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ABSTRACT

Savannas may be divided according to their seasonality into semi-seasonal, seasonal, hyperseasonal, or
marshy savannas. Hyperseasonal savannas are characterized by the alternation of two contrasting stresses
during each annual cycle, one induced by drought and fire and the other, by waterlogging. In South America,
the largest savanna region is the Brazilian cerrado, in which there are few hyperseasonal areas that become
waterlogged in the rainy season. The cerrado soils are generally well drained, but in central Brazil there
is a small cerrado area in which the soil is poorly drained and which becomes waterlogged in the middle
of the rainy season, allowing the appearance of a hyperseasonal cerrado. As long as soil is important in
the ecology of the cerrado vegetation, we asked whether the waterlogging in this hyperseasonal cerrado
implied that there were differences in soil characteristics in relation to a seasonal cerrado, which is not
waterlogged in the rainy season, and to a floodplain grassland, which remains waterlogged throughout the
year. In each environment, we randomly selected ten points, in which we collected soil samples in the mid-
rainy season for chemical and granulometric analyses. For all variables, we found significant differences
among the three environments, at least at one of the depths. Nevertheless, when we took into account all the
variables together, we observed that the soils under the hyperseasonal and seasonal cerrados were similar
and both were different to the soil under the floodplain grassland. The soil under the floodplain grassland
was related to larger amounts of clay, silt, organic matter, phosphorus, aluminium, aluminium saturation,
cation exchange capacity, and sum of bases, whereas soils under hyperseasonal and seasonal cerrados were
related to higher pH values, base saturation, calcium, magnesium, and sand. As long as the soil under both
cerrados was chemically and physically similar, the duration of waterlogging in the hyperseasonal cerrado
is not long enough to alter its soil characteristics. Limitations to the plants growing on the hyperseasonal
cerrado soil must be a consequence of the direct effects of flooding. Since cerrado plant species are dryland
ones, the hypoxia caused by waterlogging may limit the number of cerrado species able to withstand these
conditions.
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RESUMO

Caracteristicas edaficas de um cerrado hiperestacional em comparacio com um cerrado estacional
e um campo umido: implicacdes para a estrutura da comunidade vegetal

As savanas podem ser divididas de acordo com a sua estacionalidade em savanas semi-estacionais,
savanas estacionais, savanas hiperestacionais ou esteros. Savanas hiperestacionais sdo caracterizadas
pela alternincia de dois estresses contrastantes durante cada ciclo anual, um induzido pela seca e fogo e
outro, pelo alagamento. A maior regifio de savana na América do Sul € o cerrado brasileiro, que apresenta
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poucas dreas hiperestacionais, que se tornam alagadas durante a estagdo chuvosa. Os solos de cerrado
sdo geralmente bem drenados, mas hd, no Brasil central, uma pequena area de cerrado em que o solo ¢
pobremente drenado e que se torna alagada no meio da estagcdo umida, possibilitando o aparecimento
de um cerrado hiperestacional. Como o solo € importante para a ecologia da vegetagdo do cerrado, nés
nos perguntamos se o alagamento no cerrado hiperestacional implicava diferencas nas caracteristicas
edaficas em relagdo ao cerrado estacional, que nio alaga durante a estagdo chuvosa, e ao campo timido, que
permanece alagado durante o ano todo. Em cada ambiente, nés sorteamos dez pontos, em que coletamos
amostras de solo, no meio da estacdo chuvosa, para andlises quimicas e granulométricas. Para todas as
varidveis, encontramos diferencas significativas entre os trés ambientes, a0 menos em uma profundidade.
Nio obstante, quando analisamos todas as variaveis edaficas conjuntamente, observamos que os solos sob
os cerrados hiperestacional e estacional foram semelhantes e ambos foram diferentes do solo sob o campo
tumido. O solo sob campo tmido relacionou-se a maiores quantidades de argila, silte, matéria orgénica,
fésforo, aluminio, saturagdo por aluminio, capacidade de troca catidnica e soma de bases, enquanto
que os solos sob cerrados hiperestacional e estacional relacionaram-se a maiores valores de pH, areia,
saturagdo por bases, cdlcio e magnésio. Uma vez que os solos sob os dois tipos de cerrado foram similares
quimica e fisicamente, a duragdo do alagamento no cerrado hiperestacional nio € suficiente para alterar
as suas caracteristicas edéficas. LimitacGes para as plantas crescendo no cerrado hiperestacional devem
ser conseqiiéncia dos efeitos diretos do alagamento. Como as espécies vegetais de cerrado sdo espécies
de dreas secas, a hipoxia causada pelo alagamento pode limitar o nimero de espécies de cerrado que sido
capazes de suportar essa condicdo.

Palavras-chave: alagamento, Brasil central, cerrado, hiperestacionalidade, savana.

INTRODUCTION cerrado physiognomies may not be considered
savannas (Coutinho, 1990), seasonality is also
one of the essential features of the cerrado, which
may be divided according to Sarmiento’s (1983)
classification as well. Seasonal cerrados are by
far the most widespread type, but semi-seasonal
cerrados appear as small patches within the
Amazonian region (Sarmiento, 1983).
Hyperseasonal cerrado areas must be rather
restricted within the Cerrado domain in interfluvial
regions with poorly drained soils (Sarmiento,

Savannas are tropical and subtropical
formations characterized by an almost continuous
grass layer, interrupted only by shrubs and trees in
varying proportions, and in which the main growth
patterns are closely associated with alternating
wet and dry seasons (Bourliere & Hadley, 1983).
Based on this seasonality, Sarmiento (1983)
suggested an ecological classification of the
savannas, dividing them into four groups: i) semi-

seasonal savannas, with a constantly or mostly
wet climate, characterized by one or two short dry
seasons; ii) seasonal savannas, characterized by
an extended rainless season, in which drought and
fire provide a neat rhythmicity in its functioning;
iii) hyperseasonal savannas, characterized by the
alternation of two contrasting stresses during each
annual cycle, one induced by drought and fire, the
other by soil saturation; and iv) marshy savannas,
in which the water excess may last most of the year,
while a period of acute water shortage either does
not exist or is very brief.

The Brazilian cerrado is the main savanna
region in America and once covered about
2 million km? mainly in the Brazilian Central
Plateau, under seasonal climate with wet summers
and dry winters (Ratter et al., 1997). Even if some
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1983). In some cerrado areas, there are lateritic
layers (Freitas & Silveira, 1977) that may be the
cause of poor drainage (Lopes & Cox, 1977)
and, consequently, of waterlogging. Castro et al.
(1998) cited some areas in the northeastern Brazil
as possible hyperseasonal cerrados due to great
water-table variation throughout the year, but
as long as there is no waterlogging, these areas
shall be classified as seasonal cerrados. In Emas
National Park (ENP), central Brazil, there is a
small area composed of cerrado species in which
there is waterlogging in the summer and drought
in the winter and thus may be classified as a
hyperseasonal cerrado (Batalha et al., 2005).
Several explanations for the occurrence of
savannas, in general, and cerrados, in particular,
involve soil either as a primary cause or as an
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indirect factor (Askew & Montgomery, 1983).
Alvim & Araijo (1952) suggested that the cerrado
distribution, contrary to forests, is more controlled
by soil than by any other ecological factor. Cerrado
soils are generally oxisols, with low nutrient
reserves and high aluminium levels (Haridasan,
2000). Soil factors, such as the effective depth,
presence of concrections, drainage, and fertility
are determinants for the occurrence of cerrado
physiognomies (Haridasan, 2000). Variations in
physiognomy may be accompanied by changes in
floristic composition, structure, and productivity
due to variations in chemical and physical soil
characteristics (Haridasan, 2000). In a core cerrado
area, Goodland & Pollard (1973) found that the
physiognomic gradient was correlated with soil
fertility. However, Ruggiero et al. (2002) found no
significant correlation between the physiognomic
gradient and soil fertility in a disjunct southern
cerrado area.

Soil waterlogging limits oxygen diffusion
to the roots (Ponnamperuma, 1984), and the
resulting hypoxia or anoxia reduces mineral and
water absorption by the plants (Baruch, 1994b).
Under these conditions, soil pH is modified
(Gambrell et al., 1991) and the availability of many
elements, such as calcium, magnesium, phosphorus,
and potassium, is increased (Ponnamperuma,
1972). Reduction of Fe** and Mn* to Fe?* and
Mn?* increases their concentrations in the solution
(Blom & Voesenek, 1996).

Since in waterlogged soils there may
be changes in chemical soil characteristics
(Ponnamperuma, 1984; Gambrell et al., 1991)
and since soil is one of the main factors that
determine the occurrence of the cerrado and its
physiognomic variation (Haridasan, 2000), it is
possible that the waterlogging of a hyperseasonal
cerrado implies that there are differences in soil
characteristics when compared to a seasonal
cerrado, which is not waterlogged, and a floodplain
grassland, which is waterlogged throughout the
whole year, and, consequently, differences in
plant community structure among these three
environments. Analyzing some chemical and
physical soil characteristics, we addressed the
following questions: are soils under hyperseasonal
cerrado, seasonal cerrado, and floodplain grassland
different? If there are changes in soil characteristics
due to waterlogging in the hyperseasonal cerrado,

what are the possible implications for the plant
community?

MATERIAL AND METHODS

The Emas National Park (ENP), which was
founded in 1961, is one of the largest and most
important cerrado reserves in Brazil (Conservation
International, 1999). Recently, ENP was included
by Unesco (2001) in the World Natural Heritage
List as one of the sites containing flora, fauna,
and key habitats that characterize the cerrado. The
ENP is located on the Brazilian Central Plateau,
in the cerrado core region under a tropical warm
wet climate with three dry months in the winter,
classified as Aw according to Koppen’s (1931)
classification.

The cerrado in ENP has almost all
physiognomies found in this vegetation type from
campo limpo (a grassland) to cerrado sensu stricto
(a woodland). Cerrado physiognomies prevail in
the reserve — campo limpo, campo sujo (a shrub
savanna), campo cerrado (a savanna woodland),
and cerrado sensu stricto — occupying 93.2% of the
total area. Other vegetation types, such as floodplain
grassland, riparian forests, and seasonal forests
also exist within the park. In the southwestern part
of the reserve, there is a hyperseasonal cerrado
area that occupies about 300 ha (Fig. 1) which
is waterlogged from February to April when the
water-table rises 0.2 m above soil level.

We sampled three 1 ha areas in the
southwestern portion of the reserve, one consisting
of the hyperseasonal cerrado (approximately,
18°18°07” S and 52° 57° 56” W), another consisting
of a seasonal cerrado (approximately, 18° 17° 347"
S and 52° 58’ 12” W) and another consisting of a
floodplain grassland (approximately, 18° 15 40” S
and 53° 01’ 08” W). These three environments
are physiognomically similar with a continuous
grass layer, scattered shrubs, and no trees. In the
hyperseasonal cerrado, there are two contrasting
stresses during the year, waterlogging in the summer
and drought in the winter; in the seasonal cerrado,
there are drought in the winter, but no waterlogging;
in the floodplain grassland, there is an excess of
water throughout the whole year.

We collected soil samples in February 2003
in the mid-rainy season, when the hyperseasonal
cerrado was waterlogged. In each environment, we
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ENP

hyperseasonal cerrado

Fig. 1 — Location of Emas National Park in Brazil and the area covered by the hyperseasonal cerrado in the southwestern

portion of the reserve.

randomly selected ten points. We used a Global
Position System receiver to obtain these points.
At each point, we collected soil samples at four
depths (0-0.05, 0.05-0.25, 0.4-0.6, and 0.8-1.0 m)
for chemical and granulometric analyses. During
the soil sampling in the hyperseasonal cerrado, we
also checked whether there was a lateritic layer up
to 2 m deep. Chemical and granulometric analyses
were conducted at the Soil Sciences Laboratory at
the University of Sao Paulo.

We analyzed soil characteristics according
to the procedures described by Raij et al. (1987):
air dried soil samples were sieved (2.0 mm)
and analyzed for total organic matter (OM) by
spectrophotometry after oxidation with sodium
dichromate in the presence of sulphuric acid
and a subsequent titration with ammonic ferrous
sulphate; phosphorus (P) was determined by
spectrophotometry after anion exchange resin
extraction; exchangeable aluminium (Al) and
basic cations (K, Ca, Mg) were extracted with
1 mol, It KCl, cation exchange resin, and buffer
SMP, respectively; the cation exchange capacity
(CEC) was determined based on the sum of K, Ca,
and Mg; the base saturation (V) was calculated
as a percentage of the total CEC; the aluminium
saturation (m) was calculated based on effective
cation exchange capacity; the sum of bases (SB)
was represented as the sum of Ca, Mg, and K;
and the pH soil was determined in CaCl, (0.01 M)
solution. A granulometric analysis was carried
out according to Boyoucus’s method described by
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Camargo et al. (1986) to determine the percentages
of sand, silt, and clay.

We used analyses of variance (Zar, 1999) to
test for significant differences (ov = 0.05) among
the soils of the three environments. We used
parametric statistical analyses even when data
were not normally distributed and variances were
heterogenous, because the analysis of variance is
robust enough for possible deviations in normality
when, as in our case, the number of replicates are
equal (Zar, 1999). We transformed the data shown
in percentages, such as clay, sand, silt, CEC, V,
and m, to their arcsines prior to the analyses (Zar,
1999). We used the Principal Component Analysis
(PCA) (Jongman et al., 1995) to analyze all soil
variables simultaneously using data from the four
depths (centralized and standardized) with the
MVSP software (Kovach, 1999). We presented the
results for the depth with the largest eigenvalues in
the first two axes and we constructed a joint plot of
sites and soil characteristics.

RESULTS

We did not find a lateritic layer in the
hyperseasonal soil profile, at least until the depth of
2 m. We classified the soil under the hyperseasonal
and seasonal cerrados as Latosol, according to
the Brazilian system (Embrapa, 1999), or Oxisol,
according to the US Taxonomy system (Soil
Survey Staff, 1999), and the soil under floodplain
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grassland as Gleysol (Embrapa, 1999) or Fluvent
Entisol (Soil Survey Staff, 1999).

For all chemical variables, we found signifi-
cant differences among the three environments,
at least at one of the depths (Table 1). For pH,
there were significant differences among the

three environments at the first depth (0-0.05 m),
between hyperseasonal cerrado and the other two
environments at the third depth (0.4-0.6 m), and
between both cerrados and the floodplain grassland
at the fourth depth (0.8-1.0 m). In relation to OM,
Al, CEC, and m, we found significant differences

TABLE 1

Soil chemical and physical characteristics (mean * standard deviation) at four depths in hypersseasonal cerrado
(approximately, 18° 18’ 07” S and 52° 57’ 56’ W), seasonal cerrado (approximately, 18° 17’ 34” S and 52° 58’ 12 W)
and floodplain grassland (approximately, 18° 15’ 40” S and 53° 01’ 08 W) in Emas National Park, central Brazil. Means
significantly different (o = 0.05) are indicated by different letters. hsc = hyperseasonal cerrado; sc = seasonal cerradol;
fg = floodplain grassland; OM = organic matter; P = phsophorus; K = potassium; Ca = calcium; Mg = magnesium;

Al = aluminium; m = aluminium saturation; SB = sum of bases; CEC = cation exchange capacity; and V = base saturation;
NSP > 0.05; *P < 0.05; ** P < 0.01; *** P < 0.001

Variable Depth (m) hsc sc fg F
pH 0-0.05 4.18<+0.09 4.05°+0.08 3.922+0.09 21.03%**
0.05-0.25 4.15°+0.12 4.02* £ 0.06 4.04*+£0.21 2.43Ns
0.4-0.6 4.50°+0.09 4.29* £+ 0.06 4.28*%0.20 8.59%#**
0.8-1.0 4.95°+0.11 4.82°+0.10 4.53*+0.26 15.56%%%*
OM (g kg™") 0-0.05 48.1*+10.0 50.6*+ 4.9 170.4°+22.1 238.31%*%%*
0.05-0.25 30.3*+4.6 41.6°+3.7 188.7°+48.9 96.51%**
0.4-0.6 19.20£3.7 25.2*+£29 164.5*+ 824 29.71%#%*
0.8-1.0 13.6°+3.8 19.32 £ 2.1 74.0°+ 359 25.42%%*
P (mg kg™) 0-0.05 4.2°+0.9 4.0°+0.9 24.1°+5.8 113.04%**
0.05-0.25 1.82+0.6 2.9*+0.5 20.1°+10.1 30.66%**
0.4-0.6 1.0°£ 0.0 1.1°£0.3 4.0°+2.1 20.15%#*
0.8-1.0 1.0°£ 0.0 1.0+ 0.0 2.1+ 1.8 3.76%*
K (mmolc kg') 0-0.05 2.11*£0.24 2.21*+£0.25 3.87°+0.71 46.62%#*
0.05-0.25 1.68*+0.27 1.97*+0.27 2.87°+0.70 18.05%**
0.4-0.6 1.18*+ 1.08 1.10*£0.12 1.38*+0.24 0.50™
0.8-1.0 0.77*+0.19 0.93*+0.11 1.02°+0.16 6.38%**
Ca (mmolc kg) 0-0.05 4.1°+0.8 4.0°+1.2 26+ 1.1 6.07%*
0.05-0.25 1.4°+£0.6 1.5+ 0.5 24+ 1.7 2.46N8
0.4-0.6 1.1°+0.3 1.1°£0.3 1.3+ 0.6 0.61N
0.8-1.0 1.0 £ 0.0 1.1*£0.3 1.3+ 0.6 1.26M8
Mg (mmolc kg™!) 0-0.05 3.1°+0.5 4.1°+0.7 2.8+ 1.1 6.45%*
0.05-0.25 1.5+ 0.5 1.8°+04 2.3°+0.8 4.32%
0.4-0.6 1.1*£0.3 1.0+ 0.0 1.2 +0.6 0.60™
0.8-1.0 1.0 £ 0.0 1.0+ 0.0 1.1°+£0.1 1.00N
Al (mmolc kg™) 0-0.05 7.2+ 1.5 10.4*+ 1.1 28.7°+5.8 108.75%*%*
0.05-0.25 5.8 +1.3 8.8+ 1.0 24.7°+7.3 54 27#%*
0.4-0.6 2.0°+0.9 3.1°+2.5 19.6°+9.4 30.33%**
0.8-1.0 0.2°+0.4 0.6°+0.5 5.9°+49 12.15%%*
m (%) 0-0.05 43.5°+5.9 50.4*+ 6.4 75.4°+6.2 71.04%%*
0.05-0.25 55.7*£+10.9 62.6°+ 6.7 76.3°+ 6.6 16.44% %%
0.4-0.6 37.0°+11.7 4524+ 12.3 78.7°+ 15.6 27 44% %
0.8-1.0 5.7+ 12.1 15.2°+13.1 56.7°+19.3 25.775%%*
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TABLE 1
Continued...
Variable Depth (m) hsc sc fg F

SB (mmolc kg™) 0-0.05 9.31*+ 1.38 10.31* £ 1.93 9.27*+2.47 0.88N8

0.05-0.25 4.58*+1.24 5.27*+0.97 7.57°+2.92 6.68%*

0.4-0.6 3384+ 1.17 3.200+0.37 3.884+1.37 1.09%8

0.8-1.0 2.77°+0.19 3.03*+0.32 34204+ 1.02 2.73N8
CEC (mmolc kg™) 0-0.05 86.11° +6.27 10532+ 4.97 156.37° + 36.02 29.06%**
0.05-0.25 62.68*+4.94 88.47°+4.18 142.57°+51.29 18.66%**
0.4-0.6 36.08*+3.52 45.10°+4.02 144.48°+ 42.02 60.49%#:*
0.8-1.0 25.67*£1.36 30.13°+£1.98 81.62"+28.58 35.26%%*
V (%) 0-0.05 10.6°+ 1.2 9.8°+ 1.7 6.2°+ 1.7 22.36%**

0.05-0.25 7.31+£2.1 5.8+ 1.1 6.00+2.8 1.43N8
0.4-0.6 9.6°£2.9 7.1°£0.8 3.0°£1.2 43.86%*
0.8-1.0 10.9°+ 1.2 9.9°+1.2 4.8 +2.7 31.00%%**
clay (%) 0-0.05 31.9°+2.3 26.9°+2.6 77.2°+£2.8 22.95%%*
0.05-0.25 29.8°+ 1.8 2477+ 2.1 75.66+£5.2 43 47 w%%
0.4-0.6 2520127 20.5°+0.8 66.1°+11.7 43.59%*
0.8-1.0 2572+ 2.1 20.6° 2.7 66.4°+ 11.6 25.27%*
silt (%) 0-0.05 6.5°+ 1.3 5.00£2.2 122°+3.3 964 .42%%:%
0.05-0.25 3.8+1.7 42:+19 13.8°+39 567.93%#%*
0.4-0.6 41°+1.3 44114 18.9°+7.3 131.61%**
0.8-1.0 5.9+ 1.6 4.8°+1.9 18.1°+ 8.1 126.89%#:#*
sand (%) 0-0.05 61.6°+2.8 68.1°+ 3.1 10.6*+ 2.8 951.49%%#%*
0.05-0.25 66.4°*+2.1 71.1¢+23 10.6:+4.3 814.79%%*
0.4-0.6 70.7°+2.6 75.1°+ 1.5 15.00+ 16.2 105.03%3#:*
0.8-1.0 68.4*+2.2 74.6°+£2.5 15.5+17.8 78.48%%*

between both cerrados and the floodplain grassland
at all depths. For P, we found significant differences
between both cerrados and the floodplain grassland
at the first three depths.

In relation to K, there were significant dif-
ferences between both cerrados and the floodplain
grassland at the first two depths and between
hyperseasonal cerrado and floodplain grassland
at the fourth depth. For Ca, the only significant
difference we found was between both cerrados
and the floodplain grassland at the first depth. For
Mg, we found significant differences between
seasonal cerrado and the other two environments at
the first depth and between hyperseasonal cerrado
and floodplain grassland at the second one. Base
saturation (V) was significantly different between
both cerrados and the floodplain grassland at
the first and fourth depths and among the three
environments at the third one. In relation to SB, we
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found significant differences between both cerrados
and the floodplain grassland at the second depth.

Silt content in both cerrados was significantly
different to that in floodplain grassland at all depths,
the same pattern found for clay and sand content at
the last two depths. Clay and sand content at the
first two depths were significantly different among
the three environments.

In the PCA, the first depth presented the
highest eigenvalues in the first two axes; the
first axis explaining 60.00% of the variation and
the second one explaining 25.98%. The three
environments formed two distinct groups (Fig. 2):
soils under floodplain grassland presented positive
scores in the first axis, related to larger amounts
of clay, silt, OM, P, Al, m, CEC, and SB, whereas
soils under hyperseasonal and seasonal cerrados
presented negative scores in the first axis related to
higher values of pH, V, Ca, Mg, and sand.
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Fig. 2 — Principal Component Analysis of soil variables at 0-0.05 m deep for the hyperseasonal cerrado (O), seasonal cer-
rado (), and floodplain grassland (x) in Emas National Park, (18° 18”07 S and 52° 57° 56” W), central Brazil. OM = or-
ganic matter; P = phsophorus; K = potassium, Ca = calcium; Mg = magnesium; Al = aluminium; m = aluminium saturation;
SB = sum of bases; CEC = cation exchange capacity; and V = base saturation.

DISCUSSION

In water-saturated soils, oxygen supply is
only sufficient for microbial activity in the first
few millimeters of surface soil; at greater depths,
oxygen disappears from the system within several
days to a week after water saturation under tropical
conditions (Brinkman & Diepen, 1990). Flooding
drastically reduces oxygen diffusion into the soil,
causing hypoxia or anoxia, which is the main
limitation that reduces root aerobic respiration
and the absorption of minerals and water (Baruch,
1994a). The hypoxic or anoxic conditions above
and below the soil surface promote anaerobic
activities (Blom & Voesenek, 1996) that result in
several characteristics of the physico-chemical
environment of the roots: pH tends to be neutral,

toxic substances produced by the reduction of ions
such as ferrous and manganous accumulation,
nitrates and sulphates are reduced to ammonia
and sulphides, the availability of phosphorus and
other nutrients is changed, and the incomplete
decomposition of organic matter produces various
toxic compounds (Gopal & Masing, 1990).
Although we found significant differences in
the pH among the three environments (Table 1),
its effect on the plants in all environments must
be similar, since all values indicated acid soils,
which are generally poor in nutrients (Embrapa,
1999). The organic matter content was different
between both cerrados and the floodplain grassland
(Table 1) due to the incomplete decomposition at
the latter site (Gopal & Masing, 1990). Apparently,
the short waterlogging period in the hyperseasonal
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cerrado was not long enough to promote a higher
organic matter content in the soil under these
environments when compared to the soil under the
seasonal cerrado.

All three environments had aluminic soils,
with aluminium saturation higher than 50% or
a base saturation lower than 50% (Table 1).
Exchangeable aluminium decreases the nutrient
availability to the plants, decreasing phosphorus
absorption or its precipitation in intercellular
spaces (Malavolta et al., 1977), and usually causes
a decrease in magnesium and calcium absorption
from roots (Marschner, 1989). The effects of Al
and H* are additive in acid soils, as the sampled
ones, with respect to replacement of Ca** and Mg*,
contributing to the reduced availability of these
nutrients to the plants (Marschner, 1989).

The soils under the three environments were
nutrient-poor ones, but with different limitations: in
the floodplain grassland, there were higher values
of organic matter, aluminium, clay, phosphorus, and
aluminium saturation, whereas in the hyperseasonal
and seasonal cerrados, there were higher values of
sand and base saturation. The floodplain grassland
does not seem to be limited by phosphorus, contrary
to the hyperseasonal and seasonal cerrados. Low
levels of available phosphorus highly increases
the proportion of legumes (Elisseou et al., 1995;
Janssens et al., 1998); thus we predict a higher
proportion of legumes in the hyperseasonal and
seasonal cerrados than in the floodplain grassland,
where grasses and sedges should be more abundant
(Janssens et al., 1998).

The soils under both cerrados and under the
floodplain grassland differed in relation to clay
and sand proportions (Table 1). Oxisols (Latosols),
such as the soils under hyperseasonal and seasonal
cerrados, tend to have good physical properties
due to high aggregate stability, but poor chemical
ones due to low nutrients, relative to plant growth
(Motta et al., 2002). The higher sand proportion in
hyperseasonal and seasonal cerrados implies that
there is a low water capacity (Morgan et al., 2001).

Despite the high sand proportion in the
hyperseasonal cerrado soil, itbecomes waterlogged
at the end of the rainy season. As stated previously,
the waterlogging causes a decrease in soil oxygen
content. The ability of roots to respond to
variations in soil environment, such as water and
oxygen content in adjustments in their physiology,
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form, and structure that compensate for alteration
in the availability of these resources has high
survival values in plants from environments that
experience severe drought and waterlogging
(Sarmiento, 1984). In tropical grasslands, dryland
grasses respond to flooding by increasing the
proportion of root aerenchyma, enhancing the
diffusion of atmospheric or photosynthetic oxygen
from shoot to roots, so that aerobic respiration and
growth can be maintained (Baruch and Mérida,
1995). In non-wetland plants, the formation of
aerenchyma is induced by soil anaerobiosis and
many species present this response to flooding
(Peterson, 1992).

In soils under seasonally alternating flooded
and aerated conditions, changes are generally rapid,
including reversible changes, such as fluctuations
in redox potential, pH, dissolved and exchangeable
iron, and exchangeable aluminium (Brinkman
& Diepen, 1990). A bias in our analyses is that
the properties of the soil solution in waterlogged
soils are different to those of equilibrium extracts
of dried soils, which is particularly true for pH
and pH-related properties, like CEC and the
composition of exchangeable ions. Another bias is
that our analysis is limited in time and there may
be variations in soil characteristics throughout the
year in all environments. Nevertheless, even in
the waterlogging period, when the soil conditions
under the hyperseasonal cerrado should be closer
to those under the floodplain grassland, the soil
characteristics in the hyperseasonal cerrado were
similar to those in the seasonal cerrado (Fig. 2).

As long as the soil under both cerrados were
chemically and physically similar, the duration of
waterlogging in the hyperseasonal cerrado was
not long enough to alter its soil characteristics.
Thus, the limitations to the plants growing on the
hyperseasonal cerrado soil must be a consequence
of the direct effects of flooding, i.e., oxygen stress,
not indirect effects with regard to nutrient supply.
Since cerrado species are generally not adapted to
overcome oxygen stress, the number of species and
the diversity in the hyperseasonal cerrado should
be lower than in the seasonal cerrado.
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