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Abstract: While agriculture is one of the major agents of negative impact on the
diversity of natural ecosystems and the main cause of wild habitat shrinkage, the fact
that crop biodiversity itself is dynamic should not be forgotten. The vicissitudinous
behavior of economy, the whimsical oscillations of diet composition, human
migrations, technological advances in plant breeding and even the biological
peculiarities of the crops can have the effect of fostering the increase or decline of
species diversity in agriculture at several geographic scales, as well as of changing
the genetic diversity of crop species. Some of these factors, such as mechanization
and selection methods, are intrinsic to the various agricultural models adopted,
while others, including migration from the countryside to the cities and the fortuitous
introduction of devastating pests, are historically contingent. In this chapter, we use
a few indexes to quantify the changes in crop species diversity and crop intraspecific
diversity that took place in Brazil in the last decades, at several spatial scales, with
emphasis on the southeastern region, and investigate the main phenomena that have
caused them.

7.1 Introduction
Since its inception, about 10,000 years ago, during the first historical instances of
the Agricultural Revolution, farming activities have demonstrated their increasing
power to affect the environment, notably by claiming land formerly occupied by
natural vegetation. The destruction of wild habitats by agriculture and other forms of
impact potentialized by its proximity, such as hunting and gathering, have depleted
the species diversity of many natural ecosystems and provoked losses in the genetic
diversity of many animal and plant species.
It is important, however, to investigate the processes of loss and gain of biological
diversity within the agroecosystem itself. The domestication of plants and animals and
the subsequent microevolutionary changes in the genetic composition of crops and
domestic animals caused by germplasm transference and more or less scientific forms
of breeding altered their resistance to thousands of pathogens and other parasites
that invaded the farms. In the same token, the phytosociological and demographic
revolution introduced by the farm structure created a new environment amenable to
be colonized by feral animals, weedy plants, rhizosphere, phylosphere, endophytic
and soil microbes which may have different densities in wild habitats.
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The complexity of the specific biota associated with crops notwithstanding, it
should not be forgotten that the species diversity and genetic variation of the crops
themselves are dynamic variables. This type of change is the focus of this chapter,
while the impact of agriculture on wild ecosystems and the farm-associated biota is
dealt with elsewhere. The crop species composition of two or more agroecosystems
can be as distinct as grasslands in a dairy district, a grain-producing area or a cocoa
plantation, and this is ecologically relevant. The cocoa plantation in composed of only
one crop, but needs the maintenance of the original tropical forest around and above
it. The grassland and the grain zone may both be composed of a few crop species, but
the management of the latter will probably leave the soil seasonally uncovered.
An ideal study of crop diversity evolution should encompass the following
approaches: (1) the dynamics of crop species diversity along a considerable period of
time; (2) the history of land occupation by all the landraces/cultivars/hybrids of all
crops ever planted to a given region, alongside the genealogical relationships among
those materials; (3) a description of the genetic composition of all the crops of the
focused region, in terms both of molecular markers and of phenotypic traits, during
a long historical period. Needless to say, such a huge endeavor is unworkable even
for a small region, and for Southwestern Brazil, which is the geographic scope here,
the incompletion of systematic data is an additional hindrance. Thus, two restricted
approaches were selected to tackle some angles of the problem in this chapter. Firstly,
the question about crop species dynamics over time was investigated with an analysis
of governmental agricultural statistics, whose drawbacks are described in the next
section. The aim of this analysis was to reveal trends (or the absence thereof) in the
evolution of crop diversity in Brazilian Southeast (SE) agriculture in the last two
decades. How is crop diversity changing in the Southeast? Are the change trends
collinear among the states? Do they agree with the trends in other Brazilian regions
and in the country as a unit? Particularly in São Paulo State, is there heterogeneity in
the trends presented at the state, agricultural region and municipality levels? If so,
is there any apparent explanation for that? Is there any strong relationship between
total area planted and crop species diversity in the crop portion of the SE agrobiome
or its subunits?
The approach related to item (2) above is beyond the scope of this chapter and
will not be explored in any level of detail, but would be worth an independent (and
probably laborious) review. In fact, the information on cultivar genealogy and the
historical record of the total area and geographic distribution of varieties and
genotypes in the region is scattered and available for just a few major crops, and
even for these, the surveys are sometimes published by agribusiness associations
in pamphlets not largely distributed, instead of peer-reviewed journals. Some very
general predictions can be advanced, however, about the genetic base of the major
crops. The domestication and diversity centers of most of the main crops cultivated in
Brazil are located in other regions (Kloppenburg, 2004): sugarcane, rice and bananas
come from SE Asia, coffee comes from NE Africa, soybeans were domesticated in
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China, Brachiaria and sorghum are African, citrus species come from southern
Asia and eucalyptus was brought from Australia. Most garden vegetables used in
Brazil originated in the Mediterranean countries, Asia, Africa and the Andes. This
disconnection between economic rank and domestication origin is not restricted
to Brazil. Maize, wheat and oranges were not domesticated in the USA, sunflowers
are not native to Russia, nor are grapes to France, rubber trees to Malaysia or tulips
to Holland, and the list goes on. The genetic consequence is that generally these
countries, including Brazil, are heavily dependent (more heavily in the case of First
World countries, though) on genetic resources that are located in distant regions
and are not easily available due to political barriers. Pepper, for instance, which is
an important crop in Pará, has an extremely narrow genetic base because India, its
diversity center, restricts germplasm exportation. Thus, the genetic base of most
of major crops in Brazil and in the SE is rather narrow and the common varieties
are usually closely related. Successful modern cultivars are generally adopted
throughout, narrowing even more the genetic base of the crops. Some species, such
as sugarcane, are managed as vegetatively reproducing crops. Others, such as rice
and soybeans, are autogamous, and the preferred materials of many species, like
maize, are homogeneous hybrids. All these factors, allied to the habit of using only
one variety per producing unit (which is contrary to all evolutionary, ecological
and epidemiological knowledge), contribute to genetic depletion and vulnerability.
Systematic studies at a population genetics level only exist for germplasm collections
(e.g. Priolli et al., 2002 for soybeans) and even so, they are not repeated over time to
detect historical change.
As a case study related to item (3) above, the recent history of the swidden
agriculture system in the coastal regions of São Paulo State is reviewed and some
results from ongoing research in our lab are presented. These kinds of small farms,
known locally as “roças” have been the subject of several ethnogenetic studies since
the 1990’s and are evolving quickly, as we were able to witness.

7.2 Historical Variation in Crop Species Diversity in Agricultural
Systems at Several Geographic Scales
7.2.1 Material and Methods
7.2.1.1 The Diversity Index and Limitations of the Data Available
Ecological diversity indexes may be used to compare communities both in space and
in time. Here, species richness and the Shannon-Weaver index (H’) are calculated
to compare geographic regions among themselves and to detect differences in
diversity among different times in the same region. Diversity indexes generally
use numbers of individuals of each species present in a sample or in an entire
population consisting of several species. Brillouin’s H and Shannon-Weaver’s (or
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Shannon-Wiener’s, or simply Shannon’s) H’ are two of the commonest indexes.
Neither is strictly appropriate for the kind of data available for answering our
questions about diversity in Southeast agriculture. There are no official data on
numbers of individuals of most crop species, and the conversion of other types of
data into numbers is impractical, hindering the use of Brillouin’s H index, which
uses absolute numbers. The governmental statistics most amenable to being
subjected to a heterodox use of H’ are the areas planted to each species, because
this index uses fractions instead of absolute numbers and we can use fractions
of the total area planted as a surrogate. The Gini index would be also improper,
because it needs two numerical variables, and our data relate a categorical variable,
such as municipality, region or state, to numerical variables.
H’ is defined as

where:
ni is the value of the area planted to species i
N is the sum total value of the area planted to all crop species
pi is the relative value of the area planted to crop species i, calculated by ni/N
S is the number of crop species, or species richness
Since pi is a positive fraction, ln pi is negative and so is pi ln pi. The minus signal before
the sum symbol makes the index conveniently positive again. The Shannon-Wiener
index can be used for any number of species, and its maximum value is obtained
when all crop species are planted in equal areas. The maximum value is not fixed,
though, and varies with S, according to the equation H’max = ln S (Poole, 1974). Two or
more regions may have evenly distributed areas and consequently locally maximal,
but different, H’ values, if their S values are different, so that relative H’ values may be
more suitable for comparisons among regions. The relative Shannon-Wiener index is
calculated by H’rel = H’/ H’max. The lower the value of H’rel, the more distant the region
is from an even distribution of crop productions. Absolute H’ thus can be decomposed
into the two basic diversity indices S and H’rel.
The same area may contain very different numbers of individuals for different
species (think of orange trees and maize, for instance), so that the use of area
may seem arguable. However, ecological consequences of diversity such as soil
protection, formation of inter-deme matrix for wild animal mobility and the
capability to provide shelter for animals, to mention a few, are best estimated by
areas than by numbers of individuals, which depend on density. Using the total areas
planted to each species in a region is equivalent to collecting the whole population
as a sample. In this case, there is no sampling error or standard deviation, and all
differences are significant.
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7.2.1.2 Planted Area Data at the National, Regional and State Levels
The area data come from statistics collected and published by IBGE (Brazilian
Institute of Statistics and Geography, a federal agency), and by the LUPA project
of the Agriculture State Secretary of São Paulo. IBGE data were obtained from the
Historical and Statistical Series web page (IBGE, 2008), and the tables examined
refer individually to (1) Brazil as a whole; the official Brazilian geographic regions,
viz., (2) North; (3) Northeast; (4) Central-West; (5) Southeast; (6) South; the four
states of the Southeast region, viz., (7) Minas Gerais; (8) Rio de Janeiro; (9) Espírito
Santo; and (10) São Paulo. The tables consolidate data collected from questionnaires
applied at a household level and are located at the Produção Agrícola Municipal page
(PAM: Municipal Agricultural Production) < Agropecuária (Agriculture and Animal
Husbandry) < Temas e Subtemas (Themes and Subthemes). The annual/biennial and
perennial crop planted area tables were merged in individual tables for each of the
geographical units listed above. Each table shows the planted area of each of the 65
major species in the country. Some species are absent in some regions and in others
there are surely plenty of planted species besides the 65 registered, but their area
would be negligible at the geographical levels considered. The annual data available
covers the 1990-2010 period.

7.2.1.3 Planted Area Data at the State, Agricultural Region and Municipality Level in
São Paulo State
The LUPA (Censitary Survey on Agricultural Production Unities of the State of São
Paulo) (São Paulo, 2008) shows crop planted area (among others) data collected by
CATI (the rural extension state agency) at both a municipal and a regional level during
the 1995/1996 and the 2007/2008 crop years, allowing a historical trend study along
12 years. The State of São Paulo is divided into 40 agricultural regions, or Regional
Development Offices (EDR’s; Tab. 7.1; Fig. 7.6) and this division provides a convenient
intermediate geographical level between the municipality and the state. The LUPA
region-based tables were used for the H’ calculations, but not for obtaining the species
richness values (S); rather, the municipal lists of crop species were consolidated into
regional lists. The reason for this strategy is that the merged municipal data include
more species, totaling a number much higher than the maximum S set in the regional
tables (23 and 30 for the crop years examined) and yields much more exact regional
S values. The areas per crop species were used as weights to calculate the weighted
means of S, H’ and H’rel per region depicted in the graphics our discussion was based
upon. Area by species richness relationships were assessed by the Pearson correlation
coefficient. Depending on the particular data used, the coefficients have different
interpretations. The coefficients based on the IBGE data measure the correlation
of species richness with the total cultivated areas in the focused geographic unit
(country, region or state) over different years (1990-2010). The coefficients based on
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the LUPA data correlate species richness with the areas of the 40 agricultural regions
of São Paulo in the same year.
Tab. 7.1: Names and code numbers of the 40 agricultural regions of the State of São Paulo.
Region Region
number name

Region
number

Region
name

Region
number

Region
name

Region Region
number name

1

São Paulo

11

Avaré

21

Ribeirão
Preto

31

Tupã

2

Registro

12

Botucatu

22

Franca

32

Araçatuba

3

Mogi das Cruzes

13

Piracicaba

23

Assis

33

São José do
Rio Preto

4

Pindamonhangaba 14

Limeira

24

Marília

34

Presidente
Venceslau

5

Guaratinguetá

15

Mogi Mirim

25

Lins

35

Dracena

6

Itapeva

16

São João da
Boa Vista

26

Catanduva

36

Andradina

7

Itapetininga

17

Ourinhos

27

Jaboticabal 37

General
Salgado

8

Sorocaba

18

Bauru

28

Barretos

38

Jales

9

Campinas

19

Jaú

29

Orlândia

39

Fernandópolis

10

Bragança Paulista

20

Araraquara

30

Presidente
Prudente

40

Votuporanga

Paradoxically, while there is a plethora of governmental data available which should
not be left unused, their collecting efforts were not ecologically guided and are not
ideal for this study. Some minor species, for instance, appear grouped under collective
categories such as “other vegetables”, “other forestry species”, “other ornamentals”,
“Brachiaria” (a genus composed of several species) and so on, generally occupying
small areas, except for Brachiaria. There are two solutions to this problem and
neither is optimal: either omitting such data or treating them as a single species. The
latter was selected here, because, although this still introduces a slight error in the
calculation of both S and H’, no gap is left in the land cover, which is our target after
all. “It is better to have an approximate answer to the right question than an exact
answer to the wrong question”, as John Tukey, one of the genial founding fathers of
statistics, once wrote (Salsburg, 2001).
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7.2.2 Results and Discussion
7.2.2.1 Species Diversity and Richness at the National, Regional and State Levels
At the national level, the two diversity components, species richness and the relative
Shannon index (H’rel) varied in opposite directions over the two decades from
1990 to 2010 (Fig. 7.1A and 7.2A). H’rel dropped about 10% while the crop list had
an increase of two species, after some oscillation. This means that the evenness in
planted areas diminished because some crops had their area greatly increased while
others suffered a deep reduction in area. The crop species mostly responsible for this
variation were soybeans, sugarcane, maize, sorghum, persimmon, tobacco, cashew
nuts, rubber, mate and sunflower, on the increasing side; and common beans, rice,
coffee, cotton, wheat, cassava, castor beans, cocoa and orange, on the decreasing
side. The overall national indices, however, are a complex composition of the regional
tendencies, and some regions have a greater impact than others. Results for the five
regions are presented here in order to put the Southeast in context. All the regions
except the Northeast experienced a species enrichment of three or four crops. The
distribution of areas became more uneven in the three regions with more advanced
agriculture, viz., Southeast, South and Central-West, where some major commodity
crops such as sugarcane, soybeans and forage crops (not a commodity in themselves,
but associated with the meat agroindustry) suffered an expansion accompanied by
a relative shrinkage of minor crops (Fig. 7.1 D, E, F). The Northeast suffered a strong
oscillation, especially before 2002, and the North presented a V-shaped graphic, with
a depression in H’rel by the middle of the period (Fig. 7.1 B, C). The greatest decline
in H’rel among the regions was found in the Southeast (about 0.10, roughly twice as
much as that in the Central-West and the South).
Going down a level further, the declining H’rel values of the Southeast were
shown to result from the sum of a declining trend in all of its four states, but São Paulo
had the steepest reduction (Fig. 7.3) and the only one not presenting any relevant
oscillation in the period.
The rise in the species richness in São Paulo, Rio de Janeiro and Minas Gerais was
slight, and so was the decline in Espírito Santo. In relative terms, changes in S were
negligible (Fig. 7.4), with some oscillation occurring due to reduction or increase in
the area of minor crops from year to year. The explanation for the total S increase of 4
species in the Southeast is that different crops were added to each state.
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Fig. 7.1: Relative H’ values for the IBGE annual data on crop area distribution (1991-2010) in (A)
Brazil; (B) Northeast; (C) North; (D) Central-West; (E) Southeast; (F) South. Relative H’ was calculated
by dividing absolute H’ by logS.
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Fig. 7.2: Species richness (S) values for the IBGE annual data on crop area distribution (1991-2010) in
(A) Brazil; (B) Northeast; (C) North; (D) Central-West; (E) Southeast; (F) South.
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Fig. 7.3: Relative H’ values for the IBGE annual data on crop area distribution (1991-2010) in (A) Rio
de Janeiro; (B) São Paulo; (C) Espírito Santo; (D) Minas Gerais. Relative H’ was calculated dividing
absolute H’ by log S.
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Fig. 7.4: Species richness (S) values for the IBGE annual data on crop area distribution (1990-2010)
in (A) Rio de Janeiro; (B) São Paulo; (C) Minas Gerais; (D) Espírito Santo.

7.2.2.2 Species Diversity and Richness at the State, Agricultural Region and
Municipality Level in São Paulo State
The agricultural parameters examined showed considerable micro- (at the level of
municipality) and mesogeographic (at the level of agricultural region) variation in the
state of São Paulo. The total and mean area planted increased with variable magnitude
in most regions of São Paulo (ca. 1.4 million ha in the whole state) and increased
more in its southeastern moiety (Fig. 7.5 A, regions 1 to 16). Since this moiety includes
the regions containing most of the continuous remnants of original vegetation of the
state, this implies that the area growth may have been based on Atlantic Forest land
claimed by agriculture. Formerly abandoned land may also have been brought back
to cultivation. In the northwestern moiety almost all of the original vegetation has
been removed long ago and little was left for further clearing.
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Fig. 7.5: Distribution of descriptive ecological parameters over the 40 official agricultural regions
of the State of São Paulo (EDR’s). (A) Total cultivated area per region. (B) Species richness (S). (C)
Mean municipal cultivated area in hectares. (D) Mean municipal H’ values, weighted by municipal
total cultivated area. (E) Mean municipal relative H’ values, weighted by municipal total cultivated
area. For the meaning of the region numbers, see table 7.1. All the graphics show the data from the
1995/1996 (1995 for short, in red) and from the 2007/2008 (2007 for short, in blue) surveys, as well
as the variation from 1995 to 2007 (in green).
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Both temporal and geographic variation can be observed in species richness in
São Paulo (Fig. 7.5 B). S values increased in most regions, up to ca. 50% in some.
It is noteworthy that more species are cultivated nowadays in the regions near the
coast (ca. 75-90) and this number steadily declines northwestwards until it reaches
minimum figures of 53, 55 and 58 in Fernandópolis, Orlândia and Votuporanga,
respectively. The coastal regions and the regions on the southeastern side of the
Peripherical Depression have a higher proportion of small farms and vegetable
gardens, which include the Green Belt around the Greater São Paulo and normally
are richer in species, and are associated with the high demand of vegetables by the
megalopolis.
The high heterogeneity in H’ and H’rel across the 40 regions of São Paulo
demonstrates the need to analyze a grain finer than the state level in order to obtain a
more detailed picture of the complexity beneath more comprehensive indices. There
was a high level of congruence between H’ and H’rel values, so that treating only H’rel
in the discussion will suffice. There is an intriguing spatial segregation of diversity
trends across the state. Four combinations of H’rel and S are possible but two of them
were found only once each. Most regions displayed either increase in both H’rel and
S or simultaneous decrease in H’rel and increase in S (Fig. 7.6). The regions with an
increasing trend in H’rel and S are located mainly in what could be called the CentralWest of São Paulo (merging parts of the Central and West agricultural macroregions,
according to the classification of Camargo et al. (2008), from Botucatu to Araçatuba).
This is caused by a more even distribution of land among the crops, rather than by
augmenting the number of species. The area with decreasing evenness, measured
by H’rel, spreads around the Central-West, in the remainder of the state, except for
Orlândia and Barretos. Some regions suffered a particularly strong decrease in H’rel,
and they are concentrated in the Greater São Paulo and the regions around it (Fig. 7.6).
The explanation for this decrease is the increase in the number of crops with smaller
planted areas in contrast to a small number of crops present in larger areas (e.g.
eucalyptus, banana, Brachiaria, “other forage grasses” and lettuce in Region 1).
Although they are not fully accountable for the changes in crop cover diversity
in SP, the recent expansion of sugarcane plantations and the retraction of the area
planted to citrus can be considered key factors (Olivette et al., 2010). These authors
studied changes in area planted to sugarcane caused by recent economic stimuli and
divided the municipalities into four groups, according to the percent increase in that
area. Group 1 includes mostly municipalities in the West and Central regions, many of
which have had a decline in H’rel, according to our study. Sugarcane has been replacing
grains and pastures in this group – in the Jaú EDR, for instance, it replaced cultivated
pastures and maize (Camargo et al., 2010) and, because of a government’s technical
recommendation, an expansion in the rubber tree plantations has been stimulated
by sugarcane. Sugarcane had a less expressive expansion in Group 2, accompanied
by an increase in eucalyptus cover and a decrease in pastures, which may explain the
reduction in H’rel in the municipalities of the West, East and Southwest belonging
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to this group. In the municipalities of Group 3 (mainly in the North and Central
regions), where sugarcane cultivation is traditional and already dominant, there was
an expansion in the area covered by sugarcane, with a correspondent retraction of
citrus (for instance, orange and tangerine in the Limeira EDR (Camargo et al., 2010)),
other fruits and coffee, which are associated with the variation of H’rel in EDR’s such
as Araraquara, Catanduva, Limeira, São José do Rio Preto and Araçatuba. Changes
in sugarcane cover did not influence Group 4 municipalities, mainly in the East,
Southwest, Central and South.

Fig. 7.6: Geographical distribution of crop diversity change in terms of combinations of H’rel and S
across the 40 agricultural regions (EDR’s) of São Paulo from the 1995/1996 LUPA to the 2007/2009
LUPA. S increased in all regions with a yellow circle, irrespective of the thickness of the contour.

Correlation coefficients varied considerably among geographic units. For most of the
larger units, correlation was moderate and positive (0.662 for Brazil; 0.694 for the
North; 0.634 for the Central-West; 0.563 for the South), meaning that the number of
crop species increased with the increase in area cultivated. The Northeast had a small
and positive correlation (0.121). Area and species richness changes were practically
disconnected (r = -0.077) in the Southeast as a whole, but this figure disguises a strong
heterogeneity for this parameter among the states of the region (+0.336 for SP, -0.604
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for RJ, +0.166 for ES and -0.820 for MG). This means that in Rio de Janeiro and Minas
Gerais, as cultivated area changed in one direction, the number of species changed
in the opposite direction. The explanation lies in the expansion of the major crops
on new tracts and on land previously planted to minor crops. Quite the opposite
happened in Espírito Santo, where a reduction from 0.88 million ha to 0.67 million ha
was accompanied by a reduction of 3 crops from 1990 to 2010, and São Paulo, where
an increase in cultivated land from 6.3 million ha to 7.7 million ha was associated with
an increase of one crop species from 1990 to 2010. For the LUPA-based analyses in São
Paulo, a different interpretation must be given to the correlation coefficients (-0.236 in
1995 and -0.187 in 2007). In this case, in the same year, the larger the cultivated land
area in an agricultural region (EDR), the fewer crop species were planted. The values
were small, though, and would not permit very accurate predictions of S based on
area.
The relationship between area (A) and species richness (S) is one of the
major concerns of community ecology. Most studies agree that there is a positive
correlation between A and S in natural ecosystems (e.g. Begon et al., 2006;
Poole, 1974). A debate has been held in the realm of Island Biogeography about
the relative importance of the heterogeneity of habitat and the inherent effect of
island dimension by itself in determining the impact of the area factor. The number
of habitat types tends to increase with area because of the greater probability of
occurrence of different altitudes, soil types, rivers, microclimates, providing
conditions for the colonization of the island by a variety of species adapted to each
of them. Large islands, irrespective of the number of habitats, are a larger target
for immigration of individuals of new species from the continent and from nearby
islands, and their populations are less prone to random extinction. Distances among
islands and between an island and the continent diminish the migration rates and
interact with island size. Habitat heterogeneity and the inherent island size effect
can be told apart through statistical procedures and the latter has often been proved
to be important (Begon et al., 2006). “Island” is a broad concept and can be applied
to any kind of patch, including agricultural fields, but Island Biogeography must
suffer adaptations to be applied to agroecosystems because the migration factor, at
least within national limits, is negligible – seeds and other propagules can be easily
transported by humans among regions irrespective of distance. A second peculiarity
of the agroecosystems is that humans can modify extensively the environmental
variables of crop fields through fertilization, irrigation, pesticide application,
controlling crop cycles and rotating crops, among other procedures that partially
neutralize habitat heterogeneity. Crops can also be modified genetically and new
cultivars can become adapted to new environments in ecological time. Humans
decide which crops are planted and how their artificial demography is set up.
All these factors weaken considerably the applicability of Island Biogeography to
agroecosystems and can explain the low S × A correlation coefficients, especially in
micro- and mesogeographical scales such as those of the LUPA data. At the nation
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and macroregional level, such as those of the Brazil, North, Southeast, Central-West
and South data, habitat heterogeneity can still impose problems that agronomic
techniques are not yet able to tackle, so that wheat is not planted in the Amazon, and
São Paulo is the southernmost limit for the fructification of cashew. The negative,
if very low, correlations shown in the LUPA data of São Paulo can be explained by
the fact that S declines along the southeast-northwest direction and cultivated land
area increases in the same direction (graphic not shown). Municipalities located in
the southeastern portion of the state are either highly urbanized or rich in protected
areas located mainly in mountainous terrain, while those in the flat plateaus of
the north/northwest have more land available to agriculture, which explains the
difference in area.

7.3 Historical Diversity Variation in Swidden Agriculture of São
Paulo
As we noticed in section 7.1, agricultural practices affect and deteriorate the
original ecosystems in several degrees. On one end is highly technological
agriculture, generally producing commodities such as soybeans and sugarcane,
with high disturbing power. On the other end is swidden agriculture, also known
as shifting or slash-and-burn agriculture, which provokes a paradoxically much
lower impact on the forests. Under swidden agriculture, plots of forest are slashed
and burned, which opens room for cultivation and adds mineral nutrients to the
soil. After a few years, when soil fertility has been exhausted, the plots (called
“roças” in Brazil) are abandoned for some years (the fallow) and cultivation shifts
to other plots. During the fallow (alqueive, in Portuguese), the soil recovers its
fertility and the forest regenerates, and the plot is again ready for slashing and
burning, closing the cycle.
Swidden agriculture, as it is observed in tropical humid areas around the world,
has some special differences in relation to commercial, technified agriculture. Firstly,
the plots cultivated are very small, and many of them are below the size treshold
surveyed by LUPA, for instance, so that the yield of some crops is underestimated and
some species are sometimes absent from the crop list of a region (Tab. 7.2). Secondly,
most of the swidden production is intended for subsistence of familiar groups of
agriculturists, being only partially marketed. Thirdly, in striking opposition to largescale agriculture, swidden farmers have a cultural penchant to maintaining both
intraspecific genetic/phenotypic variation and interspecific diversity within their
plots. Different landraces (often labeled “ethnovarieties”, even when the farmers do
not form any ethnic group distinguishable from the surrounding population) are used
for different purposes – some cassavas are better for flour, others for cooking, and
some yams are preferred for soups rather than for flour, for instance.
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Tab. 7.2: Area (ha) used for the cultivation of cassava, yams and sweet potato in five municipalities
of the Registro agricultural region and in four municipalities of the Pindamonhangaba agricultural
region (both in São Paulo State) according to the LUPA 1995/1996 and 2007/2008 surveys. Data
from São Paulo (2008a).
Region

Crop
Cassava

Registro Region
Iguape
Cananeia
Iporanga
Ilha Comprida
Eldorado
Pindamonhangaba Region
Ubatuba
Caraguatatuba
São Luís do Paraitinga
Ilha Bela

Yams

Sweet
potato

1995

2007

∆

1995

2007

∆

1995

2007

∆

194.5
12.9
33.6
36.1

148.1
46.7
21.6
169.3

-46.4
33.8
-12.0
133.2

-

-

-

1.2
-

1.1
-

-0.1
-

69.1
18.7
39.7
7.6

207.7
15
3.1
26.7

138.6
-3.7
-36.6
19.1

18.2
-

24.3
2.4
-

6.1
2.4
-

0.7

-

-0.7

In Brazil, swidden agriculture is practiced typically by indigenous-european more or
less mixed populations, called “caboclos” in Amazonia and “caiçaras” on the coastal
communities, mainly in the Southeast. In the Amazon, the plots are located normally
near the rivers and lakes and in the Southeast they are near the coast and rivers.
“Quilombolas”, descendants of escaped African slaves living in understandably
remote communities, also practice swidden agriculture. Swidden agriculture has been
the object of an increasing number of anthropological, ethnobotanic, agronomic and
genetic studies since the 1990’s and many features common to both Amazonian and
Southeastern “roças” have been found (Martins & Oliveira, 2009).
In the “roças” species richness is beneficial and consciously fostered. Plant species
of different architectures are put together so that roots of different depths explore the
soil water and nutrients more evenly and shoots do not compete strongly for light.
Diversity also reduces the spread of disease and insect infestation. Nevertheless,
the crop assemblage is far from even. H’, had it ever been estimated, would be low,
for cassava is predominant (Peroni & Hanazaki, 2002). About 40 crop species are
common in caiçara “roças”, and subterranean organs are the three top elements:
cassava (Manihot esculenta), yams (Dioscorea spp.) and sweet potato (Ipomoea batatas)
(Siqueira and Veasey, 2009). Next are rice, banana, sugarcane, common beans, squash,
taiá (Xanthosoma sagittifolium; Araceae), maize, mangarito (Xanthosoma mafaffa.),
cucumber, tomato, pineapple, watermelon and arrowroot, and others with lesser yields.
Genetic studies have concentrated on cassava, yams and sweet potato (Bressan
et al., 2011, 2014; Siqueira et al., 2012, 2014; Nascimento et al., 2013; Peroni et al.,
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2007). The genetic composition and structure of the populations of these species
present in roças have been assessed with different markers, including morphology
(Mezzette et al., 2013), microsatellites (Siqueira et al., 2009; Siqueira et al., 2011;
Elias et al., 2004), AFLP’s (Mühlen et al., 2000) and isozymes (Faraldo et al., 2000).
Genetic partition analyses, such as AMOVA (Analysis of Molecular Variance), for
instance, usually find most of the variation within roças and very little variation
among roças. The reason suggested by the interviews with the agriculturists is
not only the already cited cultural interest in variation per se but also the habitual
interchanges of germplasm among relatives and friends (e.g. Elias et al., 2004),
sometimes living in other municipalities. No - or very little (Veasey et al., 2008, in
sweet potato) - correlation between geographic and genetic distances was detected,
however, perhaps because of long-distance interchanges and erroneous assumptions
of linear geographic distances among the communities in the analysis. A normally
huge amount of genetic variation is found in roças, and more so in those owned by the
agriculturist. Variation is measured in terms both of population genetics parameters
and number of phenotypically distinct varieties.
All the microevolutionary processes, such as mutation (crops with sexual/
asexual mixed reproductive system, such as cassava, sweet potato and yams,
accumulate many mutations), gene flow, introgression from wild relatives (when
present), selection, hybridization between varieties, drift and their interactions with
many different reproductive systems occur in the roças (Cury, 1993; Sambatti et al.,
2001). Farmers do not use seeds for propagating sweet potato, cassava or yams, and
most are not even aware of the existence of seeds, but natural crosses occur and do
produce seeds (da Silva et al., 2003). Intervarietal hybrids are sometimes found in
roças and are recognized as new varieties by the farmers. The swidden system helps
to create and keep allelic and genotypic variation and applies divergent selection
in several directions, so that genetic uniformization is avoided. A striking contrast
between the levels of intraspecific variation of traditional swidden varieties and
commercial cultivars can be seen in the sweet potatoes collected by our current
project in municipalities of the Registro and Pindamonhangaba Agricultural Regions
of the State of São Paulo (Fig. 7.7) and in commercial sweet potatoes for sale in a
supermarket (Fig. 7.8).
Inspite of all the data produced and analyzed in the last two decades, only
gross estimates of changes in species diversity and genetic variation in the swidden
system of the coastal plains of São Paulo can be produced. One of the reasons is the
methodology used to collect data about the so-called neglected crops in projects
like LUPA. At the scale of roça, the estimates of area, yield and species richness are
not reliable. For both the 1995/1996 and the 2007/2008 LUPA surveys, for instance,
there is no recorded area used for yam production in Iguape, Cananeia, Iporanga,
Ilha Comprida and Eldorado, places where yams are known to be produced in roças
(Tab. 7.2). Likewise, sweet potato is also known to be produced in roças of all these
municipalities plus Ubatuba but LUPA records exist only for Iporanga.
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Fig. 7.7: Whole tuberous root and respective transversal section phenotype of 28 out of the ca. 80
sweet potato (Ipomoea batatas) landraces collected in the Ribeira Valley and the North Coast, both
in the State of São Paulo, Brazil. There is a huge variation in shape, skin color, pulp color and skin
texture. A large amount of leaf variation is also present (not shown). Photos courtesy of Hendrie F.
Nunes and Gláucia B.R. Moreira.
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Fig. 7.8: The only two sweet potato varieties available in a supermarket in Piracicaba, SP, Brazil.
The genetic diversity in large-scale systems is just a minute fraction of that conserved by swidden
farmers. Photos courtesy of Hendrie F. Nunes and Gláucia B.R. Moreira.

The genetic and ethnobotanic studies performed so far were innovational and
disclosed a large amount of basic information about the roças, but they described
diversity at a particular time in history. Studies following the genetic and floristic
composition of the same roças through a period long enough to permit the detection
of significant change are lacking. Indirect information on landrace loss over time was
retrieved, however, from interviews in which the agriculturists listed the landraces
they had stopped planting for some reason (Peroni & Hanazaki, 2002). A Loss
Index value of 30.6 over 50 species (Peroni & Hanazaki, 2002) indicate that many
local variety extinctions have occurred in the last 30 years. Among the main reasons
alleged to explain the current species and genetic erosion are the restrictions imposed
by environmental laws, which prohibit the slashing of forests; the attraction of the
new generations of potential agriculturists by urban activities, tourism and fishing;
the migration of rural community dwellers to cities; and an increasing market
dependence, which causes genetic homogenization (Peroni & Hanazaki, 2002). Our
ongoing research in the Ribeira Valley and the northern coast of São Paulo reveals
that a large amount of genetic variation with phenotypic expression is still present in
sweet potatoes produced in traditional small-holding agriculture (Fig. 7.7). However,
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the gradual collapse of this system is undeniable. Many of the agriculturists visited in
the early 2000’s (Veasey et al., 2008) and visited again in 2012 still cultivate many of the
traditional crops, but now the area planted is restricted to small home gardens instead
of more distant, larger roças, which were abandoned (Hendrie F. Nunes & Gláucia B.R.
Moreira, personal communication). The reduction in size of the planted field has an
effect not only on the number of species but also on the number of individuals of
each species that can be cultivated. The lower the population size, the fewer varieties
can be conserved on-farm (unfortunately, literature has adopted the use of “on-farm”,
instead of “in fundo”, which would be preferable for uniformity’s sake, since the
equally Latin locutions “in situ” and “ex situ” have been largely established in the
conservation nomenclature). Indeed, many of the agriculturists keep only one or two
varieties of sweet potato, introducing a local bottleneck and preventing much of the
former potential for recombination. Moreover, the interruption of the slash-and-burn
cycles means that the natural fertilization of the soil is no longer available and the
varieties selected for the home gardens are only those adapted to low-fertility. The
expectation of many of the researchers working on swidden agriculture in São Paulo
is that within a few decades this system will be practically extinct.

7.4 Final Considerations
All components of agriculture are in constant change. The internal dynamic nature
of the farming activities as well as its incessant impact on surrounding natural
ecosystems can be assessed in many ways and by many indicators, and one of the
most telling is the disconnection between the current main crops produced in certain
municipalities and their eponym crops or wild plant or animal species, which were
once abundant locally: jaboticabas, potatoes, indaiá palms, buriti palms, araçás,
bamboos, pitangas, cedar and coffee are not as easy to find as they used to be in
Jaboticabal, Batatais, Indaiatuba, Buritizal, Araçatuba, Taquaritinga, Pitangueiras,
Cedral and both Cafelândia and Rubiácea, and macaws and monkeys are rare in
Araras and Quatá. In the last few decades, crop species diversity, as measured by
the relative Shannon-Wiener index, or evenness, declined in Brazil, and particularly
in São Paulo, as a result of an increasing disequilibrium among the most and the
least extensively cultivated plants. The changes in diversity, though, are structured
spatially, and some municipalities, EDR’s, states and regions do not follow the
trends of the geographic units hierarchically placed above them. Species richness
has not changed conspicuously in the country, including São Paulo, although the
consumption of some regional species, such as Amazonian fruits, have become more
common outside its traditional states. In São Paulo, a few trends were identified.
Commercial agriculture has become more diverse in the Central-West Region of the
state, and less diverse in the remaining regions, more acutely around the Greater São
Paulo. Some commodities, led by sugarcane, have received stimuli for expansion,
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claiming land from other crops. In the coastal regions, where some neglected crops,
such as cassava, yams and sweet potato, are cultivated, social pressures such as
urbanization, other more attractive economic activities and environmental laws
are imperiling the maintenance of the swidden system and the conservation of the
germplasm associated to it. In the near future, this germplasm will probably be kept
only in ex situ collections.
Diversity indexes, as the Shannon-Wiener index, were showed to be useful to
depict a synthetic panorama of the changes in the unevenness of land occupation
by the several crop components of the agrobiome, complementing the more common
monospecific historic studies on the distribution of planted area. Unevenness, though,
should not be interpreted in a hasty, simplistic way. Some degree of unevenness is
inevitable and even desirable in a spatially optimized agricultural region, because
different species are needed in different quantities by humans. It is not to be expected
that parsley or garlic, which are used primarily as seasoning, be planted in areas
equivalent to those planted to sugarcane or eucalyptus, which are associated to
the energy and paper industries. But extreme imbalance is generally a symptom of
short-sighted planning or lack thereof. The recent importation of massive amounts
of products widely utilized by Brazilians, such as tomatoes and rice, for instance,
indicates a lack of equilibrium in the distribution of relative areas planted to the
major crops of the country, a situation that should be corrected.
Acknowledgements: I thank Hendrie F. Nunes and Gláucia B. R. Moreira for kindly
providing the sweet potato pictures and information from their ongoing projects on
swidden crop diversity; Eduardo de A. Bressan for revising the text and expunging it
from many errors, as well as for suggesting several improvements; Carlos R. Macedônio
for having helped format the figures with his computer wizardry; and CAPES (the
Ministry of Education of Brazil) and CNPq (the Ministry of Science, Technology and
Innovation of Brazil) for financial support.

Bibliography
Begon, M., Townsend, C.R., & Harper, J.L. (2006). Ecology. 4th ed. Oxford: Blackwell Publishing Ltd.
Bressan, E.A., Briner Neto, T., Zucchi, M.I., et al. (2014). Genetic structure and diversity in the
Dioscorea cayenensis/D. rotundata complex revealed by morphological and isozyme markers.
Genetics and Molecular Research, 13 (1), 425-437.
Bressan, E.A., Briner Neto, T., Zucchi, M.I., et al. (2011). Morphological variation and isozyme
diversity in Dioscorea alata L. landraces from Vale do Ribeira, Brazil. Scientia Agricola, 68(4),
494-502.
de Camargo, A.M.M.P., Caser, D.V., de Camargo, F.P., et al. (2008). Dinâmica e tendência da
expansão da cana-de-açúcar sobre as demais atividades agropecuárias, Estado de São Paulo,
2001-2006. Informações Econômicas, 38 (3), 47-66.
Cury, R. (1993). Evolutionary dynamics and characterization of cassava germplasm (Manihot
esculenta Crantz) in the autochthonous agriculture of southern São Paulo State [Dinâmica

134

Changes in Species and Genetic Diversity of Crops

evolutiva e caracterização de germoplasma de mandioca (Manihot esculenta Crantz),
na agricultura autóctone do Sul do Estado de São Paulo]. Piracicaba: Escola Superior de
Agricultura “Luiz de Queiroz”, University of São Paulo (In Portuguese).
Elias, M., Muhlen, G.S., Mckey, D., et al. (2004). Genetic diversity of traditional South American
landraces of cassava (Manihot esculenta Crantz): an analysis using microsatellites. Economic
Botany, 58 (2), 242-256.
Faraldo, M.I.F., da Silva, R.M., Ando, A., et al. (2000). Variabilidade genética de etnovariedades de
mandioca em regiões geográficas do Brasil. Scientia Agricola, 57 (3), 499-505.
IBGE (2008). Séries históricas e estatísticas. http://seriesestatisticas.ibge.gov.br/lista _tema.
aspx?op=0&de=83&no=1, Accessed on 30/03/2014.
Kloppenburg, J.R. (2004). First the seeds. The political economy of plant biotechnology. Madison,
Wisconsin: The University of Wisconsin Press.
Martins, P.S., & Oliveira, G.C.X. (2009). Dinâmica evolutiva em roças de caboclos amazônicos. In
I.C.G. Vieira, J.M.C. Silva, D. Oren, et al. (Eds.), Diversidade biológica e cultural da Amazônia
(p.373-391). Belém: Museu Paraense Emílio Goeldi.
Mühlen, G.S., Martins, P.S., & Ando, A. (2000). Variabilidade genética de etnovariedades de
mandioca, avaliada por marcadores de DNA. Scientia Agricola, 57 (2), 319-328.
Mezette, T.F., Blumer, C.G., & Veasey, E.A. (2013). Morphological and molecular diversity among
cassava genotypes. Pesquisa Agropecuária Brasileira, 48 (5), 510-518.
Nascimento, W.F., Rodrigues, J.F., Koehler, S., et al. (2013). Spatially structured genetic diversity of
the Amerindian yam (Dioscorea trifida L.) assessed by SSR and ISSR markers in Southern Brazil.
Genetic Resources and Crop Evolution, 60, 2405–2420.
Olivette, M.P.A, Nachiluk, K., & Francisco, V.L.F.S. (2010). Análise comparativa da área plantada com
cana-de-açúcar frente aos principais grupos de culturas nos municípios paulistas, 1996-2008.
Informações Econômicas, 40 (2), 42-59.
Peroni, N., & Hanazaki, N. (2002). Current and lost diversity of cultivated varieties, especially
cassava, under swidden cultivation systems in the Brazilian Atlantic Forest. Agriculture,
Ecosystems and Environment, 92, 171–183.
Peroni, N., Kageyama, P.Y., & Begossi, A. (2007). Molecular differentiation, diversity, and folk
classification of ‘‘sweet’’ and ‘‘bitter’’ cassava (Manihot esculenta) in Caiçara and Caboclo
management systems (Brazil). Genetic Resources and Crop Evolution, 54, 1333–1349.
Poole, R.W. (1974). An introduction to quantitative ecology. New York, NY: Mcgraw-Hill, Inc.
Priolli, R.H.G., Mendes-Junior, C.T., Arantes, N.E., et al. (2002). Characterization of Brazilian soybean
cultivars using microsatellite markers. Genetics and Molecular Biology, 25 (2), 185-193.
Salsburg, D. (2001). The lady tasting tea: how statistics revolutionized science in the twentieth
century. New York, NY: Owl Books.
Sambatti, J.B.M., Martins, P. S., & Ando, A. (2001). Folk taxonomy and evolutionary dynamics of
cassava: a case study in Ubatuba, Brazil. Economic Botany, 55 (1), 93-105. New York, NY:
Springer & New York Bot. Garden Press.
São Paulo (2008a). Levantamento censitário de unidades de produção agrícola do Estado de
São Paulo - LUPA 2007/ 2008. São Paulo, SP: Secretaria de Agricultura e Abastecimento.
Coordenadoria de Assistência Técnica Integral. Instituto de Economia Agrícola (SAA/CATI/IEA).
Available at: http://www. cati.sp.gov.br/projetolupa, Access on 30/03/2014.
São Paulo (2008b). Levantamento censitário de unidades de produção agrícola do Estado de
São Paulo - LUPA 2007/ 2008. São Paulo, SP: Secretaria de Agricultura e Abastecimento.
Coordenadoria de Assistência Técnica Integral. Instituto de Economia Agrícola (SAA/CATI/IEA).
Site of the map showing the 40 regions of the State of São Paulo, Projeto LUPA. Available at
http://www.cati.sp.gov.br/projetolupa/dadosregionais.php, Accessed on 10/04/2014.
da Silva, R.M., Bandel, G., & Martins, P.S. (2003). Mating system in an experimental garden
composed of cassava (Manihot esculenta Crantz) ethnovarieties. Euphytica, 134, 127–135.

Bibliography

135

Siqueira, M.V.B.M., Bonatelli, M.L., Günther, T., et al. (2014). Water yam (Dioscorea alata L.) diversity
pattern in Brazil: an analysis with SSR and morphological markers. Genetic Resources and Crop
Evolution, 61, 611–624.
Siqueira, M.V.B.M., Borges, A., Valle, T.L., et al. (2011). A comparative genetic diversity assessment
of industrial and household Brazilian cassava varieties using SSR markers. Bragantia, 70 (4),
745-752.
Siqueira, M.V.B.M., Dequigiovanni, G., Corazon-Guivin, M.A., et al. (2012). DNA fingerprinting of
water yam (Dioscorea alata) cultivars in Brazil based on microsatellite markers. Horticultura
Brasileira, 30, 653-659.
Siqueira, M.V.B.M., Queiroz-Silva, J.R., Bressan, E.A., et al. (2009). Genetic characterization of
cassava (Manihot esculenta) landraces in Brazil assessed with simple sequence repeats.
Genetics and Molecular Biology, 32 (1), 104-110.
Siqueira, M.V.B.M., & Veasey, E.A. (2009). Raíces y tubérculos tropicales olvidados o subutilizados
en Brasil. Revista Colombiana de Ciencias Hortícolas, 3 (1), 110-125.
Veasey, E.A., Borges, A., Rosa, M.S., et al. (2008). Genetic diversity in Brazilian sweet potato
(Ipomoea batatas (L.) Lam., Solanales, Convolvulaceae) landraces assessed with microsatellite
markers. Genetics and Molecular Biology, 31 (3), 725-733.

