon per hectare.

PU (sample)

Em que: PS (campo) = biomassa seca, em kg; PU
(campo) = peso timido, em kg; PS (amostra) = peso seco
da amostra, em kg; PU (amostra) = peso tmido da amostra,
em kg.

Estimativa de estoque carbono florestal e
valoracdo econémica

O calculo da estimativa de estoque de carbono (C)
presente nos frutos (CF), nos cachos sem frutos (CC) e
com frutos (CT = frutos e cacho) foi realizado mediante
o fator 0,5 de conversdo de biomassa para carbono,
adotado pelo Painel Intergovernamental sobre Mudangas
Climaticas (IPCC, 2003) e recomendado por Soares et al.
(2011). Miranda et al. (2012) encontraram valor médio
muito similar (0,4955) para o teor de carbono presente
nos compartimentos de cachos e frutos de Euterpe
oleracea Mart. na Ilha do Marajo-PA. Desta forma, a
utilizacdo do fator 0,5 do IPCC torna-se viavel e preciso.

Foram testados dois métodos, o primeiro consistiu
em utilizar a média de producdo de frutos das palmeiras
em relagdo ao espagamento entre plantas adotado por
plantio, considerando que 25% do fruto ¢ o rendimento
de polpa de agai, relatado por produtores da regido, o
restante (75%) € utilizado para adubagdo organica nos
proprios plantios.

A estimativa média de produgdo de C do fruto (CF), da
polpa (Cpolpa), do cacho (CC) e carbono total (CT) por
hectare foram calculados mediante as seguintes equagdes:

Eq. 2
Eq.3
Eq. 4
Eq.5

Em que: CF = Carbono do fruto por hectare; Cp =
Cachos de frutos por planta; N = Numero de plantas por
hectare de acordo com o espagamento escolhido; Cpolpa
= Carbono da polpa por hectare; Fp = Fator de rendimento
de polpa = 0,25; CC = Carbono do cacho por hectare; CT
= Carbono total por hectare.
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The second method was based on the selection of
allometric models for CF, CC, and CT of the reproductive
plantations (P, and P,). They are selected based on the
efficiency and accuracy of the following criteria: the
adjusted coefficient of determination (R?aj), Standard
error of estimate (S,,), Akaike information criterion
(AIC), Bayesian information criterion (BIC), and analysis
of the distribution of waste in percentage (SOARES
et al., 2011; MIRANDA et al., 2016). Statistics were
performed using Microsoft Excel and R software (R
Core Team, 2015). Before defining the variables used
in allometric models, Pearson’s correlation matrix was
calculated to verify the relationship among variables.
The tested allometric models were as follows:

Model 1: CF=3,+ B, DC + ¢
Model 2: CC=p,+ B, DC + ¢
Model 3: CT=,+ p, DC + ¢

The economic valuation of this forestry activity was
carried out only for P, and P,, considered adults and
productive, based on three factors: a) Average selling
price of agai pulp (R$ 10.00) marketed at agricultural
fairs in the south of Roraima; b) Cultivated area (ha);
¢) Management of the planting adopted; d) considering
the hypothetical price paid for the carbon stored in
acai bunches per hectare, around R$ 100.00 per ton
per harvest.

RESULTS AND DISCUSSION

The growth of the root collar diameter (DC) as a
function of age, considering all plantations managed with
the acai BRS-Para cultivar, indicated a strong positive
trend (F = 302.79; p-value < 2.2 ¢'%, R2=0.71) and high
correlation (0.84) (Figure 3). The DC varied according to
the tiller thinning management and the spacing, obtaining
higher values in the 3x3 m spacing, with the maintenance
of only one solitary stipe (P,). The diameter (DBH) and
the height of the stems (Ae) and total (At) obtained
higher values with thinning and clump conduction in
5x5 m spacing (P3) (Figure 3).

O segundo método se baseou na selegdo de modelos
alométricos para CF, CC e CT dos plantios reprodutivos
(P, e P,), sendo selecionados com base na eficiéncia
e precisdo dos seguintes critérios: coeficiente de
determinacao ajustado (R?aj), Erro-padrao da estimativa
(S,,), critério de informagdo de Akaike (AIC), critério
de informag@o Bayesiano (BIC) e analise da distribui¢ao
dos residuos em percentual (SOARES et al., 2011;
MIRANDA et al., 2016). A estatistica foi realizada nos
softwares Microsoft Excel ¢ R (R Core Team, 2015).
Antes da defini¢do das varidveis empregadas nos modelos
alométricos foi calculada a matriz de correlagdo de
Pearson, com intuito de verificar a relagdo entre variaveis.
Os modelos alométricos testados foram os seguintes:

Eq. 6
Eq.7

Eq. 8

A valoragdo econdmica desta atividade florestal foi
realizada apenas para P, e P, considerados adultos e
produtivos, com base em trés fatores: a) Preco médio
de venda da polpa de agai (R$ 10,00) comercializado
nas feiras agropecuérias do Sul de Roraima; b) Area
plantada (ha); c¢) Manejo do plantio adotado; d)
considerando o prego hipotético pago pelo carbono
estocado nos cachos de agai por hectare, em torno de
R$ 100,00 a tonelada por safra.

RESULTADOS E DISCUSSAO

O crescimento do diametro de coleto (DC) em fungéo
da idade, considerando todos os plantios manejadas com
o cultivar acai BRS-Par4, indicou forte tendéncia positiva
(F=302,79; p-value <2,2¢'%; R2=0,71) ¢ alta correlacdo
(0,84) (Figura 3). O DC variou em fun¢ido do manejo de
desbaste de perfilhos e do espagamento, obtendo maiores
valores no espagamento 3 x 3 m, com manutengdo de
apenas um estipe solitario (P,). O didametro (DAP) e as
alturas dos estipes (Ae) e total (At) obtiveram valores
superiores no manejo com desbaste e condugido em regime
de touceira em espagamento 5 x 5 m (P,) (Figura 3).
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Figure 3 — Acai palm trees grown in managed plantations in Southeast Roraima.
DC = root collar diameter; DBH = diameter at breast height; Ae = height of the stipe; At = total height.

Figura 3 — Crescimento do acaizeiro em plantios manejados no Sudeste de Roraima.
DC = diametro do coleto;, DAP = diametro a altura do peito; Ae = altura do estipe; At = altura total.

Pearson’s correlation matrix between the two
reproductive plantations (P, and P,) demonstrated strong
and positive relationships between the pairs Cp x Ae, DC
x DBH, DBH x At, Ae x At, At x CT, BC x CC, BF x DC,
BT x DC and CT x DC (Figure 4).

A matriz de correlagdo de Pearson entre os dois
plantios reprodutivos (P, e P,) demonstrou relagdes fortes
e positivas entre os pares Cp x Ae, DC x DAP, DAP x At,
Ae x At, At x CT, BC x CC, BF x DC, BT x DC e CT x
DC (Figura 4).
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Figure 4 — Pearson’s correlation matrix for the variables analyzed.

Cp - Bunches of fruits per plant; DC - root collar diameter; DBH - diameter at breast height; Ae - height of stipe;
At - total height; BC - bunch biomass; CC - bunches without fruits carbon; BF - fruit biomass; CF - fruit carbon;
BT - total biomass (bunches with fruits); CT - total carbon (bunches with fruits).

Figura 4 — Matriz de correlacdo de Pearson para as variaveis analisadas.

Cp - Cachos de frutos por planta; DC - didmetro do coleto;, DAP - didmetro a altura do peito; Ae - altura do estipe;
At - altura total;, BC - biomassa do cacho, CC - carbono do cacho; BF - biomassa dos frutos; CF - carbono dos
frutos; BT - biomassa total (frutos + cacho); CT - carbono total (frutos + cacho).

However, it is important to note the needs of the correct
variable’s selection in the inclusion of allometric models
to avoid problems of collinearity. In other words, variables
that not present much representation to model are highly
correlated with each other. They should be taken out to
eliminate noise, as is the case between diameters DBH and
DC and between Ae and AT heights.

The allometric models used to estimate the C stock of
the acai BRS-Para cultivar obtained moderate precision
about the adopted criteria. The option of not including
the variables stipe height (Ae) and total height (At) in
the allometric models as evidenced by previous tests,
which demonstrated there was no significant increase
in the accuracy of the adopted criteria, being preferable
the use of simpler allometric models, easy to measure
in the field, using only the DC variable (Figure 5). The
most recommended adjusted allometric model was CT
due to DC.

Porém, ressalta-se a importancia da sele¢do correta
de variaveis na inclusdo de modelos alométricos para
evitar problemas de colinearidade, ou seja, variaveis que
adicionam pouca representatividade ao modelo, sendo
altamente correlacionadas entre si, devendo ser retiradas
para eliminar ruidos, como € o caso entre os didmetros DAP
e DC e entre as alturas Ae e AT.

Os modelos alométricos utilizados para estimar
o estoque de C do cultivar agai BRS-Para obtiveram
moderada precisdo em relagdo aos critérios adotados. A
opecao de ndo inclusdo das variaveis altura do estipe (Ae) e
altura total (At) nos modelos alométricos foi evidenciada
por testes anteriores os quais demonstraram que nao houve
aumento significativo de precisdo dos critérios adotados,
sendo preferivel a utilizagdo de modelos alométricos mais
simples, de facil mensuragdo em campo, utilizando apenas
a variavel DC (Figura 5). O modelo alométrico ajustado
mais recomendado foi CT em fungéo de DC.

Revista Agro@mbiente On-line, v. 14, 2020 9



T. M. Condé et al. (2020)

CF (kg)

CC (k)

CT (kg)

0.4

0.3

0.2

0.1

0.0

1.5

1.0

0.5

0.0

CF =-0.23403 + 0.05781(DC)

-4 R26 = 0.31 CF - fruit carbon =]
Syx=0.33
AIC =22.64 a
BIC =26.85
i a R
n
S
i . a
a L
- L]
a a
. E Dowow
= = L]
E . z S a
o 4
& L) % - 5 -
b a
-
v [
S
E -
RECE
O Observed values
- — Adjusted values
- =+ Confidence Interval (IC 95%) =
T kS Prediction Interval n
T T T T
T T T T T T
0 5 10 15 20 25 30 05 10 15 20
DC (cm) CF (kg)
CC =-0.040573 + 0.007666(DC)
R260) = (.32 CC - bunches carbon 2
Syx=10.04
AIC =-100.97
BIC =-96.77
n
S
o =z o a
. =
- L = =] —l - S - i L]
= =
. Z ¥ LN TR, F E]
4
n
s
-
—
. & Observed values
- [ Adjusted values
*= =+ Confidence Interval (IC 95%) =
i Prediction Interval -
T T T 1 T T T T T T T
0 5 10 15 20 25 30 0.05 0.10 0.15 0.20
DC (cm) CC (kg)
CT =-0.25381 + 0.05743(DC)
R = (.39 CT - total carbon 2
Syx=10.26
AIC=11.77
BIC =15.98
-
n
a
v
S a o
- s g .
) . " i
k| L) L L]
Bl
§ g = L]
E a L] a v L]
b o
e a
- L
4
- n
S
. = Observed values
- — Adjusted values
- +- == Confidence Interval (IC 95%)
Prediction Interval <
0 5 10 15 20 25 30 0.4 0.6 0.8 1.0 1.2 14 1.6
DC (cm) CT (kg)

Figure 5 — Allometric models adjusted to estimate the C stock of the fruits and bunches of the acai
BRS-Para cultivar.
CF = fruit carbon; DC = root collar diameter; CC = bunches without fruits carbon; CT = total carbon (bunches with fruits).

Figura 5 — Modelos alométricos ajustados para estimar o estoque de C dos frutos e cachos do

cultivar acal BRS-Para.
CF = carbono dos frutos; DC = didmetro do coleto; CC = carbono do cacho; CT = carbono total (frutos + cacho).
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In the study by Miranda et al. (2012), carried out
in Marajo Island, Municipality of Breves-PA, it was
demonstrated that the total C of E. oleraceae Mart. it
is proportionally divided between its compartments,
being: bunches and fruits (10.72%; x = 0.848 + 0.19 kg),
foliage (10.73%; x = 0.885 + 0.46 kg), roots (29.63%;
x = 2.444 + 0.66 kg), shaft or stipe (46.95%; x = 3.883
+ 3.04 kg) and heart of palm (2.50%; x = 0.198 + 0.12
kg). The authors report R?aj. values. above 0.88 for
those allometric models adjusted to total C as a function
of DBH, total height (ht) and stem height (hf). In the
present study, the adjusted allometric models resulted in
values lower than 0.40 for R?aj. It is believed that, when
quantifying the C stock present only in the bunches and
fruits compartments as a function of DC, such models
were unable to express all the variation present in the
data, better expressed when taking into account the total
C. However, such models are useful because they allow
the estimation of the C stock present only in bunches
and fruits, usually the parts of the plant exported from
the environment.

The evaluation of the fruit production of the agai BRS-
Para cultivar revealed that on average, fruit biomass (BF),
bunches without fruits biomass (BC) and total biomass (BT
- bunches with fruits) were superior in planting managed
with thinning of plants and maintenance of only one solitary
stipe (P,) (Table 1). Production variation in the three
compartments analyzed was higher in planting managed
with thinning under the clump regime (P,). However,
the bunches number per plantation was similar in both
management systems. In general, the average total biomass
of fruits and bunches (BT = 1.90 + 0.71 kg) obtained on
dry land was higher than the value found by Miranda et al.
(2012), which obtained a mean of 1.71 £+ 0.66 kg in natural
populations in flooded and floodplain soils, demonstrating
the higher potential of this cultivar.

No estudo de Miranda et al. (2012), realizado na Ilha
de Marajo, Municipio de Breves-PA, foi demonstrado que
o C total de E. oleraceae Mart. esta proporcionalmente
dividido entre seus compartimentos, sendo: cachos e
frutos (10,72%; x = 0,848 + 0,19 kg), folhagem (10,73%;
x = 0,885 £ 0,46 kg), raizes (29,63%; x = 2,444 + 0,66
kg), fuste ou estipe (46,95%; x = 3,883 + 3,04 kg) ¢
palmito (2,50%; x = 0,198 + 0,12 kg). Os autores
relataram valores de R?aj. acima de 0,88 para todos os
modelos alométricos ajustados para C total em fungdo de
DAP, altura total (ht) e altura do fuste (hf). No presente
estudo, os modelos alométricos ajustados resultaram
em valores inferiores a 0,40 para R?aj. Acredita-se
que, ao quantificar o estoque de C presente apenas nos
compartimentos de cachos e frutos em fun¢do de DC,
tais modelos ndo conseguiram expressar toda a variagao
presente nos dados, melhor expressada quando levada
em consideragdo o C total. Porém, tais modelos sdo uteis
porque permitem a estimativa do estoque de C presente
apenas em cachos e frutos, usualmente sdo as partes da
planta exportadas do ambiente.

A avalia¢do da produgdo de frutos do cultivar agai
BRS-Para demonstrou que em média a biomassa de frutos
(BF), biomassa dos cachos (BC) e biomassa total (BT -
cacho e frutos) foram superiores em plantio manejado
com desbaste de plantas e manutengdo de apenas um
estipe solitario (P,) (Tabela 1). A variagdo da produgdo
nos trés compartimentos analisados foi superior em plantio
manejado com desbaste em regime de touceira (P,).
Porém, a quantidade de cachos por plantio foi semelhante
em ambos sistemas de manejo. Em geral, a média da
biomassa total de frutos e cachos (BT = 1,90 + 0,71 kg)
obtida em terra-firme foi superior ao valor encontrado por
Miranda et al. (2012), que obtiveram média de 1,71 + 0,66
kg em populagdes naturais em solos alagados e varzeas,
demonstrando o grande potencial deste cultivar.

Table 1 — Evaluation of biomass present in the harvest of agai BRS-Para cultivar in the plantations managed

in Southeast Roraima

Tabela 1 — Avaliagdo da biomassa presente na safra do cultivar acai BRS-Pard nos plantios manejados no

Sudeste de Roraima

Plantations Eilge e CV% CV% = CV% e CV%
management (kg) (qte) (kg)
P, Thinning with 5 55 056 24 027+009 33 224+050 22 567123 22
single stipe
Py Clump thinning 158 +0.83 53 022+011 52 156+073 47 600+189 32

Overall Average 1.96 £+ 0.79 41

0.24 + 0.1 43

1.90 = 0.71 37 583+ 158 27

BF = fruit biomass, in kg; CV% = coefficient of variation expressed as a percentage; BC = bunches biomass without fruits, in kg; BT
= total biomass (fruits and bunch), in kg; Cp = Bunches of fruit per plant. NOTE: values referring to the mean and standard deviation.

BF = biomassa dos frutos, em kg; CV% = coeficiente de variacdo expresso em porcentagem; BC = biomassa do cacho, em kg, BT =
biomassa total (frutos + cacho), em kg, Cp = cachos de frutos por planta. OBS: valores referentes a média e desvio padréo.
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The observed values for biomass, the average C stock
in fruits (CF), bunch (CC), and total (CT - fruits and bunch)
were higher in agai palm trees in plantation managed with
solitary stipe (P,) (Table 2).

Planting managed in thinning regime with a single stipe,
at 3x3 m spacing (P,), had a higher total C stock in fruits
and bunches concerning planting managed in clump regime
at 5x5 m spacing (P,) (Table 3).

Corroborando os valores observados para biomassa, o
estoque de C médio nos frutos (CF), cacho (CC) e total
(CT - frutos e cacho) foi superior nos agaizeiros em plantio
manejado com estipe solitario (P,) (Tabela 2).

O plantio manejado em regime de desbaste com estipe
solteiro, em espagamento 3 x 3 m (P,), teve maior estoque
de C total nos frutos e cachos em relagdo ao plantio
manejado em regime de touceira em espacamento 5 x 5
m (P,) (Tabela 3).

Table 2 — Evaluation of the carbon (C) stock present in the harvest of acai BRS-Paré cultivar
in the plantations managed in Southeast Roraima

Tabela 2 — Avaliacdo do estoque de C presente na safra do cultivar acail BRS-Para nos
plantios manejados no Sudeste de Roraima

. Stipe CF . cc . cT .
Plantations management (ka) CV% (kg) CV% (kg) CV%
P, Thinning with =4 42 008 24 013+004 33 112025 22
single stipe
P, Clump thinning 079 +0.42 53 011006 52 078+036 47

0.98 = 0.40 41 012+0.05 43 0.95+x0.35 37

CF = C stock in fruits, in kg; CV% = coefficient of variation expressed as a percentage; CC = C stock in the bunch,
in kg; CT = total C stock (fruits and bunch), in kg. NOTE: values referring to the mean and standard deviation.

CF = estoque de C dos frutos, em kg, CV% = coeficiente de variagdo em porcentagem, CC = estoque de C no
cacho, em kg; CT = estoque de C total (frutos + cacho), em kg. OBS: valores referentes a média e desvio padréo.

Overall Average

Table 3 — Evaluation of C stock and economic valuation of the cultivar agai BRS-Para in managed plantations

in Southeast of Roraima

Tabela 3 — Avaliacdo do estoque de C e valoragcdo econdémica do cultivar acai BRS-Pard em plantios

manejados no Sudeste de Roraima

. Economic
Plant. Stipe Esp. N Average Carbon (kg) Carbon (Mg ha) valuation R$
management (m?2)
CF CcC CT Cp CF CC CT Cp Pulp MDL
p, ~ mnningwith 5.3 4441 1165 0133 1.122 57 73 08 74 18 18342 706
single stipe
Ps Clump thinning 5x5 400 0.792 0.108 0.780 6.0 5.0 07 49 1.2 12.466 491

Plant. = Plantations; Esp. = spacing per plant, in m?, N = number of plants per hectare; CF = C stock in fruits; CC = C stock in the bunch;
CT = total C stock (fruits and bunch); Cp = C stock in the pulp (25% of CF); Pulp = economic yield from the pulps sales at 10.00 reais
each; CDM = economic yield in the CDM project considering the hypothetical price paid for the carbon stored per hectare around R$

100.00 per ton.

Esp. = espagcamento por planta, em m? N = n° de plantas por hectare; CF = estoque de C dos frutos; CC = estoque de C no cacho; CT
= estoque de C total (frutos + cacho); Cp = estoque de C de polpa (25% de CF); Polpa = rendimento econémico da venda de polpas
a 10 reais cada; MDL = rendimento econémico em projeto de MDL considerando o prego hipotético pago pelo C estocado por hectare

em torno de R$100,00 a tonelada.
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Considering the hypothetical value of R$100.00 per
ton of the price paid for the C stored per hectare in
CDM projects, the two crops stocking large quantities
of C, only in the fruits and bunches (P, = 7.1 Mg. ha'';
P,=4.9 Mg. ha'). These results show that reforestation
with agai is an alternative for sustainable land use, as
it promotes the relocation of atmospheric C in human
food (pulp) and the soil organic matter through the use
of its residues (bunch and pulped seeds) in fertilization.
Studies involving management techniques, economic
valuation, economic and environmental viability, as
well as the commercialization of acai (NOGUEIRA;
SANTANA, 2016), are relevant in consolidating
sustainable alternatives for land use in the Amazonia.

The species E. precatoria and E. olearecae showed
the importance in the phytosociological context, which
is influenced by environmental gradients, mainly by the
proximity of water bodies. Water can be considered a
determining factor in the success of Euterpe plantation
management (COSTA et al., 2009; GOMES et al.,
2016).

Lately, the human being has been using land in
the Amazonian in a disharmonious way with nature,
disrespecting the intrinsic values for maintaining the
biodiversity of fauna and flora. Native populations of
E. precatoria and E. oleraceae have historically been
exploited irrationally in the Amazonian.

A considerable part has been destroyed by increased
deforestation and selective exploitation of illegal timber
in the Amazonian, in addition to forest fires (CRIVELLI
et al., 2017; CONDE et al., 2019). Several studies
demonstrate the importance of native and planted forests
to mitigate climate change due to the great potential for
forest C stock (GRACE et al., 2014; BIRDSEY; PAN,
2015; LEWIS et al., 2015; HIGUCHI, 2016).

The plantations managed with E. oleraceae species
on dry land represent a promising and sustainable
alternative for land use at Amazonian. In addition
to generating high pulp production, good economic
yield and an increase in the forest carbon stock per
hectare, it can also be used successfully in reforestation,
agroforestry systems (SAF’S) and recovery of degraded
areas involving CDM projects, contributing to the
maintenance of the Earth’s climatic balance.

CONCLUSIONS

Fruit production of agai BRS-Para cultivar was superior
in managed planting with thinning restriction of only one
stipe remaining (single);

Both managed plantations can be considered as a
sustainable alternative for land uses, enabling the increase
of the forest carbon stock.

Considerando o valor hipotético de R$100,00 a tonelada
do preco pago pelo C estocado por hectare em projetos de
MDL, os dois plantios estocam quantidades consideraveis
de C apenas nos frutos e cachos (P,=7,1 Mg. ha''; P, =4,9
Mg. ha''). Esses resultados mostram que o reflorestamento
com agai ¢ uma alternativa de uso sustentavel da terra, pois
promove a realoca¢do do C atmosférico na alimentacdo
humana (polpa) e na matéria organica do solo pelo uso de
seus residuos (cacho e sementes despolpadas) na adubagao.
Estudos que envolvem técnicas de manejo, valoragdo
econdmica, viabilidade econdmica e ambiental, bem como a
comercializa¢ao do agai NOGUEIRA; SANTANA, 2016),
sdo importantes na consolidacdo de alternativas sustentaveis
de usos da terra na Amazonia.

As espécies E. precatoria ¢ E. olearecae demonstraram
importdncia no contexto fitossociologico, sendo
influenciadas por gradientes ambientais, principalmente
pela proximidade de corpos hidricos. A agua pode ser
considerada um fator determinante no sucesso da gestio de
plantios do género Euterpe (COSTA et al., 2009; GOMES
etal.,2016).

Ultimamente, o homem tem realizado o uso da terra
na Amazonia de forma desarmdnica com a natureza.
Desrespeitando os valores intrinsecos a manutengdo da
biodiversidade da fauna e flora. Populagdes nativas de
E. precatoria e E. oleraceae tém sido historicamente
exploradas irracionalmente na Amazonia.

Boa parte tem sido destruida pelo aumento do
desmatamento e exploracao seletiva de madeira ilegal na
Amazonia, além dos incéndios florestais (CRIVELLI et al.,
2017; CONDE et al., 2019). Diversos estudos demonstram a
importéancia das florestas nativas e plantadas para a mitigagdo
das mudangas climaticas devido ao grande potencial de
estoque de C florestal (GRACE et al., 2014; BIRDSEY;
PAN, 2015; LEWIS et al., 2015; HIGUCHI, 2016).

Os plantios manejados com a espécie E. oleraceae
em terra firme representam uma alternativa promissora
e sustentavel de uso da terra na Amazonia, porque além
de gerar alta producdo de polpa, com bom rendimento
econdmico e incremento do estoque de carbono florestal
por hectare, também podem ser utilizados com sucesso
em reflorestamentos, sistemas agroflorestais (SAF’S) e
recuperacdo de areas degradadas envolvendo projetos
de MDL, contribuindo para a manutencdo do equilibrio
climatico da Terra.

CONCLUSOES

A produgdo de frutos do cultivar acai BRS-Para foi
superior em plantio manejado com desbaste de restricdo
de apenas um estipe remanescente (solteiro);

Ambos os plantios manejados podem ser considerados
alternativas sustentaveis de usos da terra, possibilitando o
incremento do estoque de carbono florestal.
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