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ABSTRACT

The Cerrado biome has several species that can generate income, and the caja-manga is one of these native specie
with great potential but with scarce information about its morphological characterization. Thus, this work aimed to
characterize the fruit, endocarp, seeds, and seedlings of caja-manga morphal®ge#liits were evaluated by the
characteristics of the length, width, and diameter of the fruit, endocarp, and seeds, the number of loculi, and the weight
of fruits and endocarp. The plantlets were evaluated for the number of seedlings per endocarp, number of leaflets,
number of leaflets of the 3rd and 4th leaves, stem dianteteth of the shoot and root, root and shoot dry matter and
data analyzed by descriptive analysis. The morphometric characteristics of the fruits, endocarp, and seeds were analyzed
using the Scott-Knott test. The morphological characteristics of the fruits, the endocarps, the seeds, and the plantlets
of cajad-manga varied within the mother plants. These results can be used as a basis for future selection of plants with
desirable characteristics on breeding programs.
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INTRODUCTION Indo-Malaysia region ofahiti, and it ca be found ir\sia,
Brazil has a diversity of plant species through its corfustralia, Central and Soutimerica, the Caribbean, and

tinental extension and geographical location and a grégﬁrts ofAfrica. In Brazil, this fruit tree is spread in almost the
variation of climate and soil that make this territory suitabl@ntiré national territoryout it is predominant in the Midwest
for the exploitation of natural resources with potentigtnd Northeast regions (Sanévsl, 2010; Silvaet al, 2014).
economic value (Silvat al, 2014). The type of the fruits is ellipsoidal drupe and they are

The fruit species that occur in the different BraziliarPresented in the form of clusters, varying in quantitth
biomes have the potential to be exploited sustainably aR@me protuberances and length of 6-9 cm, besides thin
be inserted into the economic market through foodnd firm skin. The fruits are climacteric, they naturally fall
production or as a source of raw material for pharmaceutidepm the tree when are fully developed and the epidermis
and cosmetic industries. Howeydurther studies are turnsinto golden yellow color as they become ripe (Freitas
needed, leading to the development of techniques thaMattieto, 2013)The pulp is fleshyfibrous, not too acid,
can allow commercial production and subsequent insertiand it has a strong smell; while the endocarp is large, white,
of these species in the market (Damgtral, 2011). and it has in its structure rigid and thick fibers that penetrate

Among the species with economic potential in Brazildirectly into the pulp (Silvet al, 2014). The seeds have
there is the caja-mang&gondias dulcjs which can be physical and physiological dormandybeing necessary
also known as tapereba or cajarana, among other poputemploy pre-germinative techniques to overcoming it
names. Exotic in Brazil, this species has its origin in th&ouzzaet al.,2020).
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The phenotypic characterization of mother plants isubjected to extraction of the endocarp with the aid of a
important to select, identifand indicate the best materialsknife and running watelas recommended for the genus
to cultivate perennial species (Farias Net@l, 2004). SpondiagBrasil, 2013).

The quality of these fruits is correlated with their To countthe numbers of loculi per endocarp, the stones
morphologymaking it necessary to carry out morphometrigvere sawn in half using a 12Fixed SawArch without
studies of the fruit, endocarp, and seeds. In certatamaging the seedsfter visual analysis of the diaspore,
circumstances, there is only the fruit, the seed, or thiee average percentage of loculi and seeds per endocarp
seedling for its recognition (Santesal., 2010). was calculated, which were extracted with the aid of

Morphological knowledge of fruits, seeds, andweezers. The seeds were evaluated for the length, the
seedlings of caja-manga are scarce, requiring studieswimth, and the diameter with the aid of a digital caliper with
identify and optimize the domestication process. Therefora precision of 0.01 mm.
the objective of this work was to characterize The morphological analysis of seedlings was
morphometrically the fruit, the endocarp, the seeds, aperformed in a greenhouse and the plantlets were kept

the seedlings of caja-manga. under controlled irrigation twice a day for ten minutes.
One hundred seeds were sown in an expanded polystyrene
MATERIAL AND METHODS tray (35 x 25 x 5 cm) over a uniform layer with 20 cm of moist

The fruits of caja-mangaSpondias dulciswere sand and covered with a layer of 3 cm. The emergence was
harvested from six mother plants distanced 3.5 km froevaluated every five days, considering the seeds that
each other (@ble 1), on natural vegetation that occurregroduced plantlets with normal characteristics. Sixty days
on the municipality of Jatai — GO, whose annual averagéter the emergence, the plantlets were analyzed for the
temperature is 23 °C and the rainfall is 1700 mm. Heigihumber of seedlings, the number of seedlings per endocarp,
measurements were made for each plant and the number of leaflets, the number of 3rd and 4th leaves
hypsometric height estimate was based on the methiedflets, the shoot height, the stem diaméterroot length,
proposed by Batista (1998), ranging from 14.5 to 22.0 rthe root and shoot dry matter
and measurements of diameter at breast height (DBH) For the morphological study of the seedlings, the
measurethrough the circumference at breast height (CBHJescriptions were made with the aid of a binocular
at 1.30 m, whose data were obtained using the formugereomicroscope and a digital camera. The structures of
DBH = CBH/m, standing between 60.2 and 73.0 cm. the seedlings were measured with a digital caliper and a

The harvest was performed manually with the aid of aler graduated in centimeters. The measurements of width,
hook and only fully ripe fruits with the peel completelylength and diameter were always performed in the median
yellow were harvested. Subsequentlye fruits were region of the seedling and at the root, 2 mm below the
placed into plastic boxes (55 x 36 x 31 cm) and transporteédnsition zone. The length measurements were particular
to the laboratory of the Federal University of Jatali. for each structure: the first leaf and the central leaflet were

For the morphometric analysis, 100 fruits per plant weraeasured from the base of the petiole to the apex; the first
used, in which the length, the width, the diametad the leaf and the central leaflet were measured from the base of
weight of fruits and endocarps were evaluated. Thee petiole to the apex of the cotyledon, the stem was
measurements were performed with the aid of a digitaleasured from the collar to the insertion of the cotyledons;
caliper with a precision of 0.01 mm and the weight waand the root was measured from the apex to the collar
obtained in an analytical scale with a precision of 0.01g.  After the length evaluation, the seedlings were

For the extraction of the endocarp, the fruits wereieighed on a precision scale. The weight of fresh matter
cleaned by immersion and spray and sanitized in a soluti@seedling) was obtained through the quotient between
of 2% sodium hypochlorite for 15 minutes. The fruits weréhe sum of the weight of normal seedlings, divided by the

Table 1: Georeferencing of the mother plants and measurements of height (H) and Diameter at Breast Height $p&ht)ia
dulcis plants

Mother Plant Geographic coordinates DBH (cm) H (m)
1 17°52'47"S 51° 44'06"O 62.2 14.5
2 17°54'55"S 51°44°05"0 65.0 18.5
3 17°53'51"S 51°43'24"0 60.4 16.0
4 17°51'39 “S 51°43'45"0 73.0 22.0
5 17°53'06"S 51°43'32"0 64.0 15.0
6 17°53'57"S 51°44’'05"0 60.2 18.0
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number of seedlings in the samfle determine the weight in which the fruits are globose, oblong, ellipsoid and
of dry mattey the seedlings were taken in an oven witloblong-ovoid to obovoid as reported by Herretaal
forced air circulation in paper bags at 65 * 2 °C, for 7018) and Bohra &/aman (2017).
hours and weighed on a precision scale (0.0019). When evaluating the fruit measurements, it is possible
The experiment was conducted in a completelio observe that these characteristics varied among the
randomized design. The obtained data were subjectedplants. The mother plant 5 has fruits with greater length,
the test of normality and homogeneity the analysis of width, diameter and weight, 76.59 mm, 56.98 mm, 54.91 mm
variance and tested by the F test. The averages warel 145.18 g, respectively; howeyvigrdid not difer in
compared using the Scott-Knott test (p < 0.01) in theidth and fresh weight of the fruits from the mother plant

software RBio (Bhering, 2017). 4, which presented 54.29 mm and 131.82 g, respectively
(Table 2).The variability in the fruit size allows selecting
RESULTSAND DISCUSSION mother plants with better quality to implant commercial
The fruits of the cajd-manga type are drupe ovoidyrchards (Soared al, 2006).
with yellow gold color at physiological maturjtthey The length, diameter and weight values found in this

have a smooth epidermis that varies from yellow to oranggudy were similar to those evaluated by Chaves Neto &
the mesocarp is fleshy with yellow colguicy pulp and Silva (2019), forS. dulcisfruits harvested in a mature
bittersweet flavor (Figure 1 A and B).These stage in different microregions of Paraiba, who has moist
characteristics are consistent with the geBpendias and hot weathemwith 65.64; 51.31 mm and 99.82 g,
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Figure 1: Morphological aspects of fruit, endocarp, seed, and seedlings of cajad-manga. (A) Front view of the fruit; (B) Cross-section
of the fruit; (C) dorsal view of the outside of the seed; (D) Dorsal view of the seed embryo; (E) Seedling.
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respectively These values are also similar to those All structures up to the seed are characterized by making
measured by Bohra Waman (2017), in fruits harvestedit difficult to germinate, constituting a physical barrier that
from S. dulcign domestic orchards in India, with a tropi-prevents oxygen and water from entering the embryo. The
cal climate and high temperatures, whose values wdmver weight of the endocarps correlates with a greater
15.70,14.10 mmand 61.45 g. amount of weight of the fruits, an important factor for the
The fruits ofSpondias dulcisre more elongated andfood industry (Cavalcantet al.,, 2009; Carvalho &
wider, consequentlythey are lager than other species of Nakagawa, 2012; Quadresal, 2015).
the genusSpondias This fact is corroborated when  The size of the endocarps varied between the plants,
compared to the fruits of umbu-cajazei&péndiasp.) in which those from the mother plant 4 showed higher
from the semi-arid region of Bahia, which it had an averagelues for length, width, diametend fresh weight, 29.76
of 40.37, 32.34 mm and 16.27 g for length, diameted mm, 28.53 mm, 28.34 mm and 18.52 g, respectively; hoyever
weight, respectively (Limat al, 2015), Dutr&t al (2017), it did not differ from the fresh weight of those from mother
also found that umbuzeiro fruit§.(tuberospfrom the plant5, in which 17.24 g were founcafdle 2).
semi-arid region had smaller width values than were The measurements of the length, the diameter and the
evaluated in this work, 37.10 mm. That difference in thigesh weight of the endocarps were higher when compared
size can be also due to the environment of the areastofother species from the same genus, as§fanombin
collect since this species is well grown in regions witlkevaluated by Marques al (2018), which it was 30.38 mm,
average temperatures close to 25 °C and with high rainfa.11 mm and 4.98 g, respectivelgnd for fruits ofS.
index (Hayatet al, 2019). tuberosaevaluated by Dutrat al (2017), with 24.45 mm,
Larger fruits with greater length and width are importarit1.91 mm and 2.54 g, respectivd@lfe size of the fruit and
for commercialization and to be used by the industry fandocarp can be an important characteristic to differentiate
the production of products such as ice cream and popsictee S. dulcisfrom other species of the gen8pondias
(Limaet al, 2015; Nascimentet al, 2014). It should also since their size is greater than the others of the genus.
be noted that the dimensions of fresh fruits are important Regarding the pulp weight, the mother plant 5 had an
characteristics for the processing industry and also fawverage of 127.94 g, howeyérdid not difer from the
the acceptability of these fruits by the consumer markenother plant 4, which has an averageld.20 g (&ble 2).
The knowledge of these characteristics helps to identifyccording to Costat al (2015), different values for some
and select genotypes with great potential (Létregl, 2015). characteristics, such as pulp weight, can be influenced by
The average weight values of the fruits are an importattite soil, environmental conditions, age of the plants and
characteristic for the fresh fruit market since the fruits witalso by the genetic difference, and this characteristic is
the highest weights are also those of the largest sizéaportant to select plants with fruits with better quality
which are the most attractive for consumers. Bet@ Damianiet al.(2011), evaluating. dulcigoulps reported a
(2000) classified fruits for the gen@pondiasas large pulp yield of 61.02%, which consisted of 87.4 g of pulp.
(fresh weight > 15 g), medium (between 12 and 15 g), ahima et al. (2015), and Marquest al. (2018), evauating
small (weight < 12 g). Based on this classification, all moth&pondiasp. ands. mombiriruits founded pulp weight of
plants produced lge fruits. Howeverthe average fresh 16.27 g and 7.80 g, respectiveishich are lower than those
weight of fruits is a flexible characteristic that can varyound in this study for the weight &. dulcispulp. It
from species to species within the genus and when thieylicates that was high variability within the genus and
reach their full physiological development, as reported tthe specie, and through this variation is possible to select
Gondimet al (2013) on their work with umbu-cajazeiraplants that produce fruits with high industry yield.
(Spondiassp.). For the number of loculi, it was verified that the mother
The endocarp, popularly known as “stone”, is of thelant 5 presented endocarps with a larger number of loculi,
nuculanium type, is characterized by being large, creamith 4.9; howeverthere was no diérence from the mother
white, subero-lignified with rigid fibers wrapped aroundplant 4, in which an average of 4.4 loculi was fouratb(@ 2).
the seeds. These characteristics were reported by Qua-This characteristic can vary from species within the
droset al (2015) in the characterization of five mothersame genus and can help to characterize different species
plants ofSpondias mombjrocated in the physical basefrom the genusSpondiagSouzaet al, 2000), as it was
of Embrap@mazénia Oriental. Herrest al (2018) reported possible to the speci& mombinin which were founded
in their review of the morphology and anatomy ofruits with 4.92 and 5.14 loculi by Quadretsal.(2015), 4.9
Anarcadiaceae fruits, that the surface of the endocarp hast.4 by Marquest al. (2018), and 3.0 to 4.0 loculi by
long, longitudinal and thick fibers forming bristles thatSouzeet al.(2000). Brito Netet al (2009), founded fruits
penetrate the parenchyma, in which a peripheral fibrow$ S. tuberosawith 1.0 loculi per endocarp. The loculi
network can be formed around. number is related to the number of seeds per endocarp and
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can help to select fruits that produce more seeds and dsvelopment of seedling helps to differentiate the
it on the propagation of the species. taxonomic characteristics of the species that are similar to
The seeds are claviform, elongated, with the integumea&ch other and in studies of seed technglsggh as
differentiated into two membranaceous structures, tedests to evaluate germination and vigor (Séval, 2008).
(cream color) and tegmen. The embryo is axial, similarto The emergence of caja-manga is of the epigeous
the seed, and with a light cream colbie cotyledons are phanerocotyledonal type. The endocarp can have more
flat and fleshy (Figure 1 — C and D). than one seed, the protrusion of the primary root is
In the morphological analysis, it was verified 24% osurrounded by the fibers of the endocarp, and more than
germination and an average of 1.42 seedlings per endocanpe root can emerge in the truncated or flattened part of
Each seedling had an average of 6 leaves, the numbettef endocarp (Azevedst al, 2004). Initially the root is
leaflets on the 3rd and 4th leaves was 3.58 and 3.42. It wagdindrical, glabrous, and hyaline; at this stage, the
observed that the leaves are alternated, lanceolate, g@ndtrusion of the hypocotyl was observed in a curved
have 3 to 5 leaflets per leaf at 60 days after sowing. Tfem at the same end where the protrusion of the root
first pair of foliage leaves are composed, trifoliate, oppositeccurs. In the evaluation of the seedlings, it was possible
and straight. The leaflets are sessile, green, with batihidentify the emergence of more than one normal seedling
smooth faces, with the main vein; lance-shaped, acute apeer endocarp. Howevesnly one seedling had a vigorous
and serrated margins. The second pair of foliage leadot, larger size, and presence of secondary roots, a fact
develops alternatelys composed, unpaired, with five also reported by Mitchell & Daly (2015) for this same
leaflets, similar to the first pai€Cotyledons are opposite, species.
linear, green, and sessile (Figure 1 - E). The biometrical characterization of fruits is an important
The shoot height, stem diametand root length tool to determine the genetic variability between subjects
presented average values of 37.49, 2.57, and 10.32 nfrom the same species and support breeding programs (Lou-
respectivelyThe dry weight of root and shoot was 0.2Gencoet al.,2013). Thus, the results obtained on this work
and 0.20 g/seedling respectivelyThe morphological will contribute significantly to the spread of scientific
study of seedlings is a determining factor for the knowledd@owledge regarding this species and to the formation of
of the vegetative cycle of the species. Observing tlerchards that will produce fruits with high quality

Table 2: Fruit length (FL), fruit width (FW), fruit diameter (FD), fresh fruit weight (FFW), endocarp length (EL), endocarp width
(EW), endocarp diameter (ED), fresh endocarp weight (FEW), weight of the pulp (WP) and number of loculi (NL) of one hundred
caja-manga fruits obtained from six mother plants

Mother plant FL (mm) FW (mm) FD (mm) FFW (g) B

1 71.22b 50.38 b 47.83 ¢ 89.77b 26.05¢c
2 59.30d 41.47 c 40.26 d 70.79 ¢ 23.98 d
3 64.91c 50.75 b 4753 c¢c 110.33 b 27.17b
4 72.74 b 54.29 a 51.60 b 131.82 a 29.76 a
5 76.59 a 56.98 a 54.91a 145.18 a 25.85¢C
6 70.07 b 49.85b 48.89 c 101.85b 28.07b
Overall 69.14 50.62 48.50 108.29 26.81
CV (%) 6.27 6.84 4.22 18.57 4.42
Standard deviation 7.00 5.86 4.91 31.60 2.15
Mother plant EW (mm) ED (mm) FEW (g) WP (g) NL

1 23.12¢ 22.80¢c 11.30c 78.47b 3.8b
2 22.06d 2191c 9.89c¢c 60.89 ¢ 33c

3 25.27b 2551b 1350 b 96.83 b 3.8b
4 28.53a 28.34a 18.52 a 113.30 a 44 a

5 23.63 ¢ 24.75b 17.24 a 127.94 a 49a

6 2459 b 25.28 b 13.89b 87.95b 31lc
Overall 24.53 24.77 14.06 94.23 3.88
CV (%) 4.85 4.74 17.53 21.76 22.20
Standard deviation 2.36 2.36 3.86 29.62 0.99

Averages followed by the same letter in the column are nfareift by the Scott-Knott test (® 0.01).
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CONCLUSIONS Dutra F\ CardosoAD, Morais OM,VianaAES, MeloTL & Junior
) o ) NDSC (2017) Caracteristicas fisicas e quimicas de acessos de
The morphological description of the fruits, the umbuzeiros $pondias tubesaArr. Cam). Revista de Ciéncias

endocarps, the seeds, and the plantlets of caja-mangagrarias, 40:140-149.

indicates that the characteristics vary between the plantgrias Neto JTD, Carvalho JUD & Muller CH (2004) Estimativas
i . i . de correlacdo e repetibilidade para caracteres do fruto de
The results of morphological characterization will be pacuyrizeiro. Ciencia @grotecnologia, 300-305.

used as a basis for future selection of plants with desiraligiias ppcc & Mattietto RDA (2013) Ideal sweetness of mixed
characteristics on breeding programs and could contributguices fromAmazon fruits. Food Science arfiechnology

to species conservation. 33:148-154.
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