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ABSTRACT

The Cerrado region, with over 50 million hectares of cultivated pasture, provides 55% of Brazilian beef productic
Previous investigations have shown that about 70-80% of this pasture is affected by some kind of degradation, leadi
to low productivity. However, until now, few surveys have been carried out on a regional scale. The aim of the presc
work is both to assess the fertility and acidity levels of Cerrado soils under pasture and compare the variability of t
soils characteristics on a regional scale. Two soil depths were sampled in different places within the studied area: (1
surface horizon (0.0-0.2 m) in order to evaluate its fertility and acidity status for pasture, and (2) a subsurface horiz
(0.6-0.8 m), used for classification. Most of soils had levels of nutrients below the reference values for adequate pastu
development. Whatever the texture, about 90% of soils had low or very low availability of phosphorus. Only 7 to 14
of soils had low pH, high exchangeable aluminum, and aluminum saturation above the critical acidity level. Except 1
nitrogen, no significant difference was found between Latossolos Vermelhos and Latossolos Vermelho-Amarelos.

Key words: cation exchange capacity, exchangeable aluminum, phosphorus availability, soil degradation, total carbc

INTRODUCTION This mineralogical composition depends mainly

The Cerrado soils were described as being weathered, parent material and extent of weathering where t

highly acidic and containing small amounts of nutrients
that are essential for the cultivation of plants (Adamoli

found, and has a fundamental influence on the act
clays (Carvalho Junior 2000). Along with the lov

et al. 1985). These descriptions correspond mainly to of organic carbon commonly found in these so:

Latossolos, which cover half of the total Cerrado area low clay activity causes a low cation exchange c:

(Reatto and Martins 2005) which is another of their key characteristics (G¢
al. 2004).

In a study of Latossolos in the Cerrado region, ) )
Despite the fact that Cerrado soils were con

Carmo et al. (1984) showed that kaolinite, gibbsite and

iron oxides (hematite and goethite) are the main miner- to be of low productivity for a long time, the reg

been the focus of intense agricultural expansio
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Cultivated pasture covers about 50 million hectares
of the Cerrado region (Sano et al. 2008). There are es-
timates showing that about 70-80% of this pasture is
composed of soils with variable levels of degradation,
which results in the low productivity of these areas, as
highlighted by Lilienfein et al. (2003) and Brossard
and Barcellos (2005). This condition is mainly caused
by low biological activity and a lack of essential chem-
ical elements such as nitrogen, phosphorus, potassium,
calcium and magnesium. The “nutrient mining” char-
acteristic of this farming activity is revealed by the very
small amount of NPK (about 4 kg ha=! yr~!) that
Brazilian pastures received from 1994 to 2002 (Vilela
etal. 2004).

Low levels of exchangeable bases lead to soil acid-
ification and increase the levels of exchangeable alu-
minum. The phytotoxicity of the aluminum in these
areas has already been demonstrated by different re-
searchers (Abreu et al. 2003, Wenzl et al. 2003, Men-
donga et al. 2006), mainly in Latossolos. Lime and
fertilizer inputs might minimize and even eliminate such
problems, but technical recommendations are often not
implemented by the farmers of the region.

Since the creation of Embrapa Cerrados and the
establishment of the Radambrasil project, the character-
istics of the Cerrado soils have been intensively studied.
However, most of the completed work has only exam-
ined the soils under unexploited Cerrado vegetation. The
aims of this study are, therefore: i) to assess the fertility
status and acidity levels of Latossolos under pasture in
the Brazilian Cerrado; ii) to examine the variability of
the fertility in the light of soil characteristics as classi-
fied by the Brazilian Soil Classification System.

MATERIALS AND METHODS
STUDY SITE AND SAMPLING

Soils were collected from the Brazilian Cerrado re-
gion. Samplings were carried out in two sub-regions
situated near the highways GO-060 and BR-154, be-
tween the towns of Goidnia, GO, and Barra do Gar-
~rac MT (152247407’ 16 16°20'2477<R and 40°00/ 4R \W

Geological and pedological maps were used in an
attempt to select sampling sites with high soil variability.
A total of 74 composite samples were taken from two
depths (0.0-0.2 m and 0.6-0.8 m). Each of these was
composed of two cores taken with an Edelman auger.
The ones from 0.0-0.2 m layer represent the surface
horizon where soil fertility and acidity status were an-
alyzed, while the others from 0.6—0.8 m layer represent
the subsurface horizon used for soil classification. That
was based on the Brazilian Soil Classification System
(Santos et al. 2006), according to which all the soil sam-
ples were Latossolos. Taking into account the matrix
Munsell color measured in the subsurface horizons, soils
are divided into two suborders: Latossolos Vermelhos
(LV) and Latossolos Vermelho-Amarelos (LVA). Within
these suborders, three texture groups can be defined:
very clayey (clay > 600 g kg_l), clayey (350 g kg_1 <
clay < 600 g kg_l) and coarse-loamy (15 g kg_l < clay
<35¢g kg_l) (Table I). The mineralogical characteris-
tics, such as the Ki and Kr ratios, kaolinite and gibbsite
content of these Latossolos, can be found in Vendrame
(2008).

All the selected areas were covered with pasture.
Sampling sites were geo-referenced by GPS (Global Po-
sitioning System) equipment. After collection, packag-
ing and identification, soils were sent to the Embrapa
Cerrados soils laboratory in Planaltina, DF, where they
were dried and screened through a 2 mm stainless steel

sieve.

SOIL ANALYSIS

Physical and chemical analyses were conducted at
Embrapa Cerrados soils laboratory following the meth-
odology established by Claessen (1997). The following
characteristics were determined: particle size distribu-
tion; pH in water and KCl (ratio 1:2.5); available phos-
phorus (P) and potassium (K), extracted with Mehlich-1
solutions (0.0125 mol L~! of HySO4 and 0.050 mol L~!
of HCl); exchangeable aluminum (Al), calcium (Ca) and
magnesium (Mg), extracted with KCI 1 mol L~!; and H
+ Al, extracted with calcium acetate solution 0.5 mol L~
at vH 7 0 and Hirated with NaOH 0 0606 mal T =1 With
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m=m Cerrado Region

o Study Area

Fig. 1 — Cerrado region in Central Brazil and detail showing the study area: a) Goias and Mato Grosso States;
b) Minas Gerais State. (Adapted from Embrapa Cerrados).

the effective cationic exchange capacity (ECEC), the
base saturation (V) and the aluminum saturation (m)
were calculated. The total carbon (C) and nitrogen (N)
levels were determined using a Perkin Elmer 2400
Series Il CNHS Analyzer.

The classification of the soils as Latossolos was
based on field observations, i.e. depth of the latosolic
horizon, content of primary minerals, as well as on some
analytical determinations, i.e. the particle size distribu-
tion and the molecular ratio SiO,/Al,03 (Ki) (data not
shown). Suborders were determined according to wet
soil color of the subsurface horizon using a Munsell Soil
Color Chart. Texture groups were defined according to
the particle size distribution (Santos et al. 2006).

The data were submitted to descriptive statistical
analyses (Statistica 5.5, Statsoft, Inc.) aiming at obtain-
ing the mean, the range of the variations (minimum and
maximum), and frequency distribution for each one of
the chemical characteristics analyzed. As the precon-
dition of normality was not fulfilled, the data were ar-
ranoed hv rankino hefore heino crithiected to0 ANOVA 10

RESULTS AND DISCUSSIONS

SOIL FERTILITY AND ACIDITY

The mean values, variation range and frequency
bution for the evaluated variables, considering
analysis of the studied soils, are shown in Figure

The pHypo values range from 4.6 to 8.1,
mean of 5.6 (Fig. 2). These values are higher tha
reported by Lopes and Cox (1977) for unexploit
from the Cerrado region, in which 48% had
< 5.1. Most of the soils sampled for our study
had values between 5.2 and 6.3, still within mec
adequate levels. Only 10 samples had values
ered to be low (pHpzo < 5.1) according to the «
cation presented by Sousa and Lobato (2004). |
determines the plant-availability of many nutrie
Latossolos, the P availability is particularly redu
cause of strong sorption onto oxides at pH < 5 (
et al. 1997). The high pH values found in som
ples may be linked to excessive liming. Howe

dictribiition freaiiencvy of nHo ~ valiiee 1¢ cimilar
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The mean level of exchangeable Al was 0.65 cmol,
kg~!, with a range of 0-2.07 cmol, kg~!. Only 12% of
samples were above the critical level of 1 cmol, dm™!
proposed by Luz et al. (2004). These values are close
to those observed by Lopes and Cox (1977) in 0—15 cm
layer of soil under unexploited Cerrado, which had a
mean value of 0.56 cmol, dm™~!.

Regarding the exchangeable Ca levels, a mean
value of 1.82 cmol, kg’1 was found, with a range of
0-13.91 cmol, kg=!. Up to 42% of samples had Ca
levels below 1.00 cmol, kg’l, which is considered to
be the critical level for pastures in the Cerrado region
(Macedo 2004). As regards the exchangeable Mg levels,
a mean value of 1.13 cmol, kg~! and a range between
0.17 and 3.18 cmol, kg~! were found. Considering that
the limiting value for exchangeable Mg is 0.50 cmol,
dm™!, 15% of samples are within this category (Macedo
2004). The wide ranges observed for Ca and Mg lev-
els may be associated to the fact that samplings were
made on a soil under pasture that belongs to different
landowners who may or may not apply fertilizers and
lime. There are samples with very high levels of Ca and
Mg and, in 39% of the analyzed soils (data not shown),
the Mg/Ca ratio was above 1, which demonstrates the
inadequate liming management of soils under pasture in
the Cerrado region. When liming soil, it is always ad-
visable to consider the Ca?* and Mg?* ratios since an
excess of one may interfere in the dynamics of the other,
adversely affecting soil adsorption and plant absorption
processes. In addition, imbalances between levels of Ca
and Mg in the soil may change the availability of other
macro- and micro-nutrients (Orlando Filho et al. 1996,
Vitti et al. 2000).

The mean V value of the soils was 42.8, with arange
between 7.3 and 89.4. The high content of exchangeable
bases (EB), although not directly influencing the levels
of exchangeable Al, has a pronounced effect on the Al
saturation level (m). The mean value of 59% found by
Lopes and Cox (1977) during their investigations is far
from the 24% calculated in the present study. Only 7%
of the soils had Al saturation above the critical level of
50% nronosed bv L. uz et al (2004)

development of farming and cattle-raising in the
(Lopes and Cox 1977, Adamoli et al. 1985). To
the effect of acidity, the main method of correcti
posed was the addition of lime. Exchangeable
been used to calculate lime requirement in the (
region (Sousa and Lobato 2004). However, Rit
al. (1982) considered the deficiency of basic el
particularly calcium, to be the main limitation t
growth in the Cerrado region. Our study largely
orates the data presented by Ritchey et al. (1982

The mean content of exchangeable K w:
cmol, kg™!
kg~!. Values below 0.25 cmol. dm~! are con
low for pasture (Macedo 2004), and 73% of s
fell into this category. These values are mainly

, with a range between 0.02 and 0.9¢

both the lack of replacement of the K removed
cattle-raising activity and the low rates of nutri
cycling in pastures under inadequate conservatic
ditions (Vilela et al. 2004).

The available P ranged from 0.02 to 38.20 m

with a mean of 2.30 mg kg™!

. The interpreta
phosphorus levels established by Sousa et al.
for forage grasses, which vary with texture, is g
the next section. The low availability of P is on
main factors limiting pasture development in the
According to Silva et al. (1997), the low P av
ity in the soils from the Cerrado region is due
lack of regular applications of phosphate fertili:
well as to a strongly negative phosphorus inte
with iron and aluminum oxides that are presen
soils of this region.

The CECpy7 mean value of the soils was 6.9
kg™!, with a range between 3.45 and 23.55 cmol
Regarding ECEC values, a mean value of 3.85
kg~! was found, with a range between 0.61 an

cmol, kg™!

. Due to high Ca and Mg contents i
samples, the ECEC mean values are higher than t
cmol, dm~! presented by Lopes and Cox (1977)

The total C in the soils varies from 3.3 g |
33.5 g kg~!, with mean values of 14.3 g kg~!.
values are below the ones presented (C = 17.0 ¢

bv Maraues et al. (2004) for unexnloited Cerrad
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These authors found that, in the same region, pastures
in good condition presented mean total C levels of
27.0 gkg™ L.

SOIL CLASSIFICATION

The number of samples of each class, as well as the re-
sults of matrix Munsell color determinations and granu-
lometric analyses, are presented in Table I.

According to the matrix Munsell color, 44 samples
are Latossolos Vermelho-Amarelos (LVA), and 30 sam-
ples are Latossolos Vermelhos (LV). Within the LVA,
5 samples are very clayey, 28 are clayey and 11 are
coarse-loamy. Within the LV, 13 samples are very clayey,
14 are clayey and 3 are coarse-loamy.

Clayey Latossolos have a darker color than coarse-
loamy and very clayey Latossolos. The maximum red
coloration measured does not exceed 2.5YR in LV,
which leads to small variations between the color of
LV and LVA. However, the clay levels range widely
between 150 and 820 g kg~! taking into account soils
with coarse-loamy and very clayey textures (Table I).

The mean chemical composition measured in LV
and LVA and the different textural groups defined above
are shown in Table II.

Although levels of pH, Ca, Mg, K, P, C and N were
higher in the LV than in the LVA, the difference was
only significant (at p < 0.05) for N. On the other hand,
some significant differences were found regarding textu-
ral classification. The exchangeable Ca and Mg levels,
along with its related variables (CECpn7, ECEC, EB and
V), are significantly higher in clayey and very clayey
Latossolos. These results can be attributed to the higher
C content found in these soils (Table II). The contribu-
tion of organic matter to the cation exchange capacity is
well known (Raij 1991, Sousa and Lobato 2004). The
results of this study corroborate those presented by Zinn
et al. (2005), who suggested that the sum of silt and
clay levels may be used as an indication of C stocks
in the soils of the Cerrado region. Other authors have
also noted a positive correlation between levels of or-
ganic carbon and clay in soil (Schimel et al. 1985, Spain
1000\ attrihiitino thie recnilt tao the fact that the abheorn-

The levels of available P and exchangeable K did
not differ significantly among the textures (Table II).
As the soils have a greater capacity to adsorb P with
increasing clay content, the texture should be taken into
account for the interpretation of plant P requirement
(Novais and Smyth 1999). By using the interpretation
criteria for phosphorus levels established by Sousa et
al. (2001) for forage grasses, it was found that, what-
ever the texture considered, about 90% of soils had
low or very low availability of phosphorus, i.e. 96%
of coarse-loamy Latossolos have P < 5.1 mgkg™', 87%
of clayey Latossolos have P < 3.1 mg kg™!, and 94% of
very clayey Latossolos have P < 1.6 mg kg~! (Fig. 3).

The levels of K and P were far below the ones
suggested for good pasture development, and corrob-
orated the data presented by Vilela et al. (2004) who
showed that Brazilian pastures received about a mere
4 kg ha=! yr~! from 1994 to 2002. The degradation of
pasture over time is the major obstacle to the establish-
ment of sustainable cattle-raising, and low soil fertil-
ity is one of the most important factors that explain the
degradation of pastures in this region.

Levels of exchangeable AI’* were significantly
higher in very clayey Latossolos, differing only from
values observed in clayey Latossolos. With regard to
Al saturation (m), it was found that clayey Latossolos
displayed the lowest means, which is in accordance with
the trend observed for absolute A1’ levels. The fact
that clayey Latossolos exhibited lower means for alu-
minum-related variables is directly associated to their
acidity (pHgc) values), which was significantly lower
than the one observed in soils of coarse-loamy and very
clayey textures (Table II) (Nachtigall and Vahl 1989).

Although the Ca and Mg levels were significantly
higher in clayey and very clayey texture soils, levels of
Al in very clayey Latossolos are similar to those ob-
served in coarse-loamy ones. As a consequence, it is
necessary to add larger amounts of bases to obtain com-
plete aluminum neutralization in this textural class, since
the degree of buffering is strongly related to the amount
of C and clay (Mendonga et al. 2006).
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TABLE I

of Latossolos under pasture in the Brazilian Cerrado region.

Class, texture, number of samples per group, matrix Munsell color and particle size distribution

Number of Cly! | silt! | Fi dt | ¢
Class Texture ubero Matrix Munsell color il ‘ ! ‘ e san oarse san¢
samples gkg!
700 110 42 146
Very clayey 5 5YR 4/6-7.5 YR 5/8
670-720 | 50-160 20-100 80-210
4 4 12 21
LVA Clayey 28 5YR 4/4-7.5YR 5/8 86 6 o 3
360-600 | 10-170 20-320 180-450
2 4 22 4
Coarse-loamy 11 5YR 4/6-7.5 YR 6/8 20 > 8 37
210-350 | 0-130 70-420 360-550
1 1 142
Very clayey 13 2.5YR 3/6-5YR 3/4 s 05 38
650-820 | 70-190 20-90 60-200
122 281
LV Clayey 14 2.5YR 2.5/4-2.5YR 4/8 509 89 8
430-600 | 10-150 30-280 150-370
24 2 2
Coarse-loamy 3 2.5YR 4/6-5YR 3/2 0 3 00 537
190-340 | 0-50 70-290 520-570

Mean values (bold), minimum and maximum (italics).

TABLE I1
Comparison of topsoil (0.0-0.2 m) chemical properties (mean + standard deviation) according to their

classification in the Brazilian Soil Classification System (Santos et al. 2006).

Variables Color Texture

Lv LVA Very clayey Clayey Coarse-loamy
pHm20 573 £ 0.65(A) | 5.64+£0.55(A) | 5.60+0.74 (a) | 5.76 £0.53 (a) | 5.51 £0.52 (:
pHkal 479£0.74(A) | 473 £0.70(A) | 454+£0.71(b) | 491 £0.73 (a) | 4.55£0.56 (t
Al (cmolc kg’l) 0.69+0.37(A) | 0.60+=0.46 (A) | 0.89+£0.47 (a) | 0.52£0.41(b) | 0.64 £0.21 (a
K (cmol; kg_l) 026 £0.26 (A) | 023 £0.21(A) | 029£0.27(a) | 0.25+0.23(a) | 0.16 £ 0.18 (:
Ca (cmolc kg’l) 218 +2.63(A) | 1.58+135(A) | 1.82+£1.59(a) | 2.16 £2.25(a) | 0.74 £ 1.01 (¢
Mg (cmol, kg_l) 1.174+0.74 (A) | 1.10£0.65(A) | 1.18 £0.61 (a) | 1.26 £0.73 (a) | 0.66 % 0.37 (t
P (mg kg_l) 3.05+7.14(A) | 1.86 £3.32(A) | 3.01 £854(a) | 229£3.94(a) | 1.52£0.89 (:
CEC (cmol, kg’l) 7.47+334(A) | 6.58£2.14(A) | 7.08 £ 1.58(a) | 7.30 £3.26 (a) | 5.54 & 1.35(t
ECEC (cmolC kg_l) 433 £3.11(A) | 335£2.10(A) | 420£198(a) | 420+291(a) | 2.20 £ 1.30 (t
EB (cmolC kg’l) 3.64 £320(A) | 292 £2.01(A) | 3.30£2.04(a) | 3.68 £2.86(a) | 1.56 4 1.43 (t
V (%) 444 £20.8(A) | 41.7£19.7(A) | 443 £183(a) | 46.9 £ 189 (a) | 27.4 £ 20.1 (t
m (%) 227+£173(A) | 21.0+£17.0(A) | 249+ 15.1(a) | 155£13.8(b) | 37.2£19.0(z
C(g kg_l) 158 £5.7(A) 13.3+6.2(A) 15.5+5.0 (a) 153+ 6.4 (a) 9.6 & 4.4 (b)
N (g kg_l) 1.8+£1.9(A) 1.3+£13(B) 2.1+£0.5(a) 1.5+ 13 (a) 0.9 £ 0.3 (b)
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Fig. 3 — Classes and frequency distribution for phosphorus levels according to Sousa et al. (2001), for forage grasses.

7 to 14% of studied Latossolos had low pH, high ex-
changeable aluminum and aluminum saturation above
the critical acidity level. The levels of exchangeable Ca
and Mg are higher than those reported for unexploited
soils, but that of exchangeable aluminium is compara-
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and potassium deficiencies are the main drawback: up
to 90% of studied Latossolos had low or very low avail-
ability of P; more than 70% of the soils had low levels
of K. Forty-two and 15% of the soils were also deficient
in exchangeable Ca and Mg, respectively. These results
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Although levels of pH, Ca, Mg, K, P, C and N un-
der pastures are higher in Latossolos Vermelhos than in
Vermelho-Amarelos, only the N difference was statisti-
cally significant. The exchangeable Ca and Mg, CEC,
ECEC and C content were significantly higher in clayey
and very clayey Latossolos than in the coarse-loamy
ones. The textural characteristics of the soils seemed
to be the most important factor controlling soil fertility.

It is known that the Cerrado soils are weathered
and highly acidic, and that they contain small amounts
of nutrients that are essential for the cultivation of
plants. We infer that acidity levels in these pastures
were improved in comparison with the unexploited
soils. However, the P and K levels and, to a lower ex-
tent, the Ca one are still low in pastures, which probably
compromises the establishment of sustainable cattle-
raising in this region.
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RESUMO

A regido do Cerrado, com 50 milhdes de hectares de pastagens
cultivadas, responde por 55% da carne bovina produzida no
Brasil. Ha estimativas indicando que entre 70 e 80% destas
pastagens apresentam algum grau de degradag@o, o que leva a
baixa produtividade. No entanto, até o presente, poucos tra-
balhos foram desenvolvidos em escala regional. O objetivo
deste trabalho foi avaliar a fertilidade e a acidez de Latossolos
sob pastagens na regido do Cerrado e comparar a variabilidade
das caracteristicas dos solos em escala regional. A amostragem
foi realizada em duas profundidades, superficial (0,0-0,2 m)
para avaliagdo da fertilidade e acidez e subsuperficial (0,6—
0,8 m), utilizada para classificar os solos. A maioria dos solos
apresentou teores de nutrientes abaixo do recomendado para

o adequado desenvolvimento das pastagens. Independente-

mente da teviiira anravimadamente 0094 dAace enlac anrecen—

diferenca significativa nos niveis de fertilidade e acid

os Latossolos Vermelhos e os Latossolos Vermelho-An

Palavras-chave: capacidade de troca de cations, a
trocavel, disponibilidade de fosforo, degradacao do s

bono total.
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