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Abstract

The regeneration of secondary forests (SF) on previously cleared land in the Amazon is a promising development within the
generally pessimistic scenario about tropical deforestation. This has stimulated efforts to augment the value of SF to farmers
to induce them to increase the area in SF. The objective of this paper was to document the regeneration of SF in slash-and-burn
agriculture and to develop policy and technological recommendations for conserving forest cover on small farms and improve
farmer welfare. The dynamics of SF in slash-and-burn farming were studied by investigating changes in the role of SF with
frontier development. Farm survey data from a colonist settlement area in the Peruvian Amazon were analyzed by using a
recursive econometric model. Results confirmed that substantial areas of SF exist on slash-and-burn farms during the first
few decades after settlement. As a result, over a third of the farm area is under forest cover. This implies that deforestation in
slash-and-burn farming may be less than previously believed. Soil recuperation is the most important reason for the existence
of SF in slash-and-burn agriculture. During the relatively early stages of frontier development studied in this paper, fallow
periods increased over time as site productivity declined, giving rise to secondary forests. Pastures lowered forested areas on
farms and appear to impede the regeneration of SF. Commercial exploitation of SF products was minimal and declines with
frontier development. The conclusions show that improved short-rotation fallows may recuperate the soil at the expense of
forest cover, particularly in areas where most of the forest cover consists of SF. This conflict could be resolved by technologies
that enrich SF and reinforce its multiple functions, including soil recuperation. Reduction of extensive cattle ranching may
be a more effective way to conserve forest cover in slash-and-burn farming than technologies for shortening fallow periods.
A ‘quantum leap’ in the benefits of forested land will be required if increases in forest cover are to be compatible with farmer
welfare. This is likely to require innovative approaches, such as commercialization of the environmental services of forests.
The results of this research could potentially shift efforts to control deforestation away from slash-and-burn farmers, thus
reducing the perceived conflict between forest conservation and the livelihood of poor people. ©1999 Elsevier Science B.V.
All rights reserved.
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1. Introduction

Within the generally pessimistic scenario about
tropical deforestation, a promising development is
the emergence of a ‘new’ resource: secondary forests
(SF), i.e., woody successional vegetation that regen-
erates after the original forest cover has been removed
for agriculture or cattle ranching. Recent satellite data
(Morán et al., 1994; Skole et al., 1994) indicate that
in areas of agricultural expansion in the forest mar-
gins, conversion of primary forest (PF), i.e., forests
that have had little or no anthropogenic intervention,
to crops and agriculture is accompanied by regener-
ation of SF on land cleared for agriculture. In Latin
America, 165 million hectares of SF are estimated to
have existed in 1990 (FAO, 1996). Ecological studies
show that SF can be managed to provide many of
the economic and environmental services originally
provided by PF (Brown and Lugo, 1990; Lugo and
Brown, 1992; Nepstad et al., 1995a, 1995b). This has
given rise to a new strategy to use policy and tech-
nological interventions to augment the value of SF,
to encourage farmers to increase the area in SF and
delay their conversion to other uses (Propuesta de
Pucallpa, 1997). This is expected to increase farmer
welfare, while simultaneously protecting the environ-
ment. The objective of this paper was to document the
regeneration of SF in slash-and-burn agriculture and
to generate policy and technological recommenda-
tions for conserving forested areas within small-scale
farms and improve farmer welfare. Unlike previous
studies that have focused only on residual forests
or primary forests, this paper also takes secondary
forests into consideration and analyzes their role as
an integral part of the farm production system.

2. Methods

2.1. Study site

The study site consists of agricultural settlements
stretching back into the interior from the main road
connecting Pucallpa (an important timber center in the
Ucayali Region of the Peruvian Amazon) to the cap-
ital, Lima. The rural population density is estimated
to be around 7 persons km−2 (Riesco, 1995) and con-
sists primarily of small-scale, migrant crop farmers.

An area of medium-scale cattle ranches exists along
the main road.

The slash-and-burn agricultural system followed by
farmers in the area is similar to other small-scale
colonist areas in lowland semi-humid areas of the
Amazon with altitude<500 m above sea level and an-
nual precipitation of around 2000 mm (Riesco, 1995).
Residual forests (RF), i.e., primary forests from which
the most valuable timber has been previously removed
by loggers), are progressively cut down and cultivated
with annual and semi-perennial crops for one or two
years. Crop fields are, then, planted either for pasture
(recently, perennial crops) or secondary vegetation is
allowed to regenerate on crop fields to recuperate the
soil and control weeds (fertilizer is usually not used
in relatively early stages of frontier development). SF
comes into existence when fallow periods are long
enough to allow woody vegetation to regenerate. Dur-
ing the fallow period, cropland is obtained by cutting
down remaining areas of RF or by recultivating land
that has been previously fallowed.

2.2. Site analysis

Following Smith et al. (1997a), the dynamics of
SF were analyzed by using Richards’ stages of fron-
tier development for colonist slash-and-burn farmers
(Richards, 1996). The early-pioneer stage (when the
first settlers begin to arrive in a forested area) is char-
acterized by minimal infrastructure, governance and
participation in market activities. In the next stage
(emerging market economy), infrastructure and mar-
ket access improve and land tenure becomes more for-
malized. In the third stage (closing frontier), there is
little forested land still available for colonization and
infrastructure and market integration show further im-
provements.

The study area was classified, on a preliminary ba-
sis, into stages of frontier development on the basis
of a series of maps, from 1955 to 1994, documenting
progressive land occupation (IIAP, 1996). Although a
few settlements in the early-pioneer stage exist in very
remote areas, they are not covered by the survey. Ar-
eas settled after 1975 were classified as being in the
emerging market economy (EM) stage, while older
settlements, opened up before 1975, were in the clos-
ing frontier (CF) stage. Farms in the CF stage were
classified into two groups: crop farms (CFC), which
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may include small areas of pasture, and medium-scale
cattle ranches (CFR).

2.3. Survey and statistical methodology

A farm survey was carried out, with the sample
consisting of 167 small-scale crop farmers and 16
medium-scale cattle ranchers from the upland terraces
of 14 agricultural localities lying off the first 75 km
of the Pucallpa–Lima road. Interviewers consisted
mainly of forestry professionals. To analyze SF as
an integral part of the production system, data were
obtained on the use of both agricultural and forested
land. Farmers, with the aid of interviewers, classi-
fied their secondary vegetation (SV) areas into three
stand-height categories:<5 m, 5–10 m and >10 m,
which will be referred to as initial secondary veg-
etation (ISV), young secondary forests (YSF) and
older secondary forests (OSF), respectively. SF is the
sum of YSF and OSF. Farmers pointed out a fourth
category (apparently a deviation from the normal
succession pattern) that is called degraded secondary
vegetation (DSV) in this paper. This consists of low
secondary vegetation (usually<3 m) heavily dom-
inated by pastures and herbaceous plants. Farmers
provided responses on plant species that they believed
were abundant and/or of some economic value in
areas of SV and RF on their farms.

To analyze changes in the fallow period, an adap-
tation of Ruthenberg’s indicator of land use intensity
(R-value) was used (Ruthenberg, 1980). Ruthenberg’s
R-value is given byR = [C/(C+F)]100, whereC is
the number of years of cropping andF is the number
of years of fallowing. The measure used in this paper
(INT) is in terms of area in crops to area in fallow.
INT is equivalent to Ruthenberg’sR-value under con-
ditions of steady state equilibrium. Land use intensity
(INT) is calculated in this paper as [C/(C+SV)] 100,
whereC= land under annual and semi-perennial crops.
Perennial crops and pasture land were not included in
C, because the proportion of fallow land coming from
pasture and perennials in the survey sample is mini-
mal. The entire area in SV was assumed to be fallow
land. An increase in INT can be interpreted as a de-
cline in fallow periods.

The value of forest products was calculated as an-
nual sales plus annual home consumption valued at

market prices. These figures ignore input costs and the
number of years required for producing output. Data
on products consumed occasionally, such as medicinal
plants and products with thin markets, such as fire-
wood, should be interpreted with caution. Both ISV
and DSV were assumed to make no contribution to
forest products, which may not be entirely correct.
Therefore, the figures given in the paper should be re-
garded merely as indicative of the importance of forest
products.

A recursive econometric model (Greene, 1993),
consisting of a system of three equations (Eqs. 1–3),
was used to obtain an improved understanding of the
determinants of forest cover. The model focuses on
the determinants of the two land use types of particu-
lar interest in this paper: SF and RF. Other land use
types (annual and semi-perennial crops and pasture)
were assumed to be predetermined, i.e., decisions on
these other land use types are taken prior to decisions
on INT, SF and RF. The area in crops and pasture was
determined by factors exogenous to the model, such
as consumption and income requirements, life-cycle
related factors, prices and subsidized credit (Scatena
et al., 1996; Walker and Homma, 1996). Given these
decisions on agricultural production, farmers deter-
mine land use intensity, which, in turn, influences
the proportion of the farm in SF, which, in turn, in-
fluences the proportion of the farm in RF, giving a
recursive structure to the system of equations. Each
of the three equations given below was estimated
separately using Ordinary Least Squares. This gives
unbiased, consistent estimates for a recursive model
(Greene, 1993). The expected signs of the coefficients
are given in Eqs. 1–3).

INT = a1 + b11 NEWLANDP+ b12 PAST

−b13 FSIZE+ b14 CASHINC− b15 SFPRODS

−b16 SFPRODC+ b17 POPDEN

+b18 FRONTDEV+ e1 (1)

%SF= a2 − b21 INT − b22 DSV + b23 CROP

+b24 FSIZE− b25 FRONTDEV+ e2 (2)

%RF= a3 + b31 (%SF)−1 + b32 RFPRODS

+b33 RFPRODC− b34 PAST+ b35 FSIZE

+b36 FRONTDEV+ e3 (3)
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INT = land use intensity = [C/(C+ SV)]
100, whereC = area in annual/
semi-perennial crops (ha) and SV
area in secondary vegetation (ha)

NEWLANDP = indicator of site productivity:
proportion crop area in land newly
cleared from RF

PAST = area in pasture (ha)
FSIZE = farm size (ha)
CASHINC = sales of forest and non-forest

products plus non-farm income ($)
CROP = area in annual and semi-

perennial crops (ha)
SFPRODS = annual sales of products ha−1

of SF ($)
SFPRODC = annual value of home consump-

tion products ha−1 of SF ($)
POPDEN = number of family members ha−1

of farmland
FRONTDEV = dummy variable for stage of

frontier development
(1 for EM, 0 for CF)

% SF = percent farm area in SF
% RF = percent farm area in RF
DSV = area in DSV (ha)
RFPRODS = annual sales of products

ha−1 of RF ($)
RFPRODC = annual value of home consump-

tion products ha−1 of RF ($)
The model tests the following hypotheses about

colonist slash-and-burn agriculture:
1. Fallow periods increase (i.e., INT decreases) as

site productivity declines. The proportion of crop-
land on the farm that has been cleared directly
from RF (i.e., land being cultivated for the first
time) was taken as a proxy for site productivity
(Eq. (1)). Productivity in these plots should be
higher than those cleared from SV.

2. An increase in the fallow period (i.e., a decrease
in INT) increases the proportion of the farm in
SF. This implies that SF is an integral part of the
slash-and-burn process and exists primarily be-
cause of its ability to recuperate the soil.

3. Increases in the value of SF products increase fal-
low periods and, therefore, the proportion of the
farm in SF.

4. Increases in the value of RF products increase the
proportion of the farm in RF.

5. Once sufficient area in SF is available for crop
rotation, farmers conserve remaining areas of RF,
i.e., SF diverts pressure for crop land from RF. In
Eq. (3), a reciprocal functional form was used to
test this hypothesis. A positive sign for the vari-
able (% SF)−1 indicates that % RF declines as %
SF increases, with the rate of decline decreasing
as % SF increases. At high levels of % SF, % RF
becomes asymptotic to the horizontal axis (John-
ston, 1972).

6. Pasture leads to an increase in INT and there-
fore reduces SF (INT increases because pasture
replaces SV after crop cultivation).

7. Pasture also reduces RF because of the land ex-
tensive nature of cattle ranching in the area.

8. DSV impedes regeneration of SF and thus reduces
the proportion of the farm in SF.

3. Results and discussion

3.1. Stages of frontier development

Survey data are consistent with the preliminary clas-
sification of the study area into stages of frontier devel-
opment. In areas classified as CF, 43% of current oc-
cupants (who need not be the first settlers) arrived be-
fore 1975. More than half the farms are on all-weather
roads and 87% are in areas without unclaimed land. In
areas classified as EM, a significantly smaller propor-
tion of farmers (4%) arrived before 1975 (x2 = 72.3,
df = 1). Only a third of the farms are on all-weather
roads (x2 = 67.9, df = 2). A significantly larger propor-
tion of farms (37%) are in areas where unclaimed land
still exists (x2 = 35.9, df = 1).

3.2. Documenting the regeneration of secondary
forests

Land use data from the farm survey are analyzed in
this section. Average farm size was virtually the same
for EM and CFC. Cattle ranches were significantly
larger than farms in CFC (Table 1). In EM and CFC,
27 and 30%, respectively, of farmers have legal land
titles, while many others are currently having their ti-
tles processed. Almost all cattle ranchers (81%) have
land titles. The SV areas (known locally aspurma)
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Table 1
Land use by stage of frontier developmenta and forest inventory datab (Pucallpa, Peruvian Amazon)

Land use Stage of frontier developmentc: Forest inventory

Emerging market Closing frontier
economy (EM)

Crop farms (CFC) Cattle ranches (CFR)

Number of farmers 114 53 16
Area (ha)d Area (×103, ha)e

Farm size 27.2 26.5 61.7h n/ai

Residual forest (Monte Alto) 12.4g (45) 4.5 (17) 7.8 (12) 58.9 (29)
Secondary vegetation (Purma) 7.2g (26) 12.5 (47) 9.2 (15) 89.2 (45)
Initial secondary vegetation

(height<5 m) 2.5 (9) 2.9 (11) 2.0 (3) 30.5 (15)
Young secondary forest (height 5–10 m) 1.9 (7) 1.3 (5) 0.9 (2) n/a
Older secondary forest (height >10 m) 1.9 (7) 4.6 (17) 3.8 (6) n/a
Total secondary forest (height >5 m) 3.7 (14) 5.9 (22) 4.7 (8) 45.1 (23)
Total forest cover (residual + secondary) 16.1 (59) 10.4 (39) 12.5 (20) 104.0 (52)
Degraded secondary vegetation

(height<3 m) 0.9g (3) 3.6 (14) 2.5 (4) 13.6 (7)
Annual/semi-perennial crops 1.6 (6) 1.1 (4) 1.2 (2) 11.0 (6)
Perennial crops 1.4 (5) 1.2 (5) 0.1h (0) 3.0 (2)
Pasture 2.7g (10) 5.1 (19) 40.6h (66) 28.6 (14)
Reforested land 1.1 (4) 1.1 (4) 1.6 (3) n/a
Other 0.9 (3) 0.9 (3) 1.3 (2) n/a
Land use intensity (INT)f 22 19 23 n/a

a Survey data (183 farmers), 1997.
b 200,000 ha, 1987.
c EM: emerging market economy, CFC: closing frontier (crop farms), CFR: closing frontier (cattle ranches)
d Figures in parentheses are percentages of farm area.
e Figures in parentheses are percent inventoried area.
f [C/(C+SV)] 100, whereC is annual and semi-perennial cropland and SV is secondary vegetation.
g Significant differences between EM and CFC (t test: 5% level).
h Significant differences between CFR and CFC (t test: 5% level).
i n/a: Inventory data not available for this land use category.

occupied a substantial area of the farm in EM, and in-
creased significantly to almost half the farm in CFC,
where it was the largest category of land use. In EM,
the largest category of land use was RF (known lo-
cally asmonte alto). As the frontier develops, RF de-
clined significantly, with almost half the farmers in
CFC having no remaining RF. In CFR, the proportion
of the farm in SV and RF was lower than in CFC. Pas-
ture, the largest land use category, replaced SV after
crop cultivation in a large part of the deforested area
(Table 1).

About half of SV consisted of SF. The proportion
of the farm in SF, OSF and DSV increased with fron-
tier development, with SF occupying almost a quarter
of the farm area in CFC. Although total forest cover
(RF + SF) declined as the frontier developed, over a
third of the area of crop farms remained under forest

cover in CFC, because of the increase in SF, which
comprises more than half the forest cover in CFC. In
cattle ranches, SF occupied only a small part of the
farm area and total forest cover was sharply lower than
on crop farms (Table 1).

While the data given above were based on farmer
estimates, they were highly compatible with the re-
sults of an earlier field inventory of SF in approxi-
mately the same area as the survey, but confined to
farms lying along the Pucallpa–Lima road (UNALM,
1987). In particular, the percentage areas in SV and
SF, in the inventory, were virtually identical to survey
figures for CFC farms (Table 1), which were likely to
be most comparable to the inventory sample. The in-
ventory also identified a vegetation category similar to
DSV. Evidence from the Brazilian Amazon also was
consistent with the trends found in the survey. Anal-
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ysis of high resolution satellite data from 500,000 ha
in Eastern and Western Altamira (Morán et al., 1994)
show that declines in PF are accompanied by regener-
ation of a vegetation category broadly comparable to
SF, on 16–20% of the area, on previously deforested
land.

3.3. The role of secondary and residual forests

In slash-and-burn agriculture, the different land
use types (FAO, 1976) — crops, pasture, RF and
SF — were closely linked. RF and SF also pro-
vide forest products (Peters et al., 1989; Padoch and
Pinedo-Vasquez, 1996; Brodie et al., 1997). Thus,
an examination of the role of SF should take these
complex interactions into account.

3.3.1. SF and crop production
Survey data show that SF was an integral part of

the crop production process. Over 60% of the area in
all SV categories (except OSF) exist primarily to re-
cuperate the soil. Lack of labor and capital for crop
cultivation was the next most important reason for the
existence of these categories. In the case of OSF, lack
of resources for crop cultivation was slightly more im-
portant than soil recuperation. In about 5% of the area,
SV was allowed to regenerate because of the presence
of timber. The proportion of area that can be regarded
as abandoned (not suitable for cultivation or too dis-
tant) was minimal — 5% or less for all categories (Ta-
ble 2).

Farmers planned to recultivate about 60–80% of the
area in all SV categories. Reasons for conserving the
rest varied by vegetation category. Most of the con-
served area in YSF was likely to be reconverted to
agriculture in future, as it was mainly being conserved
for soil recuperation or the lack of resources for crop
cultivation. The proportion of area in SF that does not
enter the crop cycle was minor: 13% of the area in OSF
(conserved mainly for forest products) and 18% of
the area in YSF (mainly abandoned land). Conserved
areas in DSV were maintained mainly for grazing
(Table 2).

3.3.2. SF and land use intensity
The length of the fallow period was clearly an im-

portant determinant of the area in SF, given that most

SF plots were part of the crop/fallow cycle. An in-
crease in fallow period improved soil recuperation,
but also increased clearing costs and income foregone
during the fallow period. Fallow length was deter-
mined by the tradeoff among these effects (Angelsen,
1997). The survey data analyzed in this paper showed
that fallow periods were also prolonged if farmers
lacked resources for cultivation or, in some cases,
to obtain SF products. Fallow periods were expected
to decline over time as a result of population pres-
sure, declining real wages and improved market access
(Boserup, 1965; Binswanger and McIntire, 1987, An-
gelsen, 1997). Scatena et al. (1996) showed, however,
that in relatively early stages of agricultural expansion
in frontier areas, fallow length can increase over time,
because of soil degradation. Fallow periods tended to
be short on fields recently cleared from RF, in which
fertility was relatively high. As each plot’s productiv-
ity declined after repeated crop cycles, it was given a
longer fallow period, to keep crop production viable.
This multi-fallow strategy was consistent with the sur-
vey data that show that farmers cultivate fallow plots
of all ages.

The average value of INT in the survey data de-
creased slightly with frontier development on crop
farms (Table 1). In equilibrium, this was equivalent
to an average fallow length of around four years for
every year of cropping in EM, and around five years
for every year of cropping in CFC. As shown ear-
lier, these fallow periods may in some cases be longer
than intended for soil recuperation, because of lack
of resources for cultivation. Estimates of crop to fal-
low years given in this paper were very close to the
figure of 4.3 obtained by Scatena et al. (1996). Al-
though the change in INT was not statistically signifi-
cant, the declining trend on crop farms was consistent
with Scatena et al. (1996) and implies that site pro-
ductivity falls over time.

3.3.3. Soil recuperation and frontier development
Survey data on the floristic composition of SV im-

ply that SV in CFC may be degraded relative to SV in
newer areas. This may explain why farmers increase
fallow periods over time. Table 3 indicates that DSV
was a deviation from the normal succession pattern
and occurs in degraded areas, while ISV was more
frequently found in less degraded areas. A comparison
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Table 2
Secondary vegetation (Purma): reasons for regeneration and future plans (Pucallpa, Peruvian Amazon)a

Reasons and future plans Secondary vegetation categories, area in percentage

Initial secondary Young secondary Older secondary Degraded secondary
vegetation forest forest vegetation
(height<5 m) (height 5–10 m) (height >10 m) (height<3 m)

Reasons for regenerating secondary vegetation
Soil recuperation 66 61 37 64
Lack of resources 27 13 49 26
Timber/reforestation 1 6 4 0
Grazing 4 10 1 7
Abandoned land 0 5 5 1
Environmental servicesb 0 0 4 0
Other 2 5 0 2

Future plans for area in secondary vegetation
Convert to:

Crops 45 51 62 42
Pasture 12 8 14 9
Perennials 12 4 1 5
Other 0 0 1 3

Conserve 31 37 22 41

Reasons for conservingc

Soil recuperation 22 18 7 19
Lack of resources 50 34 35 7
Forest products 5 15 34 3
Grazing 17 10 0 63
Abandoned land 6 19 10 12
Environmental servicesb 0 0 1 0

a Survey data (183 farmers), 1997.
b Mainly shade and protection from pests.
c Percent area conserved.

Table 3
Relative frequency of floristic groups by secondary vegetation category (Pucallpa, Peruvian Amazon)a

Floristic groups Number of Secondary vegetation
vernacular categories

names included Initial secondary Young secondary Older secondary Degraded secon-
in the groupsb vegetation forest forest dary vegetation

(Height <5 m) (Height 5–10 m) (Height >10 m) (Height<3 m)

Trees: high value timber 22 (14) 10 7 20 5
Trees: low value timber 45 (28) 16 16 25 6
Trees: non-commercial timber, but provide

NTFPc 13 (8) 13 18 19 4
Trees: Non-commercial timber,

unknown uses 5 (9) 17 16 15 9
Domesticated plants (trees, palms, shrubs) 14 (9) 4 9 2 5
Palms 9 (6) 3 3 8 2
Shrubs 14 (9) 15 11 1 11
Vines/climbers 8 (5) 7 10 6 5
Herbs 16 (10) 3 2 2 5
Grasses/pastures 5 (3) 12 8 2 48

a Survey data (183 farmers), 1997.
b Figures in parentheses are percentages of total number of recorded vernacular names.
c Non-timber forest products.
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of the two categories shows significant differences in
the relative frequency of species between DSV and
ISV (x2 = 36.64, df = 1). The most noteworthy differ-
ence is the high frequency of aggressive grass and
legume pastures (Brachiaria (Brachiaria decumbens
Stapf.) andKudzu (Pueraria phaseoloidesBenth.))
in DSV, where they comprised 48% of mentioned
species, relative to only 12% in ISV. These species
were commonly found in pasture lands in the region
(Serrão and Toledo, 1990) and may have invaded
plots of SV. Some weedy plants, locally known as
invaders in open degraded areas, seem also to be
more common in DSV, notablyCashaucsha(Imper-
ata BrasiliensisTrin.) and Sachahuaca(Baccharis
floribunda Phil.). Regenerated trees, which for the
sample as a whole, account for almost two-thirds of
all recorded names, were less frequently mentioned
in DSV, representing only one-fourth of the floristic
composition, in comparison with over three-fourths
in OSF. The dominance of grasses/pastures and the
low presence of trees in DSV may be related. The
cover of low herbaceous vegetation largely restricts
tree colonization by limiting light availability and
imposing severe root competition (e.g., Nepstad et
al., 1990). In CFC, where the area of DSV is sig-
nificantly higher, the sharp decline in RF and their
fragmented nature reduced tree propagule availability.
The dominance of weedy grasses may be the result of
inadequate agricultural practices, in particular the use
of uncontrolled fire that tended to deplete the stock
of seed bank of trees. Data from the survey analyzed
in this paper showed that uncontrolled fires occurred
in the past year on around one-third of farms in EM
and CFR and in 42% of farms in CFC. In almost half
the cases, the areas accidentally burnt consisted of
SV.

In ISV, fast growing pioneer trees have the greatest
frequency.KudzuandBrachiaria are no longer dom-
inant. This is consistent with the hypothesis that ISV
develops in less degraded areas where pioneer shrubs
and trees can compete better with weeds and after two
or three years, are able to overshadow the herbaceous
layer of heliophyllous plants (e.g., Gómez-Pompa et
al., 1979; Finegan, 1996). The presence ofGuabaand
Shimbillo (Inga spp.Vell.) among the most frequent
plant species may be an indication of more favorable
site conditions for this fallow vegetation category. This
is consistent with data on the history of SV plots. The

percentage of plots that have undergone more than one
crop cycle, increased from about half for ISV to almost
two-thirds for DSV. Thus, the comparison of ISV and
DSV imply that SV in CFC may be more degraded
because it contains a significantly higher proportion
of DSV.

3.3.4. Residual forest and crop production
As frontiers develop, the role of RF as a source of

cropland declined on crop farms. While farmers plan
to convert more than half of the area in RF to crops
or pasture in EM, this declined to less than a third
of the area in CFC (Table 4). This may be related to
the increased availability of an alternative source of
cropland: SV, which increases significantly with fron-
tier development. While 75% of the crop area in EM
was land cleared from SF, this increased significantly
to 96% in CFC (t =3.77, df = 114) and 93% in CFR.
More than half the farmers in the survey sample used
only SV for crop production, in spite of the major-
ity of these still having areas of RF. Although culti-
vation of RF provides soil of better quality and fewer
weeds than SF, labor requirements for land clearing
favor SV (Scatena et al., 1996). This may explain why
the role of RF as a source of cropland declined once
farmers have enough SV to rotate their crop fields.
At this stage, they appear to conserve the remain-
ing areas of RF, mainly for obtaining forest products.
The amount of RF remaining depends on farm size,
with the smallest farms having no RF left by the time
sufficient SF has been established for crop rotation.
These data are consistent with Skole et al. (1994),
who showed that a substantial part of the area cleared
for slash-and-burn farming in parts of the Brazilian
Amazon came from previously cleared land. This im-
plies that SF may be diverting pressure for cropland
from RF.

3.3.5. Forests and pasture
In order to obtain sufficient land for extensive ranch-

ing (stocking rate = 0.9 AU ha−1: Riesco, 1995), cattle
ranchers minimize other land use types. A larger pro-
portion of RF was cut down, but the percent area in
crops was smaller and pasture, instead of SV, followed
crops in most of the deforested area. This reduced
the area available for rotating crops and resulted in a
higher INT than in CFC (Table 1). The smaller pro-
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Table 4
Future plans for residual forest (Monte Alto) by stage of frontier development (Pucallpa, Peruvian Amazon)a

Future plans for residual forest Stages of frontier developmentb

Emerging market Closing frontier
economy (EM)

Crop farms (CFC) Cattle ranches (CFR)

Percent area
Convert to:

Crops 53 6 8
Pastures 4 25 0
Perennials 3 0 0
Conserve 35 69 92
Reforest 5 0 0

Reasons for conserving
Future crop land 1 0 0
Lack of resources 27 0 0
Forest products 47 92 80

Wood 27 52 59
Non-wood 20 40 21

Abandoned land 6 4 19
Environmental servicesc 19 4 1

a Survey data (183 farmers), 1997.
b EM: emerging market economy, CFC: closing frontier (crop farms), CFR: closing frontier (cattle ranches)
c Shade, protection from wind/pests.

portion of area in crops and the higher INT resulted in
a lower proportion of area in SF. A similar effect was
likely to be occurring on crop farms with relatively
high proportions of pasture land. This implies that the
greater importance of pasture in some colonist areas
in the Brazilian Amazon (Fujisaka et al., 1996) may
account for the smaller proportion of area in SV in
these systems.

Pasture may also be reducing the area in SF by
slowing down the regeneration of SF. Table 3 indicates
that woody species regenerated more slowly in DSV.
An important component of the species composition
in DSV consisted of aggressive pasture species, which
presumably invade SV from areas planted to pasture.
The high incidence of accidental fires in the study area
(which promotes the development of grassy weeds and
thus impedes SF regeneration) may also be related to
the widespread existence of highly inflammable pas-
tures (predominantlyBrachiaria and Kudzu). Much
of the pasture area was ungrazed at the present time
due to the cattle population declining by 46% dur-
ing a period of civil unrest that occurred in the study
area for a few years during the late 1980s (Ministerio
de Agricultura, 1998). Farmers also plant pasture in

the hope of obtaining cattle when they have sufficient
cash. These overgrown pastures may be more highly
inflammable and less effort may go into controlling
fires on ungrazed pastures.

3.3.6. Forest products
The commercial potential of SF appears to be much

lower than that of RF. Sales ha−1 of SF were about
half that of RF (at least in EM). The higher sales
from RF may be partly due to charcoal sales from RF
species, which account for about a quarter of the value
of RF sales in EM. Fruit was an important source of
sales from both RF and SF. Commercial timber from
RF and SF makes a relatively small contribution. SF,
however, makes an important contribution to home
consumption of forest products (mainly round wood
for home construction and firewood), particularly in
CF.

The value of forest products (sales and home con-
sumption) in CFC was only a third of the value in
EM and is even lower in CFR (Table 5). The decline
in the value of forest products appeared to be caused
primarily by the fall in sales ha−1 of forested land,
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Table 5
Value of forest and non-forest products by stage of frontier development (Pucallpa, Peruvian Amazon)a

Forest and non-forest products Stages of frontier developmentb

Emerging market Closing frontier
economy (EM)

Crop farms (CFC) Cattle ranches (CFR)

Dollars per farm
Forest products: sales and value of home

consumption (excluding fauna) 390 128 50
Residual forest 276 23 10
Secondary forest 77 63 40

Cash income: all sources Dollars per farm
Sales of forest products 320 64 6

Residual forest 233 2 0
Secondary forest 50 20 6
Fauna 37 42 0

Total cash incomec 1554 1090 2323

Dollars per hectare of forestd

Sales from residual forest 42 1 0
Sales from secondary forest 21 1 1

Dollars per farm
Forest products: value of home consumption

(excluding fauna)e 70 64 44
Residual forest 43 21 10
Secondary forest 27 43 34

$/hectare of forestd

Residual forest 5 10 6
Secondary forest 5 11 4

aSurvey data (183 farmers), 1997.
b EM: emerging market economy, CFC: closing frontier (crop farms), CFR: closing frontier (cattle ranches)
c Annual sales of forest and non-forest products plus non-farm income ($1 = 2.64 Peruvian Soles).
d Initial secondary vegetation and degraded secondary vegetation are assumed to make no contribution to forest products.
e Annual value of home consumption at market prices, ignoring input costs.

which declined to insignificant levels for both RF
and SF in CF. Total cash income from all sources,
including non-forest products, was also about 30%
lower in CFC in comparison to EM (Table 5). More
than half of this difference was due to the fall in
sales of forest products. The decline in sales was
caused partly by the decline in the area in RF, which
was responsible for the bulk of forest product sales
in EM. Moreover, the commercial potential of SF
also appears to decline over time, as indicated by
the lower proportion of high value trees (Table 3).
This is likely to be due to changes in the land use
system that occur with frontier development, such as
the increased frequency of fires, progressive invasion
of SF by pasture species and the decline in the area
of RF.

3.4. Recommendations for policy and technology
generation

Results of the econometric analysis, given in Ta-
ble 6, showed that only a small part of the varia-
tion in forest cover within the survey sample was ex-
plained by the included variables. This is not unusual
in farm-level data. However, the magnitude of the co-
efficients should be interpreted with caution, in case
omitted variables are correlated with included vari-
ables, which would result in biased coefficient esti-
mates (Greene, 1993). Results were consistent with
all hypotheses in Section 2.3, except hypotheses 3
and 4. Recommendations for policy changes and tech-
nology generation are next derived from these results
(Table 7).
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Table 6
Ordinary Least Squares (OLS) estimates of determinants of land use (Pucallpa, Peruvian Amazon)a

Independent variablesb Dependent variablesc

INT % SFd % RFe

Coefficient t-ratio Coefficient t-ratio Coefficient t-ratio

Constant 25.69 3.46f 26.76 7.43f 2.17 0.493
NEWLANDP 17.29 2.58f – – – –
PAST 0.57 2.29g – – −1.12 −6.20g

FSIZE −0.33 −2.44g −0.07 −1.24 0.47 4.30g

CASHINC 0.00 −0.46 – – – –
SFPRODS 0.02 1.14 – – – –
SFPRODC 0.15 0.61 – – – –
POPDEN 3.26 0.37 – – – –
FRONTDEV 8.69 1.59h −3.09 −0.954 8.72 1.97h

INT – – −0.35 −5.04f – –
DSV – – −0.85 −3.11f – –
CROP – – 1.98 0.10h – –
(% SF)−1 – – – – 120.52 4.61f

RFPRODS – – – – 0.00 1.38
RFPRODC – – – – 0.08 3.41f

R2 0.17 – 0.17 – 0.51 –

a Survey data (183 farmers), 1997.
b Specification of econometric model and definition of variables are given in Eqs. 1–3.
c INT: land use intensity = [C/(C+SV)] 100, whereC is the area in crops (ha) and SV is the area in secondary vegetation (ha).
d % SF: percent farm area in secondary forest.
e % RF: percent farm area in residual forest.
f Significant at 1% level.
g Significant at 5% level.
h Significant at 10% level.

Table 7
Impact of interventions on forest cover, farmer incomes and restoration of site productivitya

Interventions Secondary forest Degraded primary forest Farmer income Restoration of site
(short term) productivity

EMb CFb EMb CFb

Short rotation improved fallows −e − +f ming ?h +
Enrich SFc/Prevent DSVd + + + min ? +
Reduce area under extensive ranching + + + + − +

a Derived from results of econometric model (Eqs. 1–3 and Table 6).
b Stages of frontier development: EM = emerging market economy, CF = closing frontier
c Secondary forest
d Degraded secondary vegetation
e − indicates intervention expected to have a negative impact.
f + indicates intervention expected to have a positive impact.
g min indicates minimal impact.
h ? indicates unknown impact.

3.4.1. Secondary forest management
The results of the econometric analysis confirm that

the area in SF was determined primarily by soil re-
cuperation considerations. SF products do not appear
to influence the fallowing decision and, therefore, the
area in SF. Farmers regard them as a bonus obtained

during the fallow period. This is consistent with
Table 2. Management strategies for SF are, therefore,
more likely to be adopted if they are compatible with
agricultural practices and the soil recuperation func-
tion of SF. Forest products that export high levels of
biomass may, for example, jeopardize the soil recuper-
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ation function. Forest products that can be harvested
during the fallow period may be more acceptable to
farmers than those that require the maintenance of SF
for longer periods.

Most of the area in SF is likely to remain as part of
the crop/fallow cycle. Farmers’ aspirations indicated
that they were unlikely to set aside significant areas
for production of SF products alone. While cattle and
agricultural plantations each feature in the future plans
of about a third of farmers, no farmers mentioned
forestry. The implications is that an increase in SF
area is likely to require a ‘quantum leap’ in the bene-
fits received by the farmers from SF. Currently, there
is very limited knowledge about the economic poten-
tial of SF in the Amazon. Opportunities may exist
for the identification of new products, improved silvi-
culture, marketing, and processing (Cámara Nacional
Forestal, 1996). Reforms in the legal framework may
also encourage sustainable forest management. Pro-
posed changes in the forestry law in Peru would make
it mandatory to maintain some form of forest cover
on 20% of farm area (Ante Proyecto de Ley Fore-
stal, 1997). Exploitation of forest products for com-
mercial purposes, however, will require a management
plan approved by the Ministry of Agriculture, which
may discourage small holders. Innovative ways of in-
creasing the value of forests relative to other land uses
are also now becoming possible, such as international
trade in carbon sequestration services (Kyoto Proto-
col, 1998). Substantial gains to trade appear to exist
between farmers with forested land and carbon emit-
ters, such as utility companies (Swisher and Masters,
1992; Schneider, 1995; Smith et al., 1997b). Mecha-
nisms such as these may be able to alter the economics
of forested land compared to other land uses and thus
substantially enhance the effectiveness of traditional
approaches to increasing forest cover.

3.4.2. Improved fallows
The econometric results indicated that farmers in-

creased fallow periods because site productivity de-
clined. Longer fallow periods required a larger area
for crop rotation, leading to more RF being converted
to agriculture. On the other hand, longer fallows lead
to the regeneration of SF. Short-rotation improved fal-
lows are likely to make fallow periods too short to
allow SF to regenerate, thereby reducing the environ-

mental and economic services provided by SF. While
short-rotation improved fallows may help to conserve
RF in the EM stage (where substantial areas of RF still
exist), at the CF stage, short-rotation improved fallows
may lead to a substantial decline in forest cover, be-
cause SF constitutes the bulk of forest cover at this
stage. In CF, the potential conflict between improved
soil recuperation and forest cover could be overcome
by technologies that enrich SF and reinforce its ca-
pacity for soil recuperation and the provision of for-
est products. This approach may also have a higher
probability of adoption because it builds on farmers’
existing strategy of using SF for recuperating site pro-
ductivity. These results indicate the importance of dis-
tinguishing between RF and SF when designing inter-
vention strategies.

3.4.3. Extensive cattle ranching
The results of the econometric model confirmed that

pasture reduces both SF and RF. Pasture may also in-
crease DSV (as Table 3 implies), which significantly
reduces SF regeneration. It should be noted that al-
most 90% of the cattle in the study area were cur-
rently used for land-extensive beef production (Min-
isterio de Agricultura, 1998). Whether or not a shift
to semi-intensive production would reduce the area
in pasture, is a hypothesis that requires validation. A
number of interventions have been proposed for ob-
taining incomes from pastures that are currently un-
productive. Among them are technologies for recuper-
ating degraded pastures and subsidized credit for pas-
ture renovation and for acquiring cattle to bring un-
grazed pastures into production. Arguably, this may
reduce the area in DSV and thus improve regeneration
of SF. Whether or not these interventions would also
stimulate an increase in pasture area and thereby re-
duce both RF and SF, is an issue that requires careful
investigation.

4. Conclusions

Reduction in forest cover during slash-and-burn
agriculture may be much less than previously be-
lieved. As a result of SF regeneration, over a third
of the farm area remained under forest cover dur-
ing the first few decades of frontier development. A
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better understanding of the conditions under which
significant areas of SF regenerate in slash-and-burn
agriculture is required. The analysis in this paper in-
dicated that this occurs where population densities are
low (<10 persons km−2) three or four decades after
settlement begins. Significant areas of SF were found
where the ratio of fallow to crop years is around 4
or 5, fertilizer was not used and fallow periods were
increased as site productivity falls. Extensive cattle
production appears to reduce forested areas within
farms and impede the regeneration of SF.

The analysis in this paper provides a number of in-
sights that could contribute towards the development
of a strategy for increasing forest cover on small-scale
farms, while simultaneously increasing farmer wel-
fare.
• Efforts to maintain forest cover on small-scale farms

may be more effective if they focus on reducing
extensive cattle ranching, instead of reducing fallow
periods.

• Mandatory maintenance of forest cover on small
farms is likely to reduce farmer welfare, unless in-
novative mechanisms, such as commercialization of
the environmental services of forests, are used to
achieve a ‘quantum leap’ in the benefits of forested
land in comparison to other land uses, particularly
pasture.

• Improved short-rotation fallows may improve soil
recuperation at the expense of forest cover in areas
where most forest cover consists of SF.

• Conflicts between improved soil recuperation and
forest cover could be overcome by technologies that
reinforce the multiple functions of SF (recuperation
of site productivity and provision of forest prod-
ucts and environmental services). Clearly, further
research is required to identify the conditions under
which this is realistic. In particular, it is necessary
to investigate whether alternative approaches to soil
recuperation may be required in highly degraded
areas.
The results in this paper contribute scientific infor-

mation to the international debate on the agents of
Amazonian deforestation. The potential impact could
be an increase in the efficiency of the resources used
for preventing deforestation. Results imply that the
emphasis should be shifted away from slash-and-burn
farming towards other (generally better off) agents
of deforestation, such as cattle ranching and logging.

This would reduce the perceived conflict between for-
est conservation and the livelihoods of poor people.
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