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Abstract 
 
 Traditional Amazonian farmers (caboclos) along the Xingu 
River near Altamira, Pará, Brazil, practice shifting 
cultivation using fallow periods (periods during which 
cultivated areas are temporarily abandoned and invaded by 
secondary forest) which they consider necessary to restore 
soil nutrients and control weeds and insect pests.  At the end 
of the growing season, maize production was measured in the 
farmers' fields in randomly selected 9-m2 quadrats.  Yield was 
significantly higher in agricultural plots derived from 
secondary forest (n = 11) than from old growth ("virgin") 
forest (n = 11).  Yield on plots derived from mature secondary 
forest (11-30 years old; n = 4) was also significantly higher 
than that on plots derived from young secondary forest (3-10 
years old; n = 7) and "virgin" forest.  A significant positive 
relationship was encountered between length of fallow period 
and maize yield over the range of fallow ages studied (3-30 
years). 
 
Keywords: Secondary forest, Successional forest, Amazon; 
Brazil; Caboclo; Fallow period; Maize yield; Slash-and-burn 
agriculture; Shifting cultivation; Swidden 
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1. Introduction 
 
 Secondary or successional forests are becoming 
increasingly widespread vegetation forms in the tropics (Brown 
and Lugo, 1990).  These forests are often cleared for 
agriculture.  The agricultural potential of fields cleared 
from stands of different ages is likely to be an important 
factor affecting the age to which farmers allow successional 
stands to regrow, and is also likely to affect their choice of 
sites for fields in secondary versus old growth or "virgin" 
forest.  Here "virgin" forest refers to forest that has not 
been cut in recent decades, even though it could have been 
used for shifting cultivation by indigenous people in past 
centuries. 
 
 Shifting or swidden cultivation is the traditional form 
of agriculture used by human populations in Amazonia.  
Indigenous populations have used slash-and-burn agriculture 
for centuries as a means of subsistence (Carneiro, 1960; 
Harris, 1971; Meggers, 1971; Wagley, 1976; Gross et al., 
1979).  Caboclos or ribeirinhos, rural Amazon people of mixed 
Amerindian, Portuguese and Northeastern Brazilian ancestry 
(Parker, 1985), have also used this type of cultivation for 
many years (Moran, 1974; Wagley, 1976; Brabo, 1979). 
 
 In the most common form of shifting cultivation, 
clearings are opened in the original forest during the dry 
season, the cut vegetation is allowed to dry and is then 
burned.  Partially burned wood is often gathered and burned 
again.  Crops are planted at the beginning of the rainy 
season.  The cultivation period lasts from one to two years.  
Afterwards, the areas are abandoned during a long fallow 
period, sufficient for regeneration of site quality prior to 
cutting the secondary succession in preparation for the next 
cropping period. 
 
 Abandonment of agricultural plots after 1-2 years is 
generally attributed to a gradual loss of productivity.  This 
decline in yield has been linked to exhaustion of soil 
fertility and competition with weeds or brush (e.g. Penteado, 
1967; Watters, 1971; Sánchez, 1973, 1976; Moran, 1981; 
Fearnside, 1985, 1986).  The need for fallow to obtain good 
yields is also part of the folk wisdom of traditional 
Amazonian farmers.  The importance of fallow periods in 
sustaining production in shifting cultivation systems has been 
suggested by many authors (e.g. Nye and Greenland, 1960; 
Egler, 1961; Ackermann, 1966; Sioli, 1973, 1980; Moran, 1981; 
Fearnside, 1986).  Short fallow periods result in a reduction 
of soil fertility, thereby converting a potentially 
sustainable agricultural system into an unsustainable one 
(Moran, 1981; Smith, 1981; Fearnside, 1986).  At present, 
little quantitative data exist to assess the benefits of 
different fallow periods. 
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 In the present study we investigated the influence of 
fallow periods on maize (corn) yield in plots cultivated by a 
caboclo population on the Xingu River near Altamira, Pará.  
Maize yield is more sensitive to the effects of acidic soil 
than are other crops in the area such as upland rice and 
manioc (Fearnside, 1986, pp. 200-201).  Fallow period, in this 
system, corresponds to the age of secondary forest before it 
was cleared, burned and cultivated.  Maize yield was also 
measured in plots derived from "virgin" forest for comparison 
with yields obtained on fallow land. 
 
2. Study site and methods 
 
 The study was carried out between August 1989 and August 
1990 in an area located on the left bank of the Xingu River, 
approximately 30 km north of the town of Altamira, Pará, 
Brazil.  The study area is centered around a settlement called 
Arroz Cru da Gleba Pakissamba, or more simply as 'Arroz Cru,' 
in the municipality of Senador José Porfírio (3o16'S, 52o00'W). 
 The climate is characterized by a rainy season (February-
April) during which the lowest temperatures occur, and a dry 
season (August-November).  Mean annual precipitation for the 
1960-1980 period was 2000 mm at Altamira (Brazil, SUDAM, 
1984).  Precipitation during the study period was 1607 mm (at 
Arroz Cru).  The temperature varies little during the year, 
with a difference of only 1.4oC between means for the hottest 
and coldest months and an annual mean of 26oC at Altamira 
(Salati and Marques, 1984). 
 
 Most soils in the area are Ultisols (latosols), which are 
deep, clayey and of low fertility.  Most of the cations have 
been leached from these geologically old soils.  They are 
generally low in phosphorus, very acid and high in aluminum 
(Brazil, Projeto RADAMBRASIL, 1974).  This predominant soil 
type is interspersed with small patches of more fertile types: 
terra roxa (Alfisol) and terra preta do índio (anthropogenic 
black soil). 
 
 Two types of vegetation are found in the area: 
ombrophilous ("shade-loving") open submontane forest (As-0) 
and ombrophilous dense submontane forest (Ds-0) (Brazil, IBGE 
and IBDF, 1988; see Fearnside and Ferraz, 1995 for explanation 
of Amazonian vegetation types and codes).  The average 
aboveground dry-weight biomass (live + dead) of these forest 
types is estimated to be 258 and 356 t ha-1, respectively 
(Fearnside, unpublished, see Fearnside, 1994). 
 
 The human population of Arroz Cru is a traditional one, 
composed of individuals born in the State of Pará of 
Portuguese and Amerindian descent.  Ninety-eight percent of 
the parents of the current inhabitants also lived in the study 
area or nearby.  Before the 1970s, the population of Arroz Cru 
lived on fluvial islands of the Xingu River near the current 
settlement.  While living on the islands the population 
survived mainly from extracting rubber latex (Hevea 
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brasiliensis) and collecting Brazil nuts (Bertholletia 
excelsa), complementing these activities with manioc 
cultivation, hunting and fishing. 
 
 During the 1970s, with the creation of the National 
Integration Program (PIN), the National Institute of 
Colonization and Agrarian Reform (INCRA) encouraged these 
people to move from the fluvial islands to terra firme (upland 
forest not subject to flooding).  During this decade, the 
population moved and each family received a lot averaging 100 
ha in area with definitive title of land ownership.  Following 
resettlement, the principal occupation of the population 
became agriculture.  This recent change explains the clear 
memory that the caboclos have of the age of vegetation in the 
cultivated areas. 
 
 Structured interviews were used to collect information 
from caboclos regarding the age of the secondary vegetation 
cut to make agricultural plots.  Information on the history of 
the local population and agricultural management practices was 
also collected.  Vegetation on fallow plots before clearing 
was classified into two age classes: young secondary forest 
(1-10 years) and mature secondary forest (11-30 years). 
 
 Maize yield was estimated in the fields of farmers who 
grew this crop using their normal seeds and methods: no 
attempt was made to establish controlled conditions, as by 
distributing identical seed or by instructing farmers to 
follow a uniform management protocol of planting density, 
planting dates, effort applied to weeding, etc.  Differences 
among farmers undoubtedly contribute to random variation in 
our data, but there is no reason to believe that this 
variation would tend to bias the results in any particular 
direction. 
 
 To estimate maize yield, three 9-m2 quadrats were chosen 
randomly in relatively homogeneous areas.  In one plot with 
very variable terrain, three quadrats were chosen in each of 
two distinct sub-areas and the results averaged.  In each 
quadrat, all ears of maize were collected and shucked, and the 
dried kernels were weighed on a spring balance accurate to 10 
g.  Total production for each plot was converted to yield per 
unit area. 
 
 A total of 37 plots were studied, but 9 of these were 
eliminated from the analysis.  In 6 plots it was not possible 
to estimate maize yield.  Five plots were excluded because 
they had a poor burn.  Burning releases nutrients from the 
vegetation into the soil, and badly burned fields in areas 
with acidic soils produce stunted crops (Fearnside, 1986, p. 
53).  One plot was not used in the analysis because it was on 
terra preta do índio and one because it was on terra roxa 
(Alfisol), both of which are chemically fertile soils that 
could be expected to produce well independent of fallow 
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period.  One was discarded because it was in an area of terra 
preta do índio and was also badly burned. 
 
 One plot was discarded because of severe attack by pests-
-a condition that would mask the effect of soil.  Although 
crops are more susceptible to pests and diseases when the 
plants are weakened by nutritional deficiencies that are the 
result of poor soil, the tremendous variability in pest and 
disease attack would make the detection of soil effects 
impractical without increased sample size were severely 
attacked fields included in the analysis.  On average, one 
would expect the effect of pests and diseases as augmented by 
soil exhaustion to magnify the effect on yields in the same 
direction as what would be detected on the basis of soil 
effects alone.  We therefore do not believe that eliminating 
the severely attacked plot introduces a bias that would alter 
the direction of the result detected. 
 
 The exclusions, taken together, reduced the usable sample 
size to 11 plots in fields cut from "virgin" forest and 11 
plots in fields cut from secondary forest.  Of the secondary 
forest stands, 7 were young and 4 mature. 
 
3. Results 
 
 The measured maize yields and the characteristics of the 
sites are given in Table 1.  The relationship between fallow 
period and agricultural productivity is given in Equation 1.  
This indicates that maize yield depends on fallow period.  
Although the relationship is statistically significant, fallow 
period explains only 44% of the variance in maize yield. 
 
Y = 0.0097 X + 0.172      (1) 
(r2 = 0.44, SE = 0.072, p < 0.05, n = 11) 
 
where Y = maize yield (kg m-2), and X = fallow period (years). 
 
   [Table 1 here] 
 
 An analysis of variance of differences in yield in fields 
cleared from secondary and "virgin" forest indicated a 
significantly higher yield of maize (p < 0.05, F = 6.6, 
df = 1, 20) in plots derived from secondary forest (X
 = 0.261 kg m-2, SD = 0.091, n = 11) than in "virgin" forest 
plots (X = 0.166, SD = 0.082, n = 11).  Including the pest-
attacked field in the analysis would not alter this result, 
with higher yields (p < 0.05, F = 5.8, df = 1, 21) indicated 
in plots derived from secondary forest (X = 0.252 kg m-2, SD = 
0.091, n = 12) than in "virgin" forest plots (X = 0.166, 
SD = 0.082, n = 11). 
 
 The age category of the secondary forest affects maize 
yield.  When three vegetation categories were considered 
(young secondary forest, mature secondary forest and "virgin" 
forest), a significantly higher yield was observed (p < 0.05, 
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F = 5.9, df = 2, 20) in plots derived from mature secondary 
forest (X = 0.324 kg m-2, SD = 0.060, n = 4) than in those 
derived from young secondary forest (X = 0.225 kg m-2, SD = 
0.088, n = 7). 
 
 Burn quality had a significant effect on maize yield in 
secondary forest plots.  Yields were higher (p < 0.05, F = 
15.8, df = 15) in fields with good burns (X = 0.253 kg m-2, 
SD = 0.091, n = 12) than in fields with poor burns (X = 0.068 
kg m-2, SD = 0.009, n = 4). 
 
4. Discussion 
 
 Agricultural plots in Amazonia commonly undergo a gradual 
decline in yield with continued cultivation.  This decline is 
generally attributed to two factors: exhaustion of soil 
fertility and infestation by invading weeds.  The relative 
importance of these two factors depends on the initial 
fertility of the soil (Sánchez, 1976).  Where the soil is 
extremely infertile, exhaustion of nutrients is thought to be 
critical (Herrera et al., 1978).  In richer soils, invasion by 
weeds and nutrient depletion are expected to be of more or 
less equal importance in diminishing yield (Popenoe, 1964).  
In the case of the Kuikuru Indians in the upper Xingu River, 
Carneiro (1960) holds that, rather than declining soil 
fertility, lack of workers to clear invading weeds forces 
farmers to abandon a site; these Indians prefer "virgin" to 
secondary forest for planting manioc because weeds are likely 
to be fewer, even though soil fertility under secondary forest 
would be adequate (Carneiro, 1983, p. 105).  Other 
investigators have suggested that movement of indigenous 
tribes is unrelated to agricultural problems and occurs 
instead because of local depletion of the game and fish 
populations upon which these groups depend to meet their 
protein requirements (Gross, 1975; Roosevelt, 1980). 
 
 Leaving land fallow is one of the principal management 
techniques in this form of agriculture.  The secondary 
vegetation that invades the abandoned plots accumulates 
nutrients, returning them together with organic material to 
the soil.  Secondary forest growth also controls noxious weeds 
and helps improve porosity and other physical characteristics 
of the soil (Nicholaides et al., 1983; Fearnside, 1985; Moran, 
1990).  That secondary vegetation improves soil quality is 
accepted by many investigators, but the mechanisms responsible 
for this improvement remain poorly understood.  One factor 
that would act in the opposite direction is the effect of 
burning on soil pH: because soil acidity can limit maize 
yields and burning raises soil pH, more frequent burning (i.e. 
shorter fallows) could result in higher pH and, consequently, 
higher yields (Fearnside, 1986, p. 139).  This applies to the 
extremely acid soils of Brazilian Amazonia, where the positive 
effects of burning (especially raising pH and thereby 
increasing available phosphorus and reducing aluminum 
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toxicity) outweigh negative effects in burning off nitrogen 
and sulfur. 
 
 While the changes associated with increased fallow length 
can have a variety of effects on crop productivity, some 
positive and some negative, our results from the Xingu region 
suggest that the net effect is positive, at least in the case 
of maize in the range of fallow ages studied (maximum 30 
years).  As fallow lengths increase beyond this age range and 
the vegetation comes to resemble "virgin" forest the 
relationship would become negative, as we found higher maize 
yields in soils originating from secondary forest than from 
"virgin" forest. 
 
 The apparently counterintuitive result of higher yields 
in secondary forest sites could have various explanations.  We 
regard the possibility as unlikely that the result is an 
artifact of farmers having chosen the more fertile soil for 
clearing first, such that the native fertility of the 
secondary forest sites is higher than the "virgin" forest 
sites.  The sites are nearby and the soils apparently 
identical, the plots with different (better) soil types having 
been eliminated from the yield analysis in the data selection. 
 
 According to Buol et al. (1975), the restrictions imposed 
by Amazonian soils on agricultural development are more 
chemical than physical.  A higher chemical fertility is 
expected on plots derived from secondary forest due to greater 
burn efficiency.  Secondary vegetation, with a larger quantity 
of branches and thin trunks, can be expected to burn better 
than "virgin" forest, where many thick trunks remain 
practically intact after burning.  Although the relation of 
diameter to completeness of burning is very strong (Fearnside 
et al., 1993), poor burns can be significantly more frequent 
in secondary than in "virgin" forest clearings.  For example, 
in 247 "virgin" forest burns studied among Transamazon Highway 
colonists, 76 (30.8%) were "bad" burns, whereas in 54 
secondary forest burns, 31 (57.4%) were classified as "bad" (p 
< 0.05)(Fearnside, 1989).  The current study of caboclos is 
suggestive of the same pattern: of 12 "virgin" forest burns, 1 
(8.3%) was poor, while of 19 secondary forest burns, 5 (26.3%) 
were poor, but the frequency of poor burns is not 
significantly different between the two forest types (p = 
0.21). 
 
 While burning brings a temporary increase in the 
availability of nutrients to the soil (Brinkmann and do 
Nascimento, 1973), rapid leaching of nutrients following burns 
may significantly reduce these benefits; up to 70% of the 
potassium may be rapidly lost and nearly all the phosphorus 
fixed in forms unavailable to crop plants (Moran, 1990).  
Burning may also have detrimental effects on the physical 
properties of the soil, increasing bulk density (compaction) 
and diminishing porosity.  These changes tend to occur in 
recently exposed soils but appear to be reversible when the 
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land is fallowed (Martins et al., 1991).  Soil nitrogen may 
either increase or decrease on clearing depending on burn 
intensity (Fearnside, 1986), and is increased under fallow 
(Greenland and Nye, 1959). 
 
 The effect of burn quality differences between secondary 
and "virgin" forest could be obscured by the removal of cases 
with very poor burns in the selection of data for the 
analysis.  However, including all of the fields in the study 
for which yield results are complete also suggests higher mean 
yield in fields cut from secondary forest (X = 0.214 kg m-2, SD 
= 0.106, n = 19) than in "virgin" forest fields (X = 0.162 kg 
m-2, SD = 0.079, n = 12), but the difference is not significant 
at the 5% level. 
 
 The action of secondary vegetation on the soil before 
slashing and burning secondary forest plots can have 
beneficial physical effects that result in an improvement in 
fertility as compared to soils under annual crops (e.g. 
Kleinman et al., 1996).  Secondary forest trees have a larger 
proportion of biomass in the form of roots, some of which 
reach deep soil layers (Moran, 1990; Nepstad et al., 1994).  
The effect of secondary forest roots may be similar to those 
of tropical kudzu (Pueraria phaeseoloides), a leguminous vine 
used to maintain and improve soil quality in many agroforestry 
systems.  Pueraria roots have been shown to improve the matric 
structure and increase the porosity of clayey Ultisols 
compacted by heavy machinery (Chauvel et al., 1991).  Soils 
planted with Pueraria have a larger volume of macropores than 
do soils under primary forest, increasing the availability of 
water to plants and micro-organisms. 
 
 Higher maize yield in secondary forest areas may also be 
partly explained by the greater percentage of soil surface 
that remains covered with unburned wood in agricultural plots 
derived from "virgin" forest (Fred Rumawas, personal 
communication).  In addition, allelopathic compounds tend to 
be more abundant in mature forest soils and may also 
contribute to the difference in yield (David Arkcoll, personal 
communication).  Higher yields in fields cleared from 
secondary succession have been found in some other shifting 
cultivation systems, such as upland rice cultivation in 
northern Kalimantan, Indonesia (Jessup, 1981).  Higher second-
year rice yields have also been reported from central 
Kalimantan (Driessen et al. 1976 cited by Jessup, 1981).  The 
more common view, however, is that fields cleared from 
"virgin" forest produce greater yields and sustain a longer 
cropping period.  Freeman (1955, p. 115) found this in his 
classic study of upland rice cultivation among the Iban of 
Sarawak; cultivation of maize under the milpa system in 
Central America shows the same pattern (Bernsten and Herdt, 
1977, p. 376). 
 
 The relative importance of the various ways in which 
fallow age might affect yields could differ by crop, and maize 
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may not always respond in the same way as rice and other 
crops.  Transamazon Highway colonists near Altamira believe 
that maize yield is better in the second year than in the 
first (Fearnside, 1985).  In a study in the Zona Bragantina 
(500 km NE of Altamira), maize was the only crop (in contrast 
to rice and manioc) for which yields were higher in fields 
derived from secondary succession (800-1000 t ha-1) than from 
"virgin" forest (600-800 t ha-1), and was also the only crop 
for which yields were higher in the second year than in the 
first (Vieira et al., 1967, p. 14).  Higher maize yields in 
the second year than in the first have also been noted in 
clearings from "virgin" forest in milpa agriculture in Central 
America, but the reverse applies if the clearing is from 
secondary succession less than 20 years old (Bernsten and 
Herdt, 1977, pp. 376-378).  Sensitivity to allelopathic agents 
in "virgin" forest soil might explain such a crop-specific 
response. 
 
 For a farmer deciding between a "virgin" and a secondary 
forest site, the effects of burn quality and pest attack are 
inseparable from the direct effects of fallow age.  Farmers 
correctly perceive the superiority of the better soils.  
Taking the non-soil factors (pest attack and burn quality) 
together, the data are suggestive that the mean yield on 
secondary forest plots was higher (X = 0.207 kg m-2, SD = 
0.113, n = 16) than on "virgin" forest plots (X = 0.162 kg m-2, 
SD = 0.079, n = 12), but the difference is not significant (p 
= 0.26). 
 
 Altamira is located on Brazil's Transamazon Highway and 
is the principal town serving the largest of the settlements 
established along the Highway in the early 1970s.  Despite its 
proximity to Altamira, Arroz Cru does not have a road 
connection to the Transamazon Highway and its associated 
settlements.  Colonists settled along the Transamazon Highway, 
most of whom came from other parts of Brazil, do not have the 
tradition of shifting cultivation that caboclos like the 
residents of Arroz Cru have.  Long before population density 
could increase to the point where farmers would be obliged to 
shorten their fallow periods, the recently arrived colonists 
on the Transamazon Highway cleared secondary succession with 
such frequency that the benefits of fallow were largely 
foregone and sustainability of the system as practiced in the 
1970s was unlikely (Fearnside, 1984).  Fallows of 2 years or 
less were frequent, some land in this age group being cleared 
in over 70% of cases where such vegetation was available for 
clearing.  Over the succeeding two decades, behavior patterns 
shifted to longer fallows.  Moran et al. (1994) used LANDSAT-
TM imagery to measure land-use patterns in the Transamazon 
Highway colonization project in 1985 and 1991 in areas 
centered at km 23 and km 46 west of Altamira.  These data can 
be used to derive a Markov matrix of transition probabilities, 
indicating that secondary succession in abandoned farmland was 
cleared at a mean age of 6.7 years (Fearnside, 1996).  The 
traditional caboclo farmers of Arroz Cru appear to use a 
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somewhat longer fallow period, although variability is too 
high for firm conclusions: fields derived from secondary 
forest had been cleared from stands with a mean age of 8.6 
years (SD = 6.6, n = 17). 
 
 The incremental benefits of waiting for fallows to 
further improve site quality can be expected to diminish with 
increasing fallow age, making the optimal fallow less than the 
very long periods (> 30 years) observed in many indigenous 
societies (Ahn, 1979).  The long fallows among indigenous 
tribes are the result of population densities being limited to 
low levels by factors other than soil and other aspects of 
site quality that are regenerated by fallows.  Tribal peoples 
have been observed to cut and plant in old secondary forest 
stands with the objective of preventing the trees from growing 
too large to be easily felled using the primitive tools 
available (Robert L. Carneiro, personal communication for the 
Yanomami of Venezuela; Roy Rappaport, personal communication 
for the Tsembaga of Papua New Guinea).  Shifting cultivators 
are likely to base their decisions concerning fallow length 
and "virgin" versus secondary forest use on returns per day of 
labor rather than per hectare of land.  Labor requirements for 
felling increase sharply with tree diameter, especially when 
tools are primitive (Carneiro, 1979).  The rational choice may 
therefore be to clear fallows prior to full recovery of soil 
quality.  The lower labor requirement for clearing secondary 
forest causes Hanunóo shifting cultivators in the Philippines 
to prefer secondary to primary forest (Conklin, 1954, p. 137); 
the same phenomenon is common in west Africa (Greenland and 
Nye, 1959, p. 294).  On the other hand, shifting cultivators 
in Za"ire have been seen as allowing land to remain fallow 
longer than necessary to regenerate soil fertility (Guillemin, 
1956).  Identification of optimal fallows for Amazonian 
farmers would require further work, but the relation between 
maize yield and fallow age found at Arroz Cru indicates that 
the short fallows sometimes adopted by pioneer farmers have an 
agronomic cost in the form of reduced yields. 
 
Acknowledgments 
 
 We thank the Pew Scholars Program in Conservation and the 
Environment, Fundação Banco do Brasil (FBB) and Fundação 
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES) for financial support.  F. Putz, S. Sargent and S.V. 
Wilson contributed valuable comments.  We especially thank the 
residents of Arroz Cru for their help and patience. 
 
References 
 
Ackermann, F.L. 1966.  A depredação dos solos da região 
Bragantina e na Amazônia. Universidade Federal do Pará, Belém, 
Brazil, 59 pp. 
 
Ahn, P.M., 1979.  The optimum length of planned fallows. In: 
H.O. Mongi and P.A. Huxley (Editors), Soils Research in 



 
 

 11

Agroforestry: Proceedings of an Expert Consultation held at 
the International Council for Research in Agroforestry (ICRAF) 
in Nairobi, March 26-30, 1979. ICRAF, Nairobi, Kenya, pp. 
15-39. 
 
Bernsten, R.H. and Herdt, R.W., 1977.  Towards an 
understanding of milpa agriculture: The case of Belize. J. 
Devel. Areas, 11: 372-392. 
 
Brabo, M.J.C., 1979.  Os roçeiros de Muaná. Publicações 
Avulsas do Museu Paraense Emílio Goeldi, No. 32, Belém, 
Brazil, 76 pp. 
 
Brazil, Instituto Brasileiro de Geografia e Estatística (IBGE) 
and Instituto Brasileiro do Desenvolvimento Florestal (IBDF), 
1988.  Mapa de Vegetação do Brasil. Scale 1:5 000 000. 
Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais 
Renováveis (IBAMA), Brasilia, DF. 
 
Brazil, Projeto RADAMBRASIL, 1974.  Levantamento de Recursos 
Naturais, Vol. 5, Folha SA.22, Belém. Ministério das Minas e 
Energia, Departamento Nacional de Produção Mineral (DNPM), Rio 
de Janeiro, Brazil. 
 
Brazil, SUDAM (Superintendência do Desenvolvimento da 
Amazônia). 1984.  Atlas Climatológico da Amazônia Brasileira. 
Projeto de Hidrologia e _limatologia da Amazônia (PHCA), 
Ministério do Interior, SUDAM, Belém, Brazil, 125 pp. 
 
Brinkmann, W.L.F. and do Nascimento, J.C., 1973.  The effect 
of slash and burn agriculture on plant nutrients in the 
tertiary region of central Amazonia. Acta Amazonica, 3: 55-61. 
 
Brown, S. and Lugo, A.E., 1990. Tropical secondary forests. J. 
Trop. Ecol., 6: 1-32. 
 
Buol, S.W., Sánchez, P.A., Cate Jr., R.B. and Granger, M.A., 
1975.  Soil fertility capability classification. In: E. 
Bornemisza and A. Alvarado (Editors), Soil Management in 
Tropical America, Proceedings of a Seminar held at CIAT, Cali, 
Colombia, 10-14 Feb. 1974. North Carolina State University, 
Raleigh, pp. 126-141. 
 
Carneiro, R.L., 1960.  Slash-and-burn agriculture: A closer 
look at its implications for settlement patterns. In: A.F.C. 
Wallace (Editor), Men and Culture: Selected Papers of the 
Fifth International Congress of Anthropological and 
Ethnological Sciences, Sept. 1956. University of Pennsylvania 
Press, Philadelphia, pp. 229-234. 
 
Carneiro, R.L., 1979.  Forest clearance among the Yanomam"o, 
Observations and implications. Antropológica, 52: 39-76. 
 
Carneiro, R.L., 1983.  The cultivation of manioc among the 
Kuikuru of the upper Xingú. In: R. Haymes and W. Vickers 



 
 

 12

(Editors), Adaptive Responses of Native Amazonians. Academic 
Press, New York, pp. 65-111. 
 
Chauvel, A., Grimaldi, M. and Tessier, D., 1991.  Change in 
soil pore-space distribution following deforestation and 
revegetation: an example from the central Amazon Basin, 
Brazil. For. Ecol. Manage., 38: 247-257. 
 
Conklin, H.C., 1954.  An ethnoecological approach to shifting 
agriculture. Trans. NY Acad. Sci., Ser. II, 17: 133-142. 
 
Driessen, P., Buurman, B. and Permadhy, 1976.  The influence 
of shifting cultivation on a 'podzolic' soil from Central 
Kalimantan. In: Peat and Podzolic Soils and their Potential 
for Agriculture in Indonesia. Soil Research Institute Bulletin 
No. 3, Bogor, Indonesia. 
 
Egler, E.G., 1961.  A Zona Bragantina do Estado do Pará. 
Revista Brasileira de Geografia, 23: 444-463. 
 
Fearnside, P.M., 1984.  Land clearing behaviour in small 
farmer settlement schemes in the Brazilian Amazon and its 
relation to human carrying capacity. In: A.C. Chadwick and 
S.L. Sutton (Editors), Tropical Rain Forest: The Leeds 
Symposium. Leeds Philosophical and Literary Society, Leeds, 
UK, pp. 255-271. 
 
Fearnside, P.M., 1985.  Agriculture in Amazonia. In: G.T. 
Prance and T.E. Lovejoy (Editors), Key Environments: Amazonia. 
Pergamon Press, Oxford, UK, pp. 393-418. 
 
Fearnside, P.M., 1986.  Human Carrying Capacity of the 
Brazilian Rainforest. Columbia University Press, New York, 293 
pp. 
 
Fearnside, P.M., 1989.  Burn quality prediction for simulation 
of the agricultural system of Brazil's Transamazon Highway 
colonists. Turrialba, 39: 229-235. 
 
Fearnside, P.M., 1994.  Biomassa das florestas amazônicas 
brasileiras. In: Anais do Seminário Emissão × Seqüestro de CO2. 
Companhia Vale do Rio Doce (CVRD), Rio de Janeiro, pp. 95-124. 
 
Fearnside, P.M., 1996.  Amazonian deforestation and global 
warming: Carbon stocks in vegetation replacing Brazil's Amazon 
forest. For. Ecol. Manage., 80(1-3): 21-34. 
 
Fearnside, P.M. and Ferraz, J., 1995.  A conservation gap 
analysis of Brazil's Amazonian vegetation. Conserv. Biol., 
9(5): 1134-1147. 
 
Fearnside, P.M., Leal Filho, N. and Fernandes, P.M., 1993.  
Rainforest burning and the global carbon budget: Biomass, 



 
 

 13

combustion efficiency and charcoal formation in the Brazilian 
Amazon. J. Geophys. Res. (Atmospheres), 98(D9): 16,733-16,743. 
 
Freeman, J.D., 1955.  Iban Agriculture, a Report on the 
Shifting Cultivation of Hill Rice by the Iban of Sarawak. 
Colonial Research Studies No. 18. Her Majesty's Stationery 
Office, London, 148 pp. 
 
Greenland, D.J. and Nye, P.H., 1959.  Increases in the carbon 
and nitrogen contents of tropical soils under natural fallows. 
J. Soil Sci., 10: 284-299. 
 
Gross, D.R., 1975.  Protein capture and cultural development 
in the Amazon Basin. Amer. Anthrop., 77: 526-549. 
 
Gross, D.R., Giten, G., Flowers, N.M., Leoi, F.M., Ritter, 
M.L. and Werner, D.W., 1979.  Ecology and acculturation among 
native peoples of central Brazil. Science, 206: 1043-1050. 
 
Guillemin, R., 1956.  Evolution de l'agriculture autochthone 
dans les savannes de l'Oubangui. L'Agronomie Tropicale, 11: 
39-61, 143-176, 279-309. 
 
Harris, D.R., 1971.  The ecology of swidden cultivation in the 
Orinoco rainforest, Venezuela. Geog. Rev., 61: 475-495. 
 
Herrera, R., Jordan, C.F., Klinge, H. and Medina, E., 1978.  
Amazon ecosystems: Their structure and functioning with 
particular emphasis on nutrients. Interciencia, 3: 223-232. 
 
Jessup, T.C., 1981.  Why do Apo Kayan shifting cultivators 
move? Borneo Res. Bull., 1981: 16-32. 
 
Kleinman, P.J.A., Bryant, R.B. and Pimentel, D., 1996.  
Assessing ecological sustainability of slash-and-burn 
agriculture through soil fertility indicators. Agronomy J., 
88(2): 122-127. 
 
Martins, P.F. da S., Cerri, C.C., Volkoff, B., Andreux, F. and 
Chauvel, A., 1991.  Consequences of clearing and tillage on 
the soil of a natural Amazonian ecosystem. For. Ecol. Manage., 
38: 273-282. 
 
Meggers, B., 1971.  Amazonia: Man and Culture in a Counterfeit 
Paradise. Aldine-Atherton, Chicago, 182 pp. 
 
Moran, E.F., 1974.  The adaptive system of the Amazonian 
caboclo. In: C. Wagley (Editor), Man in the Amazon. University 
Presses of Florida, Gainesville, pp. 136-159. 
 
Moran, E.F., 1981.  Developing the Amazon. Indiana University 
Press, Bloomington, 292 pp. 
 
Moran, E.F., 1990.  A Ecologia Humana das Populações da 
Amazônia. Editora Vozes, Petrópolis, Brazil, 367 pp. 



 
 

 14

 
Moran, E.F., Brondizio, E., Mausel, P. and Wo, Y., 1994.  
Integrating Amazonian vegetation, land-use, and satellite 
data. BioSci., 44(5): 329-338. 
 
Nepstad, D.C., de Carvalho, C.R., Davidson, E.A., Jipp, P.H., 
Lefebvre, P.A., Negreiros, G.H., da Silva, E.D., Stone, T.A., 
Trumbore, S.E. and Vieira, S., 1994.  The role of deep roots 
in the hydrological and carbon cycles of Amazonian forests and 
pastures. Nature, 372: 666-669. 
 
Nicholaides, J.J., Sánchez, P.A., Bandy, D.E., Villachica, 
J.H., Coutu, A.J. and Valverde, C.S., 1983.  Crop production 
systems in the Amazon Basin. In: E.F. Moran (Editor), The 
Dilemma of Amazonian Development. Westview Press, Boulder, 
Colorado, pp. 101-153. 
 
Nye, P.H. and Greenland, D.J., 1960.  The Soil Under Shifting 
Cultivation. Commonwealth Agricultural Bureaux of Soils, 
Harpenden, UK, 156 pp. 
 
Parker, E.P., 1985.  Caboclization: The transformation of the 
Amerindian in Amazonia, 1615-1800. In: E.P. Parker (Editor), 
The Amazon Caboclo: Historical and Contemporary Perspectives. 
Studies in Third World Societies No. 29. William and Mary 
Press, Williamsburg, Virginia, pp. 1-49. 
 
Penteado, A.R., 1967.  Problemas de Colonização e de Uso da 
Terra na Região Bragantina do Estado do Pará. Universidade 
Federal do Pará, Belém, Brazil, 488 pp. 
 
Popenoe, H., 1964.  The pre-industrial cultivator in the 
tropics. In: International Union for the Conservation of 
Nature and Natural Resources (IUCN), The Ecology of Man in the 
Tropical Environment. IUCN New Series No. 4, Morges, 
Switzerland, pp. 66-73. 
 
Roosevelt, A.C., 1980.  Parmana: Prehistoric Maize and Manioc 
Subsistence along the Amazon and Orinoco. Academic Press, New 
York, 320 pp. 
 
Salati, E. and Marques, J., 1984.  Climatology of the Amazon 
Region. In: H. Sioli (Editor), The Amazon: Limnology and 
Landscape Ecology of a Mighty Tropical River and its Basin. 
Dr. W. Junk, Dordrecht, The Netherlands, pp. 85-126. 
 
Sánchez, P.A., 1973.  Soil management under shifting 
cultivation. In: P.A. Sánchez (Editor), A Review of Soils 
Research in Tropical Latin America. North Carolina 
Agricultural Experiment Station, Raleigh, pp. 46-67. 
 
Sánchez, P.A., 1976.  Properties and Management of Soils in 
the Tropics. Wiley, New York, 618 pp. 
 



 
 

 15

Sioli, H., 1973.  Recent human activities in the Brazilian 
Amazon and their ecological effects. In: B.J. Meggers, E.S. 
Ayensu and W.D. Duckworth (Editors), Tropical Forest 
Ecosystems in Africa and South America: A Comparative Review. 
Smithsonian Institution Press, Washington, DC, pp. 321-334. 
 
Sioli, H., 1980.  Foreseeable consequences of actual 
development schemes and alternative ideas. In: F. Barbira-
Scazzocchio (Editor), Land, People, and Planning in 
Contemporary Amazonia. University of Cambridge Centre of Latin 
American Studies Occasional Paper No. 3, Cambridge, UK, pp. 
257-268. 
 
Smith, N.J.H., 1981.  Colonization lessons from a tropical 
forest. Science, 214: 755-761. 
 
Vieira, L.S., dos Santos, W.H.P., Falesi, I.C. and Pedro S.O. 
Filho, J., 1967.  Levantamento de reconhecimento dos solos da 
Região Bragantina, Estado do Pará. Pesquisa Agropecuária 
Brasileira, 2: 1-63. 
 
Wagley, C., 1976.  Amazon Town: A Study of Man in the Tropics. 
Oxford University Press, London, 305 pp. 
 
Watters, R.F., 1971.  Shifting Cultivation in Latin America. 
Food and Agriculture Organization of the United Nations (FAO), 
Rome, 305 pp.



 
 

 1

TABLE 1:  MAIZE YIELD AND SITE CHARACTERISTICS 
Category Fallow 

age 
(yr) 

Soil 
typea 

Burn 
qualityb 

Pest 
attack 

Maize 
yield 
(kg/m2) 

Young secondary forest (0-10 yr) 
  3 LAV medium no 0.174 
  3 LA medium no 0.194 
  4 LA medium no 0.283 
  5 LA medium no 0.262 
  5 LAV medium no 0.230 
  6 LAV medium no 0.076 
  8 LAV medium no 0.353 
 Mean     0.225 
 SD     0.088 
 n     7 
Mature secondary forest (11-30 yr) 
  14 LA good no 0.287 
  15 LA medium no 0.280 
  17 LAV good no 0.316 
  20 LAV medium no 0.411 
 Mean     0.324 
 SD     0.060 
 n     4 
"Virgin" forest 
  "virgin" LA good no 0.122 
  "virgin" LAV good no 0.074 
  "virgin" LA good no 0.216 
  "virgin" LA medium no 0.177 
  "virgin" LA good no 0.079 
  "virgin" LA medium no 0.223 
  "virgin" LAV good no 0.203 
  "virgin" LAV good no 0.150 
  "virgin" LA good no 0.081 
  "virgin" LAV medium no 0.144 
  "virgin" LV good no 0.352 
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 Mean     0.166 
 SD     0.082 
 n     11 
Fields excluded from the analysis 
  3 TR good no 0.193 
  3 LAV poor no 0.065 
  4 LA/TP good no 0.307 
  5 TR poor no 0.255 
  6 LAV poor no 0.057 
  11 LAV poor no 0.077 
  20 LA poor no 0.074 
  25 LAV good yes 0.168 
  "virgin" LAV poor no 0.124 
(a)Soil types: LAV=latossolo amarelo-vermelho, or yellow-red latosol (Ultisol), 
LA=latossolo amarelo, or yellow latosol (Ultisol), TP=terra preta do indio, or 
anthropogenic black soil (Anthroposol), TR=terra roxa, or "purple earth" (Alfisol). 
(b)"Good" and "medium" burn qualities are considered equal in the analysis. 


