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Abstract

Background: In Brazil, Swartzia Schreb. occurs in almost all phytogeographic domains, but the greatest richness of species is concentrated in
the Amazon.

Question: What are the morphological and anatomical variations of the seeds of species of the Swartzia?

Studied species: Swartzia laevicarpa, Swartzia macrocarpa, Swartzia recurva, and Swartzia sericea.

Study site and dates: The species were collected in the Sustainable Development Reserve of Tupé - AM Brazil, in 2017 and 2018.

Methods: Cross-sections of the seed coat were cut, to observe the characteristics of the seed coat in the hilar region and opposite it. Histoche-
mical tests were performed on the

cross-sections of fresh samples, to verify ergastic substances present in the aril, seed coat and cotyledons.

Results: The seeds have a smooth and membranous seed coat, partially covered by a spongy aril in Swartzia recurva, filamentous in S. laevicar-
pa, S. sericea, and S. macrocarpa. Linear hylum, imperceptible micropyle, cryptoradicular embryo, fleshy cotyledons, containing starch, lipids,
alkaloids, protein and the rudimentary plumule.

Conclusions: Morphological characteristics of the seed, such as shape, color, consistency of the aril and size of the hilum, are important diag-
nostic characters in the recognition of this species in the field, through its respective seeds; in the same way, the information on soil seed bank
is expanded. The presence of fleshy cotyledons indicates and adaptation to the type of environment in which these species occurs, while the
knowledge of ergastic substances present in the aril, seed coat and cotyledons, contributes to the understanding of their germinative processes.

Keywords: Amazon, embryo, hilar seed, Leguminosae.

Resumen

Antecedentes: En Brasil, Swartzia Schreb. esta presente en casi todos los dominios fitogeograficos, siendo Amazonia el lugar con mayor riqueza
de especies del género.

Pregunta: ;Cuales son las caracteristicas morfologicas y anatomicas que permiten diferenciar las semillas de las especies de Swartzia?
Especies de estudio: Swartzia laevicarpa, Swartzia macrocarpa, Swartzia recurva, Swartzia sericea.

Sitio y afios de estudio: Las especies fueron recolectadas en la Reserva de Desenvolvimento Sustentavel do Tupé - AM - Brasil, entre 2017 y
2018.

Métodos: Se realizaron cortes transversales para observar las caracteristicas de la cubierta seminal en la region del hilo y en la region opuesta a
éste. En muestras frescas se realizaron pruebas histoquimicas para determinar la presencia de sustancias ergasticas en el arilo, cubierta seminal
y cotiledones.

Resultados: Las semillas presentan cubierta seminal lisa y membranacea, cubiertas parcialmente por arilo esponjoso en Swartzia recurva y fila-
mentoso en S. laevicarpa, S. sericea 'y S. macrocarpa. Hilo linear y micropila imperceptible. Embrion criptoradicular, compuesto por cotiledones
carnosos con almidon, lipidos, alcaloides y proteinas y plimula rudimentaria.

Conclusiones: Las caracteristicas morfoldgicas de la semilla, como forma, color, presencia del arilo y tamaiio del hilo, son caracteres diagndsti-
cos importantes en el reconocimiento de estas especies en campo, ampliando la informacion sobre el contenido del banco de semillas del suelo.
La presencia de cotiledones carnosos indica una adaptacion al tipo de ambiente donde se desarrollan estas especies. El conocimiento de las
sustancias ergasticas presentes en el arilo, tegumento y cotiledones, contribuye al entendimiento de sus procesos germinativos.

Palabras clave: Amazonia, embrion, Leguminosae, semilla hilar.
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Seed morphoanatomy of the Amazonian species of Swartzia

Morphological studies of seeds and seedlings are impor-
tant in research on the characterization of the soil seed
bank, as well as for assisting in the identification of spe-
cies in studies on natural regeneration of degraded areas
(Araujo-Neto et al. 2002, Ferreira & Baretto 2015). Mor-
phological study of the seeds can also have practical ap-
plications in ecological studies, and in the management
and conservation of the native fauna (Bravato 1974). The
size of the seed and the morphofunctional nature of the
cotyledons (reserve or photosynthesizing) are the two
main characteristics present at the start of the life cycle of
the plants, which evolve in response to strategic changes
that may reflect the ecological and evolutive history of the
plants in relation to their habits (Zanne et al. 2005).

The plants show different strategies, which include the
accumulation of large quantities of compounds that favor
their adaptation to different environments (Buckeridge
et al. 2000). According to Gongalves et al. (2002), infor-
mation on the chemical composition of tropical seeds is
important for understanding their physiological process,
providing more information for agroindustry. It also has
ecological significance, as a source of nutrients for pos-
sible predators and pathogens. According to Hegnauer &
Grayer-Barkmeijer (1993), the study of reserve carbohy-
drates stored in seeds has been applied as a tool for the
taxonomic classification of species of Leguminosae.

In Leguminosae, both the fruits and seeds generally
have particular characteristics, and are important in the
taxonomy of various genera (Lima 1985, Lima 1989,
Barroso et al. 1999, Oliveira 1999, Kirkbride et al. 2003,
Meireles & Tozzi 2008, Leite et al. 2009, Paulino et al.
2010, Cérdula et al. 2014, Pinto et al. 2014).

The genus Swartzia is subordinated to the subfamily
Papilionoideaec which, among the subfamilies of Legu-
minosae, has the highest number of taxa, i.e. around 503
genera and 14,000 species (LPWG 2017). Swartzia, which
belongs to the swartzioid clade, is monophyletic. It is cen-
tered in the neotropical region, predominantly in the Ama-
zon Rainforest, and has around 180 species, which are
distributed in lowland formations from southern Mexico
and the Islands of the Caribbean to the south of Brazil and
Bolivia (Torke & Schaal 2008).

There are 112 species of Swartzia in Brazil, of which
63 are endemic (Flora do Brasil 2020). They are distribu-
ted across all Brazilian phytogeographic domains, but it
is in the Amazon that the greatest wealth of the species is
concentrated; 71 % of the estimated total for Brazil (Flora
do Brasil 2020).

Swartzia is characterized by the morphology of its flow-
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ers, which in the majority of species, have entire calyx a
single white or yellow petal, and dimorphic stamens (Torke
& Schaal 2008). The fruits are dehiscent, monospermic or
polyspermic follicles or legumes, but indehiscent fruits
are also cited for the genus (Cowan 1967), recognized as
mucoid legumes (Barroso et al. 1999, Mansano & Tozzi
2004). They vary in shape, coloration and the presence of
indumentum. The seeds are usually arillate, but the aril
may be absent in some species (Pinto et al. 2012).

Studies on the morphology and anatomy of seeds of
Swartzia species are still scarce, and represent less than
10 % of the 112 species estimated for Brazil to date (Flo-
ra do Brasil 2020). Studies have been conducted on the
morphology of the seed and germination in Swartzia pin-
nata (Vahl) Willd. and Swartzia madagascariensis Desv.
(Corner 1976), S. langsdorffii Raddi (Oliveira 1999), S.
apetala Raddi var. apetala (Gongalves et al. 2008), S. re-
curva Poepp. (Santos et al. 2015), S. laevicarpa Amshoff
(Moreira et al. 1995), S. polyphylla DC., S. recurva Po-
epp., S. reticulata Ducke, S. tessmannii Harms, (Camargo
et al. 2008), S. argentea Benth., S. auriculata Poepp., S.
laevicarpa Amshoff, S. macrocarpa Benth., S. pendula
Benth., S. polyphylla DC., S. recurva Poepp. and S. seri-
cea Vogel (Meirelles & Souza 2015). Of these species, ten
occur in the Amazon region.

The objective of this study is to characterize the mor-
phology and anatomy, and identify the main ergastic
substances of the seeds of Swartzia laevicarpa Amshoff,
Swartzia macrocarpa Spruce ex Benth., Swartzia recur-
va Poepp. and Swartzia sericea Vogel, all of which are
sympatric species restricted to the Amazon Rainforest.
It should be noted that the occurrence of S. macrocarpa
and S. recurva is so far restricted to forests of the Brazil-
ian Amazon (Flora do Brasil 2020). The results obtained
extend the biological knowledge of the species, through
the identification of their seminal structures, and provide
subsidies for understanding the germinative process. They
also contribute to strengthening plans for management
and conservation of the flora and fauna, through support
for the identification of the species in the soil seed bank.

Materials and methods

Study area, species and matrices selected and collection
of botanical material. The matrices were selected in the
Sustainable Development Reserve of Tupé (RDST), lo-
cated west of Manaus/AM, (03° 02’35 S, 60° 15’ 18” W).
The RDST covers an area of around 12,000 hectares and is
comprised of different types of vegetation, such as Campi-
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narana, Terra Firme Forest, and Igapd Forest, with Terra
Firme being the predominant one. The climate is classified
as Am (Koeppen 1948): humid tropical monsoon climate
with rainfall of less than 60 mm. Relative humidity of be-
tween 85 and 90 %, and mean temperatures of 26 to 27 °C
(Scudeller et al. 2005).

The species selected for this study were S. laevicarpa
Amshoff, S. macrocarpa Spruce ex Benth., S. recurva Po-
epp. and S. sericea Vogel and the binomials are in accor-
dance with the treatment of Swartzia in Flora do Brasil
(Flora do Brasil 2020). The matrices were selected based
on the availability of botanical material, among adult indi-
viduals in the flowering and fruiting phenophases.

The collections were performed during 2017 and 2018.
Three individuals of each species were selected for the
collection of botanical material, to be used in the prepa-
ration of exsiccates, for identification, and for obtaining
fruits and seeds. The collected material was identified and
deposited in the Herbarium of the Federal University of
Amazonas (Table 1). Duplicates were sent to the Herbar-
ium of the Rio de Janeiro Botanical Garden - RB (acro-
nyms according to Thiers, continuously updated).

Open fruits still on the tree were collected, with the
seeds exposed, and fruits in which the dehiscence process
was close to occurring, as established by the dimensions,
change in coloration, and swollen appearance of the fruits.
After collection, the fruits were kept at room temperature
and transported to the laboratory for immediate selection
of the mature seeds.

Morphoanatomical and histochemical analysis. For the
morphological and biometric analyses, thirty mature seeds

were obtained, based on the mixing and homogenization
of samples collected from three individuals. The lengths,
widths and thicknesses of the seeds were measured using
a Mitutoyo 150 mm digital pachymeter and the weighed
of fresh material was weight on a Shimadzu BL320H
digital balance with precision of 0.001 g. The length was
measured from the base to the apex of the seed, and the
width and thickness were obtained in the mid region of
the seeds. The region where the hilum is situated was con-
sidered as the base of the seed (Lima 1985). The biometry
data were submitted to non-parametric analysis of vari-
ance (Kruskal-Wallis Test), using the statistical language
R v4.0.2 (R Core Team 2007) and Rstudio v1.1.4. The
level of significance was 0.05.

The shape and color of the seeds and surface of the testa
were observed, measuring the length of the funiculus and
hilum and describing their shapes. The identification of col-
ors of the aril, seed coat and embryo was identified using
the PANTONE scale (www.pantone.com/color-finder), pro-
jected according to the Munsell Color Chart (Cooper 1929).

In the embryo, the position of the hypocotyl-radicular
axis in relation to the cotyledons was observed, as well as
the type of plumule, according to Oliveira (1999). The seed
was considered as having a rudimentary plumule when
there was a small protuberance after the cotyledonary
node, but without differentiation into pinnae and leaflets.

The morphological descriptions and photographic doc-
umentation were performed using a Nikon SMZ25 2x ste-
reomicroscope with an attached Head DS-Fi2 camera, in
addition to a Canon SX60 HS photographic camera.

For the anatomical studies of the seed coat and embryo,
ten seeds of each species were used. The samples were

Table 1. Number of individuals per species, sites of occurrence and the respective vouchers.

S. laevicarpa

S. macrocarpa S. recurva S. sericea

Number of individuals per species 3

Type of vegetation in which it occurs Igapo forest

Vouchers HUAMI10841
HUAM10842

HUAM10848

Igapo forest Terra firme forest Igap¢ forest

HUAM10845 HUAM10844 HUAM10852
HUAM10840 HUAMI10851 HUAM10853
HUAM12042 HUAM12041 HUAM12043
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Table 2. Dimensions and fresh weight of the seeds of S. laevicarpa, S. macrocarpa, S. recurva and S. sericea (N = 30).

Species

Characteristics Swartzia laevicarpa Swartzia macrocarpa Swartzia recurva Swartzia sericea  p — value?
N =30' N =30' N =30' N =30'

‘Weight (g) (a)? (c)? (b) () <0.001
19«5 5+1 8=1 4+1

Length (mm) (a)’ (b)? () (c)’ <0.001
31«5 202 200 18«2

Width (mm) (c)? (a)’ () (by? <0.001
50«1 28 £3 300 22 %2

Thickness (mm) (a) (by? (c)? (b) <0.001
22 £3 13+1 1+0 13+1

! Statistics presented: mean = SD
2 Statistical tests performed: Kruskal-Wallis test

3 Statistical tests performed: Dunn test. Distinct letters differ at a significance level of 0.05

fixed in FAA 70 (Johansen 1940) for 48 hours and kept
in 70 % ethanol solution for subsequent anatomical pro-
cedures. Cross-sections of the seed were cut to observe
the characteristics of the seed coat in the hilar region and
opposite it, as well as longitudinal cuts of the embryo.
For the permanent slide collection, after dehydration in
ethanol series, the material was included in hydroxyethyl
methacrylate (Leica) (Gerlach 1969, modified by Ruzin
1999), and then then sectioned at 8 um in a Leica RM2145
rotary microtome, stained with 0.05 % toluidine blue, pH
4.7 (O’Brien et al. 1964) and mounted in Permount syn-
thetic resin. The observations were performed using an
Axioskop MCB80 Zeiss binocular stereoscopic microscope.

Histochemical tests were performed on the cross-sec-
tions of fresh samples, obtained using a table microtome,
to verify ergastic substances present in the aril, seed coat
and cotyledons. The following reagents were used: Lugol
to detect starch (Jensen 1962), Sudan III for total lipids
(Pearse 1980), iron (IIT) chloride for phenolic compounds
(Johansen 1940), Ponceau xylidine for proteins (O’Brien
& McCully 1981), and Wagner’s for alkaloids (Furr &
Mahlberg 1981). All records were obtained from photo-
micrographs with a Canon PC1252 digital camera coupled
with a Zeiss Primo Star Microlmaging 37081 photomi-
Ccroscope.
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Results

The species studies have fruits of the legume type; the
number of seeds per fruit varies among species, with one
to three seeds in S. laevicarpa fruits, one to two seeds in
S. recurva and S. sericea, and one to seven seeds in S.
macrocarpa fruits.

The seeds presented variation among species in rela-
tion to weight, length, width and thickness, with 19 g, 31
x 50 x 22 mm in S. laevicarpa; 5 g, 20 x 28 x 13 mm in
S. macrocarpa, 8 g, 20 x 30 x 10 mm in S. recurva and
4 ¢, 18 x 22 x 13 mm in S. sericea (Table 2). The only
exception was the thickness measurements for S. macro-
carpa and S. sericea which were similar. Among the four
species, the shape of the seeds ranged from reniform (Fig-
ure 1A-C), oblong (Figure 1B) to oval (Figure 1D); the
seed coloration was light brown and black (7631C, 730C,
7560C, 419C) (Table 3).

The seeds are partially covered by a beige spongy aril
(4237C) in S. recurva (Figure 1C), and a white, filamen-
tous aril (Cool Gray 1C), in S. laevicarpa (Figure 1A), S.
sericea (Figure 1D) and S. macrocarpa (Figure 1B).

The seeds of the species S. laevicarpa, S. macrocarpa,

S. recurva and S. sericea present the following morpho-
logical pattern: presence of the aril, membranous seed



Torres dos Santos Barbosaer al. / Botanical Sciences 99(4): 863-876. 2021

coat; glabrous, filiform funiculus, imperceptible micro-
pyle and linear hilum. The seeds are exotestal, character-
ized by a palisade layer comprised of macrosclereids, with
thick, lignified cell walls, elongated radially, compactly ar-
ranged, forming the exotesta; the mesotesta is comprised
of several layers of parenchymatous cells (Figure 2) and
in S. recurva, groupings of tracheal elements are observed,
with thick walls and spiraled thickening (Figure 2C).

In the four species studied, the absence of a palisade
covering in the hilar region (Figure 3), as well as of a tra-
cheid bar in the subhilar tissue were observed.

In all the species, the embryo is green (360 C), with
fleshy cotyledons, uniseriate cotyledonary epidermis,
cuboid cells, and parenchymatous, homogenous me-
sophyll in S. laevicarpa, S. macrocarpa and S. sericea,
interrupted by groupings of sclereids in S. recurva. The
embryonic axis is straight, and the meristems are visibly
distinct: protoderm, fundamental meristem and procam-
bium (Figure 4). The apical meristems of the stem and
root are distinct, with initial cells with more intense color;

there are no leaf primordia, characterizing the plumule as
rudimentary, and no radicle in differentiation.

The hilum in S. laevicarpa is 1.8 cm long, surrounded
by a slightly prominent border of the same color as the
seed coat (Figure 1A). In S. macrocarpa the hilum has
an average length of 2.5 cm, extending across the entire
width of the seed, characterizing the hilar seed (Figure
1B). S. recurva has a pronounced hilum, with an average
length of 1.2 cm, of the same color as the seed coat (Fig-
ure 1C) and in S. sericea the hilum measures 2.1 cm long,
occupying almost the entire base of the seed (Figure 1D).

Among the four species analyzed, histochemical tests
showed the presence of protein (Figure 5 D-J), lipids (Fig-
ure 5 N) and alkaloids (Figure 5 E-R) in the aril, phenolic
compounds (Figure 5 A-G-M-P) and alkaloids (Figure 5
B-0) in the seed coat, and starch (Figure 5 B-H-O), pro-
tein (Figure 5 C-I-L-Q) and alkaloids (Figure 5 K) in the
cotyledons (Table 3).

The different characteristics between the four species
are highlighted, such as size, shape, color of the seed coat,

Figure 1. Seeds with aril and aril removed: A) S. laevicarpa; B) S. macrocarpa; C) S. recurva; D) S. sericea. ar, aril; h, hilum. Bars A; B; C; D 1 cm.
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type of aril, size of the hilum, size of the funiculus and
type of ergastic substances detected in the aril, seed coat
and cotyledons (Table 3).

Discussion

The dimensions of the seeds varied among the four spe-
cies, with S. laevicarpa having the largest length (3.1
cm), width (5.4 cm) and thickness (2.1 cm) and S. sericea
having the smallest length (1.7 cm); width (2.2 ¢cm) and
thickness (1.3 cm), reinforcing the observations made by
Meirelles & Souza (2015), who highlight that the dimen-
sions of fruits and seeds are highly variable in species of
Swartzia. Among seeds of the same species, a wider range
of measurements for length, width, thickness and weight
was found. Similar behavior was verified by Santos et al.
(2015) for seeds of S. recurva.

The variation in dimensions of seeds of the same spe-
cies, in the present study, can be attributed to the diversity
in size of the fruits and the number of seeds per fruit, as

occurred in S. macrocarpa where the number of seeds per
fruit ranged from one to seven seeds, in S. recurva where
fruits with two seeds were found, and in S. laevicarpa
which had fruits of up to three seeds. According to Harper
et al. (1970), variations in seed size may occur among indi-
viduals of the same species and in the case of polyspermic
fruits, within the same fruit. Harper et al. (1970) also af-
firm that in elongated fruits, the distal and proximal seeds
are generally smaller than the median seeds. An example
of'this is S. macrocarpa, which has elongated, polyspermic
fruits. In tropical arboreal species, there is great variability
in relation to the size of the fruits, number of seeds per
fruit, and size of the seeds (Cruz & Carvalho 2003).
Another characteristic that is shared among seeds of
the four species studied is the presence of the aril, which
is predominant among the species of Swartzia, as the ab-
sence of this structure is mentioned as rare in the genus
(Mansano & Lima 2007). The aril is white, the predomi-
nant coloration for the aril of seeds of Swartzia (Cowan
1967). The variation observed is in the texture and shape,

Figure 2. Cross sections of the seed coat and cotyledon of: A) S. laevicarpa; B) S. macrocarpa; C) S. recurva; D) S. sericea. co, cotyledon; et, exotesta;

mt; mesotesta; te, tracheal elements. Bars A; B; D; 200 pm; C 70 pm.
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Figure 3. Cross sections of the hilar region of seeds of: A) S. laevicarpa; B) S. macrocarpa; C) S. recurva; D) S. sericea. ar, aril; co, cotyledon; et, ex-

otesta; hr, hilar region; mt, mesotesta; te, tracheal elements. Bars A; B; C; D; 200 um.

with a spongy aril in S. recurva and a filamentous aril in
S. laevicarpa, S. macrocarpa and S. sericea. The presence
of the aril in seeds of Leguminosae is considered a char-
acter that supports the identification of some genera of the
family (Barroso et al. 1999, Kirkbride et al. 2003) and in
the present study, it contributes to the identification of the
species.

According to Werker (1997), arils frequently contain
oils and starch; in the present study, lipids were detected
in S. recurva, protein in S. laevicarpa and S. macrocarpa
and alkaloids in S. laevicarpa and S. sericea. According
to Matsuura & Fett-Neto (2015), the presence of alkaloids
and other secondary metabolites in the plants increases

the rates of reproduction, improving the plant’s defenses
against biotic and abiotic stresses or affecting pollinizers
and visitation by seed/fruit dispersers. The occurrence of
alkaloids in the aril of the seeds of S. laevicarpa and S.
sericea analyzed in the present study is an important data
in the biology of these species, as it may be related to the
defense against herbivory. Vaz et al. (2018), affirm that
in Swartzia langsdorffii Raddi, whose diaspore are rich
in secondary compounds, the predation of seeds was not
significant; when this occurred, seeds were only partially
bitten but not completely consumed, suggesting that the
chemical composition of the diaspore may not be adequate
for consumption by vertebrates.
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The presence of secondary compounds in the aril may
also be related to the germinative process of the species,
as verified by Vaz et al. (2016) in seeds of Swartzia langs-
dorffii. These authors observe that seeds sown with aril
reached 33 % germination, while seeds that had the aril
removed had a germination rate of 100 %.

According to Corner (1976), in Leguminosae, the
seeds are exotestal, with a smooth, hard surface, epider-
mis with palisade cells and hypodermis of hourglass cells.
This author also cite that in the seeds of Swartzia pinnata
(Vahl) Willd. the seed coat is membranous, without hypo-
derm. The seeds here analyzed had similar characteristics
to those described by Corner (1976) in that they are ex-
otestal, with smooth surface, (as in Leguminosae), mem-
branous and with absent hypodermis (as in S. pinnata).

In the seed coat of the four species analyzed, the pres-
ence of phenolic compounds was observed. These com-
pounds are known to form a barrier against water loss,
diffusion, and attack by pathogens (McCue et al. 2000).
Phenolics have high antioxidant activity, protecting the
cells against abiotic stress (Swigonska ef al. 2014), as well

as being important in the germinative process for lignifica-
tion of the seedlings (Mng’omba et al. 2007). According
to Werker (1997), these compounds are generally the main
compounds responsible for the black of brown coloration
of the seed coat, a coloration that was also observed in the
species of this study.

In the studies of Meirelles & Souza (2015) on the ger-
mination of S. laevicarpa, S. macrocarpa, S. recurva and
S. sericea, the authors suggest that there is a dormancy
mechanism that is not associated with the hardness or im-
permeability of the seeds of these species, but to other fac-
tors, including the presence of inhibitor substances. The
detection of phenolic and alkaloid compounds in the seeds
of the present study may be associated with one of the dor-
mancy mechanisms cited by the above mentioned authors.

Characteristics of the hilum related to the size, color
and shape are important for identifying their respec-
tive seeds. Swartzia macrocarpa and S. sericea have hi-
lar seeds (2.5 and 2.1cm in length, respectively) which,
according to Corner (1976), are seeds in which most of
the circumference is comprised of hilum, in contrast to

Figure 4. Longitudinal sections of the embryo. A) S. laevicarpa; B) S. macrocarpa; C) S. recurva; D) S. sericea. ams, apical meristem of the stem; arm,

apical meristem of the root; fm, fundamental meristem; pc, procambium; pt, protoderm. Bars A; B; C; D; 400 um.
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Figure 5. Cross sections of seed submitted to histochemical tests. In the seed coat: phenolic compounds in the region of the exotesta and mesotesta in
G (S. macrocarpa) and P (S. sericea); only in the mesotesta in A (S. laevicarpa) and M (S. recurva), bars 150 um. Alkaloid in the mesotesta in B (S.
laevicarpa), bar 150 um, in the mesotesta and exotesta in O (S. sericea), bar 200 um. Lipids in the cotyledonary epidermis in F (arrow) (S. macrocarpa),
bar 70 um; starch in the cotyledon: in B (S. laevicarpa), bar 150 um, H, (S. macrocarpa) bar 70 pm and O (S. sericea), bar 200 pm; protein in C, (S.
laevicarpa) 1, (S. macrocarpa) L, (S. recurva) bars 150 pm and Q, (S. sericea) bar 70 um; alkaloids in K (S. recurva), bar 150 pm; in the aril: protein in
D, (S. laevicarpa) bar 70 um and J, (S. macrocarpa) bar 150 pm; alkaloids in E (S. laevicarpa) and R (S. sericea) and lipid in N, (S. recurva) bar 70 pm.;

ce, cotyledonary epidermis; co, cotyledon; et, exotesta; mt, mesotesta.
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the smaller hilum in S. laevicarpa (1.8 cm) and S. recurva
(1.2 cm). In S. sericea, the color of the hilum, which is
lighter than that of the seed coat, is also a characteristic
that distinguishes it from the other three species studied.
The anatomy of the hilar region in the seeds studied
differs from that found by other authors for species of Pa-
pilionoideae, due to the absence of a palisade layer. Ac-
cording to Kopooshian & Isely (1966) and Corner (1976),
the hilar region in species of this sub-family presents a
double palisade layer, as observed in seeds of Sophora to-
mentosa L. and Erythrina speciosa Andr. (Delgado et al.

family have a straight embryo, as in Arachis where this
character appears to be secondarily derived, and as in vari-
ous genera of Sophoreae, where it is probably primitive.
Kopooshian & Isely (1966) analyzed three undetermined
species of Swartzia, and found both curved and straight
embryos, considering the genus with seeds of intermediate
characteristics to be between the sub-families of Caesal-
pinioideae and Papilionoideae.

Various authors, such as Lima (1989), Lima (1985)
Oliveira (1999), Kirkbride et al. (2003), Meireles & Tozzi
(2008) have emphasized the importance of characteris-

2015), species of Indigofera L. (Teixeira & Corréa 2007)
and in Dipterix odorata (Aubl.) Will. (Bessa et al. 2001).

The crypto-radicular embryo, seen in the four species
studied, is not a common type in Papilionoideae, which
generally have a papilionaceous embryo, in which the
hypocotyl-radicle axis is curved (Barroso et al. 1999). Ac-

cording to Kopooshian & Isely (1966), in Papilionoideae

the embryo is typically curved, but some taxa of the sub-

tics of the embryo in the taxonomy of Leguminosae. Von
Teichman & Van Wyk (1991) affirm that embryological
characteristics are usually constant within genera, acting
as indicators of taxonomic affinities.

In regard to the consistency of the cotyledons, only the
fleshy type was observed in this study, which may be an
adaptative characteristic to Igapd environments, where
three of the four species studied S. laevicarpa, S. mac-

Table 3. Differential seeds characters of S. laevicarpa, S. macrocarpa, S. recurva and S. sericea.

S. laevicarpa

S. macrocarpa

S. recurva S. sericea

Characteristics

Color of the Aril

Color of the Seed Cover Brow (7631C)
Seed Shape Reniform
Type of Aril Filamentous
Hilar Seed No
Size of the funiculus 3.8cm
Ergastic substances Aril Alkaloids
Ergastic substances Seed Phenolic
Coat Compounds

Alkaloids
Ergastic substances Starch
Cotyledons

Protein

White (Cool Gray 1C) White (Color Gray 1C) Beige (4237C)

White (Cool Gray 1C)

Black (419 C) Light Brown Black (419 C)
(7560 C)
Brown (730 C)

Oblong Reniform Oblong
Filamentous Spongy Filamentous
Yes No No
0.8 cm 3.0cm 1.5cm

Protein Lipids Alkaloids
Phenolic Phenolic Phenolic
Compounds Compounds Compounds

Alkaloids
Starch Alkaloids Starch
Protein Protein Protein
Lipids
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rocarpa and S. sericea occur. According to Maia et al.
(2005), in nutrient-poor environments, such as Igap6 areas
alongside blackwater rivers, the initial supply of nutrients
by the mother tree, via reserve storage in the cotyledons,
is crucial for survival.

The ergastic substances, starch, lipids, protein and al-
kaloids detected in the cotyledons of the species of this
study confirm what was reported by other authors on the
occurrence of reserve materials in seeds. Werker (1997)
states that reserve materials in mature seeds are proteins,
lipophilic substances and carbohydrates in the form of
starch grains, and that these substances may be present as
cell wall constituents. Paulino et al. (2010) detected the
presence of alkaloids in cells of the cotyledons of three
species of Indigofera L. and consider this character to have
diagnostic value for this genus. According to Matsuura &
Fett-Neto (2015), the accumulation of defense compounds
in plants, originating from the primary or secondary me-
tabolism (e.g. alkaloids) is closely linked to the survival
strategy in the environment, guaranteeing adequate main-
tenance of the basic activity of the primary metabolism.
The presence of phenolic and alkaloid compounds in all
the seeds studies, whether in the aril, cotyledons or seed
coat, indicates a defense mechanism of these species.

The results presented in this work for S. laevicarpa, S.
macrocarpa, S. recurva and S. sericea highlight the form,
color, consistency of the aril and size of the hilum of the
seeds of these species, as important morphological charac-
teristics for the recognition of these taxa in the field. This
knowledge extends the information on the composition of
the species in the soil seed bank, of the Tupé Sustainable
Development Reserve in relation to species of Swartzia,
which is important, particularly in a conservation area of
the Amazon region.

We also highlight the adaptative relationship between
the type of embryo with fleshy cotyledons and the envi-
ronment occupied by the species studied.

Another important contribution is the current knowl-
edge of the ergastic substances present in the aril, seed
coat and cotyledons, which serve to support studies on
seed dispersal strategies, for a better understanding of the
germinative processes of the seeds and the establishment
of its seedlings, considering that these substances accumu-
lated in the seeds act as storage and defense substances.

Acknowledgements

We thank the team of the Agroforestry Botany Laboratory
of the Federal University of Amazonas for the technical

support and the equipment; M. Viana, for his collaboration
in preparing the slide collection; and Dr. V. Mansano for
the identification of the species.

Literature cited

Aratjo-Neto JC, Aguiar IB, Ferreira VM, Paula RC.
2002. Caracterizacdo morfoldgica de frutos e semen-
tes e desenvolvimento pds-seminal de monjoleiro
(Acacia polyphylla DC.) Revista Brasileira de Semen-
tes 24: 203-211. DOI: https://doi.org/10.1590/S0101-
31222002000100029

Barroso GM, Morim MP, Peixoto AL, Ichaso CLF. 1999.
Leguminosae. /n: Frutos e sementes. Morfologia apli-

cada a sistemdtica de dicotiledéneas. Vigosa: Univer-
sidade Federal de Vigosa, pp. 168-221. ISBN 857-2-
690395

Bessa DTO, Mendonga MS, Aratjo MGP. 2001. Morfo-a-
natomia de sementes de Dipteryx odorata (Aubl.) Will.
(Fabaceae) como contribui¢do ao estudo farmacognos-
tico de plantas da Regido Amazobnica. Acta Amazoni-
ca 31: 357-364. DOI: https://doi.org/10.1590/1809-
43922001313364

Bravato M. 1974. Estudio morfoldgico de frutos y semillas
de las Mimosoideae (Leguminosae) de Venezuela. Acta
Botanica Venezuelica 9: 317-361.

Buckeridge MS, Santos HP, Tiné MAS. 2000. Mobilisation
of storage cell wall polysaccharides in seeds. Plant Phy-
siology and Biochemistry 38: 141-156. DOI: https://doi.
org/10.1016/S0981-9428(00)00162-5

Camargo JLC, Ferraz IDK, Mesquita MR, Santos BA,
Brum HD. 2008. Guia de propagulos & Plantulas da
Amazonia. Manaus, AM: INPA. ISBN 978-85-211-
0041-6

Cooper FG. 1929. Munsell Manual of Color. Baltimore,
Maryland: Munsell Color Company, Inc. 35p.

Cérdula E, Morim MP, Alves M. 2014. Morfologia de fru-
tos e sementes de Fabaceae ocorrentes em uma area

prioritaria para a conservagdo da Caatinga em Pernam-
buco, Brasil. Rodriguésia 65: 505-516. DOI: http://dx.
doi.org/10.1590/S2175-78602014000200012

Corner EJH. 1976. The seeds of dicotyledons. Cambridge:
Cambridge University Press, v1. 311 p. ISBN: 0 521
20688

Cowan RS. 1967. Swartzia (Leguminosae, Caesalpinioi-

deae, Swartzieae). Monograph. Flora Neotropica 1:
1-228.

873


https://doi.org/10.1590/S0101-31222002000100029
https://doi.org/10.1590/S0101-31222002000100029
https://doi.org/10.1590/1809-43922001313364
https://doi.org/10.1590/1809-43922001313364
https://doi.org/10.1016/S0981-9428(00)00162-5
https://doi.org/10.1016/S0981-9428(00)00162-5
http://dx.doi.org/10.1590/S2175-78602014000200012
http://dx.doi.org/10.1590/S2175-78602014000200012

Seed morphoanatomy of the Amazonian species of Swartzia

Cruz ED, Carvalho JEU. 2003. Biometria de frutos e
sementes ¢ germinagdo de curupixa (Micropholis cf.
venulosa Mart. & Eichler - Sapotaceae). Acta Amazoni-
ca 33: 389-398. DOIL: https://doi.org/10.1590/S0044-
59672003000300005

Delgado CML, Paula AS, Santos M, Paulilo TS. 2015.
Dormancy-breaking requirements of Sophora tomento-

sa and Erythrina speciosa (Fabaceae) seeds. Revista de
Biologia Tropical 63: 285-294.

Ferreira RA, Barretto SSB. 2015. Caracterizagdo mor-
fologica de frutos, sementes, plantulas e mudas de
pau-brasil (Caesalpinia echinata Lamarck). Revista
Arvore39:505-512. DOTI: https://doi.org/10.1590/0100-
67622015000300011 _

Flora do Brasil. 2020. Swartzia. Jardim Botanico do Rio
de Janeiro. http://servicos.jbrj.gov.br/flora/search/
Swartzia (accessed March 15, 2021)

Furr M, Mahlberg PG. 1981. Histochemical analyses of
lacticifers and glandular trichomes in Cannabis sativa.
Journal of Natural Products 44: 153-159. DOLI: https://
doi.org/10.1021/np50014a002

Gerlach G. 1969. Botanishe mikrotehnik. Stuttgart: Georg
Thieme Verlag, 311 p.

Gongalves JF de C, Fernandes AV, Oliveira AFM, Ro-
drigues LF, Marenco RA. 2002. Primary metabo-

lism components of seeds from Brazilian Amazon
tree species. Brazilian Journal of Plant Physiology
14: 139-142. DOI: https://doi.org/10.1590/S1677-
04202002000200009

Gongalves IP, Gama MC, Correia MCR, Lima HA. 2008.
Caracterizag@o dos frutos, sementes ¢ germinagdo de
quatro espécies de Leguminosas da Restinga de Ma-
rica, Rio de Janeiro. Rodriguésia 59: 497-512. DOI:
https://doi.org/10.1590/2175-7860200859307

Harper JL, Lovell PH, Moore KG. 1970. The shapes and
sizes of seeds. Annual Review of Ecology and Systema-
tics 1: 327-356. DOL: https://doi.org/10.1146/annurev.
es.01.110170.001551

Hegnauer R, Grayer-Barkmeijer RJ. 1993. Relevance of
seed polysaccharides and flavonoids for the classifica-
tion of the Leguminosae: A chemotaxonomic approach.
Phytochemistr 34: 3-16. DOI: https://doi.org/10.1016/
S0031-9422(00)90776-3

Jensen WA. 1962. Botanical Histochemistry: principles

and practice. San Francisco: WH Freeman, 408p.
Johansen DA. 1940. Plant microtechnique. London: Mc-
Graw-Hill Book Company, Inc. ISBN: 0070325405

874

Kirkbride JH, Gunn CR, Weitzman AL. 2003. Fruits and
Seeds of Genera in the Subfamily Faboideae (Faba-
ceae) Volume 1. Technical Bulletin 1890.

Koeppen W. 1948. Climatologia: com un estudio de los
climas de la tierra. México, DF: Fondo de Cultura
Econoémica.

Kopooshian H, Isely D. 1966. Seed character relationships
in the leguminosae. Proceedings of the lowa Academy
of Science 73: 59-67.

Leite VG, Marquiafavel FS, Moraes DP, Teixeira SP.
2009. Fruit anatomy of neotropical species of Indigo-
fera (Leguminosae, Papilionoideae) with functional
and taxonomic implications. The Journal of the Tor-
rey Botanical Society 136: 203-211. DOI: https://doi.
org/10.3159/08-RA-106.1

Lima MPM. 1985. Morfologia dos frutos e semen-
tes dos géneros da tribo Mimoseae (Leguminosae

- Mimosoideae) aplicada a sistematica. Rodrigué-
sia 37: 53-78. DOIL: http://dx.doi.org/10.1590/2175-
78601985376206

Lima HC. 1989. Tribo Dalbergieae (Leguminosae- Papi-

lionoideae) - morfologia dos frutos, sementes e plantu-
las e sua aplicag@o na sistematica. Arquivos do Jardim
Botdnico do Rio de Janeiro 30: 1-42.

LPWG [The Legume Phylogeny Working Group]. 2017. A
new subfamily classification of the Leguminosae based
on a taxonomically comprehensive phylogeny. Taxon
66: 44-77. DOL: https://doi.org/10.12705/661.3

Maia LA, Maia S, Parolin P. 2005. Seedling morphology
of non-pioneer trees in central amazonian varzea floo-

dplain forests. Ecotropica 11: 1-8.

Mansano VF, Tozzi AMGA. 2004. Swartzia (Legumi-
nosae, Papilionoideae, Swartzieae S.L.) na reserva
natural da Companhia Vale do Rio Doce, Linhares
ES, Brasil. Rodriguésia 55: 95-133. DOI: https://doi.
org/10.1590/2175-78602004558506

Mansano VF, Lima JR. 2007. O Género Swartzia Schreb.
(Leguminosae, Papilionoideae) no Estado do Rio de
Janeiro. Rodriguésia 58: 460-483. DOI: https://doi.
org/10.1590/2175-7860200758217

Matsuura HN, Fett-Neto AG. 2015. Plant alkaloids: main
features, toxicity, and mechanisms of action. /n: Go-

palaKrishnakone P, Carlini CR, Ligabue-Braun R. ed.
Plant Toxin 1-15. DOI: https://doi.org/10.1007/978-94-
007-6728-7 2-1

McCue P, Zheng Z, Pinkham JL, Shetty K. 2000. A mo-
del for enhanced pea seedling vigour following low



https://doi.org/10.1590/S0044-59672003000300005
https://doi.org/10.1590/S0044-59672003000300005
https://doi.org/10.1590/0100-67622015000300011
https://doi.org/10.1590/0100-67622015000300011
http://servicos.jbrj.gov.br/flora/search/Swartzia
http://servicos.jbrj.gov.br/flora/search/Swartzia
https://doi.org/10.1021/np50014a002
https://doi.org/10.1021/np50014a002
https://doi.org/10.1590/S1677-04202002000200009
https://doi.org/10.1590/S1677-04202002000200009
https://doi.org/10.1590/2175-7860200859307
https://doi.org/10.1146/annurev.es.01.110170.001551
https://doi.org/10.1146/annurev.es.01.110170.001551
https://doi.org/10.1016/S0031-9422(00)90776-3
https://doi.org/10.1016/S0031-9422(00)90776-3
https://doi.org/10.3159/08-RA-106.1
https://doi.org/10.3159/08-RA-106.1
http://dx.doi.org/10.1590/2175-78601985376206
http://dx.doi.org/10.1590/2175-78601985376206
https://doi.org/10.12705/661.3
https://doi.org/10.1590/2175-78602004558506
https://doi.org/10.1590/2175-78602004558506
https://doi.org/10.1590/2175-7860200758217
https://doi.org/10.1590/2175-7860200758217
https://doi.org/10.1007/978-94-007-6728-7_2-1
https://doi.org/10.1007/978-94-007-6728-7_2-1

Torres dos Santos Barbosaet al. / Botanical Sciences 99(4): 863-876. 2021

pH and salicylic acid treatments. Process Biochemis-
try 35: 603-613. DOI: https://doi.org/10.1016/S0032-
9592(99)00111-9

Meirelles AC, Souza LAG. 2015. Germinagao natural de
oito espécies de Swartzia (Fabaceae, Faboideae) da

Amazonia. Scientia Amazonia 4: 84-92.

Meireles JE, Tozzi AMGA. 2008. Seed and embryo mor-
phology of Poecilanthe (Fabaceae, Papilionoideae,
Brongniartieae). Botanical Journal of the Linnean
Society 158: 249-256. DOI: https://doi.org/10.1111/j.
1095-8339.2008.00881.x

Mng’omba SA, du Toit ES, Akinnifesi FK. 2007. Germi-
nation characteristics of tree seeds: spotlight on Sou-

thern African tree species. Tree and Forestry Science
and Biotechnology 1: 81-88.

Moreira FW, Moreira FMS, Silva MF. 1995. Germina-
¢do, crescimento inicial ¢ nodulagdo em viveiro de
saboarana (Swartzia laevicarpa Amshoff). Acta Ama-
zonica 25:149-160. DOI: https://doi.org/10.1590/1809-
43921995253160

O’Brien TP, McCully ME. 1981. The study of plant struc-
ture: principles and select methods. Melbourne: Ter-
marcarphi Pty. ISBN: 9780959417418

O’Brien TP, Feder N, McCully ME. 1964. Polychromatic
staining of plant cell-walls by toluidine blue O. Pro-
toplasma 59: 368-373. DOI: https://doi.org/10.1007/
BF01248568

Oliveira DMT. 1999. Morfologia de plantulas e plantas
jovens de 30 espécies arboreas de Leguminosae. Acta
Botanica Brasilica 13: 263-269. DOI: https:/doi.
org/10.1590/S0102-33061999000300006

Paulino JV, Pessine E, Teixeira SP. 2010. Estudos mor-
foanatomicos da semente e da plantula de espécies de

Anileiras (Indigofera L., Leguminosae) Acta Botanica
Brasilica 24:1-7. DOI: https://doi.org/10.1590/S0102-
33062010000100001
Pearse AGE. 1980. Histochemistry theoretical and
ISBN:

applied. Edinburgh: Churchill Livingston.
9780443029974

Pinto RB, Torke BM, Mansano VF. 2012. Updates to the
taxonomy of Swartzia (Leguminosae) in extra-Amazo-
nian Brazil, with description of five new species and a
regional key to the genus. Brittonia 64: 119-138. DOI:
https://doi.org/10.1007/s12228-011-9219-8

Pinto RB, Francisco VMCR, Mansano VF. 2014. Estudo
morfologico de frutos, sementes e embrides na tribo

tropical Dipterygeae (Leguminosae-Papilionoideae).

Rodriguésia 65: 89-097. DOL: https://doi.org/10.1590/
S2175-78602014000100007

R Core Team. 2007. R: a language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. http://www.R-project.org

Ruzin SE. 1999. Plant microtechnique and microscopy.
New York: Oxford University Press, 322p. ISBN: 0 19
508956 1

Santos MA, Braga LF, Rondon Neto RM, Sorato AMC.
2015. Aspectos morfologicos e Fisiologicos da germina-
¢do e morfometria de frutos e sementes de Swartzia re-
curva Poepp. (Fabaceae). Revista Ciéncia e Natura 37:
34-54. DOL: http://dx.doi.org/10.5902/2179460X 17309

Scudeller VV, Aprile FM, Melo S, Santos-Silva EM.
2005. Reserva de Desenvolvimento Sustentavel do
Tupé: caracteristicas gerais. /n: Santos-Silva E, Scu-
deller VV, eds. Biotupé: meio fisico, diversidade bio-

logica e sociocultural do baixo Rio Negro, Amazonia
Central. Manaus, AM: INPA, pp. XI-XXI. ISBN: 85-
211-0023-X

Swigonska S, Amarowicz R, Krdol A, Mostek A, Ba-
dowiec A, Weidner S. 2014. Influence of abiotic
stress during soybean germination followed by reco-
very on the phenolic compounds of radicles and their
antioxidant capacity. Acta Societatis Botanicorum
Poloniae 83: 209-218. DOI: https://doi.org/10.5586/
asbp.2014.026

Teixeira SP, Corréa VMA. 2007. Morfo-anatomia do
envoltorio seminal de espécies brasileiras de Indigo-

fera L. (Leguminosae, Papilionoideae). Rodrigue-
sia 58: 265-273. DOI: https://doi.org/10.1590/2175-
7860200758205

Torke BM, Schaal B. 2008. Molecular phylogenetics of
the swartzioid clade (Leguminosae Papilionoideae) re-

visited and a phylogenetic hypothesis for the species
rich neotropical genus Swartzia. American Journal
of Botany 95: 215-228. https://www.]jstor.org/stab-
1e/27733409

Vaz TAA, Davide AC, Rodrigues-Junior AG, Nakamura
AT, Tonetti OAO, Silva EAA. 2016. Swartzia langs-
dorffii Raddi: morphophysiological traits of a recalci-

trant seed dispersed during the dry season. Seed Scien-
ce Research 26: 47-56. DOI: https://doi.org/10.1017/
S0960258515000380

Vaz TAA, Rodrigues-Junior AG, Davide AC, Nakamura
AT, Toorop PE. 2018. A role for fruit structure in seed
survival and germination of Swartzia langsdorffii Rad-

875


https://doi.org/10.1016/S0032-9592(99)00111-9
https://doi.org/10.1016/S0032-9592(99)00111-9
https://doi.org/10.1111/j.1095-8339.2008.00881.x
https://doi.org/10.1111/j.1095-8339.2008.00881.x
https://doi.org/10.1590/1809-43921995253160
https://doi.org/10.1590/1809-43921995253160
https://doi.org/10.1007/BF01248568
https://doi.org/10.1007/BF01248568
about:blank
https://doi.org/10.1590/S0102-33061999000300006
https://doi.org/10.1590/S0102-33061999000300006
https://doi.org/10.1590/S0102-33062010000100001
https://doi.org/10.1590/S0102-33062010000100001
https://doi.org/10.1007/s12228-011-9219-8
https://doi.org/10.1590/S2175-78602014000100007
https://doi.org/10.1590/S2175-78602014000100007
http://www.R-project.org
http://dx.doi.org/10.5902/2179460X17309
https://doi.org/10.5586/asbp.2014.026
https://doi.org/10.5586/asbp.2014.026
https://doi.org/10.1590/2175-7860200758205
https://doi.org/10.1590/2175-7860200758205
https://www.jstor.org/stable/27733409
https://www.jstor.org/stable/27733409
https://doi.org/10.1017/S0960258515000380
https://doi.org/10.1017/S0960258515000380

Seed morphoanatomy of the Amazonian species of Swartzia

di beyond dispersal. Plant Biology 20: 263-270. DOI: Werker E. 1997. Seed anatomy. Gebriider Borntraeger
https://doi.org/10.1111/plb.12671 Verlagsbuchhandlung. ISBN: 978-3-443-14024-3

Von Teichman I, Van Wyk AE. 1991. Trends in the evo- Zanne AE, Chapman CA, Kitajima K. 2005. Evolutionary
lution of dicotyledonous seeds based on character and ecological correlates of early seedling morpholo-
associations, with special reference to pachychala- gy in East African trees and shubs. American Journal
zy and recalcitrance. Botanical Journal of the Lin- of Botany 92: 972-978. DOI: https://doi.org/10.3732/
nean Society 105: 211-237. DOI: https://doi.or- ajb.92.6.972

g/10.1111/7.1095-8339.1991.tb00205.x

Associate editor: Monserrat Vazquez Sanchez

Author contributions: TC, laboratory work, data analysis, manu-
script writing; MS review, suggestions and corrections; LL labora-
tory work, making figures and tables; Fourth Author M, review, sug-
gestions and corrections.

876


https://doi.org/10.1111/plb.12671
https://doi.org/10.1111/j.1095-8339.1991.tb00205.x
https://doi.org/10.1111/j.1095-8339.1991.tb00205.x
https://doi.org/10.3732/ajb.92.6.972
https://doi.org/10.3732/ajb.92.6.972

	Materials and methods
	Results
	Discussion

