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HBIMH CBSI3SIMH MOJIEKYJIBI TUTHUHA MEXIY COOON M MPOCTHIMU 3(UPHBIMH CBS3SIMH €70 MaKpOMOJIEKYJIBI C
noJircaxapuaamMu, OOKOBBIE LIEMIOUYKH KOTOPBIX COCTOST U3 OCTAaTKOB apaOWHO3bI, KCHIIO3BI U IMMIOK03bI. Ko-
JIMYECTBO YITIEBOAOB U COCTaB OKCUKOPUYHBIX KUCIIOT MEHSAETCS B XO/1€ IMTHU(HUKALINY.

CornacHO TaHHBIM Teb-XpoMaTorpaduu, JUTHUH, CHHTE3NPOBAHHBIN Ha MEPBBIX CTAIUAX MPOIIECc-
ca, U3-3a CBsi3ell C moimcaxapuaaMy KIETOYHOH CTEHKH MMEeT MOBBIIICHHYIO0 MOJICKYIISIPHYIO Maccy U 00-
Jiee OJHOPOJCH, YeM Ha IMOCIeAyIOIMX cTaausx GopMupoBaHus Tpaxeua. B xome OmocuHTe3a cpeHss
MOJIEKYJIIpHAsl Macca MpenaparoB JMTHUHA MEHIETCS, M TUCIEPCHOCTh MOIUMepa Bo3pacraeT. Jlucnepc-
HOCTbH JIMTHUHA, BBIICJICHHOTO U3 3pEJIOi MO3/IHEH KCHIeMBI, BbIlIe, YeM paHHel. OH comepKHUT (Gpakiuy ¢
BBICOKOH MOJIEKYJIApHONH Maccoil. Bo3MOXHO, 4acTb BBICOKOMOJIEKYJISIPHOTO JINTHMHA JIOKQJIM30BaHa B
cpeauHHOM macTuHKe. MK-CHekTphl Mokasany pasiinyve B CTPYKType MOJMMepa PaHHHUX CTaAWN JIMTHH-
(hmKanmu IByX TUIIOB KCHJIEMBI C OJJTHOW CTOPOHBI, C APYTOM — YCHIIEHHE KOHeHCANH ()eHMIIITPOIIaHOBBIX
€IMHUIL] 110 MEPE CO3peBaHus Tpaxen. JlaHHbIE YKA3bIBAIOT HA I1OCIEI0BATEIbHBIE U3MEHEHUS B CTPYKTY-
pe JTUTHUHA B X0/€ TUTHU(UKALMY PaHHEH 1 O3MHEH KCHIIEMBI, IPUBOSIIIE K TeTEPOreHHOCTH MOJINMe-
pa 3pemnoii KCUIeMbl TOAWYHBIX TPHPOCTOB B XBOMHBIX.

THE MORPHOLOGY AND FUNCTION OF UNDERGROUND SYSTEMS OF SPECIES FROM
BRAZILIAN SAVANNA

Appezzato-da-Gloria B. ! s Soares A. N s Silva J. M. s Bombo A. B. ! s Martins A. R.z; Fidelis A.°

'Department of Biological Sciences, Escola Superior de Agricultura ‘Luiz de Queiroz’, Universidade de Sdo Paulo,13418-900,
Piracicaba, SP, Brazil; anielcasoares@hotmail.com; aline_bbombo@hotmail.com; bagloria@esalq.usp.br
Institute of Biology, Universidade Estadual de Campinas, 13083-970, Campinas, SP, Brazil;
3Department of Ecology, Universidade de Sao Paulo, 05508-900, Sao Paulo, Brazil,

The Brazilian Cerrado, a neotropical savanna, covers approximately 2 million km2, representing about 23
% of the area of the country. This vegetation presents a wide physiognomic variation (Fig. 1): campo limpo, a
grassland, to cerraddo, a tall woodland. The intermediate physiognomies (campo sujo a shrub savanna, campo
cerrado a savanna woodland, and cerrado sensu stricto a woodland) are considered ecotones of the two
extremes. There are different physiognomies due to distinct factors, such as deep and well drained soils that are
acidic and with high aluminum content, seasonality, with dry periods of 3—4 months, and fire [6].

Savanna physiognomies

A
- N

cerraddo cerrado senso

/ n restrito campo campo campo
Q@Y cerrado sujo limpo
R R e

bV At Y JWJ al, G\p o A

al el ALl RV R TIT i

wi ity w

Tall trees Medium trees, Grasses, small Grasses, herbs, No trees.
shrubs and some shrubs, trees trees and Herbs and
sparse herbaceous are sporadic shrubs are rare grasses
species

>

Fire influence

Soil fertility

Figure 1. Influence of the fire and soil fertility in the Brazilian Cerrado physiognomies (based on Coutinho [6])



Structural and functional deviations from normal growth and development of plants

The Cerrado flora presents two main components: the herbaceous and the woody, which are
floristically distinct and antagonistic, because both are sun-loving. Species from the herbaceous and subshrub
strata are dominant in open physiognomies («camposy, grasslands). As a result of seasonal climate with dry
periods of three to four months, usually associated with the action of fire, the vegetation of the Cerrado has
several mechanisms that include morphological and physiological adaptations that allow plants to survive
adverse conditions. Among the morphological adaptations of the herbaceous and subshrubby species we
highlight the thickened underground systems. Regarding phenology, several species exhibit seasonal growth
of this stratum, i.e., in the autumn shoots wither and die persisting only thickened underground systems [8].
During spring and the beginning of rainy season, individuals rapidly resprout and flower using the reserves
stored in the underground structures. Asteraceae is the most represented family in the Cerrado after the
Fabaceae, that is, it is the second one with the most number of species [14]. Almeida ez al. [1] studied eight
Cerrado fragments in the State of S&o Paulo (Brazil) from 2000 to 2002 to produce an inventory of
Asteraceae species. Their species list was then compared to other 24 Cerrado species lists in the literature.
According to these authors amongst the most frequent species are Chresta sphaerocephala, Chromolaena
squalida, Lessingianthus bardanoides, Orthopappus angustifolius and Piptocarpha rotundifolia. 1t is possible
that this higher frequency is related to the presence of belowground buds in the Cerrado as demonstrated in
species of North American praires [5]. But in the Cerrado there are types of underground systems other than
rhizomes that are usually described in the praire. The terminology of these belowground structures is also
different and it is presented here. The first scientific study carried out on the vegetation of the Brazilian
Cerrado, where different underground organs were illustrated was "Lagoa Santa", published in 1892 by
Eugen Warming [20]. In the 40’s stand out studies of Felix Rawitscher, Mercedes Rachid and Mario
Guimardes Ferri on vegetation in the savanna of Sao Paulo State, Brazil. The authors divided the vegetation
according to the strategy of exploitation of soil water by roots: a) shrubs and small trees with very deep roots,
many of which vegetate during the entire dry season; b) grass with shallow roots, they shrivel when the water
drained and, ¢) plants that vegetate only during the rainy season, many of which have bud-bearing
underground organs able to retain high percentage of water [16]. Regarding the effect of fire in open areas of
the Cerrado, Rachid [16] observed that xylopodium, term introduced by Lindman in 1900 for a lignified
underground system very common in grasslands of southern part of Brazil [12], and tuberous roots survive to
fire, although it can be seen charred branches on the soil surface. In fact, Coutinho [6] shows that after the fire
the soil surface temperature is about 74°C so that, the temperature drops dramatically at 1, 2, 3 and 5 cm
deep. At 1 cm deep not exceeding 55°C and at 5 cm showing an increase of only a few degrees. So the fire
burns the shoots, but the underground system keeps alive.

Figure 2. Underground system of Mandevilla illustris (Apocynaceae).
It is constituted by a xylopodium (upper slender portion) and a
tuberous root. Bar = 6¢cm.

Inn the 60’s, Carlos Rizzini and Heringer Ezechias [17,18,19] studying savanna species show the
distinction between the tuberous roots and xylopodium and new terminology such as secondary
xylopodium, ‘initial tubercles’ on trees and diffuse underground system [19]. Xylopodium is a
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perennial thickened woody organ with numerous buds situated superficially, in the driest soil part,
therefore it is almost always associated with tuberous roots that provide it with water and food reserves in
order to survive the dry season and, later on, resprout as verified in Mandevilla illustris (Fig. 2). Secondary
xylopodium is formed on some tree and shrub species, for example, in Stryphnodendron barbatiman,
Palicourea rigida and Kielmeyera coriacea (a Fabaceae, Rubiaceae and Clusiaceae respectively) in
response to elimination of aerial stems caused by fire (Fig. 3). It is a thickening at the stem base capable of
resprouting in the rainy season. The ‘initial tubercles’ are found, for example, in Annona crassiflora,
Piptadenia macrocarpa and Tabebuia caraiba (a Annonaceae, Fabaceae and Bignoniaceae respectively).
They are thickened roots in the early stages of plant development in order to accumulate reserves and
water. As development proceeds the thickenings are no longer perceived as the tap root becomes axial and
deep. Interestingly, several species of herbaceous and shrub species in the savanna formations thicken the
primary root soon after germination, as in Mandevilla illustris and M. velutina [14] which allows the rapid
establishment in the field. Many Cerrado species, as Chresta sphaerocephala, show an unusual behavior.
A single individual plant can occupy an area of about 10 m in diameter [1]. They have a complex profusely
branched and superficial subterranean system described by Rizzini and Heringer [19] as ‘diffuse
underground systems’ (Fig. 4-6). Some of these diffuse underground systems are caulinar structures named
‘soboles’ as verified in Erythroxylum nanum [8] or radicular structures named ‘gemmiferous roots’ as
described in Chresta sphaerocephala [1]. They have vegetative reproduction sprouting in different
directions, but all the shoots are interconnected belowground, forming an extensive, complex system.
Colonies of Annona pygmaea, Andira humilis, Pradosia brevipes, Parinari obtusifolia, among others, can
reach several meters in diameter [20]. A similar pattern can be seen for Chresta sphaerocephala, where the
aerial stems can be as far as 100 cm apart and shows diffuse underground systems [8].

Figures 3—6. 3. A common view in Cerrado, carbonized base of some branches emitted in previous periods. 4—6.
Diffuse underground systems. Hymenaea stigonocarpa (4), Kielmeyera variabilis (5, 6).

According to Filgueiras [8] this phenomenon seems to be quite widespread and should be
investigated in depth due to difficulties found to define an individual in Cerrado vegetation types, being of
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crucial importance for population biology and community studies. These systems were consequences of
repeated destruction of the aerial biomass, due to fire disturbance, affecting thus, the reproduction by seeds
and stimulating shoot bud-forming roots [8]. The remaining carbonized base of some branches emitted in
previous periods from the diffuse underground system of Chresta sphaerocephala confirms the
interference of the fire in the sprouting process [2]. Another type of underground system found in the
Cerrado is rhizophore [15].Rhizophores constitute the underground cauline system in plants which have
bipolar cauline ramification system, that is, both aerial (plumule origin) and underground systems
(cotyledonary buds origin). Underground cauline systems play an important role increasing the plant
rhizosphere, as well as functioning for storage and resprouting [15, 10]. Smilax rhizophores distribution (0—
20cm soil depth) in S. brasiliensis (Fig. 7, 8), S. campestris, S. cissoides, S. goyazana, S. oblongifolia (Fig.
9) [13], S. polyantha (Fig. 10) and S. fluminensis(Fig. 11) coincides with higher contents of organic matter
whether the soil being stony or not. All of them exhibited clonal growth hence their underground system
functions as storage structures and the axillary buds can sprout into new stems. Only Smilax fluminensis,
collected in sandy soil of campos cerrados, presents vegetative dispersal due to the runners (Fig. 11).

) G N0, Lo

Figures 7-11. Smilax rhizophores
distribution in S. brasiliensis (7, 8), S.
oblongifolia (9), S. polyantha (10)
and S. fluminensis(11)

Therefore bud-bearing underground systems could contribute to the formation of a belowground bud
bank in the Cerrado [4]. Bud bank was first described in 1977 by Harper [9] and its concept was expanded
by Klimesova and Klimes [11]. It comprises all buds from plants, which can be potentially used for
vegetative regeneration by the formation of new shoots after the partial or total removal of aboveground
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parts caused by extreme climatic factors as drought or fire. Recently, the importance of underground
systems of the bud bank for the regeneration of vegetation after disturbance and on the maintenance of
plant populations were described for the subtropical grasslands in Southern Brazil [7]. Studies have shown
that these grasslands are resilient to fire, with a great capacity for regeneration after disturbance [16]. Most
of the vegetation regrowth, mainly from buds protected below ground level, found in underground organs
such as rhizomes and xylopodium. Thus, the successful regeneration of the vegetation depends on the
survival of these organs, as well as the viability of buds [16]. The same strategy might be found in Cerrado,
since vegetation experiences frequent fires and a great part of the herbaceous and shrub strata show species
with the presence of bud-bearing belowground organs. However, there are no studies about the bud banks
of Cerrado vegetation.
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