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ABSTRACf

Martins, P.F. da S., Cerri, c.c., Volkoff, B., Andreaux, F. and Chauvel, A., 199I. Consequences of
clearing and tillage on the soil of a natural Amazonian ecosystem. For. Ecol. Manage., 38: 273-282.

A comparative study was perfonned in the Oriental Amazon region of Brazil, on an experimental
area ofyellow latosol and red-yellow podzolic soils, Taking the forest soi! as a reference, the chemical,
physical, and micromorphological changes occurring after sequential buming, tillage and fallow-land
were studied. Deforestation and tillage were responsible for a decreasing content and qualitative changes
in organic matter; fuivic acid content first increased, then humic acid content decreased, giving rise
to an increasing destruction ofclay /organic complexes in the A horizon. As a result, a greater disper­
sion and migration of fine particles occurred, causing the obstruction of macropores and an increase
in bulk density, Crop production decreased in two years, and the soil had to be abandoned. A second­
ary vegetation developed, and yie1ded organic residues which stimulated faunal activity. After three
years under fallow, the above observed soi! degradation processes were partially reversed.

INTRODUCTION

In tropical forests, especially in the Amazon Basin, the most traditional
form of land use consists of clear felling, removing the economically impor­
tant trees, and burning the remaining aerial biomass. Besides numerous cli­
matie and ecologicalalterations (Queiroz Neto and Bentancourt, 1979; Sioli,
1980; Baiardi, 1981; Fearnside, 1982; Salati, 1983), deforestation is also ex­
peeted to bring about important changes in soil characteristics (Shubart, 1983;
Martins and Cerri, 1986b). There is relatively little information about the
nature of such changes; most of the data concern forest production and struc­
ture, and are generally dispersed and difficult to compare (Klinge, 1983).
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However, it was reported that deforestation inducesdecreases in the activity
of soil microorganisms (Santos and Grisi, 1981; Cerri et al., 1985), in soil
porosity (Chauvel, 1982; Chauvel et al., 1991, this volume), and modifies
the amount and nature of soil organic matter (Manarino et al., 1982). The
absence or modification of plant cover also bring about changes in soil tem­
perature (Mauri, 1979; Diniz and Bastos, 1980; Santos and Grisi, 1981) as
well as in water infiltration (Franken et al., 1982).

Among the different kinds of cropping systems, annuaI crops are probably
those which show the most immediate effects, although there are differences
according to soil natural fertility. Buming brings about a temporary increase
in available nutrients (Brinkman and Nascimento, 1973), but soil productiv­
ity often dramatically decreases after two or three years, and the area has to
be left under fallow for several years. Up to now, in eastem Amazonia, there
was no systematic and integrated study of soil physical and chemical changes
due to deforestation and increasing croping time, under low-input agriculture
conditions. Results obtained on this topic at the Experimental Farm of the
EMBRAPA (Empresa Brasileira de Pesquisa Agropecuaria) in Capitào Poço,
Para State, Brazil, are summarized in the present paper.

Exhaustive site descriptions were previously published by Martins and Cern
(1986a), and Martins (1987). The studied area is located in the eastem Am­
azon, north east ofPara State, between the Guama and lrituia rivers, latitude
1°40'S, longitude 47°04'W. This area receives about 2500 mm of precipita­
tion per year, of which 90% is distributed between January and September,
with a maximum in March (423 mm), anda minimum in October (45 mm).
The average annual temperature is 26.9°C, with a maximum in July (27.9°C),
and a minimum in January (25.5°C).

The soils are developed on tertiary sediments belonging to the Barreiras
formation (Nunes et al., 1973), and are predominantly medium-textured
'Latossolos podz6licos' and 'Latossolos podzolizados' (Rego et al., 1973). Al­
though the topography is frequently horizontal or very slightly undulating,
these soils present, in their upper 1.0-1.50 m, noticeable local changes in tex­
ture, bulk density, aggregation, and mottling intensity. They all present an A
horizon (subdivided into AlI, A12 and A3 sub-horizons), which is about
0.20 m thick, a BI massive horizon, which is about 1.00-1.50 m thick, and a
B2 latosolic horizon, which is often more than 0.70 m thick. The texture is
sandy loam in the A horizon (8-10% silt, and 15-25% clay), sandy-clay loam
in the BI horizon (about 10% silt and 25-40% clay), and sandy-clay-loam to
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MATERIAL AND METHüDS

Sampling sites and soUs
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Analytical methods

In each site, the soil samples were collected from a pit, and from three places
chosen at random, except in the site cultivated for five years, where only two
places were chosen, due to the reduction of the site size to 12 X24 m after the
fourth year. Undisturbed samples were designated for bulk-density determi­
nations, and thin-sections preparation (Martins, 1987). The loose dry soil
material was sieved at 2 mm, and its pH value, exchangeablecations and
acidity, and total carbon content were determined. Soil texture was deter­
mined after dispersion in O.lM sodium hexametaphosphate solution (hex),
and in distilled water (wat), with and without previous destruction of or­
ganic matter with hydrogen peroxide, respectively (Martins et al., 1989a,b).
The flocculation degree was calculated as follows:

(clay(hex )-clay(wat)) /clay(hex)

Soil organic matter (SOM) was fractionated according to particle size by wet­
sieving in water. The 0-50-pm organo-mineral fraction was fractionated into
acid-soluble humic acids, alkali-soluble, acid-insoluble fulvic acids, and acid­
insoluble, alkali-insoluble humin, according to Dabin's ( 1971 ) chemical pro­
cedure (Martins et al., 1989a,b).

clayey in the B2 horizon (Martins, 1987). The predominant materials are
quartz in the coarse fraction, and kaolinite in the fine fraction.

Under the native forest, three sites differing by the local drainage condi­
tions were chosen, and designated as poody, moderately, and well-drained
soils. Each site represented an area of about 900 m2 of the forest. The other
selected neighbouring sites were as follows: recently bumed (50 X 100 m);
one-year cultivated (80X 130 m); five-year cultivated (50X 50 m); and two­
year cultivated then three-year abandoned ('Capoeira', or fallow - 100 X 100
m) systems. In the last four sites the vegetation was eliminated by axe-cutting
and buming. After this process, the branches were jointed and bumed. The
stems remained in place, except in the site cultivated for one year, where the
thinner stems (i.e. those less than 0.80 min circumference) were sawed and
jointed in a 5-m large band in the center of the site, and bumed. In the site
cultivated for one year, rice and cowpea were planted, respectively three
months and eight months after buming. The sites cultivated for three and five
years had two annual crops, alteming rice or maize with cowpea.

Soil and crop management were the same in aIl sites during the cultivation,
and included two hoeings per crop without fertilization, and hand-harvesting.
Then the crop residues remained on the soil surface. The five-year-cultivated
system did not represent an actual field situation, and was designed for ex­
perimental purpose only. It did not produce more than 100 kg maize grain
ha- 1 after the third year.
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TABLE 1

Macro- and micromorphological changes in the modified systems

2.b

In the soil of the recently bumed area, no important morphological change
was observed, except the disappearance of the litter, which is replaced by a
heterogeneous ash layer. After one year of cultivation, the thickness of the
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Organic carbon distribution in the titter and the A horizon (0-0.15 m) in three neighbouring sites
affected by different drainage conditions, under native rain forest (l, poorly drained soil; 2, moder-
ately drained soil; 3, well-drained soil)

Soil fraction Organic carbon

(kgha- I ) (% total)

(1) (2) (3) (1) (2) (3)

Leaf fragments 1762 2373 3062 27.1 49.7 43.2
Twig fragments 3701 1936 2661 57.0 40.5 37.5
Living roots 41 22 128 0.7 0.5 1.8
Unident. fragments 987 447 1236 15.2 9.3 17.5
Totallitter 6491 4778 7087 100.0 100.0 100.0

200-2000-.um fraction 6880 7260 5240 31.0 33.0 21.0
50-200-.um fraction 3990 4180 5990 18.0 19.0 24.0
0- 50-.um fraction 11320 10570 13730 51.0 48.0 55.0

Total A horizon 22190 22010 24960 100.0 100.0 100.0
Litter+ A horizon 28681 26788 32047

RESULTS AND DISCUSSION
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Soifs ofthe natural ecosystem

In the study area, the soils present an original pedological organization,
charaeterized by a natural compaction, which increases with increasing clay
content, i.e. generally in the 0.20-0.S0-m soillayer. The intensity ofthis phe­
nomenon is variable, and influences drainage conditions. The well-drained
profile has a larger proportion of SOM in the whole A horizon, and in the 0­
SO-j1.m fraction, than the two other soil profiles (Table 1). These amounts of
SOM are directly correlated with litter production and flocculation degree of
clay particles (Martins et al., 1989a). In the O-SO-j1.m fraction, the amount of
humic acids and their proportion relatively to fulvic acids are maximum in
the well-drained profile (Fig. 1). There is, however, an inverse correlation
between the humification degree of SOM and the hampering of drainage, as
shown by the decrease ofhumic-acid content with increasing clay content and
with decreasing flocculation degree (Martins et al., 1989a).



Changes in sail physical and chemical properties

2\

Fig. 1. Comparison of organic carbon distribution in the A horizon of a Latosol from Eastern
Amazonia under native forest ( l, poorly drained sail; 2, moderately drained soil; 3, well-drained
soil) and traditional agriculture.
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The stability of the A horizon is strongly affected by the removal of the
forest cover, and subsequent exposure of soil to sun radiation and rain-drop
impact (Martins et al., 1986; Martins, 1987). Although this effect does not

AlI and A12 horizons decreased by a few cm, and the compaction of the A3
horizon increased. Destruction of micro-aggregates in the A12 horizon and
formation of argilans in the A3 horizon were frequently observed. The inten­
sity ofthese degradation features increased in the soil ofthe five-year cropped
area, in which the differentiation between the AlI and A12 horizons van­
ished. The presence of mottling features in the A3 horizon, especially the seg­
regation between clay mineraI and ferric iron cutans, and an increasing tex­
turaI heterogeneity in the B horizon matrix, were noticed.

Most of these degradation features were no longer present in the soil aban­
doned for three years, as observed elsewere under 'capoeira' vegetation
(Chauvel, 1982). An incipient AlI horizon was clearly identified, in relation
to an intense mesofaunal pedoturbation. Fecal pellets were present in both A
and B horizons, fresh residues from the secondary vegetation were incorpo­
rated into the soil mineraI matrix., and there was no further evidence of clay
cutans and texturaI heterogeneity .
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Fig. 2. Comparison of variations in bulk density and clay flocculatian degree in sail profiles
under native forest (well-drained sail) and traditional agriculture.

appear immediately following buming, the decreasing clay-mineraI content
and flocculation degree in the All-A12 horizons, and the increasing bulk
density in the underlayer horizon were very striking after one year of culti­
vation (Fig. 2), Increasing cropping time brings about increasing dispersion
and eluviation of clay mineraIs, and affects the characteristics of the B hori­
zon; in the A3 and B horizons, total porosity changed from values between
0.40 and 0.60 cm3 cm- 3 under native forest, to values lower than 0040 cm3

cm-3 in the five-year cultivated soil (Martins, 1987). As a result, temporary
waterlogging appears, which favors lateral evacuation of clay-mineraI parti­
cles, However, in the soil under fallow, all these parameters retum to values
close to those found in the non-cultivated system, in agreement with mor­
phological changes.

Soil cation exchange complex is strongly affected by forest buming. In the
AII-AI2 horizons, the pH values increased from 4.2-4.9 to 6.7-7.2, and re­
mained higher than 5.5, even after five-year cropping (Martins et al., 1986;
Martins, 1987). At least till the first year of cultivation, the exchangeable
bases liberated by the ash material are translocated through the soil profile
(Brinkmann and Nascimento, 1973). These bases induce pH-dependent
charges which contribute to increased soil cation exchange capacity and clay
'mineraI dispersion (Gombeer and d'Hoore, 1971 ). However, this effect does
not appear beyond 0.25-0.35-m depth, and the input of saturating bases is
much more restricted after five-year cropping, as shown on Fig, 3. After crop
interruption and installation of the fallow secondary vegetation, biological
cycles resume; the values ofcation exchange capacity and exchangeable bases
are slightly lower than in the soil cultivated for one year. However, chemical
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Changes in soil organic matter content and composition

23

Fig. 3. Comparison ofvariations in cation exchange capacity and base saturation in soil profiles
under native forest (well-drained soil) and traditional agriculture.

conditions, especially base saturation in the upper horizon, seem to be better
than in the native forest soil.
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Figure 1 indicates that only the quantities of coarse (200-2000 )lm) and
medium (50-200 )lm) organic residues decrease as a consequence of bum­
ing. Arter one-year cropping, surface residues had partly decomposed, and the
amounts oftotal soil carbon and humic acid carbon decreased, due to the low
level of organic restitution to the soil. This is confirmed in the five-year
cropped system, in which soil fulvic acids were the predominant humus frac­
tion. The increasing proportion of fulvic acids with increasing cropping time
is no doubt related, as·in the soils under natural vegetation, to drainage ham­
pering. It is therefore probable that these acidic, acid-soluble molecules would
favour the processes of soil degradation through the dispersion and down­
wards and/or lateral migration of clay minerai particles, as suggested by ex­
perimental studies (Dixit et al., 1975; Shanmuganathan and Gades, 1983).

In the abandoned soil, organic residues derived from the secondary vege­
tation increased again, and total soil carbon was about 80% that in the well­
drained soil under natural forest. The proportion of fulvic acids decreased
relative to that of humic acids, which indicates a reversion of humus degra­
dation processes. Such a recovery ofSOM chemical properties is in agreement
with the enhancement of the mesofaunal activity, which seems to be a char­
acteristics of soils under 'capoeira' vegetation (Chauvel, 1982).

CONSEQUENCES Of CLEARING AND TILLAGE ON THE SOILOf AMAZONIA
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In spite of bringing about no immediate damage to the soil, and even im­
proving soil nutritional properties, buming has been shown to create ade­
quate conditions for the alteration ofsoil physical properties. Such alterations
are dominated by the destruction of soil structure, the increase of bulk den­
sity, and the subsequent decrease oftotal porosity, sometimes leading to strong
hydromorphic features. There changes appear as an emphasis of soil natural
tendencies, but are shown to be reversible after a sufficient fallow period.

The main factor that affects the clear-felled soils is probably the removal of
the natural vegetation cover, rather than the crop itself. Two facts seem to
prevail: (1 ) the decrease in soil organic matter and the proportional increase
in the fulvic acid fraction; and (2) the increasing dispersibility of clay min­
eraI particles. It is thought that, as in other soil types, the decrease in soil
biological activity negatively affects aggregate stability (Tisdall and Gades,
1982), and that acid-soluble molecules, such as fulvic acids, are involved in
the processes of clay mineraI dispersion and redistribution throughout the
soil profile. .

In this work, it was attempted to determine and quantify simultaneously
all soil changes in a selected sequence of shifting agriculture. The above re­
sults indicate that soil organic matter integrates most of these changes. Ac­
cording to not only its amount, but also its - still very poorly known - chem­
ical nature, soil organic matter can therefore be questioned as one of the
leading factors in soil degradation, as well as in soil reclamation.

280

CONCLUSIONS

P.F. DA S. MARTINS ET AL.

-••••••••••••••••••••••••••••••••••••••••••••_..•
•••a



Dixit, S.P., Gombeer, R. and d'Hoore, J., 1975. The electrophoretic mobility of natural clays
and their potential mobility within the pedon. Geoderma, 13: 325-330.

Fearnside, P.M., 1982. Desmatamento na Amazônia brasileira: corn que intensidade vern ocor­
rendo? Acta Amazon., 12: 495-497.

Franken, W., Leopoldo, P.R., Matsui, E. and Ibeiro, M. de N., 1982. Estudo da intercepçào da
agua da chuva em cobertura florestal amazônica do tipo terra firme. Acta Amazon., 12: 327­
332.

Gombeer, R. and d'Hoore, J., 1971. Induced migration of clay and other moderately mobile
soil constituents. III. Critical soil/water dispersion ratio. Colloid stability and electropho­
retic mobility. Pédologie, 30: 311-342.

Klinge, H., 1983. Forest structures in Amazonia. In: Ecological Structures and Problems of
Amazonia. Environmentalist, 3 (suppl. 5): 13-23.

Manarino, R.P., Volkoff, B. and Cerri, c.c., 1982. Comparaçào do humus de capoeira e de
floresta natural em latossole amarelo da regiào amazônica, Brazil.. In: c.c. Cerri, D. Athié,
and D. Sodrzeieski (Editors), Proc. Regional Colloquium on Soil Organic Matter, 18-22
October 1982, Piracicaba, SP. CENA-USP/Promocet, Sào Paulo, pp. 51-57.

Martins, P., 1987. Propriedades de solos sob floresta natural e sua alteraçào em consequência
do desmatamento e cultivo, na Amazônia Oriental. Tese de Doutor em Agronomia, Escola
Superior de Agricultura "Luiz de Queiroz", USP, Piracicaba, SP, Brazil, 233 pp.

Martins, P.ES. and Cerri, c.c., 1986a. 0 solo de um ecossistema natural de floresta localizado
na Amazônia oriental. I. Caracterizaçào quimica e fisica. In: Anais do Simpôsio do tropico
Umido, Belem, Brazil, 1984 Vol. 1 EMBRAPA/CPATU, pp. 271-286.

Martins, P.ES. and Cerri, c.c., 1986b. Implicaçôes ecologicas e agronômicas da exploraçào da
Amazônia, relacionadas corn as modificaçàes da matéria orgânica. In: Anais do 1Simpôsio
do Tropico Umido, Belêm, Brazil, 12-1=7 November 1984. EMBRAPA/CPATU, pp. 71-81.

Martins, P.ES., Cerri, C.C., Andreaux, E 'and Volkoff, B. 1989a. 0 solo de um ecossistema
natural de floresta localizado na Amazônia Oriental. II. Fracionamento da matéria orgânica
do horizonte A. Bol. Mus. Paraense Emilio Goeldi, Belêm, Brazil, 1 (2).

Martins, P.ES., Cerri, c.c., Volkoff, B. and Andreaux, E, 1989b. Consequências do cultivo e
do pousio sobre a matéria orgânica do solo sob floresta natural na Amazonia oriental. Pesq.
Agropeq. Bras., (in press).

Martins, P.ES., Cerri, c.c., Volkoff, B. and Andreux, E, 1989c. Efeito do desmatamento e do
cultivo sobre as caracteristicas fisicas e urilicas do solo sob floresta natural na Amazonia
oriental. Rev. I.G. Sào Paulo, 7: 1-12.

Mauri, G., 1979. Plantules et régénération forestière en Guyane française: premières constata­
tions sur one coupe a blanc de 25 hectates. In: A. Schirle et al. (Editors), L'Ecosystème
Forestier Guyanais. Etude et mise en valeur. Cayenne ORSTOM, Bull. liaison groupe trav.,
2: 49-53.

Nunes, A. de B., Lima, R.EF: and C.N. Barros Filho, 1973. Geologia da folha SA 23, Sào Luiz
e parte da folha SA 24, Fortaleza. In: Radam Brazil Project, Levantamaneto de Recursos
Naturais. Departamento Nacional de Produçào Mineral, Rio de Janeiro, Vol. 3.

Queiroz Neto, J.P. and Bentancourt, J.J.V., 1979. Réflexions sur les milieux naturels de l'A­
mazonie: Mise en valeur et équilibres écologiques. In: Actes du Colloque de l'Association
International 'Informatique et Biosphère', 12 November 1979, Abidjan, Côte d'Ivoire. AIIB,
pp. 233-250.

Rego, R.S., Vieira, L.S., Amaral Filho, Z.P., Santos, P.L., Lopes, D.N., Reis, C.M., Gama,
J.R.N.E, Costa M.E and Serruya, L.M., 1973. Estudo detalhado do solo de uma area do
municipio de Capitào Poço. Instituto de Desenvolvimento Econômico do Para, Cad. Par­
aenses, 9: 117 pp.

Salati, E., 1983.0 clima atual depende da floresta. In: E. Salati (Editor), Amazônia: Desenvol­
vimento, Integraçào e Ecologia. Editora Brasiliense /CNPq, Sào Paulo, pp. 15-44.

-
~.

••••••••••••••'.••••••••••••••••••••••••••••••••a

CONSEQUENCES OF CLEARING AND TILLAGE ON THE SOIL OF AMAZONIA 281



Santos, O.M. and Grisi, B.M., 1981. Efeito do desmatamento na atividade dos microrganismos
de solo de terra firme na Amazonia. Acta Amazôn., II: 97-102.

Shubart, H.O.R., 1983. Ecologica e utilizaçâo das florestas: IN: E. Salati (Editor), Amazônia:
Desenvolvimento, Integraçào e Ecologia. Editora Brasiiiense/CNPq, Sào Paulo, pp. 101­
143.

Shanmuganathan, R.T. and Oades, J .M., 1983. Influence of anions on dispersion and physical
porperties of the A horizon ofa red-brown earth. Geoderma, 29: 257-277.

Sioli, H., 1980. Foreseeable consequences ofactual development schemes and alternative ideas.
In: Barbira-Scazzocchio (Editor), Land, People and Planning in Contemporary Amazonia.
Cambridge Univ. Centre Latin Am. Stud. Ocas. Publ., 3: 257-268.

Tisdall, J.M. and Oades, J.M., 1982. Organic matter and water-stable aggregates in soils. J. Soil
Sei., 33: 141-163.

282 P.F. DA S. MARTINS ET AL.

-•••••••••••••••••••••••••••••••••••••••••••••••••




