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ABSTRACT- The macauba palm (Adcrocomia aculeata) has a great production potential of oil and is
an important alternative to diversify agricultural production. In view of the hypothesis that the species
may provide a positive contribution to the hydrological processes in a watershed, we aimed to assess
the influence of the number of leaves per macauba plant on the correlation between stemflow and gross
precipitation. We installed three rain gauges to monitor gross precipitation in an experimental area,
and stemflow collectors on the stem of eight macatba plants therein having 10, 13, 18, and 22 leaves.
Linear regression equations were obtained, which enabled us to estimate the minimum rainfall volume
required for the occurrence of stemflow. A strong positive linear correlation was observed between stemflow
and gross precipitation, regardless of the number of leaves per plant. The morphological characteristics
of the macauba palm favor rainfall interception, relatively high stemflow values being shown even in
young plants. The funnel-shaped crown enabled the conduction of large rainfall volumes to the stem,
thus resulting in the occurrence of stemflow even with light precipitations.

Keywords: Forest hydrology; Rainfall interception; Infiltration.

INFLUENCIA DO NUMERO DE FOLHAS DA PLANTA DE MACAUBA
Acrocomia aculeata (Jacq.) Lodd. ex Mart. NA CORRELACAO ENTRE
ESCOAMENTO PELO TRONCO E A PRECIPITACAO EM ABERTO

RESUMO — Considerando o potencial produtivo da macaiiba (Acrocomia aculeata), sua importincia
como alternativa na diversificagdo da produgdo agricola, e tendo como hipotese uma positiva contribui¢do
nos processos hidrologicos de uma bacia hidrogrdfica, este estudo teve por objetivo conhecer a influéncia
do numero de folhas da planta na correlagdo entre o escoamento pelo tronco (Et) e a precipita¢do
em aberto (PA). Foram instalados trés pluviometros para o monitoramento da precipitagdo em aberto
e coletores de escoamento pelo tronco no caule de oito plantas de macaviba com 10, 13, 18 e 22 folhas.
Foram obtidas equagdes de regressdo que permitem estimar a partir de qual volume de chuva o escoamento
pelo tronco se torna presente. Foi observada forte correlagdo linear positiva entre a precipitagdo em
aberto (PA) e o escoamento pelo tronco (Et), independente do numero de folhas por planta. A macauiba,
por suas caracteristicas morfologicas, favorece a captag¢do da dgua de chuva, apresentando volume
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relativamente elevado de escoamento pelo tronco (Et) em plantas ainda jovens. Pode-se, também, afirmar

que sua copa em formato de funil conduz maior volume de dgua para o caule, iniciando o escoamento

pelo tronco a partir de pequenos eventos de chuva.

Palavras-chave: Hidrologia florestal; Interceptagdo de chuva, Infiltragdo.

1. INTRODUCTION

The substitution of native vegetation for agricultural
and forest crops leads to alterations in soil use. Although
necessary for economic development, it favors the
excessive erosion promoted by rainwaters. In this context,
there is a growing concern for conciliating agricultural
and forestry activities with greater soil protection, by
employing management techniques and using cultures
that enable rainwater to reach the soil with a lower
impact, thus avoiding particle disaggregation, facilitating
infiltration, and directing precipitation to water tables.

Stemflow is the rainwater that, after being intercepted
by tree crowns, runs off through the branches and
stems toward the soil. In order for stemflow to occur,
the first event needed is crown saturation, i.e., the
tree crown must reach its maximum capacity of water
retention. After that, the stemflow process initiates
(SHINZATO etal., 2011). According to Oliveira et al.
(2011), despite being constantly neglected by several
authors, as it represents a small portion of the annual
hydric balance, stemflow has a great importance in
the hydrological cycle, as it represents a volume of
water that reaches the soil with low velocity, thus favoring
infiltration and recharging water tables.

Besides rainfall features (intensity, duration, wind
occurrence etc.), morphological characteristics of plant
species presumably have a great influence on the
percentage of rainwater that flows through the stem.
Such percentage value may vary according to features
like the tree basal area and diameter, and crown density
and volume (ALVES et al., 2007).

Overall, palm trees have a well-defined crown shape,
with the leaves distributed along the stipe. Presumably,
the capacity for rainfall interception is strongly influenced
by the number of leaves in the plant.

Dias et al. (2011) stated that the macatba palm
(Acrocomia aculeata (Jacq.) Lodd. ex Martius) has
morphological characteristics that favor efficient water
interception. The authors reported that the species
crown shape resembles a funnel and that the species
leaflets act as small gutters that direct the intercepted
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water to the leaf central portion. According to the authors,
the species leaf sheaths, in turn, resemble larger gutters
that direct the water to the stipe. The authors also
stated that the presence of thorns and trichomes increases
the interception surface, thus propitiating a high
occurrence of stemflow.

The macautba palm is native to tropical forests.
In Brazil, the area of'its occurrence extends from Para
to Sdo Paulo, Rio de Janeiro, and Mato Grosso do Sul
states, especially in areas of open vegetation, like the
Cerrado and semideciduous and disturbed forests. The
species has a simple stem, always cylindrical, rarely
tumescent, with 20 to 30 cm in diameter, 10to 15 m
in height, and is covered by the persistent leaf bases
(sheaths), which usually have thorns, especially in
young plants (LORENZI et al., 2004).

The economic potential of the macatba palm has
encouraged the development of scientific research on
its cultivation (DIAS et al., 2011). Several studies have
indicated that the cultivated macaiaba may reach the
productivity of 4.8 t/ha of oil, an equivalent to the values
obtained with the African oil palm. Currently, the African
oil palm is the crop with the highest productivity of
oil per cultivated ha, being also the species from which
the largest amount of plant oil is produced worldwide.
The advantage of macauba over the African oil palm
is its adaptability to the entire tropical zone in Latin
America, while the cultivation of the latter is restricted
to equatorial zones (PIMENTEL etal., 2011).

The macatba palm therefore has a great production
potential of oil and is an important alternative to diversify
agricultural production. In view of the hypothesis that
the species may provide a positive contribution to
the hydrological processes in a watershed, we aimed
to assess the influence of the number of leaves per
macauba plant on the correlation between stemflow
and gross precipitation. This study has great relevance
as it fills the gap on hydrological studies with the species,
and as it will allow for the estimation of the stemflow
volume in macatba crops without the need for developing
new experiments, by using the regression equations

obtained.
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2. MATERIALAND METHODS
2.1. Study area

The study was conducted in the experimental
farm of Federal University of Vigosa, in Araponga
municipality, Minas Gerais state, Brazil. The farm is
located between coordinates 20° 40°S and 42° 31°W,
at an 885 m altitude. According to Wagner Junior et
al. (2013), based on K&ppen'’s classification, the regional
climate is type Cwb: subtropical/tropical altitude climate
with dry winter and warm summer. Annual temperature
ranges between 3 and 28 °C, and annual precipitation
ranges from 1300 to 1500 mm. The soil in the region
is classified as dystrophic red-yellow latosol.

2.2. Method

One year-old saplings of macatba palm
(Acrocomia aculeata) were transplanted toa 1.7 ha
area with a 5x5 m spacing (680 plants) in February
20009. In the area, we monitored hydrological processes
from September 2012 through August 2013. Rainfall
was monitored using three rain gauges made of PVC
pipes placed in the surroundings of the planted area.
The gauge opening had 14.4 cm in diameter, which
resulted in a total collection area of 162.86 cm?. Gauges
were fixed so that their opening was placed at 1.50
m aboveground.

For stemflow measurement, gauges were installed
in eight plants located in the plantation borders. The
plants had their leaves counted on a monthly-basis
from September 2012 through March 2013, the period
with the heaviest rainfall, and according to their average
number of leaves in the period, they were categorized
in four classes: plants bearing 10, 13, 18, or 22 leaves
(two plants in each class).

Prior to installing the collectors, stem thorns were
removed. Collectors were made using motorcycle tires.
For that, tires were cut in half, had all the rubber removed
from the entire extension of one of the halves, and
were fixed to the stems spirally. To eliminate crannies
between the stem and the collector, we used silicone
gel and polyurethane foam. Each collector was connected
to two 25-L gallons by a 2" flexible hose.

Stemflow was obtained in L and converted to
mm of water column. For that, we established: the
collection area as the projection of the tree crown;
and the leaf limit as the point after which the water
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moved toward the stipe. Stemflow was calculated by
the equation:

Sf(mm)=V (LY/A (m>?)

in which Sf = precipitation in millimeters (mm);
V =volume in liters (L), and A = collection area in square
meters (m?).

3. RESULTS

Data was collected from 94 rainfall events from
September 2012 through August 2013. Rainfall ranged
between 2.83 and 55.65 mm.

Gross precipitation totalized 1339.95 mm, being a
well representative value of local annual precipitation,
which usually ranges from 1300 to 1500 mm. The months
with the heaviest, lightest, and absent rainfall were
November 2012, August 2013, and July 2013, respectively
(Table 1).

Stemflow value was 60.93, which accounted for
4.55% of the total gross precipitation (Table 1).

For a same gross precipitation value, stemflow
increased with increasing number of leaves in the
macauba plants. Stemflow values in plants with 10,
13,18, and 22 leaves were 36.45, 56.79, 78.94, and 97.96
mm, respectively. Thus, a 2.68-times increase in stemflow
was observed in plants with 22 leaves in relation to
those with 10 leaves (Table 2).

In August 2013 we registered the lowest gross
precipitation (3.21 mm) and the highest stemflow, the
latter showing a 5.3-times increase in plants with 22
leaves in relation to those with 10 leaves. The lowest
such increase was verified in February 2013, which
still was of a two-times magnitude (Table 2).

The highest frequency of rainfall events occurred
with precipitations lower than 15 mm, accounting for
65.5 % of the total number of events. Thirty of such
events occurred between the 5 and 10 mm range, and
represented 34.5% of the total number of events. Only
five events with precipitations higher than 40 mm were
registered, averaging 48.73 mm (Table 3).

The average stemflow in the period, from a total
94 rainfall events, are shown in Figure 1. The stemflow
values in plants with 10, 13, 18, and 22 leaves accounted
for 2.39,3.97,5.08, and 6.72% of gross precipitation,
respectively. The lowest stemflow percent occurred
in plants with 10 leaves after rainfall events with
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Table 1 — Monthly and annual values of gross precipitation (GP) and stemflow (Sf) in macatba plants, in Araponga municipality,
Minas Gerais state, Brazil. September 2012 through August 2013.

Tabela 1 — Valores mensais e anuais de precipitagdo em aberto (PA) e escoamento pelo tronco (Et) em plantas de Macauba,
Araponga, MG. Setembro de 2012 a agosto de 2013.

Month GP (mm) Sf (mm) Sf (% of GP)
September 2012 13.39 0.55 4.11
October 2012 91.28 4.94 5.41
November 2012 301.12 11.97 3.98
December 2012 133.92 5.96 4.45
January 2013 246.22 11.76 4.78
February 2013 108.46 5.27 4.86
March 2013 285.78 13.47 4.71
April 2013 74.51 3.35 4.50
May 2013 72.25 3.31 4.58
June 2013 9.81 0.27 2.75
July 2013 0.00 0.00 0.00
August 2013 3.21 0.082 2.55
Total 1339.95 60.93 4.55

Table 2 — Monthly values of stemflow (Sf) in macatba plants with different number of leaves, and monthly and annual
values of gross precipitation (GP) in Araponga municipality, Minas Gerais state, Brazil. September 2012 through

August2013.

Tabela 2 — Valores mensais de escoamento pelo tronco (Et — mm) em plantas de macauba com diferentes numeros de
folhas, e valores mensais e anual de precipita¢do em aberto (PA —mm), Araponga, MG. Setembro de 2012

a agostode 2013.

Month GP Sf (mm) Sf (mm) Sf (mm) Sf (mm)

(mm) 10 leaves 13 leaves 18 leaves 22 leaves
August 13 3.21 0.03 0.07 0.08 0.16
June 2013 9.81 0.18 0.22 0.33 0.41
September 2012 13.39 0.43 0.70 1.02 1.41
May 2013 72.25 1.90 2.28 4.13 5.16
April 2013 74.51 2.58 3.60 5.02 5.85
October 2012 91.28 2.67 3.83 6.01 7.83
February 2013 108.46 3.88 5.10 6.26 7.76
December 2012 133.92 3.04 5.47 7.42 9.65
January 2013 246.22 6.86 11.72 15.30 19.12
March 2013 285.78 9.09 11.47 16.90 21.56
November 2012 301.12 5.79 12.33 16.47 19.04
Total 1339.95 36.45 56.79 78.94 97.96
precipitation lower than 5.0 mm, while the highest 4. DISCUSSION

stemflow percent occurred in plants with 22 leaves
after rainfall events with precipitation between 20 and
30 mm.

The studied rainfall events enabled us to elaborate
dispersion models for each plant category regarding
the number of leaves, after which we could obtain the
respective regression models. Figure 2 shows the
dispersion, regression models, and coefficients of
determination (R?) of stemflow in plants with 10, 13,
18, and 22 leaves.
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There is a lack of studies stablishing the correlation
between the external morphology of arboreal species
and stemflow, especially in representatives of the
Arecaceae family. Crown features of arboreal species
have an influence on the interception and conduction
of rainfall water. Thus, such features may either enhance
or reduce stemflow. Lorenzon et al. (2015) evaluated
the stemflow of arboreal individuals in an Atlantic Forest
fragment in Vigosa municipality, Minas Gerais state,
Brazil, between August 2009 and March 2011, and
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Table 3 — Average stemflow (Sf), expressed as percentage of gross precipitation (GP), in macatba plants with different number
of leaves, in Araponga municipality, Minas Gerais state, Brazil. September 2012 through August 2013.

Tabela 3 — Valores médios de escoamento pelo tronco (Et), expressos em percentual de precipitagdo em aberto (PA), em
plantas de macavuba com diferentes numeros de folhas, municipio de Araponga, MG. Setembro de 2012 a agosto

de 2013.
Frequency GP (mm) GP Sf St St St
class (mm) (% of GP) (% of GP) (% of GP) (% of GP)
10 leaves 13 leaves 18 leaves 22 leaves
14 <5.0 3.85 1.06 1.72 2.19 3.37
30 5.0 — 10.0 7.13 2.17 3.21 4.49 5.02
13 10.0 — 15.0 12.46 2.51 3.98 5.5 6.95
11 15.0 — 20.0 17.66 2.56 4.44 6.48 8.53
7 20.0 - 30.0 24.97 3.48 5.43 7.41 9.16
7 30.0 — 40.0 35.38 2.94 4.65 6.92 9.00
5 > 40.0 48.73 3.19 4.68 5.93 6.97
% . al. (2008), studying a dense forest region (500 trees/
-7 6.72 ha) with an average canopy height of 35 m in the Amazon
& £ Forest, also observed a stemflow of 1.7% of gross
] 5.08 precipitation. Thus, the stemflow value we found, of
g° 3.97 4.55% of gross precipitation, in a macauba plantation
(_% 4 only 4.5 years old, may be considered high when
= 3 2:39 .
g compared with the values reported by these authors.
8§ 2 The water the flows though tree stems reaches the
17 soil with a lower impact, thus favoring its infiltration
B = ' ' ! in the soil and the recharge of the water table.
10 13 18 22
Number of leaves in the macatba plant The lowest stemflow percentage occurred after
the lightest rainfall events. This is due to the fact that

Figure 1 — Stemflow, expressed as percentage of gross
precipitation (GP), in relation to the number of
leaves in macatba plants, in Araponga municipality,
Minas Gerais state, Brazil. September 2012 through
August 2013.

Figura 1—Escoamento pelo tronco em percentagem de precipitagdo
em aberto (PA), em relagdo ao numero de folhas
em plantas de macauba, municipio de Araponga,
MG. Setembro de 2012 a agosto de 2013.

observed that Euterpe edulis, also an Arecaceae
representative, was the species that showed the highest
stemflow values, which therefore indicates its importance
for the conservation of water resources.

Arcovaetal. (2003), in a study performed in a
secondary Atlantic Forest region in Sdo Paulo state,
Brazil, where regenerative processes have been occurring
for more than 45 years, observed a stemflow of 0.2%
of gross precipitation. Oliveira Junior and Dias (2005),
also working in a secondary Atlantic Forest area, in
Vigosa municipality, Minas Gerais state, Brazil, reported
a stemflow of 1.7% of gross precipitation. Oliveira et

SIIF

the plant canopy may be soaked first so that the stemflow
can occur. However, regardless of the gross precipitation,
we observed an increase in the stemflow percentages
that was proportional to the number of leaves in the
plants.

Based on the results shown in Table 3, we also
observed that both the rainfall volume and the number
of leaves in the plants have a directly proportional
relationship with stemflow.

There was a strong positive linear correlation
between gross precipitation and stemflow in all studied
plants. In plants with 10 leaves the coefficient of
determination (R?) ranged around 0.80, while in plants
with 13, 18, and 22 leaves the R? ranged around 0.88
(Figure 2). These results indicate that more than 80%
of the stemflow values we registered can be explained
by the variation in gross precipitation.

From the four regression equations obtained, we
estimated that stemflow in macatba occurs after gross
precipitation equal to or greater than: 2.62 mm in plants
with 10 leaves, 2.24 mm in plants with 13 leaves, 1.91
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Figure 2 — Correlations between gross precipitation (GP) and stemflow (Sf) in macauba plants with 10, 13, 18, and 22
leaves, in Araponga municipality, Minas Gerais state, Brazil. September 2012 through August 2013.

Figura 2 — Correlagdes entre precipitacdo em aberto (PA) e escoamento pelo tronco (Et) em plantas de macauba com
10 folhas, 13 folhas, 18 folhas e 22 folhas, municipio de Araponga, MG. Setembro de 2012 a agosto de 201 3.

mm in pants with 18 leaves, and 1.87 in plants with
22 leaves. According to Shinzato et al. (2011), stemflow
only occurs after a gross precipitation equal to or
greater than 11.0, 6.6, and 8.2 mm in a seasonal
semideciduous forest, in Eucalyptus cloeziana, and
in Pinus sp., respectively. Comparing our estimations
with the values reported by these authors, we could
conclude that the macauba palm has a great capacity
to intercept and direct rainfall waters to its stipe, thus
allowing the occurrence of stemflow even with light
rainfall events.

5. CONCLUSION

Due to its morphological characteristics, the macatiba
palm (Acrocomia aculeata) favors rainfall interception,
showing relatively high stemflow volumes even in young
plants. The species funnel-shaped crown allows for
the conduction of large rainfall volumes to its stem,
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thus resulting in the occurrence of stemflow even with
light precipitations.

We observed a strong positive linear correlation
between gross precipitation and stemflow, regardless
of the number of leaves per plant. We conclude that
the larger the number of leaves in a macautba plant,
the larger is its capacity for rainfall interception, and
thus the lighter is the rainfall needed to initiate the
stemflow process.

A high stemflow volume can be considered an
advantageous feature, since water can then reach the
soil with low kinetic energy, which favors its infiltration
and minimizes erosive processes. In view of that, we
also could infer that the macatuba palm has a great
potential for being used in projects of recovery of
degraded lands, as well as in the implementation of
agroforestry systems aiming at the recovery of areas

of permanent preservation.
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