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Abstract 

Asurycy of the capacity to endure desiccationwas obtained forseyeral Brazilian rockoutcropplants. Seedlings, 
leaycs aud entire plants were subjected to clehydration. After dehydration, suryiya1 was obseryed as thc ability to 
recoyer growth, ch!orophyll content and/orby thc abscnceof leakage of leaftcontents. A total of30spcciesgrowing 
in rock outcroppings in southeastern Brazil showed solne ability to undergo eztreme dehydration. The species 
belong to thc cryptogams Polypodiaceae, Pteridaceae, Sc/nzaeaceae aud Selagineilaceac aud to thc angiospenns 
Cyperaceae, Poaceae and Vefloziaceae. Al! cryptogams were homcoch!orophyllous. Among the angiospcrms 
Microchloa indica (Poaceac) was the only species with thc capacity to retain chlorophyll coutent during 
dchydration. Al! species showcd somc eyidcnce of dcsiccation tolerance similar to that preyiousty reported for 
tolerant angiospcr,ns in Africa. The data suggest that rock outcroppingsfrom the southeastcrn and central regions 
of Brazi! giye support to typical yegetation in which a great number of species exhibit a desiccation-to]crant 
comportment. 
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Introduction 

The majority of the yascular plants suryiye water 
strcss by reducing transpiration between liying tissues 
and the enyironment [14]. Howeyer, a smali group of 
species of yascular plants arc characterized by their 
capacity to suryiye thc equilibrium ot internal water 
content with the atmosphere during extreme watce 
depietion [4].These plants can endure intense water 
stress periods by a state of anabiosis, when physiologi-
cal actiyity is suppressed. As a nile, the recoyery of 
normal physiological actiyity is achieyed during fayor-
able conditions. Plants that endure extreme drought at 
equilibriurn with air of bw hurnidity arc named 
„poikilohydric" [12, 21] or desiccation tolerant" [14]. 
Sorne desiccation tolerant yascular plants can suryiye 
losses of more then 90% of their normal water content 
[8]. This figure is remarkable, considering the struc-
tural complexity of a typical yascular plant. Other pe-
culiarities arc uniquely found in desiccation-tolerant 
plants, such as the bas of their chlorophybl contents 
during dehydration. This phenomenon is termed 
„poikilochlorophylly" [12], as opposcd to chlorophyll 
conseryation or homeochlorophylly. In general, ali 
desiccation tolerant plants seem to be found in habitats 

with a yery shallow soil layer, mainly oyer rock outcrop-
pings [1, 8]. Due to soil scarcity, this habitat shows 
recurrent and intense drought periods. Desiccation 
tolerant plants found in these arcas show a typical 
comportment, which includes leaf rolling or folding 
concomitant with changes in coloration. 

Desiccation tolerant species of yascular plants arc 
particulariy common among cryptogams [4]. Among 
angiosperms, few genera haye been found to be desic-
cation tolerant. The known desiccation tolerant angio-
sperma arc mainly from south and southwestern Africa 
[7,8,9,10]. Some weli recognized species belong to the 
monocotyledonous Cyperaceae, Vellozżaceae and 
Poaceae. In Brazil few desiccation tolerant species 
were characterized. Rcports and papers refer to Sela-
ginella conyoluta (Arn.) Spring. [17, 19], the fernAne-
mia anthriscifolia, and the angiosperm Xerophyta pij-
cata Spreng [6, 15]. Howeyer, a suryey of the 
cryptogarns on rock outcroppings in southeastern Bra-
zil suggests that there arc many ferns with poikibohy-
dric behayior [5]. The few known Brazilian desiccation 
tolerant plants arc typical of rock outcroppings horn 
the coast of the southeastern region (e.g. Rio dc Ja-
neiro) and northeastern „caatinga" (rocky desert). As 
an exception, dw fern Anemia anthriscifolia occurs in 
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the „cerrado" formation ( a type of neotropical sa-
yanna). Outside Brazil, the other neotropical angio-
sperm known to haye desiccation tolerance is the fern 
Satureja gilliesii, found in Chile [16]. 

Our interest in desiccation tolerant plants was mo-
tiyated by their ranty, practically unknown ecology, 
and the lack of knowledge about their role in Brazilian 
rock outcropping yegetation. Preliminary obseryations 
of this yegetation indicate that a considerable propor-
tion of the species may be desiccation tolerant. In 
southeastern Brazil, rock outcroppings with typical 
yegetation are yery frequent near highly urbanized 
areas. This may represent a potential source of distur-
bance, mainly by factors such as fire and intentional 
denudation. Moreoyer, considering the narrow distri-
bution of rock outcropping species, they can be threat-
ened with extinction. Herc we giye a suryey of poten-
tially desiccation tolerant plants associated with the 
rock outcropping yegetation of southeastern Brazil. 

Materials and Methods 

Suryeyed areas 

Localities were selected by the occurence of rock 
outcroppings with representatiye yegetation under bw 
disturbance impact. The type of bedrock included 
sandstone, quartzite, ferric latenite, gneiss and granite. 
The main areas belong to the soutbeastern region of 
Brazil, including the states of Sao Paulo, Rio dc Ja-
neiro, Espinito Santo and Minas Gerais and arc situ-
ated between 20°50",and 27°54" latitude and 4O043 and 

Table 1. Suryeyed areas with rock substratc characteristics and altitudc. 

47039" bongitude. Two species from central (Brasilia-
DF, 15°46" 5) and northern (Carajas-PA, 05°22" 5) 
Brazil were also included, as material was ayailable 
during the dry period. 

Plant Material, Leaf Water Status and 
ClilorophyH Analyses 

During drought periods plants occuring in rock out-
croppings were checked for leaf rolling and!or changes 
in coloration. Plants showing these properties were 
collected and identified. Leaf samples and entire 
plants were collected and transported in dny state to 
the laboratory. Entire plants were remoyed with soil, 
potted and maintained in a greenhouse for at least 2 
months until the experiments were performed. When 
ayailable in the field, seeds were also collected. The 
ability to endure desiccation was inyestigated under 
controlled conditions of bw air humidity or at room 
temperature (around 75% relatiye humidity). Samples 
consisted of seedlings obtained by sowing on wet futer 
paper, leayes and entire plants. 

The leaf water saturation deficit (WSD) was calcu-
lated as described by Barrs [3]: 

WSD=100_{ (LFW}-(LDW) 1 

(LSFW)-(LDW) )<lOQ 

where: LFW is the leaf fresh weight; LDW is the leaf 
dny weight and LSFW means leaf saturated fresh 
weight after 24h under water. 

Chlorophyll a and b contents of leaf samples were 
measured in acetone extracts according to Amon [2]. 
Controlled conditions of relatiye humidity were ob-

Code Locality Substratc Altitude 

I Itanhang, Rio dc Janerio -RJ granite O-200 ni 

II Imbuj, Rio dc Janerio -RI granite 0-200 ni 

III Itacoatiara, Rio deJanerio -RJ granite O-200 on 

IV Pedra Bonita, Rio dc Janerio -RJ granite 700 on 

V Urca, Rio dc Janerio -RJ granite 0-200 ni 

VI lilia dc Santana, Marcać -RJ granite o- ioo ni 

VII Pedra do Oratório, Araras -RJ granite 1000 ni 

VIII Pedra Dubois, Madalena -RJ granite 1200 ni 

IX Monte Aga, Piuma -ES granite 0-500 ni 

X Serra da Moeda, MG granitc 1000 ni 

XI Scrra do Rola Mogą MG ferric laterite 1500 ni 

XII Scrra do Cipó, MG quartzite 1500 ni 

XIII Brasilia, DF fine sand 300 m 

yXIV Carajńs, PA ferric taterite >300 ni 

XV Pedra Grando, Atibaia -SP granite >1000 ni 

XVI Cuscuzciro, Analndia -SP sandstonc >1000 ni 

XVII Itatiaia, Itatiaia -RJ granite >1500 ni 
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tained by concentrated solutions of salts [22] or sulfuric 
acid [20] mantained in closed containers under room 
temperature which ranged from 21°C to 27°C. 

Selected healthy seedling were maintained at bw 
humidity leyels of 10% and 0% in giass yessels for oyer 
one month. Suryiyal was recorded by the ability of the 
seedlings to reattain growth. At least 100 healthy plan-
ttets were tested in 4 replicates. Non-desiccated con-
trois were left under conditions of saturated humidity 
for a minimum of one month. Leaf sections were left 
at bw humidity of aprox. 10% (oyer CaCt2) Erom 2 
weeks to seyerat months. Suryiyal was obseryed by 
placing leaf cuts in distitled water aud chccking for thc 
chlorophylb leyels (in poikilochlorophyi!ous plants) or 
the absence of leakage of leaf contents. Each species 
was eyaluated by two replicates of 40 leaf sections or 
entire leaflets. Potted piants were allowed to dw for up 
to 6 months, leading to equilibrium with yariable 
greenhouse humidities. Recoyery of desiccated leayes, 
aud resumption of growth, were considered to indicate 
plant suryiyaL Seyerat samples, consisting of singte or 
grouped plants were tested. 

Results and Discussion 

Localities and site descriptions arc listed on Table 
1. A total of 30 species with properties indicating dc-
siccation tolerance were found (Table 2). The species 
belong to the cryptogams Polypodiaceae, Pteridaceae, 
Schzaeaceae and Selaginellaceae, all of which arc ho-
rneochorophy!!ous, and to the angiosperms Cyper-
aceae, Poaceae and yelloziaceae. The only homeochbo-
rophyllous angiosperm found was Microchloa indica. 
Not atl of the test for desiccation tolerance could be 
applied to cach species duc to thc limited ayailability 
of plant material. Howeyer, ali species tested showcd 
at least one of the traits of desiccation tolerance. Plan-
tlets and potted mature plants regulady cxhibited 
100% recoyery after exposure to tow relatiye humidi-
ties. Although leaf sections reacted in the same way 
some species rcycalcd lower rccoycry capacity. 

Chlorophyll contcnts of desiccated teayes of 
poikilochtorophytbous plants were always zero. In con-
trast, recoyered leayes showcd yariable contents, prob-
ably duc to diffcrenccs in initiat lcaf characteristics aud 
rchydration time needed for tota! actiyation ofphysio-
togical processes ( data not shown). Leaf sections of 
TriJepis lhotzkiana somctimes showed difficulty to re-
attain chlorophylt,although whole plants were capable 
of fuR recoyery. In the field, some species exhibited 
signals of incomplete rccoycry of leaf structurc. This 
was always obscrycd as prescryation of thc dw state on 
the tips of the leayes. Once remoyed and subjected to 
fuli rchydration under laboratory conditions, unrecoy-
ered leaf tips reattain the norma! state. An unexpectcd 
behayior was found in the yelloziaceaeAylthoniagen-
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tianoides, which exhibits dcsiccation-intolerant teaycs 
in maturc plants. Despitc this scnsitiyity of adult plants 
to drought, seedlings typically show desiceation tolcr-
ance. In mature plants thc lcaycs wcre regenerated by 
sprouting of the apical mcristcm, which apparently 
endures desiccation. 

Whole plants of Microchloa indica (Poaceae), the 
homeochborophyllous angiosperm, sometimes faited 
to suryiye desiccation. A numbcr of dchydratcd lcayes 
failcd to recoycr when desiccation was attained at the 
laboratory. Futl rccoyery of desiccated plants was rap-
idly foltowed by the formation of ncw leayes, which 
were frcquently desiccation intolerant. More com-
monly the leaf bases were the only rcyiycsccnt parts in 
this plant. 

The suryey donc during drought periods reyealed 
that most of the ycgetation cstabtished oyer rock out-
crops on shallow soil ctumps shows desiccation tolerant 
comportment. Othcr potcntial!y desiccation tolerant 
plants werc found biying oycr pebbles and creyiccs. 
Considering the preliminary nature of this work, and 
the knowledge about the occurrence of desiccation 
tolerant plants in other parts of the world, the number 
of spccics showing desiccation toterance in the sur-
ycycd arcas is striking. 

Obseryation of the comportment of desiccation 
tolerant plants in thc field may suggcst distinctiye in-
tesities and frequencies of desiccation that coutd be 
related to the degrec of sun cxposurc and soil dcpth. 
Plants Erom shaded habitats or deep soil were found to 
be desiccated less often than plants exposed, or rooted 
in, thin soil bayers. Tolerant angiosperms more com-
monly occur in the sunny and morc frcquently drought-
prone habitats and tolerant cryptogams arc more com-
mon in shaded sites. An exccption was found in species 
of the gcnus Selaginella, occuring in exposed sites. 

One might find the occurrence of such an extreme 
strategy like desiccation tolerance unexpccted in areas 
situated besidcs yery humid cnyironments such as a 
tropical ram forest. Eyen in localities situated far Erom 
thc ram forest, the pluyiosity does not characterize a 
dry climate. Thus, the dry conditions arc rclatcd to 
substrate-lacking soil, which causes extrcme and un-
predictable dry pcriods. Desiccation tolerance can be 
considcrcd a propcr stratcgy for such conditions as it 
permits suryiyal for long spells without any water and 
can be displayed at any timc when thc enyironment 
dries out. The complcte recoycry of thc actiye statc to 
full growth is achicycd rapidlywhcnwatcr is ayaitable. 
During pcriods of water ayailability, desiccation toler-
ant plants behayc as common drought ayoiding plants, 
accruing thc adyantagcs of this stratcgy [15]. 

It is also intercsting to notc that some of these 
plants may perform the role of pionccrs in loca! li-
thoscres, as suggcstcd by African rock outcroppings [8, 
13]. In thc surycycd arcas, thc pioneer character ap-
pcars to be rcmarkabbc for Trilepis spccics and has to 
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Table 2. List of suryeyed species showing at least one eyidence for clesiccation tolerance. 

Species Occurence 
(numbers refers to Table 1) Seedhngs 

Plant 
Material 
Leayes 

Whole 
plants 

SELAGINELACEAE 

Se/aginella conyoiuta (Arn.) Spring. III, VHI,IX + + 

Se/agine/la sejfowi! Hieron. 1, III, IV, V + + + 

SCHIZEAcEAB 

Anemia Jlexuosa (Say.) Sw. I + 

Anemia vii/osa HumbhBonpl. I to VII + + 

PTERIDAEAE 

Doiyopteds co/fina (Raddi) J.Sm. I to VIII, X, XI, XII, XV + + 

Doiyopteńs omithopus (Mett. ex H. et B.) XII, XVI + 

Hemion flis lamentosa (Lam,) Raddi. V, XVI + 

VELLOZIACEAE 

Ayfikonie gentianoides (Goeth. 8c Henr.) Menezes XII + 

Barbaceniaf/aya Mart. cx JA. 8J.H. Schult. XII + ± 

Bai"bacenia ft-agi-ans Gocth. Henr. XVI + 

P/eurostimafanniae Menezes VIII + + + 

P/ein-ostimagounekana (Beauy.) Menezes XVII 

P/et,z"osiima pwpwea (Hook.) Raf. II, III, V + + ± 

Piewostima seubertiana (Goeth. Sc Henr.) Menezes VII + + 

.Pieumsiima spectabifis (Smith 8c Ayensu) Menezes IX + 

yeliosia a/bi/lot-a Pohl VII, X, XI, + ± + 

ye/fosia candida Mikan I to IV, VIII + + + 

Ve/fosia canincu/alis Mart 8t Seubert X, XI, XII + 

Ve/lozia compacta Mart. 8 Schult. X + + 

ye/lozia giochidea Pohl XIV + 

ye/losia nanuzea LB. Smith 8 Ayensu XVI + 

Veliosia squamata Pohl XIII + 

Veilosia yariabilis Mart. cx JA. dc J.H. Schult XVI + 

yeliosia vat-legata Gaethart dc Henrard VII + + 

Xes"ophytapiicata (Mart.) Spreng. VI to IX + + + 

POACEAE 

Microc/i/oa indica Beauy, XI + +- + 

CYPERACEAE 

Ti-ilepis ciliatifoha Koyarna VIII + 

Trilepis fhotzkiana Nees I to IV, X, XII. XVI ± + + 

T;"i/epis microstackya H. Pfeiff. VII + 

Trilepis Sp. VII to IX + + ý 

(+) positiye; (-) negatiye; () not tested 
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be clarified in further research. In granitic outcrop-
pings in Nigeria, Hambier [12, 13] obseryed desicca-
tion tolerance and the pioneer role of Afrotrilepis, a 
genus related to thc South American Trilepis which can 
be considered an „ecological counterpart" of Afro-
trilepis. Thcre are also many similarities between re-
ported characteristics ofA-ican T/elloziaceae and the 
species found in Brazil, concerning habitat, growth-
formation and desiccation tolerance [11, 18]. We ex-
pect to find a kind of ecological correspondence be-
twecn the species referred to in this paper and species 
mentioned for African rock outcroppings. 

In surnmary, we belieye that desiccation toterance 
should be the most important strategy for exploitation 
of rocky habitats in the tropics and we expect to find a 
greater nun-iber of desiccation tolerant species in the 
suryeycd rcgions as more localities are examined in the 
future. Assessment of the ability of plants to endure 
desiccation in the seedling state is a new approach in 
the study of this strategy of drought suryiyal. We eon-
sider the capacity of reyiyescence shown by the seed-
Hng as the best eyidence for the ecological adyantage 
of desiccation tolerance for plant establishment. Thus, 
thiswork proyides materiał fora wide range ofresearch 
lines on desiceation tolerance, from community eco-
logy to moleeular biology. 
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