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2008.—Underground systems of Asteraceae species from the Brazilian Cerrado. The aim of this study was to
describe the underground systems structure, the origin of the shoot buds, and to identify the storage reserve
of seven Asteraceae species in order to understand the adaptive strategies of these species in burned Cerrado
areas and their higher frequency in the floristic surveys for herbaceous and undershrub layers of this biome.
The subterranean systems types—diffuse underground system, rhizophore, tuberous roots, and xylopo-
dium—varied among the studied species, but all of them have high shoot bud-forming potential. Fructans of
the inulin type were detected as storage substances. The presence of these characteristics on the underground
systems could explain the frequency of these species in the floristic surveys from the Brazilian Cerrado, in
which fire and seasonal drought are frequent. It is possible that the belowground bud banks in the Cerrado
biome are as important as demonstrated in North American prairies where fire is also frequent. However, in
the Cerrado, as demonstrated here, there are types of underground systems other than rhizomes that are
usually described in the prairie. Understanding the anatomical features of these plants is one of the steps to
appropriate conservation management of these species in the Cerrado.
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Brazilian Cerrado is a mosaic of natural
physiognomies varying from open fields (cam-
pos limpos), savanna fields (campos sujos,
campos cerrados, and cerrados senso stricto)
and woodlands (cerraddes) (Coutinho 1990).
More than 71% of the live phytomass
(aboveground biomass + root biomass) is
belowground in the Brazilian Cerrado (Castro
and Kauffman 1998). Total belowground
biomass has been reported as 16.3 mg ha™'
in campo limpo, 30.1 mg ha™' in campo sujo,
46.5 mg ha™' in cerrado aberto, and 52.9 mg
ha™' in cerrado denso. This quantity of
belowground biomass is similar to, or exceeds
that, reported for many tropical dry and moist
forests (Castro and Kauffman 1998).
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Several herbaceous and undershrub species
of the Cerrado biome have thickened under-
ground systems (Rizzini and Heringer 1961,
Hayashi and Appezzato-da-Gloria 2005).
These species usually enter dormancy at the
end of autumn, with senescence and abscission
of the aerial organs, and sprout in the
following spring; flowering occurs subsequent-
ly followed by a period of vegetative growth in
the summer (Figueiredo-Ribeiro et al. 1986).
Pate et al. (1990) showed that a wide range of
fire-resprouter species from Australia had high
starch concentration and swollen organs
belowground. In a number of Asteraceae
species from the Cerrado, where prolonged
drought, nutrient availability, and frequent
fires have been pointed out as important
factors on the survival and growth of plants
in this biome (Ratter et al. 1997), fructans
have been found to be the main reserve in
underground organs (Figueiredo-Ribeiro et al.
1986). Fructans have an important role as
reserve carbohydrates and are involved in a
number of adaptive strategies in plants sub-
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Table 1.
Herbaria, Brazil.
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Studied species, tribe, locality, and date of collection and accession number in UEC and ESA

Locality of Date of Accession

Species Tribe collection collection number
Chromolaena squalida (DC.) K&R Eupatoricae  Mogi Guagu 01/03/2001 UEC 118440
Gyptis lanigera (Hook. & Arn.) R.M.King  Eupatorieae Botucatu 18/03/2005 ESA 94509

& H.Rob.

Pterocaulon angustifolium DC. Plucheeae Botucatu 26/01/2005 ESA 88783
Chresta sphaerocephala DC. Vernonieae Botucatu 11/05/2005 ESA 94508
Lessingianthus bardanoides (Less.) H.Rob. Vernonieae Itirapina 29/01/2003 ESA 84369
Lessingianthus glabratus (Less.) H.Rob. Vernonieae Itirapina 24/01/2003 ESA 84368
Orthopappus angustifolius (Sw.) Gleason Vernonieae Itirapina 24/01/2005 ESA 88782

jected to drought or cold (Figueiredo-Ribeiro
et al. 1991).

After the Leguminosae, Asteraceae has the
most species represented in the Brazilian
Cerrado (Mendonga et al. 1998). Almeida et
al. (2005) studied eight Cerrado fragments in
the State of Sao Paulo (Brazil) from 2000 to
2002 to produce an inventory of Asteraceae
species. Their species list was then compared
to 24 other Cerrado species list in the
literature. The most frequent species are
Chresta sphaerocephala DC., Chromolaena
squalida (DC.) K&R, Lessingianthus barda-
noides (Less.) H.Rob., Orthopappus angustifo-
lius (Sw.) Gleason, and Piptocarpha rotundifo-
lia Baker (Almeida et al. 2005). It is possible
that this higher frequency is related to the
presence of belowground buds in the Cerrado
as demonstrated in species of North American
prairies (Benson et al. 2004). However, in the
Cerrado biome, there are types of under-
ground systems other than rhizomes described
from prairies. The terminology of these
belowground structures is also different and
it is presented here.

The objective of the present work was to
describe the underground systems structure,
the origin of shoot buds, and to identify the
storage reserve of seven Asteraceae species,
including those species mentioned above
(except for Piptocarpha rotundifolia, which
was already described by Achutti, 1978), in
order to understand the adaptive strategies of
these species in burned Cerrado areas and
their higher frequency in those floristic sur-
veys. The importance of this study is based on
the fact that the belowground biomass in the
Cerrado soils must be considered in global
change studies, especially when analyzing the
carbon cycle, since Cerrados are the ecosystem
mostly affected by Brazilian agricultural ex-
pansion—Ilosing an estimated 34,000 km? area

every year (Delitti et al. 2001). It is postulated
that plants in the herbaceous and subshrub
layers are probably more sensitive to anthro-
pogenic disturbances than trees in Cerrados.
Therefore, plants in those categories may be
used as a parameter to assess the level of
human intervention in Cerrado ecosystems
(Filgueiras 2002).

Materials and Methods. Adult plant materi-
al of seven Asteraceae species were collected in
natural populations from the campos sujos
Brazilian Cerrado physiognomy of the State of
Sao Paulo (Table 1).

For the anatomical study, underground
systems of five adult plants were fixed in
FAA 50 (formalin-acetic acid-alcohol) (Johan-
sen 1940), dehydrated in a graded ethylic
series and then infiltrated in glycol methacry-
late resin. Serial sections (5-7 um thick)
were cut on a rotary microtome and
stained with toluidine blue O (Sakai 1973).
Freehand cross-sections were also cut and
stained with astra blue and basic fuchsin and
then dehydrated in a graded ethylic series, and
50 and 100% butyl acetate, respectively.
Permanent slides were mounted in synthetic
resin.

To identify the fructans of the inulin type,
samples of the subterranean systems were
fixed in 70% ethanol and sectioned by
freehand. Inulin crystals were visualised under
polarized light and the presence of these
crystals was confirmed by a treatment with
thymol-sulphuric acid reagent (Johansen
1940).

Photomicrographs were taken with a Nikon
Labophot microscope or a Nikon SMZ-2T
stereomicroscope. Images were captured digi-
tally through a Leica DMLB microscope with
a video camera attached to a PC, using IM50
image analysis software.
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Table 2.
species of Asteraceae from the Cerrado.

Presence of fructans as detected by histological tests in subterranean systems of seven selected

Species Subterranean system type Fructans*®
Chromolaena squalida (DC.) K&R xylopodium with adventitious roots -
Gyptis lanigera (Hook. & Arn.) R.M.King & H.Rob. Moniliform tuberous root +
Pterocaulon angustifolium DC. xylopodium with adventitious roots +
Chresta sphaerocephala DC. diffuse underground system +
Lessingianthus bardanoides (Less.) H. Rob. xylopodium with adventitious roots +
Lessingianthus glabratus (Less.) H.Rob. xylopodium with adventitious roots +
Orthopappus angustifolius (Sw.) Gleason rhizophore with adventitious roots +

* + and — signs indicate the presence or absence of fructans in roots, respectively.

Results. All studied Asteraceae species
(Table 2) have subterranean systems (Figs. 1—
5, 7, 9) which can vary among the species even
in the same tribe.

Some of them have unusual underground
systems and their terminology is different to
what is applied in other ecosystems, such as
diffuse underground systems, rhizophores, and
xylopodium (Table 2).

Chromolaena  squalida (Fig. 1), Lessin-
gianthus bardanoides (Fig. 2), L. glabratus
(Fig. 3), and Pterocaulon angustifolium (Fig.
9) have xylopodium that is situated superfi-
cially in the driest portion of the soil (Figs. 1—
3, 9). The xylopodium is very lignified, it has
high shoot bud-forming potential (Fig. 10)
and its structure is complex due to self-grafting
of the stems (Figs. 11-12) produced periodi-
cally. The xylopodium exhibit caulinar and
radicular structure as verified in Pterocaulon
angustifolium (Figs. 13-15) and Chromolaena
squalida. There is an association between
xylopodium and thickened roots in Lessin-
gianthus bardanoides and L. glabratus (Figs. 2—
3) and Pterocaulon angustifolium (Fig. 9). The
thickened roots can have a great amount of
fructans in Lessingianthus bardanoides, L.
glabratus, and P. angustifolium, while the
xylopodium does not exhibit any type of
carbohydrate reserves. The thickened subter-
ranean system of Orthopappus angustifolius is
a rhizophore (Fig. 4). Rhizophores constitute
an underground cauline system (Fig. 16) in
plants that have bipolar cauline ramification
system. Gyptis lanigera has moniliform tuber-
ous root (Fig. 5) as underground organ. The
cambial activity leads to the production of
secondary vascular tissues with large amounts
of parenchyma cells (Fig. 17). Chresta sphaer-
ocephala has aerial stems (Fig. 6) produced by
a diffuse underground system (Fig.7) of
radicular structure (Fig. 18). There are re-
maining carbonized bases of some branches

emitted in previous periods from the under-
ground system (Fig. 8).

All the studied species form shoot buds in
the thickened underground systems (Figs. 19—
26). Two types of buds are found in Chresta
sphaerocephala roots (Figs. 19-20). One of
them is not connected with the vasculature of
its parent roots (Fig. 19) while the other one
produces bud traces in the secondary xylem
(Fig. 20) indicating its origin at the beginning
of the root development.

In tuberous roots, the adventitious buds of
Gyptis lanigera originate close to the cambium
(Fig. 21). In the xylopodium, they originate
from the cambium (Chromolaena squalida and
Pterocaulon angustifolium) (Fig. 22-23) or the
pericycle (Lessingianthus bardanoides); in Les-
singianthus glabratus, there are axillary buds
(Fig. 24). In the Orthopappus angustifolius
rhizophore, the axillary buds and the bud
gap reaches the pith (Fig. 25).

All analyzed species accumulate fructans of
the inulin type in the cortical parenchyma of
lateral or adventitious roots (Fig. 26) pro-
duced by the subterranean systems, except for
Chromolaena squalida.

Discussion. Xylopodium, as described in
Chromolaena squalida, Lessingianthus barda-
noides, L. glabratus, and Pterocaulon angusti-
folium, is one of the main types of subterra-
nean systems found in geophytes from
Brazilian open grasslands areas. Xylopodium
was first described by Lindman (1900) for
plants with woody subterranean systems
whose aerial parts are herbaceous or very
slightly woody and die back each year (or they
frequently are burned off) leaving an under-
ground woody system. The renewal buds can
originate from the cambium (Chromolaena
squalida and Pterocaulon angustifolium), from
the pericycle (Lessingianthus bardanoides),
from the parenchyma proliferation (Paviani
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FiGgs. 1-5.

1987, Hayashi and Appezzato-da-Gloria
2007), or they are axillary buds (Lessingianthus
glabratus). The xylopodium buds are just
below the soil surface as a rule, but they are
very irregularly placed and the general form of
the aerial growth of branches varies consider-
ably. These woody organs are different to
those described as lignotubers by Kerr (1925).
Unlike xylopodia, lignotubers arise from
cotyledonary, and a few succeeding nodes on
the primary seedling stems, or even from their
accessory buds (Carr et al. 1982). They are
storage organs with a supply of bark-sup-
pressed buds (Kerr 1925) or epicormic strands
(Burrows 2002). Xylopodium originates from
the hypocotyl and exhibits caulinar and
radicular structure (Paviani 1987) as verified
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General view of the subterranean systems. 1.
Lessingianthus bardanoides (Less.) H. Rob. 3. Lessingianthus glabratus (Less.) H. Rob. 4. Orthopappus
angustifolius (Sw.) Gleason. 5. Gyptis lanigera (Hook. & Arn.) R.M. King & H. Rob. Level 1 of Figs. 4 and 5
indicate the transections shown in Figs. 16 and 17. Scale bars = 5 cm (Fig. 1), 2 cm (Figs. 2, 3, 5), and 4 cm
(Fig. 4).
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Chromolaena squalida (DC.) K&R. 2.

in Vernonia grandiflora (Hayashi and Appez-
zato-da-Gloria 2007) and in our study in
Pterocaulon angustifolium and Chromolaena
squalida. Therefore, they differ from lignotu-
bers in their origin, structure, and renewal
buds origin.

All studied xylopodia lose their aerial stems
during the dry season (from May to Septem-
ber) and resprout during the rainy season
(from October to April). Fire can burn the
aerial stems causing new resprouting from the
xylopodium. Rizzini and Heringer (1961,
1962) have already mentioned the shoot bud-
forming potential of xylopodium and its
function on plant survival under severe
conditions of Cerrado (dry seasons associated
with fire). The crucial role of the bud bank in
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Figs. 6-8. Chresta sphaerocephala DC. 6. Natural population of adult individuals (some of them
arrowed). 7. Diffuse underground system constituted by gemmiferous roots (GR), which produces aerial
stems (arrows). 8. Proximal portion of the underground system showing some aerial stems (arrow) and parts
of carbonised branches (arrowheads). Level 1 of Fig. 7 indicates the transection shown in Fig. 18. Scale bars
= 17 cm (Fig. 7) and 4 cm (Fig. 8).

regeneration after a fire disturbance event has
been documented in numerous environments
with fire-prone areas such as Australia, South
Africa, the Mediterranean Basin, and Califor-

nia, where many woody plants cope with
recurrent fire disturbance by resprouting from
lignotubers (Klimesova and Klimes 2007). In
general, the xylopodium is situated superfi-
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Figs. 9-15. Pterocaulon angustifolium DC. 9. General view of the xylopodium and its adventitious roots.
Levels 1-4 indicate the transections shown in Figs. 12-15. 10. Shoot buds (B) on the globose portion of the
xylopodium. 11. Frontal view of the natural self-grafting of the caulinar axis (CA). 12—15. Transections of
the xylopodium showing the self-grafting of the caulinar axis (CA) and cauline, shoot-root transition region
and radicular structures, respectively. Protoxylem poles are indicated in Figs. 13—15. Scale bars = 1 cm (Fig.
9), 3 cm (Figs. 10-12), 50 um (Figs. 13-14), and 60 um (Fig. 15).
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R,

Figs. 16-18. Transections of the Orthopappus
angustifolius (Sw.) Gleason rhizophore, Gyptis lani-
gera (Hook. & Arn.) R.M.King & H.Rob. monili-
form tuberous root and Chresta sphaerocephala DC.
gemmiferous roots with the sectioned regions shown
in Figs. 4, 5, and 7. Scale bars = 3 mm (Fig. 16),
800 um (Fig. 17), and 200 um (Fig. 18).

cially in the driest portion of the soil, as
verified in the present study and thus, it is
important to store water and nutrients neces-
sary for above-ground sprouting during the
rainy season (Rizzini and Heringer 1961). The
association between xylopodium and thick-
ened roots, as verified in Lessingianthus
bardanoides, L. glabratus, and Pterocaulon
angustifolium, was already described in other
Cerrado species such as Mandevilla illustris
and M. velutina (Apocynaceae) by Appezzato-
da-Gloria and Estelita (2000), Brosimum
gaudichaudii (Moraceae) by Palhares et al.
(2007), and Vernonia grandiflora (Asteraceae)
by Hayashi & Appezzato da Gloria (2007).
The thickened roots can have a great amount
of starch (Mandevilla spp. and B. gaudichaudii)
or fructans (Lessingianthus bardanoides, L.
glabratus, and P. angustifolium), while the
xylopodium does not exhibit any type of
carbohydrate reserves. Although the xylopo-
dium has not been considered a storage organ,
Braga et al. (2006) have demonstrated that in
Ocimum nudicaule, xylopodium varies in the
content and molecular mass of cell wall
pectins, as well as changes in their composition
and structure. This may be related to storage
function and extension growth; both required
for the sprouting of new buds from the
xylopodium.

Rhizophores, as verified in Orthopappus
angustifolius, have already been described for
Vernonieae tribe, more specifically for Verno-
nia spp. (Sajo and Menezes 1986a, 1986D,
Hayashi and Appezzato-da-Gloria 2005) and
also for Heliantheae tribe (Smallanthus sonch-
ifolius by Machado et al. 2004). The rhizo-
phores of Orthopappus angustifolius accumu-
late fructans as carbohydrate reserves as
verified in Vernonia herbacea (Vell.) Rusby
(Dias-Tagliacozzo et al. 1999, Asega and
Carvalho 2004). They are used at different
phenological phases, mainly during sprouting,
flowering, and fructification (Carvalho and
Dietrich 1993).

The cambial activity leads to the production
of secondary vascular tissues with large
amounts of parenchyma cells in Gyptis lani-
gera moniliform tuberous root. However,
Vernonia oxylepis and V. brevifolia (Astera-
ceae) showed the root thickening results from
the pericycle proliferation (Vilhalva and Ap-
pezzato-da-Gloéria 2006, Hayashi and Appez-
zato-da-Gloria 2007, respectively) and in
Smallanthus sonchifolius (Asteraceae) from
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Figs. 19-26. Longitudinal sections of the adventitious buds in Chresta sphaerocephala DC. root. 19.
Reparative bud is not connected with the vasculature of its parent root. 20. Additional bud with bud traces
produced in the secondary xylem. 21. Longitudinal section of the adventitious bud of Gyptis lanigera (Hook.
& Arn.) R.M.King & H.Rob. originated from the cambium (arrowhead). 22. Longitudinal section of the
adventitious bud in Pterocaulon angustifolium DC. xylopodium. 23. Detail of the region indicated in Fig. 22
showing the cambium. 24. Axillary bud of the Lessingianthus glabratus (Less.) H. Rob. xylopodium. 25-26.
Orthopappus angustifolius (Sw.) Gleason. 25. Longitudinal section of the axillary bud (arrow) of the
rhizophore. 26. Distribution of spherocrystals of inulin (translucent bodies, some indicated by arrows) in
parenchyma cells of reserve tissues in transection of root. BG = bud gap; C = cataphyll; P = secondary
phloem; R = vascular ray; X = secondary xylem. Scale bars = 300 um (Fig. 19), 800 um (Figs. 20, 22, 25—
26), 400 um (Fig. 21), 120 um (Fig. 23), and 1.2 mm (Fig. 24).

the divisions of the inner cortex (Machado et individual plant can occupy an area of about
al. 2004). 10 m in diameter (see Fig. 6). They have a

Many Cerrado species, as Chresta sphaer- complex, profusely-branched, and superficial
ocephala, show an unusual behavior. A single subterranean system described by Rizzini and
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Heringer (1966) as ‘‘diffuse underground
systems.” Some of these diffuse underground
systems are caulinar structures named ‘so-
boles’, or radicular structures named ‘gemmi-
ferous roots’ (Rizzini and Heringer 1966).
They clearly have the capacity of vegetative
reproduction. The plant sprouts in different
directions, but all the shoots are interconnect-
ed belowground, forming an extensive, com-
plex system. Colonies of Annona pygmaea,
Andira humilis, Pradosia brevipes, and Parinari
obtusifolia, among others, can reach several
meters in diameter (Filgueiras 2002). A similar
pattern can be seen for Chresta sphaeroce-
phala, where the aerial stems can be as far as
100 cm apart and shows diffuse underground
systems of radicular structure. Even though it
is difficult to define an individual in Cerrado
vegetation types, this phenomenon seems to be
widespread and should be investigated since it
is of crucial importance for population biology
and community studies (Filgueiras 2002).
According to Rizzini and Heringer (1966),
these belowground systems were consequences
of repeated destruction of the aerial biomass
due to fire disturbance and also affected
reproduction by seed and stimulated shoot
bud-forming roots. The remaining carbonized
base of some branches emitted in previous
periods from the diffuse underground system
of Chresta sphaerocephala confirms the inter-
ference of the fire in the sprouting process.
All the studied species form shoot buds in
the thickened wunderground systems. The
origin of the buds can vary among species
according to the anatomical structure of the
underground systems. Two types of buds were
found in roots ““additional” buds and “‘repar-
ative” buds (Bosela and Ewers 1997, Hayashi
et al. 2001). Additional buds form during the
early growth of uninjured roots and they
perennate by growing outwards in concert
with the vascular cambium such that bud
traces are produced in the secondary xylem as
verified in Chresta sphaerocephala. Reparative
buds form ‘de novo’ in response to senescence,
injury, or to other types of disturbance and do
not have bud traces produced in the secondary
xylem as shown in Chresta sphaerocephala.
The presence of additional buds other than
reparative ones is a characteristic related to
clonal spread (Bosela and Ewers 1997). Such a
characteristic may explain why C. sphaeroce-
phala is one of the most frequent species in
different floristic surveys of the herbaceous

and undershrub layers (Almeida et al. 2005).
In tuberous roots, the adventitious buds of
Gyptis lanigera originate close to the cambium,
while in Vernonia oxylepis (Asteraceae), the
adventitious buds originate from the prolifer-
ated pericycle (Vilhalva and Appezzato-da-
Gléria 2006). In rhizophores of Orthopappus
angustifolius, the axillary buds and the bud
gap reaches the pith as previously described
for rhizophores in Vernonia spp. (Sajo and
Menezes 1986a, 1986b, Hayashi and Appez-
zato-da-Gloéria 2005) and in Smallanthus
sonchifolius (Machado et al. 2004).

All analyzed species accumulate fructans of
the inulin type in the cortical parenchyma of
lateral or adventitious roots produced by the
subterranean systems, except for Chromolaena
squalida. In Chresta sphaerocephala, the fruc-
tans are also found in the vascular parenchy-
ma. These carbohydrates may act as osmotic
regulators due to their rapid polymerization
and depolymerization (Figueiredo-Ribeiro et
al. 1991). The variation in composition and
content throughout the phenological phases
suggest that this carbohydrate is also a reserve,
which contributes to adaptive features in
plants subjected to unfavorable environmental
conditions (Carvalho and Dietrich 1993, Dias-
Taglicozzo et al. 1999, 2004).

It is interesting to notice that the most
frequent species listed in the inventory of
Asteraceae species in eight Cerrado fragments
in the State of Sdo Paulo (Almeida et al. 2005)
possess thickened subterranean systems that
give rise to buds and store fructans. It is well
known that belowground meristems and the
density of established stems may regulate plant
population abundance and productivity in
tallgrass prairies (Benson et al. 2004). In fact,
belowground biomass in the Cerrado showed
significant seasonal variation, values being
higher during the rainy season and lower
during the dry period (Delitti et al. 2001).
According to the authors, fire and soil depth
also had significant effects on belowground
biomass and must be taken into consideration
in the studies of fire effects, land use changes,
global carbon storage, and release capacity.
Probably the reserve of belowground meri-
stems maintained in the form of bud bank on
subterranean systems—rhizophore, xylopo-
dium, tuberous, and diffuse underground
systems—is clearly important to the mainte-
nance of species in this severely and repeatedly
disturbed Cerrado biome. Understanding the
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features of herbaceous plants is one of the
steps to appropriate conservation manage-
ment of these species in the Cerrado, which
is being rapidly devastated.
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