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Abstract -The Acrocomia totai palm can be found in areas of Cerrado and Pantanal in Brazil,
Argentina, Bolivia and Paraguay. Its fruits are used by traditional and rural communities
for subsistence or income source. Given the relevance of this genetic resource, we assessed
the morphological and agronomic characters and estimated the population density in two
physiognomies of the Pantanal. We found variation in all analyzed characters, such as the density
of spines on the stipe, coloration of leaves, epicarp and mesocarp. The average number of fruits
per bunch was 392.30+134.53, fresh mass (g) of the whole fruit of 15.50£3.87 and, the mesocarp
oil content (%) of 14.94+8.06. The population density varied between 48 pls.ha'! in area of
shrubby grassland to 287 pls.ha! in open grassland. We estimated yields per hectare of 8.65 t of
fruits, 4.77 t of pulp and 270 kg of oil in areas of shrubby grassland and 1.45 t of fruits, 0.8 t of
pulp and 50 kg of oil in areas of open grassland. The data demonstrate the potential of profitable
exploitation of the species in extractive or cultivation. The variation found can be useful for the
genus taxonomy, breeding and conservation programs.

Index terms: native fruit, palm tree, plant breeding, Pantanal.

Caracterizacao morfologica e estimativas de produtividade de
Acrocomia totai Mart. (Arecaceae) - uma alternativa
de extrativismo e cultivo sustentaveis

Resumo - A palmeira Acrocomia totai pode ser encontrada em areas do Cerrado e do Pantanal, no
Brasil, Argentina, Bolivia e Paraguai. Seus frutos sdo utilizados por comunidades tradicionais e
rurais como meio de subsisténcia ou como fonte de renda. Da importancia deste recurso genético,
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Introduction

Because of the increasing demand for food
and energy resources, agriculture underwent a high
specialization with reduced genetic variability of cultivated
species, though very productive, present fragility facing
environmental adversities and plant health problems.
Consequently, most modern large-scale production of raw
matters of plant resources do access a restricted number
of species in view of the enormous existing biodiversity.
Taking as an example the species utilized for human food,
half of the ingestion of protein and calories comes from
only three plant species, corn, rice and wheat (WARREN
2015), while those already described add to nearly 369,000
species, besides many yet unknown or little studied that
can have potential economic use as food, medicinal,
biofuels and others (WILLIS 2017). Thus, the need for
diversifying the use of plant species becomes evident,
which leads to the prospection of wild species and or
those used by traditional communities in extractivism or
some degree of cultivation. However, as the primordial
factor for the utilization of new genetic resources is their
characterization under several aspects, the most relevant
and primary being morphology and productivity.

Although Acrocomia palms have been exploited
as fruit plants for a long time by indigenous people and
traditional or rural communities (PATINO-RODRIGUEZ
2002; MORCOTE-RIOS; BERNAL 2001; OLIVEIRA
1996; LENTZ 1990), their recognition as oil crops is
the most recent, leading to an exponential growth of
research in various areas of knowledge and cultivation at
commercial scale. Among the nine species accepted of the
genus (VIANNA; CAMPOS-ROCHA 2020; TROPICOS,
2021; THE PLANT LIST 2013), 4. aculeata (Jacq.) Lodd.
ex Mart. (Arecaceae) is the most studied and already
commercially exploited for presenting broader geographic
distribution, bigger and heavier fruits and higher of pulp
oil content (COLOMBO et al. 2018). However, it shall be
considered that other species of the genus are resources
already long utilized by local people, not only for oil
extraction as well as other purposes. Furthermore, from
the environmental point of view, for presenting a more
restricted geographic distribution, measures should be
taken for conservation of their native populations.

Among the species of the genus, Acrocomia totai
Mart. occurs in parts of Bolivia, Paraguay, Argentina and
in Brazil, in the western portion of the state of Mato Grosso
do Sul and northwest of Parana (VIANNA; CAMPOS-
ROCHA 2020, TROPICOS, 2021), in the Pantanal and
Cerrado, that is the Brazilian savanna (LORENZI et al.
2010). It is used by rural and traditional communities
and presents an excellent potential for commercial
exploitation. The species has diversified use, the stipe is
applied in buildings (rafts and lats), besides containing
starch (POTT; POTT 1994). The leaves are used to cover

rooves, obtain fibers for lines, ropes and hammocks,
high-quality forage for horses and dairy cows, and the
sweetish heart of palm can be consumed fresh or cooked
(DAMASCENO-JR; SOUZA 2010; MORAES 2004;
POTT 1986). The roots in some places are used in folk
medicine as a diuretic and against abscesses and respiratory
diseases. The fruit pulp, nutritionally rich (AMARAL et
al. 2019; MUNHOZ et al. 2018 *°; VIANNA et al. 2015;
RAMOS et al. 2008), is consumed fresh or to prepare ice
creams and juices, or flour for several local food products
such as cakes and biscuits, jams, candies or as a food
industry ingredient (SILVA et al. 2020; AGUILERA et
al. 2018; MARCONDES et al. 2018; SILVA et al. 2018).
The endocarp can be used as crushed rock or as activated
charcoal (FLORES-JOHNSON et al. 2018). The nut is
consumed fresh or toasted, ground for sweets, and its
excellent quality oil is edible or for cosmetics (MUNHOZ
etal. 2018; POTT; POTT 1994). Even the spines of stipe
can have a pharmacological application, as they have
compounds with biological activity as antibacterial,
antiviral and against some types of cancer and some
protozoa (SOUZA et al. 2017).

The morphological characterization provides biometric
data useful to calculate yield and estimate the productivity
of different plant parts, basic information for planning
sustainable extractivism, implantation of commercial
plantings, industrial applications, genetic improvement
and conservation plans, as well as to subsidize taxonomic,
ecological and other studies. Aware of few available
studies on the morphological characterization of 4. fotai
and the lack of information on its yield and productivity,
we performed such analyses in natural populations of the
species, providing essential information to the market,
sustainable extractivism, cultivation and research.
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Material and methods

Location and characterization of the study area

We sampled three natural populations of 4. totai
located in the municipality of Corumbé, Mato Grosso
do Sul, Brazil, in the western border of the Pantanal, in
the rural communities of Antonio Maria Coelho, Sdo
Gabriel, and Sao Domingos (Figure 1), circa 20 to 30
km afar from each other. Soils are predominantly clayey
and calcareous, fertile but shallow (CARDOSO et al.,
2002). The climate by the Koppen-Geiger classification
is type Aw, with a mean annual temperature of 25.4
°C and mean annual rainfall of 1074 mm (CLIMATE-
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DATA.ORG 2020). According to Pott and Pott (1994),
the species frequently occurs in flood-free or running
flood areas of the Pantanal, on sandy or clayey soils
and limestone hills, and rarely in the east zone of the
Pantanal, with calcium-poor soils. We considered them
three populations since probably there is no gene flow
between them because of distance. It is known that
the plants of the species present a mixed reproduction
system, being preferentially allogamous when in areas
with higher population densities and can be autogamous
in areas with few plants (CARGNIN et al., 2008).
Additionally, we know (ongoing study by the team) that
the pollinators do not travel long distances.

Figure 1. Selected sites for the study. Natural populations of Acrocomia totai located in the rural communities: a

Antdnio Maria Coelho, b Sao Domingos.

Selection of individuals and evaluated
morphological characters

We evaluated 49 morphological characters on
66 individuals distributed within three populations
of contrasting plants to represent the highest possible
variability concerning the variation of size, shape, and
coloration of fruit peel and pulp.

To assess the vegetative parts, we observed or
measured 25 quantitative and qualitative characters on
different parts of the plant: stipe (i) basal circumference
(just above the soil), (ii) circumference at breast height,
presence or absence of the remaining leaf base (sheath) in
the (iii) basal, (iv) middle (v) or apical portion, presence
of spines in the (vi) basal, (vii) median (viii) or apical
portion, their density being estimated by visual criterium

in absent, few, medium or much presence of spines; leaf
(1) total length measured from the first pinna inserted on
the rachis basis to the apex, (ii) number of pinnas on the
right side, (iii) color das pinnas by direct observation, (iv)
pinna insertion angle on the rachis, length of 4 pinnas in
the (v) basal, (vi) middle and (vii) apical portion, presence
or absence of trichomes on the adaxial leaf rachis in the
(viii) basal, (ix) middle and (x) apical portions, presence or
absence of trichomes on the abaxial side of the leaf rachis
in the (xi) basal, (xii) middle and (xiii) apical portions,
density of occurrence (very high, high, medium, low,
inexistent) of spines arranged laterally on the leaf rachis
on the (xiv) face adaxial and (xv) abaxial face, and spine
mean length on the leaf rachis on the (xvi) abaxial and
(xvii) adaxial face.

Rev. Bras. Frutic., Jaboticabal, 2021, v. 43, n. 1 (e-730)
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Regard the reproductive part, we analyzed 24
characters: inflorescence (i) color; infructescence (i)
length, (ii) circumference in the median region, (iii)
rachillae, (iv) number of female flower scars, (v) number
of fruits, (vi) fresh weight (rachis + rachillae + fruits);
fruits (i) color of the epicarp and (ii) color of mesocarp
determined by visual criterium determined by the same
person for standard observations, (iii) presence or absence
of trichomes on the epicarp, (iv) presence or absence of
stripes on the epicarp, (v) presence or absence of calyx,
(vi) longitudinal diameter (length) and (vii) equatorial
diameter (diameter) of the fruit, fresh weight of the
(viii) whole fruit, (ix) epicarp, (X) mesocarp, (Xi) pyrene
(endocarp + endosperm); dry weight of (xii) whole fruit,
(xiii) epicarp (peel), (xiv) mesocarp (pulp), (xv) pyrene
(endocarp + endosperm), (xvi); oil content of the mesocarp
(pulp %) de 40 individuals, and (xvii) ratio length-width
ratio (LWR) for determination of fruit shape.

We collected two bunches per plant, selected
visually between those more mature. For evaluation of
fruit characters, we selected 50 fruits per bunch, i. e., 100
fruits per plant. For dry matter determination, we separated
20 fruits into paper bags, dried them in an oven with air
circulation at 55°C until constant weight. For mesocarp
(pulp) oil content, the samples were prepared following
methods described by the analytical rules of the Instituto
Adolfo Lutz (BRASIL 2005), determining the total fats
by direct extraction with organic solvent in a Soxhlet
extractor.

Estimates of production in native and cultivated
areas

Aware of the existence of big natural thickets of
the species, its economic potential and its utilization by
local populations in extractive form, we estimated the
populational density in different physiognomies where
its occurrence is most frequent, named (i) open grassland
- areas predominantly formed by herbaceous vegetation
and scattered shrubs, and areas of (ii) shrubby grassland
- formed by shrubby-herbaceous vegetation. We placed
04 plots of 50 % 30 m in three areas of shrubby grassland
and three areas of open grassland, adding to a total of 12
plots per physiognomy. Within each plot, we counted all
adult individuals. We assumed a population density of 500
plants.ha™! for a cultivated stand.

From the morphological data and the calculated
results of populational density, we estimated the
productivity of characters of agronomic interest, such
as number of fruits per bunch, fresh and dry mass of the
fruit, epicarp (peel), mesocarp (pulp), endocarp (kernel),
endosperm (nut) and pulp oil content for each evaluated
physiognomy and an assumed cultivated population
(500 plants.ha'). We considered five bunches per plant
for the estimates. We calculated the productivity by
extrapolation of the mean populational density of plots
of each physiognomy to 1 hectare.

We clarify that the work of ‘estimates of population
density’ and consequent ‘estimates of productivity in
each one of the physiognomies’ was carried out in other
areas, not in the same areas where the individuals were
analyzed for collection of morphoagronomic data. We took
the mean yield of the analyzed individuals in the three
populations, and we estimated the productivities of the
different physiognomies. Additionally, we point out that
the localities where we collected the morphoagronomic
data are quite extensive, occurring within each of the
different physiognomies. Therefore, we pursued to collect
the data in sites with similar physiognomy within each of
the localities indicated in the map of Figure 1. To estimate
the population densities, we utilized other areas aiming to
contemplate the distinct physiognomies.

Data analyses

The qualitative data were analyzed using the
frequency percentage given by multiplying the relative
frequency (RF =AF/Y n) by 100. The measured characters, i.
e., the quantitative data as well as the results of productivity
estimates were statistically analyzed calculating measures
of position (mean, standard error, minimum and maximum
values) dispersal (coefficient of variation).

Results and discussion

The analyzed individuals exhibited variation in all
evaluated morphological and agronomic characters in a
higher or lower degree and, consequently, variation in the
productive potential.

Morphological characterization

The mean values of the circumference at the base
and breast height of the stipe (82.00 +0.34, 71.00 + 0.32,
respectively) are similar (Table 1), which indicates that
the stipe in the analyzed individuals is straight. Stipe
diameter variation, according to Dransfield et al. (2008),
is common either within or between closely related genera
of Arecaceae. In some species, such as the congeneric
Acrocomia aculeata, the variation of stipe diameter is
ordinarily high; therefore, it is not a useful taxonomic
character.

Rev. Bras. Frutic., Jaboticabal, 2021, v. 43, n. 1: (e-730)
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Table 1. Morphological characterization of the Acrocomia totai palm in native populations of the western zone of the

Pantanal in Mato Grosso do Sul.

Character Minimum Maximum Mean=SD CV%
Stipe Basal circumference (cm) 21.00 145.00 82.00+0.34 4142
Circumference at breast height (cm) 23.00 148.00 71.00+£0.32 4471
Leaf Length (m) 1.52 3.68 2.64 +£0.38 14.28
Number of pinnas per side 175 322 236.89+31.92 1347
Length of pinna basal portion (cm) 43.20 92.80 66.28 +12.94 19.53
Length of pinna medium portion (cm) 45.80 101.40 7428 +11.89  16.01
Length of pinna apical portion (cm) 23.00 68.00 4547+10.89 23.96
Length of spines on the leaf rachis - adaxial part ~ 0.00 8.81 335+145 43.22
Length of spines on the leaf rachis - abaxial part ~ 0.00 5.70 2.33+1.78 75.92
Infructescence Length (cm) 41.50 97.00 71.07 £9.87 13.88
(bunch) Diameter (cm) 34.00 108.5 82.07+11.99 14.61
Number of fruits per bunch 138 805 39230+ 134.53  34.29
Number of rachilla per bunch 79 312 13596 £33.80 24.86
Number of female flower scars per rachilla 305 2602 1040 £ 403.77  38.79
Fruit Diameter (cm) 1.94 3.30 2.75+£0.28 10.09
Length (cm) 2.03 3.65 2.87+0.33 11.39
Ratio length/width (DL/DT) 0.92 1.28 1.04 £0.07 6.30

Most studied plants (75.56%, 86.67% and 88.89%,
respectively) did not present remains of the leaf base
attached to the stipe in any of its parts - base, middle and
apex (Fig 2 a, 3 a). Regard to the presence of spines,
most plants were unarmed on the stipe basal (46.67%)
and middle (35.56%) portions (Figure 2 b). In counterpart,
most analyzed plants (80.00%) were spiny on the stipe
apical portion, with a medium to high spine density.
Smooth stipe, without leaf sheath remains, and none or
few spines are relevant characteristics for recognition
of the species in the field and its distinction from other
Acrocomia species (VIANNA; CAMPOS-ROCHA 2020;
LORENZI et al. 2010). The presence of spines in the
species is highly frequent in young plants and on the stipe
apex of adult plants, probably with a function of protection
against herbivory; when young to assure full development
and when adults, to protect the stipe apical meristem (heart
of palm). It should be reminded that most palms have a
single meristem, consequently, just one growing point,
thus its protection is primordial for survival. That growing
point is underground before the stipe elongates.

Among the evaluated individuals, nearly half
(42.22%) presented yellowish-green leaves, followed
by 31.11% green color, and we also observed dark green
leaves (11.11%) and shiny green (15.56%) (Fig. 2 g) with

pinnas inserted in the leaf rachis at the same plane in
75.56% of plants and 24.44% in different planes (Figure
2 ¢). The mean leaf length (m) was 2.64 = 0.38, with a
mean number of pinnas on the right side 236.89 + 31.92
and pinna length (cm) on the medium and apical leaf
portions of 66.28 £ 12.94, 74.28 £ 11.89 and 45.47 + 10.89,
respectively (Table 1). Palms of the genus Acrocomia
present leaves divided into segments (pinnas) arranged
regular or irregularly along the rachis, with a varied
total length of leaves and pinnas and various green tones
green, the variation being higher between than within
each species of the genus (LORENZI et al. 2010). In the
analyzed plants, the leaves presented a lower mean total
length compared with A. aculeata, with higher variation in
tones of green and higher occurrence of green-yellowish
leaves. The pinnas are irregularly distributed on the rachis
and in most plants arranged at the same plane, different
from A. aculeata, for example, that presents the pinnas
inserted in various planes on the rachis. In contrast to 4.
aculeata, with many spines all over the leaf rachis and
even on the pinnas, sometimes dense, 4. totai typically
has spines located laterally on the rachis, in lower number
and rarely on the pinnas.

Rev. Bras. Frutic., Jaboticabal, 2021, v. 43, n. 1 (e-730)
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Most leaves lacked spines on the leaf rachis on the
adaxial (44.44%) and abaxial sides (42.22%) (Figure 2 f).
When present, spines had a mean length of 3.35+ 1.45 cm
on the adaxial and 2.33 £ 1.78 on the abaxial side (Table
1). However, we observed that most evaluated plants
(42.22%) had spines on the leaf rachis lateral, where the
pinnas are inserted (Figure 2 f). Dividing the leaf rachis

into three parts, base, middle and apex, we noted that
most plant parts, 88.89%, 97.78%, 100.00%, respectively,
lacked trichomes (hairs) and, in the few individuals where
they occur, they were more concentrated on the basal
portion of the rachis (Table 1, Figure 2 ¢, d).

Bl differem planes _ -_-—l
L] a L] L] o
e 4w I h ,
e -
- e ————
i _
eionistoreen [ o |

Figure 2. Frequency distribution (%) of the analyzed qualitative data in palms of native populations of Acrocomia
totai in the western zone of the Pantanal in Mato Grosso do Sul: a leaf sheath remains on the stipe b spine density
on the stipe, ¢ pilosity on the adaxial side of the leaf rachis, d pilosity on the abaxial side of the leaf rachis, e type
of insertion of pinnas on the leaf rachis f density of spines on the leaf rachis, g leaf color, h stripes on the epicarp, i
trichomes on the epicarp, j persistent calyx, k epicarp colors, I mesocarp colors.
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Probably the spines on the leaves of A. totai,
likewise the stipe, exert a function of protection against
herbivory. The set of spines present on the apical portion
of'the stipe can act against attack by large animals as well
as insects. Kariyat et al. (2017), studying the function
exerted by spines in Solanum spp. verified that they act
as an effective defense against caterpillars for restricting
their movement on the plant and in some cases keeping
them off. Goldel et al. (2016), analyzing spiny palm
species in areas with and without cattle in the Pantanal,
concluded that the spines, mainly on the leaves, evolved
as an adaptive response to herbivory and trampling of the
past megafauna and continuous at present due to cattle and
perhaps other wild animals that feed on these palm species.
Additionally, the presence of spines in different parts of
the palms can be a useful character to the taxonomy of
Arecaceae (DRANSFIELD et al. 2008), including the
genus Acrocomia, where higher densities of spines are
observed on acaulescent species A. hassleri (Barb. Rodr.)
W.J. Hahn and A. emensis (Toledo) Lorenzi and in the
arboreal 4. aculeata (Jacq.) Lodd. ex Mart., in contrast
with the studied 4. fotai, that shows a lower density of
spines on the leaves and the stipe, and the species 4.
corumbaensis Vianna S.A., A. crispa (Kunth) C.F. Baker
ex Becc. and A. intumescens Drude that in the adult phase
present smooth stipe and unarmed leaves (VIANNA;
CAMPOS-ROCHA 2020; LORENZI et al. 2010).

The inflorescences of A. fotai as well as of other
species of the genus are light yellow when immature and
dark yellow when mature, interfoliaceous, pedunculate,
ramified at the first-order level, with pistillate flowers
(female) immersed in alveolus in the basal third of the
rachillas together with two staminated flowers (male)
forming triads, and the staminated flowers distributed on
the apical 2/3 of the rachillas, characteristic common to
the members of the subfamily Arecoideae to which this
species belongs (LORENZI et al. 2010; DRANSFIELD
et al. 2008). The inflorescences are protected by a
peduncular bract, woody, brown, normally tomentous, in
the case of 4. fotai with dense velutine tomentum, which
opens through a longitudinal split when the flowers are
formed. We did not observe significant variation between
inflorescences. In general, we observed only one open
inflorescence per plant, being uncommon opening two
or more inflorescences at a time. Under normal climatic
conditions, most 4. fotai palms in the region flowered
between September and January and ripe fruits start
dropping in October, extending to December.

The analyzed infructescences or bunches showed
a mean length of 71.07 + 9.87 and a mean basal
circumference of 82.07 & 11.99 cm (Table 1) smaller than
those of A. aculeata and A. intumescens and larger size
than the other species of the genus (VIANNA et al. 2017a;
LORENTZI et al. 2010), useful characters to identify the
species. Each bunch contained a mean of 135.96 &+ 33.80

rachillas and 392.30 + 134.53 fruits. Bunches presented a
mean of 1040 + 403.77 floral scars per rachilla (Table 1).

Reproductive success is associated with the abortion
rate and directly influences the potential fruit production
(WIENS et al. 1987). The analyzed plants presented a
mean abortion rate of 58.70%, varying from 16.70% to
83.9%, pointing out that some plants already had dropped
some ripe fruits; thus, the mean actual abortion rate is
lower than the calculated. According to Bawa and Webb
(1984), abortion is a generalized phenomenon in plants
and the group of palms; commonly less than 50% plants
produce fruits that reach ripeness, due to high loss by
abortion (STEVEN et al. 1987). That is caused by various
factors, such as adverse climatic conditions, pollination
deficiency, resource availability for fruit development
by the mother-plant, abnormalities in the formation of
ovules, endogamic depression, regulation of quality
and quantity of seeds, predation, diseases and others
(PEREIRA et al. 2014; WIENS et al. 1987; BAWA AND
WEBB 1984; Stephenson 1981). Another fact related to
abortion in palms is the long period of fruit development
(DRANSFIELD et al. 2008; HENDERSON 2002), that
implies in higher energy expenditure by the mother-plant
and longer exposure time of the fruits to pathogens, insects
or other predators, and climatic adversities.

The fruits presented longitudinal diameter (FLD)
was larger than the equatorial diameter (DED), with a
mean FLD/DED ratio of 1.28, giving them an elongated
shape (Table. 1). The epicarp or peel in 82.22% of the
evaluated plants was smooth, i. e., without trichomes
(Figure 2 1), in 8.89% we observed stripes on the epicarp
(Figure 2 h, 3 b) and in most plants (95.56%) a persistent
calyx (Figure 2 j, 3 ¢).

A particular characteristic of A. fotai compared with
the other species is the higher color variation of the epicarp
and mesocarp, useful characters for both taxonomy and
selection, being considered by extractivists in harvesting
fruits according to the purpose. Fruits with yellow pulp are
preferably used for the production of flour and the orange
ones for ice cream (VIANNA 2011). We determined the
epicarp colors visually as orangish, yellow, dark yellow,
brown, yellowish-green and dark green; most plants had
fruits with green peel (28.89%) and few (4.44%) orangish
(Figure 2 k, 3 e). The mesocarp or pulp was visually ranked
into six colors: (i) yellow, (ii) orangish (iii) white, (iv)
brown, (v) pinkish and (vi) red. Most fruits in the evaluated
populations presented yellow pulp (33.33%), followed by
orangish pulp (22.22%) (Figure 2 1, 3 d). The red color
was included because the extractivists named it so, but we
would consider it as dark orange (Figure 3 d). The green
color of the epicarp does not indicate unripe fruits since we
selected only plants with ripe fruits, as indicated by their
abscission, mesocarp color and ease to remove the peel.
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Figure 3. Variation of some morphological characters of Acrocomia totai of native populations in the western zone of
the Pantanal in Mato Grosso do Sul: a presence or absence of leaf sheath remains and spines on the stipe, b presence
or absence of stripes on the epicarp, ¢ presence or absence of persistent calyx, d mesocarp colors, e epicarp colors.

The color variation observed in the epicarp
and mesocarp of the analyzed 4. fotai plants probably
results from the content and composition of carotenoids.
According to Taiz et al. (2017), carotenoids are responsible
for the color of ripe fruits, besides participating in the
photosynthesis process and acting as photoprotective in
plants. Although there is some research on carotenoids in
species of Acrocomia (VALERIO et al., 2020; ARENA
et al. 2018; SCHEX et al. 2018; OLIVEIRA et al. 2013;
ROCHA et al. 2013; COIMBRA E JORGE 2011), none
evaluated if fruits with different colors of peel and pulp
showed distinct composition and quantities of carotenoids.

As pointed earlier, various morphological characters
allow the distinction of 4. fotai from the other species
of the genus. Besides morphological characteristics,
reviewing reports from other fields, such as genetic
diversity based on molecular markers, anatomy and
centesimal composition of fruits, the separation of 4.
totai from the other species becomes evident. Lanes et
al. (2015), applying microsatellite molecular markers

in accesses of a germplasm bank with progenies from
various localities of Brazil, found the formation of a
well-structured genetic group, composed exclusively
of A. totai plants from Pantanal in Mato Grosso do Sul,
and separated from all other analyzed accesses. That
strengthens the validity of A. totai as a species different
from A. aculeata. Vianna et al. (2017 b), analyzing leaf
anatomy data of the genus Acrocomia, corroborated the
existence of seven species including the distinction of 4.
totai from the others. Research on nutritional composition
and oil content in other Acrocomia species (LIEB et al.
2019; RIO et al. 2016; ARAUJO et al. 2014; SIERRA-
PEREZ 2014; CONCEICAO etal. 2012; BORA; ROCHA
2004) also show clear differences, not only useful to the
taxonomy of the genus, as well as for better utilization of
these resources. Acrocomia totai, with a lower mean oil
content than A. aculeata, can be economically used for the
production of functional foods, and secondly of oil with
different applications, thus, enhancing and conserving this
valuable native genetic resource.
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Evaluation of agronomic interest characters

We considered as ‘agronomic characters’ the data
obtained through the evaluation of bunches, fruits and its
parts, and pulp oil content to estimate the productivity of
mass of peel, pulp, pyrene and pulp oil.

The mean yields of the various parts of all analyzed
plants were that fruits presented 15.50 + 3.87 of fresh
mass (g) and 8.94 + 2.42 of dry mass (g), with moisture

loss around 42.32%. The peel, pulp and pyrene had a
mean fresh weight (g) of 2.44 £ 0.97, 8.61 + 3.11 and
4.96 + 1.00, respectively, with mean dry mass (g) of 1.56
+0.49, 3.45 + 1.62, 4.31 + 0.96, respectively (Table 2).
Regard to pulp oil (%), the individuals of the analyzed
populations presented a mean of 14.94 + 8.06 % on a dry
matter base (Table 2)

Table 2. Characterization of productivity data of Acrocomia totai of native populations located in the Pantanal,

municipality of Corumba, MS, Brazil.

Production characters Minimum Maximum Mean £+ SD CV%
Number of fruits per bunch 138 805 392.30 £ 134.53 34.29
Fresh mass of the whole fruit (g) 7.31 23.63 15.50 + 3.87 24.95
Fresh mass of the epicarp (g) 1.00 5.12 2.44 £0.97 39.93
Fresh mass of the mesocarp (g) 1.09 18.21 8.61 £3.11 36.16
Fresh mass of the pyrene (g) 2.65 7.48 496 +1.00 20.24
Dry mass of the whole fruit (g) 4.10 17.41 8.94£2.42 27.08
Dry mass of the epicarp (g) 0.86 2.82 1.56 £ 0.49 31.46
Dry mass of the mesocarp (g) 1.07 7.98 345+1.62 46.97
Dry mass of the pyrene (g) 1.86 7.11 4.31+0.96 22.32
Oil content of the mesocarp (%) 1.19 34.70 14.94 + 8.06 53.97
Fresh mass of the bunch (kg) 757 6.19 3.32+£1.48 44.45
Fruit yield per plant (kg)* 8.86 53.00 30.15+ 11.68 38.76
Oil yield per plant! (kg)* 0.02 3.88 0.96 £ 0.83 85.90

* Considering 05 bunches per plant.

The contribution of each fruit part did not show
much variation between analyzed plants. Based on fresh
mass, the peel represents a mean of 14.00% of the fruit, the
pulp 54.00% and the pyrene 32.00%. Previously published
data on the endocarp and the endosperm evaluated
separately, their mean contribution was 23.30% and
6.70%, respectively (CICONINI et al. 2013). However,
the number of fruits, their fresh and dry mass, their parts
and the oil content present high variation as can be seen
in Table 2 and Figure 4. The fresh pulp mass per fruit in
the evaluated natural populations, for example, is in mean
8.61 g with a variation coefficient of 36.16%, weighing
from 1.09 g to 18.21 g. The oil yield is even more variable
(53.97%), with fruits with oil content as low as 1.19% up
to 34.70%.

The evaluation of the productivity of the studied
plants of 4. fotai demonstrates that its utilization in
extractive form is viable. The mean fresh mass yield of
the whole fruit per plant is 30.15 kg and can be fractioned
and used for various purposes. Approximately 17 kg of
fresh pulp produced per plant can be transformed into
the traditional flour or sold for ice cream and other food
products. The endocarp, with a mean yield of 7.06 kg per
plant, can serve as charcoal either as an energy source
or to produce activated charcoal. The endosperm, with a

yield of 2.06 kg per plant, can be destined to consumption
in natura, processed into varied food products and
extraction of its excellent quality oil, with application in
pharmaceutical and cosmetic industries.

Though producing less than other oilseeds, planting
A. totai at a density of 500 plants.ha™' can yield 480 kg oil.
year!, superior to soybean (400 kg.ha.year'), an annual
crop demanding high investments, different from the
palm, perennial and without much management cost and
of natural occurrence in the region. As a hardy perennial,
it is suitable for agroforestry.
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Figure 4. Distribution of production data of Acrocomia totai palms in natural populations in the Pantanal region.

The variation coefficients calculated for the productive individuals of the population, as demonstrated
analyzed productive characters are superior to 20.00% by simple selection of the most productive plants (third
(Table 2, Figure 4). The dry mass and the pulp oil content,  quartile), for example regarding the characters of pulp
for example, presented variation coefficients of 46.97%  dry mass and oil content. With a density of 500 plants.
and 53.97%, respectively. That is excellent for selection  ha!, that would bring an increment of 57.90% in the yield
aiming to improvement of the species since the genetic  of dry pulp mass that would increase from 8.31 t.ha'! in
variability is fundamental for the success in the selection a cultivated population without any selection to 13.12
of desired characters or superior genotypes and their t.ha! with more productive selected plants, as well as oil
adjustment to environmental conditions (BRAMMER content, that would double, from 0.48 t.ha! to 1.08 t.ha™!,
2002). As observed in Figure 5, 4. totai can have its 1. e., a rise of 55.60% in productivity.
productivity increased through the selection of the most
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Regard to genetic improvement, considering the
two mentioned characters, it can be directed to the increase
of oil productivity for several applications through the
selection of plants with higher pulp oil contents or aimed
to lower pulp oil content for the food industry. Another
interesting character is pulp color, already considered by
extractivists during harvest according to the desired final
product. As shown by previous reports in the Pantanal
region where populations of A. totai were analyzed
(VIANNA 2011; VIANNA et al. 2015), the extractivists
preferred orangish or red pulps to produce ice creams and
yellow or pink pulp for flour. The genetic improvement
allows selecting plants with the pulp colors of interest as
well as to include other characters.

Yield estimates in natural and cultivated populations

Estimates of the populational density in natural
areas of plant species of economic interest, production,
yield of fruits and their component provide essential
information for any economic activity, either extractivism
or cultivation, also being relevant for planning actions of
conservation of native species.

The estimates of populational density of the
analyzed physiognomies extrapolated to an area of one
hectare were 287 plants in ‘open grassland’ and 48 in
‘shrubby grassland’. From the populational densities
calculated for one hectare, we estimated the productive
potential of fruits and each of their parts and the yield of
pulp oil (Table 3).

Table 3. Production estimates of fruits (tons per hectare), their parts and oil in two physiognomies of the Pantanal
and a hypothetic cultivated population considering 05 bunches per plant.

Production character Shrubby grassland Open grassland Cultivated
FM whole fruit 8.65 +3.35 1.45+0.56 15.07 £ 5.84
FM peel 1.39+0.71 0.23+£0.12 242 +1.24
FM pulp 477 £2.12 0.80 +0.35 8.31 +£3.69
FM pyrene 0.33£0.06 0.06 £0.01 0.58+0.12
FM nut 0.10+0.02 0.02 + 0.00 0.17 £0.03
DM pulp 1.93+1.15 0.32+0.19 3.37+2.00
Pulp oil 0.27+0.24 0.05 + 0.04 0.48 £0.41

FM fresh mass, DM dry mass

It is critical to consider two factors for the
sustainable exploitation of natural populations: (i) the
variation of populational density and (ii) the variation
of the desired productive characters, in our case, the
production of fruits, their parts and pulp oil. The highest
estimated productivities are evidently of the ‘cultivated’
population since all calculations of productivity were
based on the number of plants per hectare (Table 3).
However, it is necessary to consider that there are
populations of A. totai with densities higher than those
evaluated in our study, even higher than the indicated
for cultivation (500 plants.ha™'). Indeed, one ‘shrubby
grassland’ plot reached approximately 677 plants in
a single hectare, with productivity worth to consider,
moreover, harvesting through extractivism by local
communities or in conservation areas where such activity
could be made, reaching approximately 4.8 tons of fresh
pulp and 270 kg of oil (Table 3, Figure 5 b, ).

Even in areas with lower populational densities, as
occur in the evaluated ‘open grassland’, with 48 plants.
ha'!, extractivism can be economically viable, inclusive
for oil extraction, moreover increasing the populational
density through planting, though without pre-determined
spacing as in commercial crops. According to Oliveira et
al. (2002), working on natural populations of “agai palm”
(Euterpe oleracea Mart.), in managed areas enriched

by planting, the productivity of fruits was 9.000 kg.ha’!
compared with 4.500 kg.ha! in non-managed stands with
reduced populational densities.

The box-plot graphs of Figure 5 named ‘selected
plants - SP’ (grey box-plots) demonstrate how the simple
selection of the most productive individuals within the
detected variation can increase the yield characters. The
example, the fresh mass yield of 8.31 t.ha™! by a cultivated
unselected population can increase to 13.12 t.ha! just viaa
selection of the most productive plants, and oil from 0.48
t.ha! to 1.08 t.ha'!. The selected individuals as ‘superior’
regard to production of the different analyzed characters
correspond to those with values equal or superior to
the third quartile. The real selection of individuals for
improvement takes into consideration more morphological
data and specific statistical analyses, however, this simple
calculation using the third quartile here exemplifies the
excellent potential for improvement of the species.

Although with distinct edaphoclimatic conditions,
we assume that the yield differences between
physiognomies are due to, in this case, primarily to the
difference between population densities - areas with a
higher number of plants produce more, if cultivated even
more, and, if the most productive plants are selected, the
increment will be even higher. More specific studies to
determine the reason why the species occur in higher
or lower population densities in distinct physiognomies
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would be highly interesting and can be carried out by
researchers with such expertise.

3.4. Considerations on conservation and cultivation
of Acrocomia totai

Besides the aspects considered before, we stress
the social, economic and environmental importance of the
utilization of native species. In the Pantanal, where our
study was carried out, commercial crops such as soybean
and corn are not viable because of floods. Thus, the
prospection of native plant resources to be utilized either in
an extractive way by traditional communities or cultivated
is relevant, aiming to large scale production. Since the
main activity in the Pantanal region is cattle ranching,
there is the possibility of (i) systems integrating pastures,
cattle and A. totai palm plantation, (ii) identification of
natural palm thickets that can be exploited, (iii) cultivation
of the palm in conservation areas, or (iv) enrichment of
areas where the species once existed, aiming to increase
of the offer of this resource for extractivism.

Populations of 4. fotai are also found native in other
biomes and several vegetation types besides Pantanal,
including Cerrado (VIANNA; CAMPOS-ROCHA 2020).
In Cerrado, prevail commercial crops, being possible to
have large scale sole cultivation of 4. fotai or its inclusion
in different types of integration (crops-pasture-forest,
pasture-forest, crops-forest) and agroforestry systems
since palms allow intercropping with other species of
various habits, including fruit trees, timber, forage species
and annual crops (RODOLFO et al. 2020; MOREIRA
et al. 2018). Additional to the exploitation of products
and byproducts, the farmer growing the palm could have
access to carbon credits (MOREIRA et al. 2020).

From the ecological point of view, it is necessary
to consider the importance of maintaining the local
biodiversity. Palms are ecologically important species
for their role, such as food for the local fauna, including
seasons of scarce resources, as they have a longer
fruiting period than other plant species (PERES et al.
2000; GALETTI et al. 1992,1999). They associate with
other plants, e. g., the orchid Vanilla palmarum (Salzm.
ex Lindl.) Lindl., holoepiphyte to the A. totai palm
(BARBAREMA et al. 2019). Nowadays, one of the
threats to the conservation of natural populations of A4.
totai is the expansion of commercial plantations de 4.
aculeata in the region, selected for high pulp oil content,
that in the long term can result in the disappearance of A.
totai, as palms have a high possibility of interspecific and
even intergeneric hybridization (FLOWERS et al. 2019;
OTEYAMI et al. 2019; GUIMARAES; SILVA 2012;
BOVI et al. 1987).

Besides the environmental perspective, the
conservation of native genetic resources is of high
relevance for agriculture, especially for plant improvement
since native populations present a broader genetic base,

thus constituting sources of new genes that can be
useful for enhancing resistance to diseases, pests and
environmental adaptation (BRAMMER 2002; QUEIROZ
et al. 1999; GUERRA et al. 1998). Socioeconomically,
the preservation of natural populations of 4. totai is
fundamental for rural and traditional communities of the
Pantanal region that rely on extractivism and processing
of fruits as subsistence resource or income complement
(AMARAL et al. 2019; VIANNA 2011). We point out
that the way of exploitation by those communities assures
a final product with better nutritional quality. Amaral et
al. (2019) verified that although mechanized pulping
optimizes production, compared with manual pulping, it
does not keep all nutritional and functional characteristics
of the essential oils and food fibers in A4. fotai pulp.
Last, we highlight the importance of correct
botanical identification of the species. Reports in various
scientific areas misidentified populations of A. totai as
A. aculeata (e. g., CHUBA et al. 2019; LANES et al.
2015; MACHADO et al. 2015; CICONINI et al. 2013;
SANJINEZ-ARGANDONA; CHUBA 2011), inclusively
considering the supposed ‘4. aculeata’ of the Pantanal
region as less productive for their smaller fruits and lower
oil content, and so unsuitable for commercial cultivation.
Thus, we recommend using reliable references about
taxonomy and geographic distribution of the material to
be studied, to understand differences and similarities and
the economic potential of each species of Acrocomia,
for better planning and implementing of commercial
plantings, sustainable extractivism, obtention of products
and byproducts, and guiding programs genetic breeding
programs and conservation of native populations.

Conclusions

Acrocomia totai is morphologically different from
the other species of the genus, presenting high variation
within the evaluated populations regarding most analyzed
characters, including those with commercial interest.

The analyses of the population densities and
estimates of production demonstrate that A. fotai can
be explored, even satisfactorily under extractivism.
Additionally, initiatives aiming the enrichment of the
density of natural populations can raise productivity,
increasing rentability.

The high variability detected in the analyzed
production characters is of great importance for use in the
genetic improvement of the species, base for the future
selection of more productive genotypes according to the
utilization target and management ease, allowing future
launching of more productive and homogeneous genetic
materials aiming large scale cultivation.
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We reinforce the need for the correct identification
and characterization of native plant resources, such
as the case of the studied species, that allows a better
understanding of the found differences and similarities,
their potential use and guide more efficiently research,
conservation, cultivation, and commercial and industrial
applications.
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