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Do Folk Crop Varieties Have a
Role in Sustainable Agriculture?

Incorporating folk varieties into the development of locally
based agriculture may be the best approach

David A. Cleveland, Daniela Soleri, and Steven E. Smith

ecently there has been increas-

ing attention to the impor-

tance of biodiversity in agri-
culture (NRC 1993), especially for
ecological sustainability (NRC 1992,
Pimentel et al. 1992). The role of
folk crop varieties, and their wild
and weedy relatives, has been espe-
cially well publicized (Keystone Cen-
ter 1991, Plucknett et al. 1987).
Folk varieties, also known as
landraces, traditional varieties, or
primitive varieties, have been de-
fined as “geographically or ecologi-
cally distinctive populations which
are conspicuously diverse in their
genetic composition both between
populations and within them”
(Brown 1978, p. 145) and as the
product of local selection by farmer-
breeders (Harlan 1992, NRC 1993).
The level of international atten-
tion achieved by crop genetic re-
sources, folk varieties, and farmer-
breeders was reflected at the 1992
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Farmer management of
selection supports
long-term yield
stability adapted to
local conditions and
cultural values

Earth Summit in Brazil. Agenda 21
of the Earth Summit calls for pro-
grams and policies for establishing
or strengthening in situ conserva-
tion of crop genetic resources in
farmers’ fields and local ex situ con-
servation in farm communities (e.g.,
community seedbanks) for the de-
velopment of sustainable agricul-
ture (UNCED 1993). However, as a
basis for program policy and devel-
opment, there is little scientific data
on selection and maintenance of folk
varieties by farmer-breeders or on
the basic biology and genetics of
folk varieties in comparison with
other crop varieties. Therefore, the
danger exists that, as in the past,
much of the debate on the value and
use of folk varieties for the future of
agriculture may get bogged down in
a confusion between statements of
value and statements based on em-
pirical evidence. Our purpose in this
article is to examine the available
data on the current and potential
role of folk varieties in the develop-
ment of sustainable food produc-
tion, especially for small-scale, in-
digenously based agriculture.

The loss and conservation of
folk varieties

The loss of folk varieties, their evo-
lution through selection, and the
adoption of new folk varieties from
the outside are part of the ongoing
change of dynamic, small-scale, in-
digenous farming systems. The rate
of loss of folk varieties has increased
with the modernization and inter-
nationalization of agriculture, espe-
cially the introduction of modern
crop varieties after 1920. However,
the details of folk variety loss are
difficult to discern, in part because
there often is not adequate quanti-
tative documentation of past folk
variety diversity to serve as a base-
line (see Brush et al. 1992, Vaughan
and Chang 1992). To date there has
been no comprehensive documenta-
tion of the reduction in numbers of
folk varieties within a region in re-
lationship to loss of farms, farmers,
and farm communities. Likewise,
there has been little description of
loss of genetic diversity within folk
varieties. Such loss may result from
a reduction in size of plantings or
limited farmer opportunities for se-
lection, management, and exchange
of folk varieties.

Researchers have been forced to
rely on measures of diversity, such
as names or numbers of folk variet-
ies or areas planted, that are likely
to be inadequate (Brush et al. 1992,
Soleri and Cleveland 1993). Most
studies use the number of named
varieties to represent genetic diver-
sity. However, although it is not
valid to assume that varietal names
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are proxies for distinct genetic
makeup, varietal names often re-
flect phenotypic differences at the
population level, which may be the
result of significant genetic differ-
ences. One study of potato, a veg-
etatively propagated crop, found a
high level of agreement between folk
variety names and genetically dis-
tinct varieties identified by isozyme
markers (Quiros et al. 1990). More
research is needed on the genetic
distinctness of named varieties, es-
pecially in outcrossing species, be-
cause varietal names are frequently
the only information available.

Despite the lack of a comprehen-
sive database, there is ample evi-
dence suggesting that the rate of loss
of folk varieties increased with the
modernization and internationaliza-
tion of agriculture. For example, in
the Mekong Delta, increasing irri-
gation and commercialization since
the nineteenth century have resulted
in loss of rice folk varieties and, due
to loss of habitat for noncultivated
rice, decreased potential for gene
exchange with a wild relative
(Vaughan and Chang 1992). Japan’s
goal at turning Taiwan into a source
of rice for the Japanese market led
to a campaign against rice diversity
that reduced the number of folk
varieties being grown from approxi-
mately 1200 in 1910 to approxi-
mately 400 in 1920 (Juma 1989).
The development of modern, formal
plant breeding after 1920 resulted
in modern varieties (crop varieties
developed to have relatively high
yields under optimal growing con-
ditions, which often include rela-
tively high levels of inputs), which
probably led to an increase in the
rate of loss of folk varieties. Until
the 1950s, this loss was probably
much greater in industrialized
countires than in the Third World,
though there are some exceptions
(Plucknett et al. 1987).

Beginning in the 1930s, there has
been an increasing number of obser-
vations and studies indicating a dra-
matic increase in the rate of loss of
folk varieties due primarily to the
spread of modern varieties and the
industrialization of agriculture. Af-
ter World War II, the spread of the
Green Revolution in the Third World
increased the rate at which modern
varieties replaced folk varieties
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(Belcher and Hawtin 1991, Fowler
and Mooney 1990, Frankel and
Soulé 1981, Harlan 1992, Keystone
Center 1991, Plucknett et al. 1987).
International concern for this loss
of genetic diversity led to the estab-
lishment of the International Board
for Plant Genetic Resources in 1974
(since 1993 the International Plant
Genetic Resources Institute) and to
the increased collection and conser-
vation in genebanks of many folk
varieties.

Much of the loss of folk varieties
may have occurred as a result of the
spread of modern varieties of cere-
als, especially wheat, rice, and maize.
Cereals dominate world food pro-
duction, providing 73% of total
edible dry matter from plant prod-
ucts in 1986 (Evans 1993), and they
are the crops where most plant-
breeding efforts to increase yields
have been focused (Anderson and
Hazell 1989). It has been estimated
that in the Third World by 1982~
1983, 50.7 million hectares were
planted to modern varieties of wheat
and 72.6 million hectares were
planted to modern varieties of rice—
slightly more than 50% of the total
areas planted to each of those crops
(Dalrymple 1986). For maize it is
estimated that out of a total of 79.1
million hectares planted in the Third
World in 1985-1986, 51% (40 mil-
lion hectares) were planted to mod-
ern varieties (38% in hybrids and
13% in open-pollinated varieties;
Timothy et al. 1988).

Comparable summary data are
not available, however, on the ex-
tent to which folk varieties may con-
tinue to be planted in areas domi-
nated by modern varieties. When
this incidence occurs in cross-polli-
nated crops such as maize, the result
may be intervarietal hybridization,
leading to progressive dilution of
the unique genetic constitution of
the folk varieties. This dilution
would likely be more extreme when
the modern varieties are hybrids,
because new seed is typically pur-
chased each season for hybrids,
which would in effect result in the
removal from local seedstocks of
progeny from the hybridization of
modern and folk varieties each year.

Currently, folk varieties continue
to disappear at an increasing rate
along with the on-going transfor-

mation of indigenous cultures and
their ecosystems. The replacement
of folk varieties by modern varieties
is seen by some as a criterion of
agricultural development (Srivastava
and Jaffee 1993). Marketing and
promotion of modern varieties in
areas still rich in folk varieties con-
tinues, such as in Ethiopia (Seedling
1992) and the Philippines (Cromwell
et al. 1993). While national govern-
ments, international development
agencies, and agribusiness may be
foremost in this activity, they are
not alone. In a review of 18 nongov-
ernmental organizations working
with local seed systems and farm
communities, 50% of the organiza-
tions report that they concentrate
on modern varieties (Cromwell et
al. 1993).

In addition, in surviving farm
communities where farmers continue
to cultivate folk varieties after the
introduction of modern varieties,
there may be a decrease in folk vari-
ety genetic diversity due to a de-
crease in the number of different
folk varieties being grown or due to
asevere reduction in population sizes
if the area planted to each folk vari-
ety becomes small (Frankel and Soulé
1981, Soleri and Cleveland 1993).
For example, data collected in one
valley in Peru in 1985 indicate that
expansion of area planted to potato
modern varieties in the early stages
of adoption has a significant effect
on the number of potato folk variet-
ies grown. With a 1985 average of
2.1 hectares and 10.1 folk varieties
per farm, analysis suggests that an
increase of 1 hectare in area planted
to modern varieties is associated with
a decrease of five folk varieties per
farm (Brush et al. 1992). That is, as
the proportion of land in a house-
hold’s farm devoted to modern vari-
eties increases, the number of folk
varieties being grown drops.

While the loss of the genetic di-
versity in folk varieties is alarming
to many involved in agriculture, the
reasons for their concern and their
suggestions to save the diversity vary
widely. Some experts assume that
modern varieties are superior to folk
varieties under most conditions and
that the main value of folk varieties
is their contribution of genetic di-
versity as an essential raw material
for modern plant breeding, espe-
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cially asindustrial agriculture moves
toward lowering inputs. They be-
lieve that conservation ex situ in
genebanks to make genetic diversity
available to modern agriculture is
the only practical way to reliably
maintain the genetic diversity
present in folk varieties (Frankel and
Soulé 1981, Lipton and Longhurst
1989, Marshall 1989, Plucknett et
al. 1987) or that in situ conserva-
tion in farmers’ fields can be a
backup or complement to ex situ
conservation (Vaughan and Chang
1992, Williams 1991).

Another viewpoint, supported by
evidence that farmers often main-
tain folk varieties even when mod-
ern varieties are available, is that
folk varieties can be valuable for
local farmers themselves for agro-
nomic, social, and cultural reasons.
Advocates say that the potential
value of folk varieties for the devel-
opment of sustainable agriculture is
not only the genetic information
encoded in the DNA of these variet-
ies but also the knowledge about
selecting, propagating, seed saving,
growing, and using the crop, and
the cultural values embodied in folk
varieties (Amanor et al. 1993, Berg
et al. 1991, CLADES et al. 1994).
However, due primarily to lack of
research, this viewpoint is usually
not well supported by scientific evi-
dence (Cromwell et al. 1993,
Hodgkin et al. 1993). This lack of
evidence has contributed to the as-
sumption by some that folk variet-
ies do not have a role to play in the
development of sustainable agricul-
ture. However, an even more impor-
tant determinant of the role of folk
varieties in sustainable agriculture
may be the way in which sustainable
agriculture is defined.

Diversity, stability, and
sustainable agriculture

Sustainability is a key concept in
agricultural development today.
Defining sustainable agriculture is
not a scientific process but rather an
exercise in reaching consensus on
values (Cleveland 1993). However,
once a definition is agreed on, em-
pirical data can be used to measure
sustainability in a given system.
Most definitions to date include
conservation of natural resources

742

Figure 1. Folk varieties are often adapted to difficult, local growing environments.
Hopi blue maize is adapted to growing in an arid area with a short growing season.
Photo: D. Soleri.

for future generations, economic
efficiency and profitability, and so-
cial criteria, such as satisfying
“changing human needs” (NRC
1989) or providing “acceptable live-
lihoods,” especially for the poor
(Plucknett 1993). In addition, sta-
bility of yields and food supply are
often considered key components
(Netting 1993, UNCED 1993). Stable
production means crop yields that
fluctuate relatively little from year
to year. Yield instability contrib-
utes to malnutrition and social in-
equity, especially where storage and
transportation infrastructures are
small or nonexistent (Anderson and
Hazell 1989).

There is growing recognition of
the contribution of diversity to yield
stability in agricultural systems
(Anderson and Hazell 1989, Cec-
carelli et al. 1992, Cleveland 1993,
Cooper et al. 1992, Pimentel et al.
1992). Diversity may exist at many
levels within small-scale, low-input,
indigenously based agriculture, in-
cluding regions, fields, the species
of crop plants grown, and the vari-
eties within crop species. This kind
of agriculture is usually more so-
cially, biologically, and ecologically
diverse than large-scale, high-input
industrial agriculture (Amanor et

al. 1993, Oldfield and Alcorn 1987).

The diversity present in much of
small-scale indigenous agriculture
appears to be important in provid-
ing greater yield stability compared
with more homogeneous, large-scale
indigenous or industrial agriculture
(Amanor et al. 1993, NRC 1993)
and to have been in many cases
sustained for a much longer period.
In contrast, large-scale industrial
agriculture has often degraded the
natural resources on which future
production depends (NRC 1989) and
alienated local communities from
their resources (Durning 1990). In-
dustrial agriculture has not empha-
sized reducing yield instability per
se but rather increasing yields for
maximal economic returns through
control of the environment and
breeding of crop varieties that are
high-yielding in response to high
levels of inputs (Evans 1993). This
focus on yields as compared with
yield stability can mean choosing
between managing resources for
short-term gains in food supply com-
pared with long-term food produc-
tion capability (Gersha et al. 1994,
NRC 1989, Pimentel et al. 1992).
The diversity-stability relation-
ship is well documented at the crop
variety level; plant breeders recog-
nize that there is often a tradeoff
between yield and stability in re-
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sponse to environmental stress (Blum
1988, Ceccarellietal. 1992, Rosielle
and Hamblin 1981). Folk varieties
developed by farmers in their role as
plant breeders are typically selected
for adaptation to local physical,
social, and cultural environments.
Although not always a conscious
intent of the farmer-breeder, the re-
sult may be varieties that are geneti-
cally heterogeneous compared with
homogeneous modern varieties
(Borojevic 1990). This variation may
be present as a large number of al-
leles at a locus, as variation in fre-
quency of alleles between popula-
tions of one or more folk varieties,
or as a high proportion of loci with
more than one allele in an indi-
vidual plant (high levels of heterozy-
gosity; Hodgkin et al. 1993). This
variation is probably due to the na-
ture of the selection process—pri-
marily mass selection.

Mean yields of folk varieties are
affected relatively less by genotype-
by-year interactions than are mod-
ern varieties, or as Harlan states,
“genetic variability provides some
built-in insurance against hazards”
(Harlan 1992, p. 148). However,
there has been little research on the
actual performance of folk varieties
in comparison with modern variet-
ies (Hodgkin et al. 1993). Existing
evidence does suggest that folk vari-
ety yields may be less affected by
environmental stress such as drought
or salinity (e.g., Weltzien and
Fishbeck 1990), and resistance to
pests and pathogens is believed to
be high as a result of horizontal
resistance based on genetic diver-
sity, compared with vertical resis-
tance of modern varieties based on
one or a few resistance genes
(Ceccarelli et al. 1992, Simmonds
1991b, Thurston 1992). Due to this
resistance, within their area of ad-
aptation, yields of folk varieties are
more stable than modern varieties
from year to year in a given field or
among fields within a single year
(Evans 1993). Therefore, folk vari-
eties may often have lower mean
yields in optimal environments com-
pared with modern varieties but have
higher mean yields in the marginal
environments to which they are spe-
cifically adapted.

The greater genetic diversity of
small-scale indigenous compared
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Figure 2. Often many different folk varieties of crops are maintained. Kusasi
farmer with a sorghum variety planted in northeast Ghana. Photo: D. A. Cleve-
land.

s

with large-scale industrial agricul-
ture also exists at the species level,
where many more folk varieties of a
crop are typically planted; at the
field level, where many more species
and varieties are planted together;
and at the regional level, where there
are more varieties of more species in
more diverse environments. Farm-
ers typically grow many different
varieties of major crops, which they

distinguish from each other (Frankel
and Soulé 1981). Examples include
Mende farmers in Sierra Leone who
in one area were growing 70 variet-
ies of rice (Richards 1986) and a
sample of 50 Hopi farmers growing
21 varieties of maize including 17
folk varieties (Figure 1) and 13 vari-
eties of common bean including 10
folk varieties (Soleri and Cleveland
1993).
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Figure 3. Folk varieties are often sel

ected for intercropping. Kusasi farmers

\i | e T

harvesting long-season sorghum in northeast Ghana. Earlier the same field
produced a harvest of short-season pearl millet. Photo: D. A. Cleveland.

Stability at regional and national
levels can be influenced by the de-
gree of diversity in environments
and input sources. In modern indus-
trial agriculture a relatively small
number of crop varieties are usually
developed for production over a
large area of relatively more uni-
form environments and are often
dependent on purchased inputs and
an energy- and capital-intensive in-
frastructure to deliver these inputs,
in order to produce high yields. Folk
varieties are usually not dependent
on such inputs or infrastructure.
When there is an interruption in
input supply (e.g., lack of irrigation
water or lack of fuel for vehicles
delivering agrochemicals) due to re-
source shortages, drought, social
conflict, or other factors, modern
varieties characteristically show a
reduction in yield that is greater
and covers wider areas, compared
with folk varieties. Therefore, be-
cause of increasing homogeneity of
plants, cropping practices, and in-
put supply sources over large geo-
graphical areas, the extent to which
yields in different regions and na-
tions vary in synchrony both within
and between years may increase with
the introduction of modern variet-
ies and the industrialization of agri-
culture (Anderson and Hazell 1989,
Barker et al. 1981).

Clearly, there is much more to
learn about the forms and determi-
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nants of stability. A simplistic con-
trast between sustainable indigenous
and unsustainable industrial agri-
culture is unfounded. For example,
large-scale, centrally controlled in-
digenous societies, such as those of
antiquity, may also severely limit
local farmer management and other
agricultural diversity in an attempt
to control large, locally dense popu-
lations and bolster the power of a
small elite, potentially leading to
the destruction of the resource base
and the collapse of production
(Adams 1978). The role of diver-
sity, however, does appear to be
critical. The contrast between more
diverse, locally adapted, small-scale
indigenous agriculture and less di-
verse, widely adapted, large-scale
industrial agriculture as two ex-
tremes of a continuum enables us to
better analyze the implications of
the strongly contrasted policy op-
tions under discussion.

Folk varieties’ role in
sustainable agriculture

Depending on the definition used
for sustainable agriculture, the as-
sessment of the loss of folk varieties,
approaches for their conservation,
and their role are likely to be differ-
ent. If sustainable agriculture is de-
fined as the continuing pursuit of
higher yields through refining the
industrial model, then folk varieties

are seen primarily as a source of
genetic raw material for the devel-
opment and maintenance of modern
crop varieties, and conservation ef-
forts are likely to focus on ex situ
conservation in genebanks. If sus-
tainable agriculture is defined as
optimizing long-term diversity and
stability, including an important
role for small-scale indigenous farm-
ers, then folk varieties are seen as
resources to be used directly by farm-
ers, and in situ conservation is es-
sential, although ex situ conser-
vation remains important (Soleri and
Smith 1994).

Some observers see the increasing
instability in world crop yields as an
inescapable consequence of agricul-
tural modernization (Anderson and
Hazell 1989, Barker et al. 1981,
Duvick 1992). Different definitions
of sustainable agriculture lead to
different approaches to yield insta-
bility. The response that dominates
international agricultural develop-
ment is to continue increasing pro-
duction levels by introducing new
technology—while mitigating any
resulting yield instability through
centralization of markets and in-
creasing government coordination
to link individual farmers with the
rest of the world—and continuing
development and supply of modern
varieties (Anderson and Hazell 1989,
Evans 1993, Lipton and Longhurst
1989, Plucknett et al. 1987).

Genetic diversity is the raw mate-
rial required for development and
maintenance of modern varieties,
and folk varieties are theoretically
an important source of this diver-
sity, especially for unique traits not
present in existing cultivars or breed-
ing materials (Plucknett et al. 1987).
Yet, in practice there is substantial
diversity already available in highly
selected germplasm (e.g., across in-
bred lines of maize, wheat, and rice),
and relatively little use is made of
the folk varieties available in
genebanks (NRC 1993, Shands and
Wiesner 1991, 1992, Williams
1991), much less of evolving folk
varieties available only in farmers’
fields. However, there are many spe-
cific examples of the contribution of
folk varieties to the development of
modern industrial varieties (Shands
and Wiesner 1991, 1992).

Interest in folk varieties as a
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source of genetic diversity for creat-
ing modern varieties has grown re-
cently (e.g., Ceccarelli et al. 1992).
One reason is that as the rates of
yield increase have leveled off and
food production moves to more
marginal environments, researchers
seek to reduce required inputs and
their economic costs and to mini-
mize adverse environmental effects
(NRC 1989, Plucknett 1993). This
new direction in agricultural re-
search calls for a change in plant-
breeding strategies (Smith and Zobel
1991). In addition, recent develop-
ments in plant biotechnology greatly
increase the potential to identify,
isolate, and transfer genes for spe-
cific traits (NRC 1993). For these
reasons, some proponents of con-
serving the genetic diversity in folk
varieties and their wild relatives
stress their potential contribution
to the future of industrial agricul-
ture and the need to look for diver-
sity beyond the breeders’ highly se-
lected materials (Plucknett et al.
1987, Shands and Wiesner 1991,
1992).

An alternative approach to
achieving long-term stability empha-
sizes the need for biological diver-
sity (NRC 1992, Pimentel et al.
1992), locally diverse and specific
management strategies (Cleveland
1991, Ghersa et al. 1994, Richards
1986), indigenous knowledge (NRC
1992, Thurston 1992), recognition
of the productivity of small-scale
farmers (Netting 1993), and the
rights of small-scale farmers to con-
trol their crop and farm resources
(Cooper et al. 1992, Soleri et al.
1994). This approach is based on
the stability of a diverse agriculture
composed of many locally adapted
farming systems and folk varieties
and the value of folk varieties to
local farmers.

Why farmers maintain
folk varieties

Indigenous farmers often retain folk
varieties even when they experiment
with and adopt some modern variet-
ies (Figure 2). The causes for retain-
ing folk varieties are not well re-
searched but may include storage,
cooking, nutritional, and process-
ing qualities; historical and cultural
reasons such as dietary diversity and
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Figure 4. Hopi farmer Jerry Honawa plants Hopi blue maize 25 cm below the soil
surface in his field in the high desert of southwestern North America. Photo: D.
Soleri.

the use of folk varieties in tradi-
tional foods or religious ceremonies
and filling unique market niches.
Another cause may be for agronomic
reasons: some folk varieties are con-
sidered more suited to traditional
intercropping patterns (Figure 3),
have longer or shorter growing
cycles, or are more resistant to local
biotic and abiotic stresses (Bellon
1990, Brush 1991, Brush et al. 1992,
Dennis 1987, Ferguson and Mkan-
dawire 1993, Longley and Richards
1993, Soleri and Cleveland 1993,

Soleri et al. 1994, Thurston 1992,
Zimmerer 1991).

Yield stability is also an impor-
tant reason for retaining folk variet-
ies. Many farmers are aware of the
relationship between diversity and
stability, and stability is an impor-
tant criterion in their varietal selec-
tion. For example, African farmers
“often favor yield stability...more
than maximum yields” (Haugerud
and Collinson 1990).

Farmers deliberately plant vari-
etal, or even special, mixtures to
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improve or stabilize production. For
example, farmers in Uttar Pradesh,
India, plant rice varieties that differ
in drought resistance and grain qual-
ity, and farmers in the Sri Lankan
highlands plant an awned rice vari-
ety that protects an unawned but
higher yielding variety (Vaughan and
Chang 1992). Farmers in Malawi
cite yield stability as a major reason
for deliberately maintaining numer-
ous varieties of common bean
(Phaseolus vulgaris) in their plant-
ing stock (Ferguson and Mkan-
dawire 1993). Susu farmers in Si-
erra Leone intermix African and
Asian rice (Oryza glaberimma and
Oryza sativa) varieties to optimize
yields over good and bad years (Long-
ley and Richards 1993). Mende farm-
ers in Sierra Leone maintain a large
and constantly changing collection of
rice folk varieties selected primarily
for adaptation to a variety of mois-
ture regimes and for different grow-
ing cycles (Richards 1986).

Mexican farmers in one farm com-
munity in Chiapas maintain both
modern varieties and folk varieties
of maize on their farms to reduce
risks in sloping and flat field plots
(Bellon 1990). While they avidly
experiment with varieties from any
source, Hopi farmers in Arizona in
the United States still plant prima-
rily folk varieties of field crops. They
state that one major reason for this
choice is the relatively greater yield
of these varieties when drought
stressed (Soleriand Cleveland 1993).
For example, the ability of Hopi
blue maize to emerge from seeds
planted as deep as 25 cm (Figure 4)
is a specific adaptation to the arid
climate and the soils of the Hopi
homelands.

Research with Hopi farmers spon-
sored by Native Seeds/SEARCH
(Soleri and Cleveland 1993) sup-
ports the conclusion of many re-
searchers that the mix of folk variet-
ies maintained by farmers is not
random but a result of changing
adaptation and constant experimen-
tation (Harlan 1992, Richards
1986). Folk varieties tend to be lost
when changes in the local biophysi-
cal or sociocultural environment
reduce the importance of their ad-
aptation. When biophysical and so-
ciocultural changes make folk vari-
ety replacement possible, actual
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replacement appears to be deter-
mined by the availability of seed of
new varieties that are similar to folk
varieties or of alternatives to prod-
ucts made with folk varieties.

The interaction between these
factors in determining the fate of a
particular folk variety may be com-
plex, as illustrated in the case of
Hopi maize folk varieties and veg-
etables grown by Hopi gardeners.
Hopis retain their blue maize folk
varieties because they are adapted
to drought and the short growing
season and meet cultural require-
ments (blue maize is important in
religious ceremonies). However, the
Hopi data suggest that the several
folk varieties of blue maize are be-
ing collapsed into one (Soleri and
Cleveland 1993). One reason may
be that today many farmers have
full-time jobs in addition to farm-
ing. Thus, they do not have the time
to maintain so many different vari-
eties, which involves planting out
separate fields or blocks to control
cross-pollination and requires more
careful selection and storage of
planting seed for the different vari-
eties. Another reason may be that
the importance of the varieties’
unique grain characteristics is di-
minished by social changes. For ex-
ample, the introduction of machine
grinding reduced the importance of
the softer blue corn variety, while
the cash economy reduced the desir-
ability of the better storage qualities
of the harder blue corn varieties
because storing two years’ harvest
against crop failure is no longer nec-
essary.

Fruit and vegetable crops repre-
sent a different story for two rea-
sons. First, at Hopi these crops are
grown in irrigated gardens where
adaptation to drought and soils is
not as important as it is for field
crops. Second, although desirable
foods, these crops do not have the
same traditional religious and so-
cial importance in the Hopi culture
as do the many Hopi maize folk
varieties. In the study, of the 21
households cultivating chilies, only
2 grew Hopi chilies, while the rest
grew modern chili varieties. All of
the other vegetables planted in the
irrigated gardens were commercial
(Soleri and Cleveland 1993).

The specific reason for farmer

maintenance of folk varieties can
vary depending on both their bio-
physical and sociocultural environ-
ments. While they may often give
more reliable yields and be better
adapted to meeting local needs than
many modern varieties, there may
still be room for improving folk va-
rieties’ performance in the eyes of
farmers.

Can folk varieties be
further improved?

Farmers play an active role as plant
breeders in creating and maintain-
ing crop genetic diversity. Many
plant breeders agree that since the
beginning of agriculture indigenous
farmer-breeders have made more
total improvement in most crops
than have Western scientific, or for-
mal, plant breeders during the pe-
riod of modern plant breeding (e.g.,
Simmonds 1979). Farmers plan, ex-
ecute, and evaluate experiments with
new varieties based on a wide range
of sociocultural and environmental
criteria (Berg et al. 1991), although
much of the evidence for this data is
anecdotal. The limited data so far
from Africa (Ferguson and Mkand-
awire 1993, Longley and Richards
1993, Richards 1986), the Americas
(Benz et al. 1990, Soleri and Cleve-
land 1993, Zimmerer 1991), and
Asia (Dennis 1987, Vaughan and
Chang 1992) show that farmer-
breeders manage existing varieties
and create new ones through a vari-
ety of techniques. These techniques
include collection and domestica-
tion of wild plants, hybridization
with wild species, planting of pat-
terns to regulate cross-pollination,
removal of unwanted plants in the
field, and selection of seeds for re-
planting. They also obtain new vari-
eties from spontaneous mutations
in their fields and from neighbors,
extension agents, and markets.

An important question is whether
the ongoing evolution of folk vari-
eties in response to rapidly changing
needs can be enhanced by collabo-
ration between farmer-breeders and
formal plant breeders. The plant-
breeding and seed-supply activities
of the modern, formal sector and
those of small-scale indigenous farm-
ers have operated largely in isola-
tion from each other (Amanor et al.
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1993, Cromwell et al. 1993). A new
approach is required to determine
whether or not it is possible to im-
prove folk varieties that were devel-
oped over many generations for a
particular location. Collaboration
with formal plant-breeding pro-
grams may be most useful in cases
where farmers’ selection and experi-
mentation have deteriorated as a
result of social and environmental
changes or when there is a lack of
genetic diversity.

Plant-breeding experience has
shown that selection and testing in
the environment where a crop vari-
ety is to be grown is the most effec-
tive way to create varieties specifi-
cally adapted to that environment
(Hill 1975, Simmonds 1991a). Nev-
ertheless, financial and other con-
straints generally force plant breed-
ers to define the target environments
for the use of their varieties as
broadly as possible resulting in an
emphasis on regional rather than
local adaptation (Simmonds 1979),
with selection and occasionally
evaluation conducted entirely on
experiment stations (Simmonds
1991a, Smith and Zobel 1991).

There is, however, increasing ap-
preciation of the plant-breeding
skills of indigenous farmers; of the
value of folk varieties as a basis for
breeding varieties for specific, espe-
cially marginal, local environments;
and of the potential for enhance-
ment of indigenous plant breeding
and folk varieties by collaboration
with formal plant breeding. Berg et
al. (1991) find that while farmers’
traditional plant breeding is quite
similar to recurrent selection in
multiple populations as used by for-
mal plant breeders, farmer-breeders
could improve their efficiency by
increasing the size and genetic di-
versity of the original population
and using statistical techniques to
improve selection efficiency and
methods. They advocate that for-
mal plant breeders provide ad-
vanced, genetically diverse material
to local farmers, followed by farmer
selection of varieties in the field (Berg
et al. 1991). Ceccarelli et al. (1992)
describe the plant-breeding goals of
the International Center for Agri-
cultural Research in the Dry Areas
(ICARDA) as based on increasing
stability of yield, reducing inputs,
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exploiting the genetic variability of
folk varieties, and considering the
value of specific varieties from the
farmer’s point of view within local
farming systems.

The cooperative enhancement of
local folk varieties by farmer-breed-
ers and formal plant breeders is al-
ready underway in some areas, al-
though detailed results are not yet
available. In Malawi, the Bunda
College of Agriculture is using folk
varieties as the foundation of its
breeding program for common beans
and has so far released nine varieties
(Ferguson and Mkandawire 1993).
They have also been encouraging
crop diversity by releasing several
varieties with different characteris-
tics at the same time and encourag-
ing farmers to integrate them with
their existing varieties.

In Zimbabwe, the Indigenous
Seeds Project coordinated by the
Zimbabwe Seeds Action Network
(ZSAN; composed of four Zimba-
bwean nongovernmental organiza-
tions) encourages farmer conserva-
tion of both local folk varieties and
those from similar ecogeographic
areas and selection to improve qual-
ity (Mushita 1992). The MASIPAG
(Mga Magsasaka at Siyentipiko para
sa Pagpapaunlad ng Agham Pankag-
rikultura, or Farmer-Scientist Par-
ticipation for Development) pro-
gram in the Philippines, established
by scientists at the University of the
Philippines in 1986, has been work-
ing with local farmers, especially in
rice-growing regions that lost much
of their genetic diversity in the last
20 years (Salazar 1992). A collec-
tion was made of 210 rice varieties
from all over the country, including
127 folk varieties and 83 improved
varieties, and the varieties were
crossed and selections were made
under low-input conditions with
farmers’ participation. In this work,
yields of folk varieties were equal to
or more than the improved variet-
ies, and folk varieties were preferred
by farmers as parents for crosses.
Collaborating with MASIPAG in the
Philippines is the Mindoro Institute
for Development, which has 180
rice folk varieties from which tech-
nical consultants and farmers have
selected 10 varieties that produce
good yields with low inputs (Crom-
well et al. 1993).

The Plant Genetics Resources
Center/Ethiopia (PGRC/E) operated
by the national government, col-
laborates with farmers in selection
based on what they refer to as farm-
ers’ “judgment and long established
skills” and in evaluation of selec-
tions based on farmers’ compari-
sons with original folk variety
seedstock. PGRC/E also works with
farmers in selecting pure lines from
wheat folk varieties supplied by
PGRC/E and adapted to different
environmental stresses, probably due
to their original selection environ-
ment. These selections are then
bulked and redistributed to farm-
ers. Preliminary results show that
yields of these elite folk variety lines
“surpass those of commercially re-
leased varieties” (Worede 1992).

Local conservation of
folk varieties

Farmer maintenance and selection
conserves folk varieties in situ as
part of local farming systems, yet
there has been little research on in-
digenous seed supply networks or
seed conservation (Cromwell et al.
1993; Figure 5). Many factors, in-
cluding increasing population pres-
sure, environmental destruction,
promotion of modern varieties and
industrial agriculture, and social and
cultural changes suggest that this
traditional approach alone may no
longer be adequate.

For example, as local communi-
ties become more assimilated into
mainstream industrial society, tra-
ditional markets or kinship networks
that served to distribute seeds may
change in ways that make it difficult
to find seeds of folk varieties, espe-
cially for young people who wish to
start farming (Ferguson and Mkand-
awire 1993, Soleri and Cleveland
1993). Widespread famine and po-
litical turmoil in Ethiopia has
meant that particular folk varieties
have been wiped out by crop failure
or by farmers being forced to eat
their seedstocks (Worede 1992).

When the population size of out-
crossing species of folk varieties is
greatly reduced, genetic drift and
inbreeding become a risk (Frankel
and Soulé 1981). In selfing species,
reduction in population size may
result in a loss of varietal heteroge-
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neity. Seed admixture or cross polli-
nation with another variety may also
effectively eliminate a folk variety—
or create a new one. Because of
changing conditions and needs, col-
laboration with outsiders, includ-
ing formal plant breeders, may be in
the best interest of local farmers.
When traditional systems of in situ
conservation prove inadequate, lo-
cal ex situ conservation in commu-
nity seedbanks may be desirable.

There are several arguments sup-
porting the conservation of folk va-
rieties locally both in situ as part of
the farming system and ex situ in
community seedbanks. These argu-
ments include: folk varieties have
adaptations for specific local condi-
tions and can be used directly for
local breeding of new varieties
(Worede 1992); folk varieties are
best conserved for farmers’ future
needs in the evolving selection envi-
ronment where they are used and by
the farmers who use them (Vaughan
and Chang 1992), because ex situ
conservation outside of the local
growing environment can result in
shifts in population structure due to
natural selection (Soleri and Smith
1994); and local control of folk va-
rieties is likely to best ensure that
they benefit the farmers and com-
munities that developed them (Coo-
per et al. 1992).

For farmers, these approaches are
clearly superior to dependence on
ex situ conservation in national or
regional genebanks. Although in-
ternational genebanks have been
able to return folk varieties to local
farmers and are working, for ex-
ample, to repatriate germplasm af-
ter catastrophic losses in Somalia
(Anonymous 1993), there are po-
tential problems. The goal of con-
ventional ex situ conservation is pri-
marily to make genetic diversity,
often as individual lines carrying
only a single desired trait, available
to plant breeders, whereas farmers
are interested in the complex suites
of traits that characterize each
unique folk variety (Harlan 1992).
It is widely accepted on theoretical
grounds that off-site ex situ con-
servation results in suspension of
genetic changes in response to chang-
ing local environments and intro-
duces genetic changes in response to
storage and growout in a different
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Figure 5. Farmers select seeds based on
fruit and seed characteristics as well as
agronomic characteristics. Zuni farmer
Lygatie Laate with a Zuni squash from
his field saved for seed for next season’s
planting. Photo: D. A. Cleveland.

environment (Marshall 1989,
Vaughan and Chang 1992). There is
evidence to support this theory
(Breese 1989). If farmers cast loose
seed of a folk variety locally, seed
reintroduced from a distant gene-
bank may have changed in ways
that may be disadvantageous to
farmers, as may be the case for Hopi
maize (Soleri and Smith 1994).
Some experts have suggested that
incorporating in situ conservation
of folk varieties into rural economic
development programs would not
conserve folk varieties, although the
new varieties might retain many folk
variety adaptive complexes (Oldfield
and Alcorn 1987). Folk variety loss
may occur when farmers become
more actively involved with formal
breeders in improving folk variet-
ies, especially if that improvement

includes the introduction of exotic
germplasm (Berg et al. 1991). While
there could easily be a loss of old
folk varieties and of some genetic
diversity, the new varieties selected
by farmers in their fields could also
be considered folk varieties.

Local ex situ conservation in
community seedbanks is especially
appropriate where rapid modern-
ization, recurrent famine, or wide-
spread political turmoil exists. A
number of indigenous African orga-
nizations are planning or initiating
community seedbanks. For example,
KENGO, a nongovernmental orga-
nization in Kenya, has been promot-
ing the protection and use of indig-
enous plants and plans to help
establish community seedbanks
(Anonymous 1990). In Indonesia,
local nongovernmental organiza-
tions became involved in promoting
community seedbanks to conserve
and increase the planting of folk
varieties after plant disease out-
breaks (Soetomo 1992).

PGRC/E has been using the Ethio-
pian national collection as a source
of folk varieties to resupply local
farmers whose seedstocks have been
lost due to drought, famine, and
conflict. It has also promoted field
testing by farmers of folk varieties
from other areas and has brought
plant breeders to work with farmers
on crossing and selection in their
own fields (Worede 1992). In Peru,
a project has tried to make available
certified (mainly virus-free) seed
potatoes from a community seed-
bank (Benzing 1989). Local folk
varieties have been collected and
multiplied in farmers’ fields or vil-
lage land, with the effects of biotic
and abiotic stress, including pest
and disease damage, recorded for
the use of the farmers and the project.
Farmers who work on the trial plots
receive the harvest, thus reintroduc-
ing local folk varieties and spread-
ing them to new locations.

In addition to supporting in situ
conservation and resupplying local
folk varieties, community seedbanks
may also choose to cooperate with
regional, national, or international
institutions on various projects.
However, the advantages must be
weighed against the threat of losing
local control of folk varieties for
local needs (Altieri 1989, Soetomo
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1992), an issue now being discussed
in terms of intellectual property
rights and the human rights of local
groups (Cooper et al. 1992, Soleri et
al. 1994). The CGIAR system of In-
ternational Agricultural Research
Centers (IARCs) has been advocated
as the best institution to oversee
crop genetic resources conservation
(Plucknett 1993), including in situ
conservation (Brush 1991), while oth-
ers have questioned the abilities of the
IARCs—which spread the Green Revo-
lution and receive a majority of their
funding from industrial nations—to
safeguard folk varieties for long-term
benefit of local Third World commu-
nities (Altieri 1989). Recently, how-
ever, there is a new spirit of coopera-
tion among local communities,
nongovernmental organizations, na-
tional governments, the International
Plant Genetic Resources Institute, and
the IARCs, and joint projects are being
proposed that give more respect to the
value of biodiversity and local farm-
ers’ knowledge and rights (CLADES et
al. 1994, Hodgkin et al. 1993).

However, while community
seedbanks have become fashionable
components of agricultural devel-
opment projects, their social sus-
tainability depends on whether they
grow from the needs of diverse, lo-
cal communities and how well they
are integrated with broader goals of
sustainable agriculture. A recent re-
view of 18 community seedbank
projects run by nongovernmental
organizations found that they tend
to set up new seed-supply institu-
tions rather than work with existing
social institutions. However, work-
ing with existing institutions may
not always be the answer because
they may not provide equitable ben-
efits (Cromwell et al. 1993).

Conclusions

Current data and theory suggest that
farmer control and management of
selection is the most practical and
effective way of managing genetic
resources that support long-term
yield stability specifically adapted
to the local environment and to lo-
cal farming systems including social
organization and cultural values. If
this hypothesis is supported by fur-
ther research, existing folk varieties
are likely to play an important role
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in the development of sustainable
agriculture as we have defined it
here. This development includes the
improvement of some folk varieties
by further farmer-managed selec-
tion and the development of new
folk varieties through the introduc-
tion of new genetic resources, in-
cluding those of modern varieties.

On the other hand, supporting
diverse local farming systems and
folk varieties as a basis for sustain-
able agriculture does not mean a
return to an idealized, pristine in-
digenous agriculture. All small-scale,
traditional systems cannot be as-
sumed to have been sustainable in
the past. Many may not be adapted
to present or future conditions be-
cause their social, biological, and
physical environments have been so
greatly changed by colonialism, in-
ternational markets, population
growth, environmental degradation,
climate change, migration, and in-
ternational conflict. Flexibility is
thus essential—including adaptation
to diverse local conditions with a
major focus on local experimenta-
tion—in working for indigenously
based sustainable agriculture. It is
also essential to use the most cur-
rent information and techniques
from Western scientific plant breed-
ing and agriculture without linking
these techniques to the profit-maxi-
mizing values and overall organ-
ization of industrial agriculture.
Perhaps most important is the
empowerment of local farmers and
communities by supporting their
control of their folk varieties, farm-
ing systems, and indigenous knowl-
edge (Amanor et al. 1993, Cromwell
et al. 1993).

Given the continuing threat to
the conservation and use of folk
varieties by indigenous and small-
scale farmers, specific measures to
safeguard these varieties for sustain-
able agriculture at the community
level may be needed. Where appro-
priate such measures could include:

® Documentation of folk varieties
by farmers, in collaboration with
outsiders where appropriate, includ-
ing indigenous knowledge about
their selection, cultivation and use,
and genetic and agronomic charac-
teristics;

® Education of agronomists, formal

plant breeders, local communities,
and, in some cases, local farmers
and students concerning the contri-
bution of folk varieties to food pro-
duction, yield stability, natural re-
source conservation, nutrition,
history, and culture;

® Increases in the availability and
planting of folk variety seeds
through the encouragement of seed-
exchange networks and seedbanks
at the community level and explora-
tion of opportunities for local com-
mercial production of folk varieties
for food and planting material;

® Improvement of the maintenance
and performance of folk varieties
through collaboration with formal
plant breeders; and

® Establishment of control by farm
communities over their folk variet-
ies and the indigenous knowledge
about them, through policies for seed
collecting and use of folk variety
seeds, food products, names, and
knowledge by outsiders.

The incorporation of folk variet-
ies into the development of locally
based and locally controlled agri-
culture may be the best approach
not only to conserving the genetic
diversity in folk varieties and the
farming systems that contain them
but to supporting sustainable farm-
ing systems grounded in local envi-
ronments and cultural values.
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