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Structures related to resprouting potential
of two Myrtaceae species from Cerrado:
morpho-anatomical and chemical studies
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Abstract: Resprouting is a functional trait in species which occur in fire-prone
ecosystems. These plants can resprout from aerial buds and by recruiting belowground
bud bank using carbohydrates allocated in roots as resource. In this study, we present
morpho-anatomical features and chemical composition related to the resprouting
potential of two species of Eugenia L. in an area of the Cerrado (Brazilian savanna) under
regeneration, after the clear-cutting of Pinus sp. with the later burning of pine needles
layer. We used standard histological techniques for belowground organs analysis and
aerial buds protection degree. Belowground buds in layer from soil surface down to 10
depth were counted and the chemical analyses were performed on roots. In all aerial
buds, there were relevant protection traits. The belowground organ is a sobole and the
number of buds in its upper portion varied from 24 to 517 between individuals of both
species. Phenolic compounds, flavonoids, starch and other carbohydrates were detected
in roots. The protection of aerial buds, the large number of belowground buds and the
storing and protective compounds may have favored the resprouting of the species in
the area.

Key words: accessory buds, bud bank, Brazilian savanna, Colleters, Eugenia dysenterica,
Eugenia punicifolia.

INTRODUCTION

The ability of resprouting in response to
environmental disturbances is currently
recognized as a key functional trait among woody
species and as basis of resilience of these plants
in the environment. This ability is determined by
the development, protection degree and viability
of a bud bank (Clarke et al. 2013), which refers to
buds in both aerial and belowground systems
(KlimeSova & Klimes 2007). The knowledge of
location and protection degree of these buds
is important to better understanding of the
regeneration mechanisms (Vesk & Westoby
2004). In fire-prone ecosystems, like the Brazilian

Cerrado, fire events occur frequently, and
vegetation is modified as a consequence of the
damage or loss of plants aboveground biomass
(Clarke et al. 2013, Pereira-Junior et al. 2014).
Resprouting from aerial buds has advantage
over resprouting from buds allocated in
belowground organs (Burrows & Chisnall 2016)
for providing a rapid growth in height. However,
especially in woody plants, aerial buds require
greater protection (Charles-Dominique et al.
2015), which can be conferred, for example, by
a thick bark (Burrows & Chisnall 2016), even
though this is not an autonomous attribute
(Charles-Dominique et al. 2015). In general,
these buds have any of these protection traits:
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scales, stipules, base of corresponding leaf
(Bell et al. 1999), epidermal appendices, such as
trichomes (Burrows 2008) and colleters (Silva et
al. 2012), as well as the presence of stone cells,
phenolic compounds, crystals, lipids and thick
cuticle (Bell et al. 1999) and can regenerate their
aerial shoots after disturbances from axillary
and accessory buds (Burrows 2008).

Plants responses to that disturbance are
yielded by traits developed along evolutionary
history (Simon et al. 2009), for example, the
recruitment of a belowground bud bank
(KlimeSova & Klimes$ 2007), that promote
persistence and aboveground biomass
regeneration, restoring vegetation (Rodrigues et
al. 2004, De Moraes et al. 2016, Paula et al. 2016).
This bud bank can be allocated in different
belowground organs, which are protected by
soil, an excellent thermal insulator (Clarke et
al. 2013, Pausas et al. 2018). Lignotubers, more
common in ecosystems where fires of high-
intensity are frequent (Paula et al. 2016), exhibit
a large number of buds with high protection
degree as observed in Western Australian Qil
Mallee (Wildy & Pate 2002).

For resprouting after disturbance not only
bud bank is necessary but also storage of
carbohydrates. When the photosynthetically
active tissue are absent, the storage compounds,
such as glucose, fructose, sucrose, maltose,
raffinose, inulin and levan type fructans, malto-
oligosaccharides and, more frequently, starch,
are the main carbohydrates in Cerrado species,
which are mobilized for resprouting after
disturbance (Bombo et al. 2014, De Moraes et
al. 2016, Filartiga et al. 2017a, Pausas et al. 2018).
In addition to supplying energy for resprouting,
some carbohydrates may offer an alternative
mechanism for osmoregulation, protecting
plants against low temperatures (Asega et al.
2011) and hydric deficit (Dias-Tagliacozzo et al.
2004, De Moraes et al. 2016).

RESPROUTING OF TWO Eugenia SPECIES FROM CERRADO

Individuals from several botanical families
worldwide have the ability to regenerate their
photosynthetic shoots in fire-prone ecosystems
(Burrows 2008, Burrows et al. 2008). However,
despite the effort to understand morpho-
anatomical traits of plants from Cerrado, only
a small number of species were analyzed in
previous studies conducted on Apocynaceae
(Appezzato-da-Gloria & Estelita 2000b, Lopes-
Mattos et al. 2013), Asteraceae (Appezzato-da-
Gloria & Cury 2011, Bombo et al. 2014), Fabaceae
(Milanez & Moraes-Dallaqua 2003), Rutaceae
(Rodrigues et al. 2004, Hayashi & Appezzato-da-
Gloria 2009) and Smilacaceae species (Martins
et al. 2010a). There is no information about
resprouting mechanisms in Myrtaceae from
Cerrado even if it is one of the most important
botanical family in this domain (Fiaschi & Pirani
2009) with 21 genera and approximately 344
described species (Mendonca et al. 2008). Brum
et al. (2017) described sobole in Campomanesia
pubescens (DC.) O. Berg (Myrtaceae) but without
anatomical analyses. Due the lack of information
of Brazilian Myrtaceae species regarding its
adaptive aspects, mainly in the Cerrado, we
evaluated morpho-anatomical traits and
chemical composition related to buds protection
and resprouting potential of two species of the
genus Eugenia L. - Eugenia dysenterica (Mart.)
DC. and E. punicifolia (Kunth).

MATERIALS AND METHODS
Study site and sampling

The study was conducted in a Cerrado region
under regeneration, at the ecological station
of Santa Barbara, at Aguas de Santa Barbara
municipality, Sao Paulo State, Brazil (22948'59"S;
4991412"W). In 2012, Pinus sp. trees were
removed after cultivation since the 1970s and
the layer of pine needles was burned in 2014.
Species of Eugenia dysenterica (Mart.) DC. and
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E. punicifolia (Kunth) DC. (Myrtaceae) were
selected due the large number of resprouted
individuals in the area after the fire event (Pilon
and Durigan, personal communication). These
species are perennial, native and endemic of
Brazil. The habit varies between shrub and tree
in E. dysenterica and, shrub and subshrub in
E. punicifolia (Sobral et al. 2015). Both species
occurs in Caatinga, Central Brazilian Savanna and
Atlantic Rainforest phytogeographic domains
(Sobral et al. 2015). The material was identified
and deposited at the herbarium ESA under the
numbers 140288, 140289, 140286 and 140287.

Light and scanning electron microscopy
analysis

Bud protection

Three branches with apical buds and three
subsequent nodal regions of three individuals
of each species were fixed in FAA 50 (1:1:18;
formaldehyde, glacial acetic acid and 50%
ethanol) (Johansen 1940) for 48 h, dehydrated
in a graded ethanol series and included in
plastic resin Leica’. Longitudinal sections were
obtained using a Leica 2025 rotary microtome
with disposable steel knives at 7 pm. The
sections were stained with 0.05% toluidine
blue in phosphate-citrate buffer, pH 4.5 (Sakai
1973) and mounted in Entellan” synthetic resin
(Merck”) for histological analysis. Other sections
were subjected to the test with Sudan IV for
total lipids (Jensen 1962), and ferric chloride
for phenolic compounds (Johansen 1940). To
detect cellulose, we used Calcofluor White M2R
fluorochrome (Hughes & McCully 1975) and
analysis in an epifluorescence microscope using
filter A (Excitation 325-375 nm, Emission 435-485
nm).

RESPROUTING OF TWO Eugenia SPECIES FROM CERRADO

Colleters

Five branches with apical bud and three
subsequent nodal regions were collected
from three individuals of each species. For the
histological analyses, samples were fixed in
Karnovsky solution (Karnovsky 1965) for 48 h
and processed as described on previous topic.
Part of the cross-sectional and longitudinal
sections were stained with 0.05% toluidine blue
in phosphate buffer and citrate pH 4.5 (Sakai
1973) and mounted in Entellan® synthetic resin
(Merck®). Other sections were subjected to tests
with Aniline blue black to identify the presence
of protein compounds (Fisher 1968), ruthenium
red for acidic mucilage (Gregory & Baas 1989),
PAS reagent for total polysaccharides (Periodic
Acid-Schiff) (McManus 1948) and ferric chloride
for phenolic compounds (Johansen 1940). Fresh
samples were also submitted to ruthenium
red reagent. For Scanning Electron Microscope
(SEM), samples were fixed in Karnovsky solution
(Karnovsky 1965), dehydrated in a graded ethanol
series, critical-point dried using CO, (Horridge &
Tamm 1969), mounted on aluminum stubs and
coated with a thin layer (30-40 nm) of gold. The
observations and eletromicrographs were made
by SEM model LEO VP 435 (Zeiss, Oberkochen,
Germany), operated at 20 kV, with scales directly
printed.

Belowground system

Cross and longitudinal sections of different
regions of the belowground organs of three
individuals of both species, still fresh, were
made using a sliding microtome (Leica SM2000
R) with disposable steel knives to identify the
anatomical structure and carry out the following
histochemical tests: Sudan IV (Jensen 1962) and
Sudan Black B (Pearse 1968) for total lipids;
ruthenium red for acidic mucilage (Gregory
& Baas 1989); zinc chloride iodine for starch
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grains (Strasburger 1913) and ferric chloride for
phenolic compounds (Johansen 1940). Some
root samples were fixed in formalin-ferrous
sulphate for detection of phenolic compounds
(Johansen 1940). Samples of different regions of
belowground systems with buds were fixed in
FAA 50 (Johansen 1940) for 48 h and processed as
described in topic 1. The sections were stained
with 0.25% safranin (Gerlach 1984, modified) and
1% alcian blue (Luque et al. 1996) and mounted
in Entellan” synthetic resin (Merck”).

For all items above, control sections
were carried out as the standard procedure
to confirm the histochemical tests. Digital
photomicrographs were obtained using a Leica
DMLB microscope and Leica DFC310 Fx camera.
LAS 4.0 software (Leica) was used for image
analysis. Some images were obtained with
polarized light.

Belowground bud bank

The belowground bud bank was evaluated in
layer from soil surface down to 10 cm depth
where most buds are found in belowground
systems in the Cerrado (Appezzato-da-Gloria
2015 and literature cited). Evaluation and count
was performed in belowground systems of three
individuals of each species using an Opton
Trinocular Stereoscopic Microscope. Digital
images were obtained using a Leica DFC295
camera coupled to a Leica M205 C Stereoscopic
Microscope. After counting, samples with buds
were separated for the anatomical studies
described above.

Chemical analyses of roots

Root samples from three individuals of each
species were sectioned with a microtome and
milled. The samples were dissolved in ultrapure
water and vacuum-filtered in cellulose nitrate
Millipore membrane with 0.45 ym pore diameter.
The filtrate was treated with an aluminum-based
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bleaching mixture to reduce influence of
pigments in total carbohydrate quantification.
Total carbohydrate contents were analyzed
by the phenol-sulphuric method (Dubois et
al. 1956). The curve was made with glucose as
standard and the results expressed as g of
carbohydrate per 100 g of roots.

Then5gofthe milled sampleswere extracted
in ethanol using Sohxlet apparatus (Ferraz et
al. 2000). Total phenolics and flavonoids were
quantified from the ethanolic extracts.

The total phenolics were determined by
mixing 100 pL of the ethanolic extract of samples
with 900 pL of ultrapure water. Then, we added
0.5 mL of Folin-Ciocalteu reagent diluted at 1:10
(v/v)in ultrapure water. After 40 min, 2.5 mL of 4%
Na,CO, (m/v) was added and the readings were
made in UV-visible spectrophotometer at 725
nm. The results were expressed as micrograms
of tannic acid equivalent (TAE) per 100 g of roots.

Total flavonoids were determined using a
solution with 0.5 mL of ethanolic extract, 4.3 mL
of 80% ethanol (v/v), 01 mL of 10% AL(NO,), (m/v)
and 0.1 mL potassium acetate (1 mol ). After 40
min at rest at room temperature, absorbance
was read in UV-visible spectrophotometer at 415
nm (Park et al.,, 1995). The results were expressed
as micrograms of rutin equivalent by 100 grams
of roots.

All analyses were carried out in triplicate
and the results were submitted to the t test (p <
0.05 and p < 0.01) through the statistical package
Assistat.

RESULTS

Bud Protection

In both E. dysenterica and E. punicifolia, besides
the apical bud of the branches (Figs. 1a, b) in
the three subsequent nodal regions above the
axillary bud (Figs. 1c, d), an accessory bud occurs
(Figs. 1e, f, arrows). In all the aerial buds, colleters
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Figure 1 - Aerial buds of Eugenia dysenterica (a, ¢, d-g) and E. punicifolia (b, h-k).
Longitudinal sections (b, ¢, e-i). Analysis under polarized light (b and g). (a) Terminal and
axillary buds protected by dense pubescence. Note the colleter (arrow). (b) Bud with non-
glandular birefringent trichomes and crystals (arrows). In the inset, wall of non-glandular
trichomes stained with Calcofluor White. (c) Dense pubescence (dashed) covering the
axillary bud. (d) Nodal region with lateral colleters (arrows). (e-f) Accessory buds (arrows)
and axillary buds with oil cavities (f, arrow heads). (g) Cuticle stained with Sudan IV and
crystals in the axillary bud. (h-k) Phenolic compounds evidenced by ferric chloride in the
axillary bud (h) and in the non-glandular trichomes (i-k). Bars: a, d, @ = 1 mm; f = 500 pm; b,
¢, g, h =200 pym; i, k=20 pm and j, inset =5 pum.
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occur (Figs. 1a, d, arrows). For description see
next topic. The shoot apical meristem (SAM)
is protected by leaf primordia with many
unicellular non-glandular trichomes that also
occur in young stem extension around the buds
(Figs. 1a-k). These trichomes are whitish and have
parietal thickening in cellulose (Fig. 1b, inset)
and phenolic compounds may accumulate (Figs.
1h-k). In the well-developed leaf primordia,
the epidermal cells are covered by a thickened
cuticle (Fig. 1g). Phenol accumulation was also
observed in other epidermal and subepidermal
cells, mainly, those faced to the abaxial surface
of leaf primordia (Fig. 1h). There are oil cavities in
the subepidermal cells (Fig. 1f). In the mesophyll,
there are crystal idioblasts (Fig. 1g) and others
that accumulate phenolics (Fig. 1h). The crystals
also occur in buds below the SAM (Fig. 1g).

Colleters

In both species, colleters are already present
in shoot apices occupying the lateral side and
intrapetiolar position (Figs. 2a-e). The number
and size vary; however, the shape is constant.
There is only one colleter inserted on the lateral
sides of the leaf primordia at the nodal region
(Figs. 2a, b). Generally, there are six colleters in
intrapetiolar position (Figs. 2¢, d). Sizes range
from 407 to 780 pym and the circular diameter
(Figs. 2e, f) is smaller at the apex than at the base
(Fig. 2d). Some colleters are short-pedunculate,
where non-secretory cells occur at the base (Fig.
2¢g) and other are sessile.

In both Eugenia analyzed species, the
colleters are emergences that originate on the
adaxial face of leaf primordia from divisions of
protoderm and ground meristem cells (Figs. 2e,
f). There is no participation of the procambium;
therefore, the colleters are not vascularized. In
secretory phase, the colleters are translucent
(Fig. 2d) and constitute an elongated axis of
parenchyma cells coated by epidermis of
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non-palisade cells (Fig. 2g) covered by a thin
cuticle.

The sticky secretion (Figs. 2h, i) reacts
positivelyto PAS reagent(Figs. 2j,k)andruthenium
red (Figs. 2l-n) confirming its mucilaginous
nature. The reaction with Aniline blue black
was negative. The secretion accumulates in the
cytosol and in the large intercellular spaces of
parenchyma (Figs. 2j, k, arrows). The secretion
is eliminated between epidermis cells (Fig. 2k,
arrowheads) at the apex (Fig. 2l), along the axis
(Fig. 2m, arrow) and at the base (Fig. 2n), where
it accumulates on the axillary bud (Figs. 2c-m,
arrow). The senescence starts at the colleter apex
with the collapse of cells (Fig. 2j, inset), which
begin to accumulate phenolic compounds after
secretion (datum not shown). In some samples,
there was the presence of bacteria associated
with the secretion released by these structures
(Fig. 2i).

Belowground Bud Bank

The number of buds in the first 10 cm beneath
soil level varied between individuals of the same
species for both E. dysenterica (Fig. 3a) (162, 253,
517) and E. punicifolia (Fig. 3e) (24, 40, 109). The
variation was due to the number of branches of
the belowground structures. These branches are
stems; therefore, buds were axillary (Fig. 3d). The
buds were located preferentially in the first 5 cm
and, in some cases, were displayed only after
removing the protective scales (Fig. 3b, ) or the
covering tissue (Fig. 3f).

Belowground systems anatomy

The belowground system of E. dysenterica is
composed of a woody axis whose upper portion
is a stem which emits aerial branches, while
the lower portion consists of a thickened axial
root that can reach up to 1 m deep (Figs. 4a-
d). The size of the belowground stem portion
varies between individuals and can produce
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Figure 2 - Colleters of Eugenia dysenterica (a, c, d, e, f, i, j, k, m) and E. punicifolia (b, g, h, |, n). Scanning electron
micrographs (a-c, h, i), stereomicroscope photographs (d, [-n), cross (e, f, j, k) and longitudinal (g) sections of the
shoot apex. (a) Colleters (asterisks) releasing secretion (arrow). (b) Colleter (asterisk) on the lateral of the axillary
bud (arrow). (c-d) Intrapetiolar colleters (c, asterisks) and axillary bud (arrow). (e) Colleters of circular diameter
with large intercellular spaces in the parenchyma. (f) Detail of sector shown in (e). Two colleters in formation
(arrows). (g) Lateral colleter stained by toluidine blue. (h-i) Secretion of sticky aspect (arrows). (j, k) Colleters after
positive reaction with PAS reagent. Secretion in the intercellular space (arrows) and released between the cells of
the epidermis (k, arrowheads). In the inset, collapsed cells after secretion. (I-n) Secretion evidenced by ruthenium
red at the apex (1), along the axis (m, arrow) and at the base of colleters and on axillary bud (n, arrow). L = leaf
primordium; S = stem; P = petiole. Bars: d, e, m, n = 250 pm; ¢ =200 pym; b = 150 ym; a, g, L = 100 pm; j = 50 pym; f,
inset =25 pym; i =15 pm and h, k=10 pm.
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Figure 3 - Belowground systems with multiple branches of Eugenia dysenterica (a) and E. punicifolia (e) in the bud
counting region (dashed lines). Bud of E. dysenterica protected by scale (b) and visualization after scale removal (c,
arrow). Cross section of a branch of E. dysenterica. Note the shoot nature and the gap of two axillary buds (arrows)
(d). Bud (arrow) of E. punicifolia protected by covering tissue (f). Bars:a,e =2 cm; b, ¢, d, f=1mm.

adventitious roots with slender and tuberized
portions (Figs. 4a, iii and iv). The periderm
that covers all the belowground axis consists
of layers of suberized cells (Fig. 4e) containing
phenolic compounds alternated with layers of
cells whose inner periclinal walls are pectin
thickened (Fig. &4f). Groups of fibriform sclereids
are observed in the vascular cylinder, in the
axial system of secondary phloem (Fig. 4g,

arrows) and the parenchyma cells accumulate
starch and phenolic compounds. The radial
parenchyma cells are dilated in the outer
portions of vascular rays and these cells
accumulate phenolic compounds and starch
(Fig. 4g). Phloem cells have a natural orange
coloring content of phenolic nature. In the
belowground axis non-tuberized portions, the
secondary xylem presents a smaller number
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Figure 4 - (a) Belowground system (b.s.) of Eugenia dysenterica. (b) Detail of b.s. with stem portions (i) and root
(ii). (c-k) Cross sections. (c-d) Central vascular cylinder of the stem (c) and root (d) system. (e-f) Periderm with
suberized walls cells stained by Sudan black B (e) alternating with cells of thickened walls in pectin stained by
ruthenium red (f). (g) Secondary phloem with sclereids groups (arrows) and cells of axial and radial parenchyma
with phenolic content evidenced by ferric chloride. (h-i) Non-tuberized portions of b.s. with lignified secondary
xylem stained with safranin (h) and under polarized light (i). (j-k) Tuberized portions of b.s. with conspicuous
vascular parenchyma (j, polarized light) with starch accumulation evidenced by zinc chloride iodine (k). Dashed
line = ground level. iph = internal phloem. Bars: a =10 cm; b =1 cm; h, i, j, k=500 pm; d, g = 100 pm; ¢, e =50 ym
and f =20 pym.
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of cells in axial and radial parenchyma and
more lignified elements (Figs. 4h, i) when
compared with the tuberized portions (Figs. 4j,
k). Therefore, starch accumulation is greater in
tuberized portions (Fig. 4k). The caulinar axis
has internal secondary phloem (Fig. 4c, h), with
accumulation of phenolic compounds in the
radial parenchyma and a prominent medulla
composed of parenchyma cells containing
phenolic compounds and scarce starch grains.
In root portions, the exarch primary xylem
occupies the center of the organ (Fig. 4d).

In E. punicifolia, the belowground stem
forms horizontal portions by which aerial
branches and adventitious roots are emitted.
The taproot and the adventitious roots occupy
a surface region of soil and, as well as the
stem, they are distributed in a more horizontal
plane (Fig. 5a). The periderm of the stem axis of
E. punicifolia differs from the roots, since this
tissue exhibits layers of cells with thickened
lignified walls alternated with layers of cells
with suberized walls (Figs. 5b, c). In the vascular
cylinder of stem, the secondary phloem is
well developed with dilated phloematic rays,
whose dilatation results in a periclinal cell
elongation and anticlinal divisions (Fig. 5d, e).
There are calcium oxalate crystals and sclereids
in the secondary phloem (Fig. 5f). Several cells
of phloematic parenchyma contain natural
orange coloring substance and others brownish
hue (Fig. 5g), both react positively with ferric
chloride and feature starch grains (Fig. 5h).
Also in xylematic rays, in the internal phloem
and medullary parenchyma, cells with orange
content occur (Fig. 5i), which reacts positively to
phenolic compounds (Fig. 5j), but starch grains
are only observed in medullary cells.

In roots, regardless of the thickening degree,
the periderm is similar to that described for the
belowground stem and roots of E. dysenterica,
with alternating layers of cells with suberized

RESPROUTING OF TWO Eugenia SPECIES FROM CERRADO

walls and cells with pectin-thickened walls (Fig.
5k, 1). In the vascular cylinder, secondary phloem
parenchyma also features cells containing
starch grains, some of which have natural
orange content (Fig. 5m) of phenolic nature (Fig.
5n) as observed in E. dysenterica. Similar to the
belowground stem, phloematic rays present
anticlinal divisions and tangential expansion of
cells whose intensity depends on the thickening
degree of roots (Fig. 50). There are calcium
oxalate crystals and sclereids in phloematic
parenchyma (Fig. 5p). In secondary xylem, the
vascular rays accumulate phenolic compounds
(Fig. 5n) and starch grains. Inside the primary
exarch xylem, cells can be lignified (Fig. 5q) or
not (Fig. 5r).

Root chemical composition analysis

Total of free carbohydrates contents in roots of
E. dysenterica and E. punicifolia were 417 g100 "
of roots and 4.46 g 100 g" of roots, respectively.
The content, without significant difference by
the Tukey test (1% probability), refers to the
concentration of carbohydrates solubilized in
aqueous medium after maceration, and the
insoluble material (fibers) was not analyzed.
The species presented significant differences by
the Tukey test (1% probability) with respect to
concentrations of total phenolics compounds,
being 2.54 mg per 100 g of root (TAE) for E.
dysenterica and 13.66 mg per 100 g of root
(TAE) for E. punicifolia. The concentrations
of total flavonoids also presented significant
differences by the Tukey test (1% probability)
between species, being 118 mg per 100 g of root
for E. dysenterica and 7.28 for 100 g of root for E.
punicifolia. Analytical quantification of chemical
components highlights their presence in the
individuals studied.
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Figure 5 - (a) Belowground system of Eugenia punicifolia. (b-r) Cross sections of the stem (b-j) and roots (k-r). (n)
Section of material fixed in formalin-ferrous sulphate. (b-c) Periderm with cells of thickened walls in lignin stained
by safranin (b) alternating with cells of suberized walls stained by Sudan black B (c). (d-e) Dilated phloematic

rays (arrows). (f) Secondary phloem with prismatic crystals and sclereids. (g-h) Phloematic parenchyma cells with
orange content (g) that reacts positively to ferric chloride (h). (i-j) Xylematic rays, parenchyma cells of the internal
phloem and medullary cells with internal orange content (i) that reacts positively to ferric chloride (j). (k-1)
Periderm with cells of suberized walls stained with Sudan black B and cells with thickened walls in pectin stained
by ruthenium red (k). (m-n) Orange colored cells (m) of phenolic nature (n). (o) Dilated phloematic rays (arrows).
(p) Secondary phloem with prismatic crystals and sclereids observed under polarized light. (q-r) Center of the
vascular cylinder with lignified (q) or non-lignified cells (r). Dashed line = ground level. iph = internal phloem. Bars:
a=10 cm; d =500 pm;j =250 um; e, g, 0, r =200 pm; h, i, n, p =100 pm; b, ¢, f, k, |, m, g =50 pm.
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DISCUSSION

Bud protection

Protection strategies for aerial buds observed
in Eugenia dysenterica and E. punicifolia are
similar to those found in Australian Myrtaceae
species, such as the presence of leaf primordia
with many non-glandular trichomes (NGT)
at the abaxial surface (Burrows 2008) which
accumulate phenolic compounds (Burrows et al.
2008). The phenolic compounds are secondary
metabolites present in many species of
Eugenia L. (Auricchio & Bacchi 2003, Armstrong
et al. 2012, Takao et al. 2015) and are involved
with chemical defense mechanisms in plants
against pathogens (Bennett & Wallsgrove
1994), herbivory (Bellingham & Sparrow 2000),
in addition to minimizing exposure of aerial
organs to UV rays (Lambers et al. 2008). In the
studied species, NGT have cellulose thickened
cell walls and are whitish, as observed in other
species (Lee 2010, Yamazaki 2017, Yamazaki
& Lev-Yadun 2015), being related to tissue
protection against UV rays and drought, as well
as predation. Moreover, secretory cavities of
lipophilic substances, such as those observed
in leaf primordia of buds of both species and
in other Eugenia species (Armstrong et al.
2012), have been related to chemical defense
against herbivory (Maffei 2010). Calcium oxalate
crystals found in studied Eugenia species and
many others Myrtaceae species (Retamales et
al. 2014, Pacheco-Silva & Donato 2016) have
been associated with non-nutritive defense
mechanisms of plants, reducing attacks by
insects (Korth et al. 2006).

Colleters

The exudate of colleters of the analyzed species
reacts positively to detection of polysaccharides,
commonly found in these structures (Silva et
al. 2017, Ribeiro et al. 2017), which confirms its
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mucilaginous nature, responsible for its main
function, which is to protect the meristem
(Ribeiro et al. 2017). In addition to meristem
protection, the presence of secretion and
location of the colleters highlight the importance
of these structures for protection of buds
against excessive sunlight and high transpiration
levels, reducing water loss (Oliveira et al. 2017),
proliferation of fungi (Ribeiro et al. 2017), as well
as can be considered as an adaptive factor in
Myrtoideae (Silva et al. 2012). Colleters found
in this work are the conic type, following the
classification proposed by Silva et al. (2012),
due to its circular format in cross section with
decreasing diameter from base to apex. This
type of colleter was observed in 19 species of
Myrtoideae near the shoot apical meristem
at the stem apex and in leaf axils (Silva et al.
2012). However, this is the first record of colleters
in E. dysenterica and E. punicifolia, which are
emergences originated from protoderm and
ground meristem, a trait observed in species
of Rubiaceae (Vitarelli & Santos 2009, Coelho
et al. 2013) and Apocynaceae (Appezzato-da-
Gloria & Estelita 2000a). In the colleters of those
families, the palisade epidermis is responsible
for exudate secretion (Appezzato-da-Gloria &
Estelita 20004, Martins et al. 2010b, Coelho et al.
2013). However, in the studied species and in the
Myrtaceae species analyzed by Silva et al. (2012),
epidermal cells are not elongated radially, but
with a dense cytoplasm and positive reaction for
total polysaccharides test. These characteristics
are also observed in the parenchyma cells
throughout the colleter axis, except on the
peduncle when present. This homogeneous
pattern of cells observed in colleters of Eugenia
in this study and in Silva et al. (2012) has also
been described in Fabaceae colleters (Paiva and
Machado 2006, Coutinho et al. 2015, Silva et al.
2017).
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In Eugenia dysenterica and E. punicifolia,
the parenchyma has intercellular spaces typical
of the ground tissue before the secretory phase;
however, during the secretory phase, there
is an increase of these spaces and exudate
accumulation. This intercellular accumulation of
secretion has been reported in other Myrtaceae
species (Silva et al. 2012) and Hymenaea
stigonocarpa - Fabaceae: Caesalpinioideae
(Paiva & Machado 2006). These authors found
pectic compounds in intercellular spaces and
in the cytosol in all the parenchyma cells of
colleter axis, as described in this paper. Colleters
are not vascularized, as verified in other species
(Martins et al. 2010b, Silva et al. 2017, Ribeiro et
al. 2017). Secretion in colleters in E. dysenterica
and E. punicifolia is released through spaces that
form between the epidermal cells. This feature
has been observed in species of Apocynaceae
(Appezzato-da-Gloria & Estelita 2000a, Martins
et al. 2010b); however, in Myrtaceae, this
is the first report of the secretion release
process. Senescence of the analyzed colleters
is initiated at the end of the secretory phase
and characterized by brownish coloration at
the colleter apex (Silva et al. 2012). The color
change has been linked to oxidation of phenolic
compounds as a product of senescence in apex
cells (Coelho et al. 2013), followed by a collapse
of these cells (L.A. Souza, unpublished data) as
verified in E. dysenterica and E. punicifolia.

Belowground bud bank

The belowground systems of the analyzed
species are soboles (woody rhizomes) whose
upper portion emits horizontal stem branches
that extend belowground level and form aerial
projections and adventitious roots (Pausas et
al. 2018). Among the 358 Myrtaceae species
from worldwide fire-prone ecosystems listed
by Pausas et al. (2018) in the supplementary
database, all of them present lignotuber and
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only eight species have lignotuber and woody
rhizome.

Studies on belowground bank buds
with Cerrado species have shown a greater
concentration of buds in the organ portion
closer to ground level (Alonso & Machado 2007,
Appezzato-da-Gloria and Cury 2011, Bombo et
al. 2014, Filartiga et al. 2017a, b), as observed in
this work. Buds protection is an important trait
in maintaining a viable bud bank, as these buds
are protected by the soil (Vesk and Westoby
2004, Alonso & Machado 2007, Clarke et al. 2013).
In addition, belowground buds in E. dysenterica
and in other Cerrado species (Alonso & Machado
2007, Appezzato-da-Gloria et al. 2008) are
equipped with thick scales, which also confer
protection to the shoot apical meristem.

Storage and protective compounds

Starch was found in large quantities in the
studied Eugenia species. This carbohydrate
provides direct energy to resprouting (Orthen
2001) and structural carbon necessary for the
formation of new tissues during resprouting (De
Moraes et al. 2016). In Eugenia dysenterica and E.
punicifolia, as well as in thickened belowground
organs of other species, reserve accumulation
is usually related to the increase of number of
cells in vascular parenchyma (Bell et al. 1996,
Appezzato-da-Gloria 2015, Abdalla et al. 2016).
In E. dysenterica, starch accumulation is more
prominent in the axial and radial parenchyma
cells of secondary xylem, while in E. punicifolia
accumulation occurs in cells of the phloematic
parenchyma. In both species, there is no
variation in cambium activity for the production
of vascular parenchyma; however, there are
anticlinal divisions and expansions of tangential
walls of phloematic parenchyma cells that
promote increase in organ thickness, mainly, in E.
punicifolia. Soffiatti & Angyalossy-Alfonso (1999)
also observed expansion of radial parenchyma
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cells forming a disordered array with the
presence of crystals in Eugenia cerasiflora and
E. uniflora and sclereids groups in E. uniflora. In
Eugenia dysenterica and E. punicifolia, crystals
and lignified sclereids groups are also observed
in the secondary phloem. These structures are
important for protection of belowground axis
mainly against insect attack (Hudgins et al.
2003). In the belowground stem of both species
and in Eugenia pyriformis (Armstrong et al. 2012),
there is an inner phloem, which is a diagnostic
feature in Myrtaceae (Metcalfe & Chalk 1950).
On the root periderm of both species, there are
alternating cell layers of suberized walls and
cells with parietal thickenings in pectin. Given the
hydrophilic pectin properties (Paiva et al. 2009),
walls with pectic thickenings may be retaining
moisture in the covering tissue. Furthermore,
in the periderm of stem of E. punicifolia, there
was the presence of cell layers with lignified
walls, as reported in other Myrtaceae (Soffiatti
& Angyalossy-Alfonso 1999, Armstrong et al,,
2012) and in the terminal portion of soboles in
Erythroxylum nanum (Alonso & Machado 2007).

In regard the reserve carbohydrates in
studied Eugenia species, other compounds can
be directly related to protection of belowground
structures and, therefore, with the survival
and resprouting potential of these plants. In
the studied species, phenolic compounds
were detected, not only on periderm, which
is a frequent feature in belowground organs
of Cerrado species (Appezzato-da-Gloria
& Cury 20711, Joaquim et al. 2014), but also
in cells of the phloematic, xylematic and
medullary parenchyma (when present). Some
phenolic compounds and flavonoids may
reduce digestibility for herbivores and act as
phytoalexins, phytoanticipins and nematicides
(Akhtar & Malik 2000, Kefeli et al. 2003, Howe
& Schaller 2008, Bhattacharya et al. 2010). In
addition, these compounds can polymerize

RESPROUTING OF TWO Eugenia SPECIES FROM CERRADO

and biosynthesize lignin, consequently
strengthening cell walls (Kefeli et al. 2003,
Bhattacharya et al. 2010). The difference in
concentrations of phenolic compounds in E.
dysenterica and E. punicifolia may indicate that
roots of E. punicifolia have higher probability
of antioxidant action and possible protection
against attacks of nematodes and pests. In
addition to phenolic compounds, flavonoids
may also perform protection functions of
belowground systems in the studied species, for
example, by lignin polymerization for support
and the antimicrobial action (Ferrer et al. 2008).
In conclusion, the high protection degree
of buds in aerial organs, the presence and large
number of buds in belowground structures,
the accumulation of reserves and protection
in belowground organs may have favored
permanence of Eugenia dysenterica and E.
punicifolia in the Cerrado region, as well as their
resprouting after the clear-cutting of Pinus trees
and burning of pine needles. In addition, the
morphoanatomical and chemical characteristics
presented are relevant to studies on the
protection strategies and regeneration of plants
subjected to environmental disturbances.
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