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Executive Summary
Earlier dramatic developments in crop breeding suggested that local varieties would be replaced
inevitably by improved ones and that wild crop relatives would be lost due to land-use changes. A
program of seed collection and storage was initiated. However, the pattern of global crop
improvement has been uneven, with local varieties retained in parts of many farm systems.
Substantial numbers of farmers, particularly in the centers of greatest crop diversity, are still
dependent on traditional production and have as yet received few of the benefits of formal
breeding. This has lead to a greater willingness to consider the possible value of maintaining or
improving local crops in situ, as well as In situ conservation of their wild relatives.
Local varieties of maize are still intercropped with other species in much of Mesoamerica.
Teosinte, the closest rela" .~ of maize, occupies small and shrinking areas. In situ monitoring, and
possibly conser;ation, are considered for maize since farmers remain dependent on local
diversity. The case for wheat appears less pressing. Much of its extensive wild gene pool is not
under immediate threat of extinction, although there is increasing concern over wild emmer and
other populations in West Asia. The genetic base of most bread wheat has been quite uniform for
some time and depends on breeders to broaden it. Farmers are thought to have less intluence on
the current evolution of self-pollinated hexaploid wheat than is the case with maize. However,
significant areas of West Asia and North Africa continue to plant traditional bread wheat and
durum cultivars. Closer links between breeders and farmers in the region may contribute to both
crop improvement and conservation.
The caricature of in situ conservation-that it imposes cultural stasis and isolation on marginal
communities-is simplistic. Most current initiatives aspire to combine crop improvement with
retention of useful diversity and to benefit from both farmer and breeder expertise. Local varieties
and production systems are not necessarily incompatible with introduced germplasm. Direct
subsidy to individual farmers solely for conservation is rarely proposed. However, research and
extension policies will intluence cropping decisions. Policy adjustments may be required where
there are inappropriate disincentives to conserving useful diversity. Pilot in situ research projects
are now receiving sufficient support to begin to address numerous hitherto neglected questions,
such as the extent to which conservation is compatible with crop improvement.
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In Situ Conservation of Crops and Their Relatives:
A Review of Current Status and Prospects for Wheat and Maize
Gerard J. Dempsey

Introduction

With storable seeds and annual habit (albeit
with important perennial relatives), maize was
an ex situ priority. However, there are
substantial surviving areas of intercropped,
open-pollinated, land race production, with
opportunities for hybridization among
cultivars and wi th their wild relatives and for
further farmer selection. Replacement by highyielding F] hybrids has not been universal,
particularly in much of Mesoamerica, the
center of origin and domestication of this crop.
The closest wild relative, teosinte, is found only
in rapidly shrinking populations in
Mesoamerica. So the case for examining
possibilities for in situ conservation for maize
and its relatives is gaining some ground.

Since the growth of concern over erosion of
crop genetic resources in the 1960s, most
scientific opinion has stressed the need for ex
SItu collections, but remained skeptical about
the possibility or advantages of in situ
conservation in the field or wild. It has been
taken for granted that the objective of crop
breeding was the replacement of existing by
improved varieties. l
Wildlife conservationists have been
preoccupied with the protection, not of
econorruc species, but of species and
ecosystems threatened with extinction. Crop
SCIence, in general, does not deal with species
whose survival is in question, but with the
extended variation of crop gene pools, portions
of which may potentially be useful, others not
so. Where a case for some kind of in situ
conservation has been acknowledged, it has
been for species which are not easily stored
(e.g., tropical perennials with seeds that do not
withstand desiccation) and for some wild
species (which may be difficult to sample or to
regenerate from storage). It was inevitable that
annual cereals with seeds amenable to lowtemperature, low-moisture storage would not
be high priority for in situ protection.
Genebanks have been regarded as safer and
more convenient.

I

Wheat-as an annual. self-pollinated crop
(again with important perennial relatives)was also an urgent ex situ priority. It has been
subject to intensive breeding and early erosion
in the field. Selection among homozygous
landrace mixtures had rapidly exhausted
genetic variability, and artificial crosses were
needed to restore it (Fischbeck 1990, p. 33). The
opportunities for farmers to assist in the
conservation and continued evolution of wheat
have been regarded as limited. Most selfpollinating crops permit a small degree of outcrossing, but the polyploid nature of bread
wheat distances it further from genetic
recombination with its wild and cultivated

In order to avoid proliferating termInology, I will adopt the conventional term "improved varieties" for those
resultmg from expliCIt breeding programs. A fairer distinction might be between "farmer" and "breeder" varieties.
acknowledging informal as well as tormal improvements. But this dichotomy Ignores the continuum ot crop seleChon
before, during, and sometimes after germplasm enters formal research. The terms "modem," "local," and
"traditional" are vague and transitional and deserve suspicion.
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progenitors (and thus from one of the sources
of new variation).2

production areas, farmers may depend on each
other or save their own seed (with some risk to
seed health and purity) (Kashyap and Duhan
1994; Heisey 1990).

The wild relatives of wheat have proven to be
very important resources for breeders. Because
many are widespread, annual, opportunistic
colonizers, they have not been prime
candidates for in situ protection, on the
assumption that they can look after themselves.
However, perennial species have been
particularly useful. Some forages in the tertiary
gene pool of wheat and other cereals are
acknowledged as meriting in situ conservation
due to the impossibility of adequately
sampling wild populations, some of which are
under considerable pressure (although little
has yet been attempted) (Williams 1988;
Ingram 1984, p. 7).

Individual farms may retain landraces in
certain conditions (e.g., steep slopes), alongside
improved ones and purchased inputs (Brush
1995). Each variety may serve a different
function in terms of market or home
consumption, optimal niche-exploitation,
dietary or cultural preference, or riskspreading. Displacement of local seed supply
systems need not be absolute, particularly
where there are marginal and heterogeneous
agronomic conditions, fragmented
landholdings, economic isolation, and strong
cultural identity. The size of these enclaves is
diminishing, and long-term securi ty cannot be
assumed, but they appear to offer some
prospects for dynamic in situ conservation
(Brush 1995).

Most crop scientists have dismissed the
applicability of In situ conservation to
domesticated plants in the field. This view
resulted not only from practical difficulties, but
from assumptions that crop improvement and
progressIve replacement were inevitable and
that conservation implied imposing cultural
stasis (Ingram and Williams 1984).

In view of the global unevenness in crop
improvement, support may be considered for
farmers maintaining local varieties, knowledge,
and practices; such farmers may otherwise miss
out on the benefits of the international breeding
system and may also suffer some of its
subsequent effects (e.g., lower grain prices). In
this case, local diversity may not be unique, or
absent from collections or even from breeding
lines, but it may remain important to farm
communities with limited access to
appropriately improved seeds, inputs, or
markets. If the vast bulk of a crop gene pool is
adequately stored and utilized, and if breeders
are providing suitably improved varieties for
most farm systems, then the case for protecting

However, dramatic "green revolutions" have
not yet occurred in many farm systems,
particularly those in ecologically
heterogeneous environments. The ecological
and social fragmentation which generated crop
diversity in the first place may be the r:tajor
obstacle to change (Jennings and Cock 1977).
Most farmers depend on local seed sources,
with formal systems supplying no more than
20% of the seed in developing countries
(Cromwell 1993, pp. 1-2). Even in high-

The ultimate source of new variation is mutation rather than cross-fertilization. Farmers' skill in mass selection and in
maintaining varietal mixtures should not be ignored, particularly where fresh seed is purchased infrequently. Even
the ploidy barner is "leaky" (Harlan 1970, p 28). So self-pollinated species should not be ruled out as candidates for
In Situ conservation---€.g. beans (VOSS 1992) and rice (Vaughan and Chang 1992). But appropriate strategies will differ
from cross-breeders. A wider range of populations may require protection lVaughan and Chang 1992, p. 369).
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every last genetic variant is doubtful. However,
if genebanks, or the networks that link them to
farmers, have limited coverage, then it is worth
reappraising the value of diversity in situ.]

permits evolutionary change (in the wild)
while preservation prevents it (in the genebank)
(Frankel and Soule 1981, p. 6) can be extended
to the guided evolution of crops in the field.
This may stretch the popular definition of
conservation to breaking point, but work to
maintain and improve local varieties, or
introduce appropriate new germplasm, can be
regarded as assisting the dynamic conservation
of functional diversity in the field. Others
prefer to avoid such hold-all definitions and
distinguish between on-farm management,
broad-base breeding, etc., and conservation-a
term suitable only for wild resources.

Some commentators suggest a more polarized,
global division of labor whereby favored
agricultural regions specialize in intensive food
production while other areas are left to nature
to conserve both species and genetic diversity.
However, global food distribution is not yet so
universally efficient as to supply everyone. A
more worthy objective is to foster sustainable
food production wherever it is needed, if
possible, by more decentralized breeding.
Stretching resources to this end may result in
diminishing returns, but a major aim of recent
research has been to improve production in
more diverse farming systems, with greater
sensitivity to the requirements of genetic and
ecological diversity.

With regard to both cultivated plants and their
wild relatives, this paper will use the wider
definition, in which conservation does not
imply genetic stasis. In its more dynamic
interpretation, conservation includes the
possibility of continuing mutation,
hybridization, introgression, exchange, and
farmer selection. Field studies are illustrating
the openness of "traditional" farmers to new
germplasm, and their ability to manage and
maintain a range of different varieties (Brush
1995, p. 346; v' ',od and Lenne, n.d.). Where
breeders are as yet unable to take on the full
burden of crop improvement, some level of in
situ conservation of genetic resources and local
knowledge may be vital for survival and future
rural development.

Such concerns address the local or regional
importance of crop diversity (and are the major
focus of this paper). But there are also
unresolved questions of global importance
(e.g., whether useful resources are maintained
in situ which are not otherwise available to
plant breeders, whether genetic resources
stored today will be suitable for future farming
conditions, or whether novel pathogens are
emerging which may overcome our stored
defenses; see Appendices A and B).

The next section of this paper examines the
advantages of in situ conservation. Subsequent
sections examine the current status and
prospects for in situ conservation of wheat and
maize and their wild relatives. The final
sections present a discussion, which includes
institutional issues, and conclusions.

The term conservation is prone to problems of
definition. It is often assumed to imply genetic
and cultural stasis. Indeed "nature"
conservation often involves intervention to
prevent certain unwanted changes. However,
Frankel's useful dichotomy, that conservation
3

It is taken for granted In this study that in situ and ex situ conservahon should be complementary, not compehng,
achvihes. Thus I will not attempt to defend one strategy against the other, nor examine the management of seed
storage. It is likely, however. that genetic resource sClenhsts and their institutions wdl be able to contribute valuable
expertise to both strategies unless dwindling research funds lead to rivalry.
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The Advantages of In Situ
Conservation

(Dinoor 1975, p. 201) or "coevolution centres"
(Browning 1979, p. 105). Certain disease
hotspots might form "pathogen parks" where
natural selection between populations of
pathogen and crop relative could continue,
providing opportunities for repeated collection
and study (Prescott-Allen 1983, p. 93).

An overview of the advantages of In situ

conservation precedes our discussion of wheat
and maize.
1)

Continued, dynamic evolution. Among crops
and their relatives, such evolution may
generate new variants and adapt them to
future changes in pathogens, pests, climate,
social conditions, and so on. Many aspects
of an agroecosystem may be said to evolve,
but the threat of emerging virulence has
dominated concerns. Browning (1979, p.
106) summarizes the problem:

2) Scale and numbers. Because scientists cannot
hope to map and track every world agroecosystem, they would be advised to make
use of the observation, selection, and general
ecological knowledge of those on the ground
(especially farmers) as well as the assistance
of natural selection where possible.
3) Genetic complexity. Attention is periodically
drawn to the importance of adaptive gene
complexes (multi-locus organizations) which
develop, particularly in autogamous species,
where genes become linked, selected
interdependently, with pleiotropic and
synergistic effects contributing to local
adaptation of the crop (Bennett 1970;
Qualset; Bekele; Allard 1988). Such
properties may well be preserved ex situ, but
are less likely to be retrieved and used if they
do not fit prevailing breeding requirements
(such as ideotypes or back-crossing into elite
lines). The Californian barley composite
crosses-grown In situ for several decadesaccumulated yield improvements and
multiple, stable disease resistance.

To preserve host and only host
germplasm is shortsighted ... We are ...
concerned not about just one genetic
svstem ... but of several interrelated and
interlocked genetic systems [resulting]
from long coevolution, and to "freeze"
evolution in one component ... the host ..
. in gene banks, while allowing it to
continue in other components of the
ecosystem is, to me, being less than
completely responsible.
Other components include hyperparasites,
predators, alternate hosts, microorganisms and
their genetic and ecological interrelationships
(often unknown) which may be linked to
controlling pest populations (Browning 1979, p.
106; Browning 1991, pp. 64, 76). Futuyama
points out that "a diverse complement of
natural enemies may be instrumental in
enabling populations of their hosts to respond
to changes in the biotic environment" (1983,

Is it possible for genebanks and/ or users of
germplasm to sort out of this bewildering
complexity the particular resistance loci, alleles
and genotypes that will be most useful in stable
control of disease? A case can be made that
natural selection is likely to be more successful
at this task than are geneticists, genebank
personnel, and plant breeders. (Allard 1990,
p.5)

p.372).

Over the years, there have been proposals for
selected areas rich in diversity of plants and
pathogens to be set aside as "genetic reserves"
4

For wheat in particular, and to some extent
maize (though in neither case everywhere), it
can be argued that "evolution is in the hands of
the breeder," who will not require most local
adaptations. But since this situation is not
universal, local ecological and genetic
complexity deserve more attention.

cropping patterns may allow more efficient
use of niches created bv local climate and soil
variation. Informal systems of seed exchange
are important for many farmers with uneven
access to water, chemical inputs, credit, and
markets. Some of these social defense
mechanisms may be lost or threatened by the
introduction of new varieties. In situ
conservation implies the maintenance of an
appropriate social environment, if possible.
However, economic and political changes can
undermine traditional rural livelihoods.
Neighborhood effects disperse pollen, seeds,
chemicals, and price impacts across field and
social boundaries.

-!) To supplement ex situ storage.

III situ conservation may incorporate species
which are difficult to store, unknown
organisms, and multiple species associations,
as well as providing multipurpose and
ecosystem-level conservation. In some cases,
there may be cost savings and back-up for
genebank storage. Wild relatives of major
crops may not often cluster conveniently
with rain forests and pandas, but spatial
overlaps do exist (e.g., wild cereals in Israel)
which may permit the designation of
protected areas.

There are also considerations of local autonomy
versus regional or global dependence for genetic
resources and other inputs. A protracted debate
has occurred over the risks and benefits of
integration into the global seed market. The
wider implications cannot be examined here,
but the question of seed supply is integral to
examining the case for in situ conservation
(Cromwell 1993; Cooper and Cromwell 1994;
Louette and Smale 1996).

Even where seed storage is comprehensive,
there are shortcomings in the management of
genebanks which may hamper access and use.
These include lack of sufficient description,
information, documentation, and evaluation;
genebanks may also become too large and
unwieldy. And there may be problems of
regeneration, particularly for wild species. 4

Wheat
For all of the reasons outlined above, wheat has
been regarded as an unlikely candidate for in
situ protection. The wide-crosses and synthetic
hexaploids developed, for instance, at CINUv1'{T
(Mujeeb-Kazi and Hettel 1995) have broadened
the crop's restricted genetic base and are
expanding it to novel degrees, both from an
historical and an evolutionary perspective.

5) Study purposes. Certain activities may be
better controlled ex situ (e.g., disease
screening for pathotype-specificity; Dinoor
1975, p. 208), but many other traits,
distributions, relationships, and changes can
best be studied in situ.
6) Social complexity. Preserving seeds alone

Nevertheless, traditional varieties persist on a
large proportion of the area devoted to bread
wheat in West Asia or to durum in North Africa
(perhaps greater than 40%) as well as most of
Ethiopia (CINUv1YT 1995). Since these regions
represent primary and secondary centers of

ignores many dimensions of agricultural
diversity which have helped to sustain
communities and have generated many of
the resources we wish to preserve. For
example, local knowledge of complex
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diversification of the crop, then some in situ
attention, at the very least for the purposes of
study, would seem merited. Traditional emmer
and einkom cultivation persists in pockets in
Italy (0' Antuono and Pavoni 1993), Spain,
Turkey, the Balkans, and India (Feldman,
Lupton, and Miller 1995). One study has found
landraces surviving alongside improved
cultivars in Turkey (Brush 1995). Breeders and
farmers are working together on conservation
and crop improvement in Ethiopia (Worede and
Mekbib 1992). The GEF is funding two in situ
programs incorporating wheat: in Turkey (for
wild species) and in Ethiopia (for crops) (see
Appendix C).

The most important species in the evolution of
bread wheat have been wild emmer (Tnticum
turgidum var. dicoccozdes), wild einkom
(T. monococcum var. boeoticum), Aegllops
squarrosa, and a fourth, possibly Ae. speltoides or
Ae. longissima (the genetics and overlapping
distributions are unclear). All except Ae.
squarrosa also contributed to the durum genome.
New analytical techniques add still greater
complexity to our understanding of the origin
and genetic relationships in the wheat gene pool.
Identification of introgressions by protein
markers show that many related cereals
participated in the modem wheat genome
formation and, consequently, in the evolution
of the Triticum genus; among these were
Aegilops, Agropyron, Elymus, Elytrigia and
Serale. (Konarev and Konarev 1993, p. 269)

Wild relatives
The wild wheat gene pool-which includes
approximately 325 perennial and annual grasses
within the Triticeae tribe (Mujeeb-Kazi 1995, p.
I)-has been a particularly important source of
disease resistance and other qualities. This has
been due, in part, to earlier crop improvement
and the rapid narrowing of the genetic base of
cultivars, but also to the particular evolutionary
history of wheat. The diploid ancestors
remained genetically isolated from each other
following divergent evolutionary pathways,
although the fortuitous combination of genomes
in tetraploids and hexaploids permitted
convergence. This interspecific hybridization,
chromosome doubling, and instant (but not
total) reproductive isolation from progenitors
produced widely adaptable crops, but it has
required frequent recourse to the use of wild
relatives (by overcoming reproductive barriers)
to incorporate disease resistance (Feldman,
Lupton, and Miller 1995; Dhaliwal et al. 1993).
Jauhur (1993) lists a wide range of traits
transferred from the immense wheat gene pool
and Mujeeb-Kazi (1995) reviews CIMMYTs
wide-cross work using wild grasses.

Many of these species are perennial (e.g.,
Agropyron, Thinopyron and Lophopyron) and have
been sources of useful traits for wheat,
particularly disease resistance (Jauhur 1993).
This may result from their perennial habit: a
stationary target requires stronger defenses.
Thus, the wheat gene pool covers an extensive
geographic area. Apart from wild emmer, which
is confined to primary habitats, mostly towards
the Mediterranean end of the Fertile Crescentthe future of which "is not assured either in the
periphery or center of its range" (Nevo 1995,
personal communication)-the major
progenitors of wheat have wide distributions in
West Asia often as weedy inhabitants of
disturbed ground.
Study in situ has focused on the wild wheat,
barley, and oat populations at Ammiad in Israel.
Wild ecosystems are often assumed to harbor
not only pathogens, but also a greater range of
disease resistance than can be found in crops
(which may have passed through historical
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contact between host and pathogen may be far
greater in the wild than during cultivation.
However, it is also the case that in wild stands,
species- and genetic-diversity may be such that
there is less intensive contact between disease
organism and crop ancestor. "Escape" may be
more relevant to defense than building high
levels of resistance that could be incorporated
into the crop.

Nevertheless, the Israeli studies of crop rela tives
are an important basis for future in situ
conservation. The area that includes Israel
"favors the evolutionary development of both
hosts and pathogens, yet the natural ecosystem
remains healthy.... Israel, with its diversity of
crops, weeds, wild species, and favorable
climate is a paradise for pathogen evolution,
development, and survival" (Browning 1991, p,
72); it also has the greatest concentration of
ecological and genetic diversity for wild emmer
(Nevo, n.d.).

Cultivated species may have accumulated
higher levels of resistance due to fortuitous
mutations and continuous selection of useful
genes of low frequency (mass selection) as well
as possible contributions from chance
introgression or hybridization. Modem crops
may have access to international gene pools
more extensive than that. provided historically
by the wind and local exchange.

Even if the ancestral species of wheat are not
themselves facing extinction, many of the
genetically peripheral populations (which may
contain potentially useful resources) are
threatened due to over-grazing, political
uncertainties, development, and rapid
urbanization. Fertile soils are rapidly becoming
cultivated, and poorer ones grazed, leaving only
small areas of stony soil, and these are being
mechanically cleared (Valkoun 1996, personal
communication). Such populations may need
both in situ and ex situ conservation (Nevo 1995,
personal communication). The idea of using
military ranges has been suggested. This is
hardly an ideal long-term solution, but it does
raise the question of appropriate conditions, in
terms of disturbance, grazing pressure, and so
on, whereby wild cereals may thrive.

At Amrniad, a great deal has been learned
about correlations between ecological and
genetic diversity and about cereal
pathosystems. Certain disease resistances were
identified there, expressing a wide range of
reactions: hypersensitivity; slow, fast, and late
rusting; regional resistance; tolerance; and
escape (Segal et al. 1980). In fact, most diseases
were held in check even though most plants
were susceptible. But the site was not regarded
as a disease-friendly environment, at least not
for cereal rusts. Phyto-pathological criteria
played no role in the choice of location (Dinoor,
et al. 1991). So the most studied wild ':~real
ecosystem in the cradle of diversity for wild
emmer is unlikely to serve as a pathogen park.
Indeed, with research there not planned to
continue indefinitely, but hoped to extend to
new sites, and with Israel full to capacity with
designated nature reserves, the future of this
site is not fully decided (Hawkes 1991). So in
situ monitoring, and perhaps conservation, may
be desirable at other locations in the region.

If active conservation is thought necessary, it
will probably involve some control on grazing
pressure. Light grazing seems to be the
optimum regime for wild wheats. Noy-Meir
(1990, p. 307) points out that travellers in the
region at the end of the 19th century saw very
few tall wild cereals and that emmer was
restricted, after millennia of heavy livestock
grazing, to rockier terrain. Selection had favored
robust or smaller forms. The fact that forms
were collected only once in a century of
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enthusiastic plant exploration may indicate a
potential genetic bottleneck, yet forms seem to
have recovered well since the 1950s. Today, tall,
robust, and several intermediate types can be
found (Jaradat 1983).

Kuckuck (1970, p. 263) stressed the variation
and importance of Transcaucasia in the wheat
gene pool. The greatly fortuitous hybridization
that is thought to have united cultivated emmer
and wild Ae. squarrosa to produce hexaploid
bread wheat is likely to have occurred (perhaps
repeatedly) in the region of western Iran-eastern
Turkey (Feldman, Lupton, and Miller 1995, p.
186).

Similar impacts of sheep grazing, leaving not a
single Triticum plant standing, are described by
Damania (1994) who suggests other locations
that may be suitable sites for conserving wild
wheat relatives. tvlost are in the region served
by ICARDA, which is likely to be the
international body best placed for supervising
this activity for wheat relatives (should lARCs
become more actively engaged in
conservation).

Data assembled by Nevo emphasize the great
climatic and altitudinal ranges where wild
barley and emmer are found, particularly in
Israel, but also in Turkey and Iran, and the
corresponding richness in genetic variation.
Wild emmer is most morphologically and
genetically diverse in northern Israel with
massive stands in the northeast and peripheral
populations which occur also in Jordan, Syria,
Lebanon, Turkey, Iran, and Iraq (Nevo, n.d., p.
10). The unique feature of these wild cereals is
that 56-70% of variant alleles are not
widespread, but sporadic and localized. They
are adapted to local rather than regional
habitats. In keeping with other self-pollinating
species, most genetic diversity is distributed
between populations, creating an "archipelago"
structure, in contrast to out-breeders, where
80% of the species' genetic variation may be
found within a single population (Nevo, n.d., p.
12), although this figure is contested (Brown
and Schoen 1992). In situ conservation (as well
as sampling for collections) must take account of
these features. s

One such location suggested by Damania is the
high plateau in Suweida province, Syria ("the
Jebel Druze"), where extremely high diversity is
found in populations of Triticum urartu as well
as wild emmer and einkom. The first two, as
well as the wild barley, Hordeum spontaneum, are
also found in the Hauran plains, which may be a
natural habitat for all three prior to cultivation
and grazing. The Erebuni Nature Reserve in
Armenia, a site first recommended for pwtection
by Vavilov, contains various Triticum, Aegzlops,
Ambylopyron and other species of the wheat gene
pool. For disease hotspots, the moister climate of
coastal Syria is suggested where Aegilops spp.
(and wild barley) with high resistances to rusts
and Septaria have been found. If economic
developments in the region can be regulated,
then "these wild populations should be
protected and allowed to evolve unhindered by
human disturbance" (Damania 1994 and
personal communication 1995).

For isozyme vanation in outbreeding maize, Doebly, Goodman, and Stuber (1985) reported 88% of total allelic variabdity
residing within races, and only 12% among the 34 Mexican races. Variation between them was continuous, and races,
while fitting into weakly defined groups, were not sharply differentiated. This would appear to imply that we will need
to conserve onlv a few populations of outbreeders, but Brown and Schoen (1992) take issue with this conclusion and with
overdependence on measunng genetic diversity simply at the isozyme level. A range of other measures from DNA level
to adaptive characters suggests far more variation between populations. The 80% figure may be misleading.
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Commonness and rarity are not well
understood for any crop population in its
center of diversity, and on-site conservation
might allow us to gain useful knowledge
that might othenvise be lost. (Brush 1991,
p. 15-1)

use of traditional varieties is also related to
market and household factors-poor roads,
isolation from markets, home-baking, and
livestock production (Meng, Taylor, and Brush
1995).
More active attempts to encourage the use of
landraces on farm have occurred in Ethiopia, a
secondary center of diversity for wheat, barley,
and several other crops originating in West
Asia, and a primary center for several
indigenous crops. In the dry, northern areas,
bread wheat, several types of durum wheat,
and barley are grown together in particular
mixtures, although they are used separately.
Farmers depend on traditional methods of seed
conservation and dissemination. The Plant
Genetic Resources Center/Ethiopia (PGRC/E)
has worked closely with farmers and extension
workers, and since 1988 has developed
programs aimed at helping farmers to maintain
and improve their cultivars. In drought-prone
areas, farmers receive seeds for simple mass
selection and improvement on-farm.
Traditional cultural and cropping practices are
maintained to optimize conservation.
Germplasm, which has disappeared in the
surrounding area (as a result of drought, war,
and other factors), has been maintained on
these conservation farms (Worede and Mekbib
1993). Another PGRC/E program has been
developed in conjunction with Debre Zeit
Research Centre. Elite durum landrace lines,
collected over the last seven years, are
distributed, subjected to modified mass
selection and evaluation by farmers, while old
indigenous populations remain accessible from
the genebank (Worede and Mekbib 1993).

A program of in situ conservation incorporating
wild wheat relatives is being supported by the
GEF in Turkey (see Appendix C). A second
proposal is being developed by ICARDA to be
submitted to GEF and the World Bank. It will
include sites in southern Syria, Lebanon,
Jordan, the West Bank, and the Gaza Strip
(Damania 1995, personal communication).

Cultivated wheat
From origins in and around the Fertile
Crescent, wheat was disseminated early to
many parts of the Old World, where new
centers of diversity developed. Replacement of
landraces by improved varieties was well
established by the beginning of the 20th
century so that the scope of conservation in the
field may be limited.
However, a recent study in the Western
Transitional Zone of Turkey found, contrary to
expectations, that local landraces were still
cultivated in three agroclimatic zones, even
where high-yielding cultivars predominate and
the farm population is fully integrated into the
national economy and culture (Brush 1995). As
with the maize studies (detailed below),
modem wheat was concentrated on irrigated
and valley bottomland. A pattern of partial
adoption was found, with several distinct
landraces (themselves genetically diverse),
being retained, particularly in the more
mountainous and hilly areas. Marginal
agronomic conditions, such as steep slopes and
mixed soils, make landraces competitive with,
and less risky than, improved cultivars, even
for otherwise modem farmers. But continued

In both cases, farmer experimentation is
complemented by the work of scientists,
selecting lines for their adaptation to specific
conditions, testing for yield, bulking and
distributing seeds. A similar approach, to
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match research center work more closely with
farmers' requirements, has been used for rice in
India with some success (Maurya, Bottrall, and
Farrington 1988). The close, two-way
relationship beh-veen breeder / genebank and
farmer appears to offer the potential both to
distribute more appropriate improved varieties
and to improve local varieties on-farm. The
Ethiopian work is now being expanded into a
"Dynamic Farmer-Based Programme" of
conser:ation with support from the GEF (see
Appendix C).

Maize
Of the major cereals, maize presents the most
convincing prospect for some degree of in situ
conservation on-farm, and its wild gene pool is
sufficiently insecure to have initiated
monitoring and conservation efforts. Although
approximately 30 million hectares worldwide
are planted with F j hybrids and 10 million
hectares with improved open-pollinated
varieties, adoption rates for improved varieties
are still low in the remaining 50% of the world's
maize-growing area (CIMMYT 1987; Timothy,
Harvey, and Dowswell 1988; NRC 1993, p. 74).
This may result in part from poor systems for
seed production and supply, but also from
farmer preference for landraces, particularly in
low-productivity conditions. Half of Mexico's
arable land is devoted to maize and beans,
usually intercropped and rainfed, with most
seed derived from native populations
(Anonymous 1994b, pp. 1-2). Aquino and
Heisey (1996) estimate that farmer varieties
occupy 80% of the maize area in Mexico. Of
course, these figures do not unravel the close
entanglement of traditional and modern varieties,
which may grow alongside each other, or
merge into one another in time, but they do
indicate the survival of local varieties and
production systems.

As with wheat, it would be a mistake to focus
exclusively on the primary centers of origin and
domestication. Open-pollination and the
Widespread transfer of this near-ubiquitous
crop have generated new varieties, under new
environmental and technical conditions (since
ploughed fields represent non-traditional
production), including the breeding stocks that
contribute both to open-pollinated populations
and F j hybrids. There may have been multiple,
separate domestications. A very important
center of diversity is in the central Andes-with
48 races in Peru, 30 of these being endemic
(Wilkes 1989). Some commentators (Bonnavia
and Grobman 1989) postulate independent
maize domestication in the region from oncewidespread wild ancestors. Doebly, Goodman,
and Stuber (1986) suggest that North American
flint com has attained, during 1000 years of
evolution away from Mesoamerica, a degree of
genetic distinctness more typical of a separate
species than a single landrace. Since the postColumbian exchanges, other centers of diversity
have developed, including the North American
com-belt dents (the result of hybrids between
indigenous, northern flint types and Mexican
dents) which have become so important in
temperate agriculture. The Caribbean area may
also have diversified more recently as a result
of trade (Goodman 1995, pp. 196-97). For a
more global review see Brandolini (1970).
Nevertheless, in Mexico and Guatemala, where
maize originated, there remain significant areas
of landrace production (often integrated and
hybridizing with improved varieties, and
intercropped with beans, squashes, and several
other crops). And in these countries also are
found populations, often dwindling, of the
closest wild relatives of maize, the annual and
perennial teosintes. So Mesoamerica is a
suitable starting point to examine the potential
for in situ conservation of the maize gene pool.
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Wild relatives

Although teosinte is not yet threatened with
elimination in Mexico, recent reports describe
the shrinkage of former sites, due to increased
access by road; more intensive land-use;
grazing; replacement of maize by other crops
(making weedy teosinte more conspicuous);
genetic swamping of small, isolated stands by
cultivars; urban growth; and other factors.
Geographical distribution appears halved since
1900, with losses accelerating recently (Wilkes
1993, pp. 78, 83; Listrnan 1993).

Various conunentators have suggested either
that teosinte is ancestral to maize or that the
two share an extinct, wild maize ancestor
(which would have been either incorporated
into cultivated maize, or genetically swamped
by it, losing the power of dispersal). Possible
chronologies for periods of isolation, contact,
and hybridization between maize and teosinte
are suggested by Wilkes (1989, pp. -149-51).
Whichever the ancestor, arumal teosintes are
the closest living relatives, and they form fertile
hybrids with maize. Intermediate ty"pes are
suited neither to survival in the wild, nor to
human requirements, so they tend to be
discarded at harvest. However, they may
spread sufficient pollen over time to transfer
traits between teosinte and the crop. Tripsacum,
a more distant relative, occurs sympatrically
with maize in North, Central, and South
America, shares a center of greatest diversity
with teosinte, shares certain genetic homologies
(but not chromosome number) with Zea, and
can be made to hybridize with maize, but will
not be considered in detail here.

Teosinte has not yet been used widely for
maize improvement. This may be due, in part,
to the wide genetic base of cultivated tropical
maize, and possibly to the use of population
breeding programs that produce more robust
varieties (in contrast to wheat, which has relied
heavily on genes from wild relatives). But the
unique status of teosinte might add weight to
the case for continued monitoring and possibly
conservation in situ. In a number of ways, the
history and character of maize is quite distinct
from old world cereals (Iltis 1987, p. 195-96), so
the srudy of its surviving genepool should be
worthwhile. 6

Maize has incorporated enormous diversity
within the cultivated gene pool, but surviving
wild populations of teosinte are mostly small,
few enough to number, and sufficiently
threatened to merit monitoring by CIMMYT
and concerned scientists. Other wild
populations may yet be found. Indeed,
perennial species have been discovered and
rediscovered only recently. Wilkes and Sanchez
(1993, p. 21) note two recently recorded
populations of annual teosinte: one in
southeastern Guerrero, extending the range of
Balsas types, and another large-grained, highaltitude type in the Toluca valley.

Perennial teosintes are confined to small
locations in Jalisco. Whether annual teosinte is
ancestral to maize or not, the perennial species
are thought more ancient than both. Zea
diploperennis appears to have considerable
breeding potential since it shares chromosome
numbers and forms fertile hybrids with
cultivated maize. Although it occupies a very
small fraction of the land protected, its
conservation in situ has been the central factor
in the designation of the Sierra de Manantlan
Biosphere Reserve, in an area which also
contains Z. perennis and Z. mays subspecies
pan1iglumis populations. This preservation of

6

The classification of Zoa used here follows the hierarchical system of Ilhs and Doebly (1980) based on ecological and
morphological features and presumed evoluhonary relahonships.
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an entire ecosystem represents "the first and
most spectacular story for in situ conservation
of any wild relative of a crop plant" (Wilkes
1993, p. 75). Rather than aspire to pristine
"nature" conservation (a concept that is
increasingly disparaged), the reserve
incorporates local people's land-use and
management. This is important for maize
relatives which have evolved in humandisturbed habitats and appear to require the
continued cultivation of maize landraces (as
well as grazing pressure) in order to thrive
(Benz 1988, p. 65; Benz et a!. 1990). Without
some attention from humans or grazing
animals, most wild cereals will tend to be
displaced by shrubs and trees?
Much has been made of the crop improvement
potential of Zea perennis and Z. diploperennis
which, among their several useful properties,
are uniquely immune to three
virus diseases and tolerant to others (Nault and
Findley 1982). Zea diploperennis, aside from its
value as fodder, is thought by local people to
improve the yield and disease resistance of
maize growing alongside it (Benz et a1. 1990;
Hoyt 1988, p. 18). But Goodman (1985, p. 506;
1990, p. 12) is more circumspect about its
potential value in maize breeding. The
circumstances of its discovery, as a surprise
outcome of Raphael Guzman's hunt for Z.
perennis (thought extinct in the wild for more
than 50 years) might add weight to the case for
in situ conservation, although it migh~ .:I.lso
emphasize the vulnerability of these small sites.
Genetically closer to cultivated maize are the
annual teosintes, three of which are regarded as
conspecific with maize. Of these, Z. mays

subspecies parviglumis appears to be virtually
identical genetically to the domesticate, albeit
morphologically distinct (presumably due to
rapid selection under domestication).
Molecular evidence suggests that maize is the
domesticated form of parviglumis, and
overlapping distributions (if they have not
changed greatly over time) suggest that the
central Balsas River drainage area is close to the
area of original domestication (Doebly 1990a
and 1990b).
Of the three main populations of paruiglumis,
this central Balsas region appears to have one
of the largest and least threatened of teosintes,
covering thousands of square kilometers at
mid-altitudes. There are smaller populations in
southern Guerrero and Jalisco, and a very small
outlying population in Oaxaca (Doebly 1990a
and 1990b; Wilkes 1991, p. 80). Subspecies
parviglumis does occur in maize fields, but more
generally in dense stands on hillsides.
Z, mays subspecies mexicana, which is

morphologically more similar to maize, is
found in four regions on higher ground (18002,500 meters) under dryer and slightly cooler
conditions. There are extensive but increasingly
fragmented populations throughout the central
plateau (disappearing from several states in the
last 30 years) (Wilkes 1993, p. 78); there is a 300
km 2 area of the Valley of Mexico in Chalco, and
there are smaller areas at Nobogame and
Durango. Surviving populations of mexicana
are less secure, and more unpopUlar than
parviglumis, (occurring in maize fields as
mimics which cannot be weeded out, or in field
margins on untilled land) (Wilkes 1991, p. 80;
Wilkes 1993, p. 77). But Wilkes (1989, pp. 444,

-; In contrast to generally gloomy forebodings for ecosystem-level conservation (Alcorn 1991; Soule 1993), Sierra de
\lananttan has received encouraging reports (Wilkes 1993; Gregg 1991), However. according to Ingram and Flavell
(WCMC 1993, p, 549), the requirements for highest-level conservation effectiveness "have still barely been meL" The
authors refer not only to site-specific monitoring, which is occurring, but also management of viable population
thresholds, WIth mamtenance of rarer alleles (WCMC 1993, p, 546),
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Cultivated maize

-152) also points out that Mexican and
Guatemalan farmers "show a marked tolerance
for wide variation within a single field, for the
presence of 'unproductive' teosinte and other
weeds believing that a field with greater
variation possesses greater potential than a
more W1iform one. Indeed, they actually follow
practices that increase the diversity and even
plant segregating hybrid seed."

Support for some degree of in situ conservation
of cultivated maize arises from the de facto
survival of areas of landrace cultivation, the
failure of ubiquitous varieties to dominate to
the same extent as dwarf wheats and rices, the
immense diversity of both the crop and its
production systems, and the dynamic potential
of hybridization. One explanation for the
uneven modernization of Mexican maize
production is the historical, ecological, and coevolutionary burden (such as pests) that make
improvements difficult in a crop's center of
diversity. But this may be only one aspect of
the problem. A large proportion of small,
rainfed, ejidatario and comunero farms are
outside the market for maize and produce only
enough for subsistence (De Janvry et al. 1995).
It would be wrong, however, to assume that
small farmers are necessarily excluded from
adopting F 1 hybrids or other improved
varieties, as the delayed maize" green
revolutions" in Zimbabwe and Malawi
demonstrate (Eicher 1995; Smale 1995).

A third annual subspecies, Z. mays subspecies
huehuetenangensis, is found in northwest
Guatemala near the Mexican border. Wilkes
(1993, pp. 81-84) observed what appeared to be a
tenfold decrease in area of these populations
over the last 30 years. While this subspecies
appears genetically close to the Mexican
teosintes, molecular evidence has not yet
clarified the relationship (Doebly 1990a, p. 11).
Also in Guatemala, in the southeast, are found
smaller populations of a separate species, Zea
luxurzans, possibly the most primitive annual
teosinte, which appears in danger of extinction
(Wilkes 1993). Two ranchers have been found
willing to restrict grazing on certain sites to
protect this species. Support has been pledged
from the Guatemalan Institute of Science and
Technology (ICTA). In the northwest, it has been
suggested that two villages W1dertake
preservation in cooperation with ICTA. If this
comes to pass, than these will be the first
(explicit) examples of locally managed, in situ
conservation of a wild relative of a major crop
(Wilkes 1993, pp. 84-85).
With regard to the other annuals, it appears that
reasonably healthy areas of subspecies
parviglumis are surviving, but that protection of
dwindling populations of subspecies mexicana
would be more controversial without resolving
the question of whether their presence, in or
around maize fields, is of value to farmers or not.
Several Tripsacum species in Mexico, Florida, and
Cuba also seem at risk (IUCN 1984, p. 19).

Traditional intercrop milpa production is still
widespread in Mesoamerica; maize, beans, and
squash are grown together, capturing
complementary effects that seem to benefit
productivity, at least for the maize component
(Gleissman 1993, pp. 67-68), as well as
nutritional benefits. Human selection has been
for a balanced diet of complementary proteins,
numerous cooking styles, and yield
maximization (Wilkes 1989, p. +±l). Marceno
production involves exploiting the high fertility
of an organic mat of vegetation in flooded areas
by planting seeds deep and burning the surface
plants as water levels recede in February and
March (Gleissman 1993, pp. 71-72). Other
systems include sunken fields and widelyspaced but deeply planted seeds that exploit
residual water in arid northern Chile and along
the Mexico/U.s. border. And of course maize is
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an important component of many intercrop or
polycrop production systems (such as home
gardens) around the world.
Such traditional systems are by no means
perfect or optimal, and they may well benefit
by incorporating improved varieties, inputs, or
tec iques. But it is increasingly acknowledged
that farmers' understanding of these complex
systems is an important resource worth
maintaining. This understanding often involves
the efficient exploitation of multiple niches that
are not immediately apparent to outsiders, nor
easily reproducible in nursery conditions.
It is sometimes pointed out that farmer
selection and conservation of diversity are
unconscious outcomes of more pressing needs.
An understanding of genetic processes may be
lacking (Johannessen 1982, p. 86). Selection
criteria may simply be "aspects of the
agroecological environment" with few farmers
using landraces in breeding (Ingram and
Williams 1993, p. 145). Local knowledge is not
inherently superior. In one Tanzanian study,
the process of genetic change due to crosspollination from hybrid maize was not widely
understood. Awareness was growing, and
older farmers had developed methods to
reduce the process, but there are limits on the
capacity of local mass selection to avoid
contamination or improve characters such as
yield (Friis-Hansen 1988, pp. 27-28).
However, the conscious role of farmers in
maize evolution has been widely appreciated.
The highly out-crossing habit of maize means
that careful selection of cobs is required in
order to maintain the identity of varieties.
Individual planting, selection, care, and
harvesting are practiced (Iltis 1987, p. 195).
While Hernandez-Xolocotzui (1985, pp. 418426) was not sure whether farmers knew the
full process of pollination, they do understand

that different types can be "married"; and they
know enough about climate, soils, and microhabitats to determine successful combinations
of seeds and conditions. In ancient centers of
cultivation, it is clear that farmers play an
extremely active part in crop management.
One of the great achievements of
Mesoamerican farming is to have developed
the knowledge of how to maintain races and
varieties keyed to specific cultural or
agronomic criteria. (Bellon and Brush 1994,
p. 198)
Farmers have exploited both diversity and
heterosis over a period of perhaps 3,500 years
according to archaeological evidence and to the
presence of teosinte genes in two-thirds of
current Mexican landraces (Wilkes 1989, p. 452).
For open-pollinated crops such as maize.
introduced varieties may well hybridize with
older ones, gradually losing some beneficial
features and, in some cases, acquiring improved
adaptations so that they come to be regarded as
"local" (a process known as "criollization" or
"rustication"). Mexican farmers seem able to
maintain varietal characteristics primarily by
cob selection after harvest, rather than having
spatial or temporal separation lead to genetic
isolation (Bellon and Brush 1994, pp. 203-206).
However, Johannessen (1982, p. 90) found that
separation (to avoid cross-fertilization) was a
more important factor in Guatemala, although
neighborly cooperation to that end was
breaking down. Aguirre's ongoing study in
southeast Guanajuato, Mexico, suggests that
certain knowledgeable farmers in the
community practice isolation and selection of
seeds from plants in the field (Aguirre).
Using collections made in Chiapas,
southeastern Mexico, by Hernandez-Xolocotzui
for comparison, Ortega-Pacska (1973) found
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that growing improved varieties had actually
increased diversity in the 30 years since 1942.
Subsequent research in Chiapas reinforced this
finding nearly 20 years later. Local varieties
were still planted in an ejido where commercial
production was dominated by improved, openpollinated \'arieties (Bellon and Brush 1994;
Brush, Bellon, and Schmidt 1988).
Further support for the coexistence (and
intermingling) of local and introduced varieties
comes from a recent study in the indigenous
community of Cuzalapa, Jalisco, located in the
buffer zone of the Sierra de Manantlan
Biosphere Reserve (Louette and Smale 1996).
Onlv 6 of 26 varieties found could be
considered local, even by the fairly
undemanding definition "my father used to
sow it," although four of these covered 80% of
the maize area. While some farmers have
sowed only their own seed, others are known
for acquiring and supplying new seed. In
general, "farmers appeared to be very curious
and open-minded ... about testing new
cultivars" (Louette and Smale 1996, p. 15).
Furthermore, what constituted a local variety
appeared to be open and fairly pragmatically
determined. Seed lots that resemble those of
locallandraces are integrated into them, and
seed was changed regularly in order to
maintain productivity. Geographic origin was
less important. Most introduced varieties
occupy small areas «5%) and appear to
complement, rather than compete with, local
varieties. Most introductions are long-cycle and
are generally planted in the rainy season. Local
varieties are mostly short cycle (excepting one,
of unknown origin) and are grown primarily in
the dry season. Since flooded rice, rather than
maize, was grown in the rainy season until
recently, this might offer one explanation of the
choice of introductions.

The picture presented here is of local varieties
(which change over time and are open to
infusions of fresh germplasm from
elsewhere) persisting alongside the
introduction of new seeds (which may
occupy new niches). This picture contradicts
the assumption that traditional communities
are closed and isolated, and complements the
Chiapas studies (above) in which improved
(rather than local) varieties occupy the bulk
of the land. These observations can be added
to observations from Guatemala, which note
that a minority of farmers introduced new
seed (usually after insect destruction in
storage) but which emphasize the suspicious
and cautious response to introductions
(Johannessen 1982, pp. 86, 90).
More active intervention has been pursued
by certain NGOs. A project in southern Brazil
is attempting to reintroduce local varieties in
the wake of the economic crisis and declining
grain prices that had left farmers unable to
afford the price of hybrid seed or associated
inputs (Cordeiro 1993). A network of NGOs,
farmer organizatIOns, and EMBRAPA (the
governmental agency) has set up national
trials to evaluate farmer varieties rescued in
the south and southeast. Some of these were
discovered performing satisfactorily under
less than favorable conditions. The trials also
include F1 hybrids and formalized
procedures. But local trials with greater
farmer participation and community seed
production have been adopted to
decentralize part of the breeding process.
Results after two years are described as
"promising," with local varieties performing
a little behind hybrids in circumstances
where "there is at least one generation of
farmers who do not have any experience of
planting local varieties and producing their
own seeds" (Cordeiro 1993, p. 166).
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An ambitious project is under way In Mexico
with the overall goals of both improving crop
productivity and promoting in situ
conservation of intercropped maize, beans,
and squash (Anonymous 1994b). (See
Appendix A.)

favored by farmers or merely suffered as
inevitable. Not all relatives are welcome
visitors. It would be difficult to justify
encouraging African farmers to protect
parasitic Striga or other sorghum mimetic
weeds.

Studies such as these have begun to address
the dynamics of maize conservation, use,
exchange, and introduction. They do not yet
provide a general picture or model for in situ
conservation, but suggest further useful
questions. Is central Chiapas typical of other
locations in Mexico, where commercial or
subsistence pressure on maize production may
be more acute, or economic alternatives to
traditional farming more compelling? Are
farmers relaxed about using their own
Tuxpeno seed, and subsequent criollization, or
would they prefer to repurchase regularly?
What are the conservation implications of
varietal dominance or concentration, which
was found to be much greater on the flat land
(Brush, Bellon, and Schmidt 1988, pp. 318, 321,
325)? Do diverse varietal and commercial
names accurately represent underlying genetic
diversity? Might these results invite a laissezfaire response from genetic resource scientists
on the assumption that genetic erosion is not
the implacable force portrayed? Or should
intervention seek to strengthen these systems?

Maize diversity in central
Chiapas, Mexico

The Jalisco study did not examine the
relationship between cultivated and wild
races, which has been an important
conservation objective in the area. Local
varieties were related to the Tabloncillo race.
Introductions included both Reventador and
Tabloncillo. Cultivation of these races has been
associated with survival of Zea diplaperennis
nearby (Benz 1988).
It will also be important to clarify whether

wild weed-crop introgression is actively

Studies on peasant cooperatives (ejidas) in
Ocozocoautla revealed the persistence of local
varieties aloi' :,,;ide introductions. Two maize
varieties predominated: V-524, an improved
Tuxpeno; and Hibrido Amarillo, a criollized
product from an improved introduction. Seven
other varieties, either Tuxpenos, older varieties,
or intermediate combinations occupy small
areas. The number of intermediate hybrid
varieties, as well as the criollization of others,
shows that hybridization is an ongoing process.
Even Y-524 gained height each year and is
thought of as becoming" acriollado."
But local races have not been replaced entirely.
Two varieties of the highly variable landrace
Olotillo persisted, albeit on fewer farms and a
smaller area. Since the 1973 study, only one
race previously recorded in the whole of
Chiapas was missing from this ejida (Bellon and
Brush 1994, pp. 199-202). And this race,
Zapalote Chico, appears Widespread elsewhere
in Chiapas and Guerrero (Sanchez and
Goodman 1992, p. 80).
Each of the major varieties had different
advantages which complement each other. V524 resists lodging and gives high yields in the
best, fertilized soil. It is used in commercial
production rather than the home since it does
not store well. Hibrido Amarillo stores and
yields well and is most widely kept for home
consumption. Olotillo resists droug. performs
well in poor soils, and may be slightly better
tasting (Bellon and Brush). Farmers, in general,
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tasting (Bellon and Brush). Farmers, in general,
use their own seed or exchange with others. V524 is the only commercially available seed
and most of that is several years old-although
an earlier account suggests that most farmers
did in fact purchase Tuxpeno seed every three
years or so, in order to preserve its short
stature (Brush, Bellon, and Schmidt 1988, pp.
322-23).
The location chosen for this study was in the
transitional zone between highland Chiapas,
where traditional Mayan agriculture persists,
and the Pacific coastal plain, characterized by
intensive monoculture. This area includes both
hillside intercropped milpas and maize
monocropped in rotations (Brush, Bellon, and
Schmidt 1988, pp. 316-320). The social
conditions of the ejida also encourage
diversification by allotting an average of four
scattered plots to each household in the
interests of equitable distribution of soil types.
Such land fragmentation, which may also
spread risks, appears to have limited the extent
to which landraces have been displaced
(Bellon and Brush).

Introgression
Mixed benefits occur when a crop lives close to
its wild relatives. Millennia of coevolution
with pests and pathogens may have endowed
the crop's gene pool with resistance or
tolerance to them, as well as adaptedness to
local soils or microc!imates. Past inhentance
from wild species may have contributed to this
adaptedness. But natural cross-fertilization
will tend to undo the beneficial work of earlier
selection. It is often escape from local pathogens
and restrictive environments that has
permitted crops to release some of their more
spectacular yield potential, once the crop has
adapted to new pastures, and before its
obligate pathogens catch up with it (which is
not always possible).

In accounts favoring in Situ conservation, it is
common to stress the benefits of wild-to-crop
introgression as a source of potentially useful
genes. Wilkes (1977), for example, notes that
"another opportunity for in Situ conservation is
evolutionary gardens-the great natural
resource base from which our useful crops have
developed. These are the agricultural areas
where crops and their weedy or wild relatives
on the margin of fields continue to hybridize
and where dynamic evolution occurs through
introgressive hybridization." Wilkes (1991) also
notes that "the teosinte-maize system in Mexico
is a classic example. These systems are
analogous to a still where the boiling of the
mixture is the process of hybridization and the
distillation is achieved by both artificial
selection (on crop species) and na tural selection
(on both the crop and its wild or weedy
relative). This results in the dynaIllic generation
of genetic refinements in crop plant
populations."
It would be wrong, however, to promote, or

int1ict, wild and weedy companion plants on
poor farmers unless the rewards are known to
exceed the burden. The historical efforts of
farmers to maintain their crops distinct from
wild or weed relatives is the distinguishing
factor between cultivation and gathering from
the wild. The negative side of introgression
includes the creation of troublesome weeds,
sometimes close enough to mimic the crop in
appearance and habit. Wild stands of related
plants may harbor sources of infection or
pests-a potential cause of genetic erosion (e.g.,
Johannessen 1982, p. 86).
Genes may also move from the crop to the wild
relative, a process which may swamp a less
buffered wild stand, diluting its hardy qualities
or dispersal mechanisms, leading to extinction.
Since the greater portion of most crops is
harvested annually, and only a fraction of
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carefully selected seed is returned to the field,
the Impact of introgression is likely to be more
severe on wild plants (Dinoor 1981, p. 156).
Wood and Lenne (n.d., pp. 7-11) question the
value and extent of wild-crop introgression.
Scrutinizing Wilkes' influential 1977 paper,
they point out that only in one place,
Nobogame, did maize and teosinte £lower at
the same time-and there gene transfer was
mostly from crop to wild. There was little solid
evidence to suggest farmers actively fostered
wild teosinte populations (although maizeteosinte hybrids were planted on the
assumption that they would eventually
produce maize). Anecdotal evidence rather
than quantitative comparisons were put
forward to assert that hybridization produced
benefits such as heterosis (Wood and Lenne). In
Sierra de Manantlan, farmers did intercrop Z.
diploperennis with maize, feeling that this
induces increased yield and resistance to
fungal diseases. But Benz et al. (1990) could
find no evidence for either of these benefits,
except perhaps harder hybrid seed to
withstand storage pests (Wood and Lenne). If
introgression from wild relatives is occurring,
then it may transfer deleterious characters to
the crop, including toxins, which may have
been removed by long years of "human
experimentation (and sickness and death)"
(Wood and Lenne).
Following on from Kato (1984), Doebly
investigated whether reciprocal introgression
was occurring between teosinte and maize,
using isozyme and cytoplasm evidence. Maize
and subspecies parviglumis were too close to
distinguish, so subspecies mexicana was used.
There was evidence of limited bidirectional
geneflow, notably from mexicana to the crop
(highland maize landraces were closer
genetically to mexicana than is typical of
Mexican maize). Introgression from the wild

relative may have assisted the adaptation of
maize to the highlands if it originated lower
down around the Balsas River (Doebly 1990a,
pp. 16-17). However, the suggestion of more
extensive geneflow was questioned. It has been
suggested that race Chalco of subspecies
mexicana, in the Valley of Mexico, the most
maize-like and weedy of teosintes, might be the
result of hybridization between teosinte and
maize. According to isozyme evidence, it was
found that Chalco was a quite distinct taxon
from maize, which has adapted to life as a
weed in maize fields. While introgression from
Chalco to maize may have occurred, geneflow
from the crop was not a major factor in the
evolution of this weed. There was limited
evidence of gene flow from maize into Z.
diploperennis and possibly Z. ltlxurians, its most
distant relatives (Doebly 1990a, pp. 17-18).
Where crop and relative show similarity,
introgression is not the only explanation. Other
factors include retention of ancestral traits, and
convergent evolution (Doebly 1990a, p. 16).
If and where hybridization/ introgression is
found to be harmful, then wild or weedy
relatives may be of more use to breeders (who
can overcome crossability barriers and
hybridize
selectivelY) than farmers (where thev,
, may be encountered as weeds, or sources of
disease inoculum). Wood and Lenne believe
that, without further research, crop-wild
introgression cannot be used to justify on-farm
conservation. It certainly shouldn't be used as a
glib "Mother-Nature-knows-best" assumption.

Future research might go further than enzyme
or cytoplasm comparisons, to include other
genetic and ecological interrelationships,
including pathosystem interactions (both
helpful and harmful) with wild relatives, and
the threat to the wild genepool from genetic
swamping.
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Discussion

There lS no way we could generate enough
parks, preserves, or regions where we could
pay people to be peasants to conserve very
much of our genetic heritage. (J.R. Harlan
1988, personal communication)

Wild relatives
With regard to wild relatives, conservation
efforts should presumably be targeted at those
populations perceived most threatened and/or
useful or those worthy of study in situ. The
\vild gene pool of maize appears more
threatened and constricted than that of wheat,
although the latter has proven more useful to
breeders. Cllv1J.\1YT's monitoring ot maize
relatives and Israeli studies on wild emmer and
barley are an important beginning.
Several types of protected area may permit
genetic resource conservation. More than 20%
of Biosphere Reserves contain populations of
major crop relatives. But few of these are
located in centers of diversity, and none of the
major food crops is associated with climax
vegetation (Williams 1993, p. 34). VVhere
overlaps do occur, Ingram and Williams (1993,
p. 143) propose modifying the idea of genetic
resource management units from forestry
where management is progressively imposed
to maintain and monitor natural gene pools.
Only a small percentage would be needed, but
it would provide inventories for the reserves,
and agreements could easily be developed with
international organizations (Williams 1993,
p. 143).
It may be less easy to negotiate new deSignated
areas, particularly of park land, for wild wheat
and other cereals. Such species are high priority
for neither nature conservation nor resource
preservation. Teosinte is currently monitored,
on the assumption that conservation action can
be taken if it becomes more endangered.

If certain highly marginal locations are regarded
as of more value for conservation (as enclaves for
study, or unique germplasm) than for production,
then compensation for land set-aside might be
justified. But it is unfair to suggest that large
scale in SItu conservation has been proposed in
direct opposition to agricultural development.
In general, calls to set aside areas of traditional
agriculture have been very modest, compared
with some of the more crass, and now
unpopular, approaches in ecosystem
conservation, which sought to exclude local
people. Proposals included "crop reservations of
1/2 to 1 hectare" (Kuckuck, in Frankel and
Bennett) and "carefully chosen strips of 5 by 20
kilometers ... at as few as 100 sites around the
world" (Wilkes and Wilkes 1972, p. 39). More
recently, Wilkes' (1991, p. 95) suggestion of the
"worldwide preservation of only 500 of these
remaining agricultural systems" seems more
ambitious, although we might compare this scale
with that of subsidized set-asides in wealthy
temperate countries, where crop surplus control,
rather than conservation, is the main objective.
Direct subsidies to farmers solely for growing
traditional crops are rarely advocated on any
scale by supporters of in Situ conservation.
Besides being very costly to financially
strapped agencies and countries, they
contradict the widespread movement away
from subsidizing production. More
importantly, subsidies offer a high potential
for corruption and little guarantee that
conservation will be achieved. (Brush 1991, p.
163; Friis-Hansen 1993, p. 26)

Cultivated plants
The case for protection of cultivated crop
diversity is, and will remain, more
controversial unless conservation can be
combined with sustainable improvements.
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Farmers themselves must perceIve an
advantage in continumg to grow traditional
crops, and their participation in the
conservation of landraces must be selfsustaining.... In other words, continuing in
situ conservation cannot rely on direct
production subsidies to farmers.
(i\nonymous 1994b, p. 17)

relevance to In situ conservation. Where
farmer-participation involves more than just
testing fimshed varieties, these approaches can
incorporate local knowledge as well as
germplasm, and, as demonstrated above, need
not exclude the introduction of improved
varieties.
It is not possible here to review the implicit

So, where farms receive direct support not to
modernize, it is more likely to be as occasional,
representative "historic farms," with an
emphasis on their value for study, as Wilkes
(1991) describes.
Thus the bulk of interventions on behalf of
field crop diversity must embrace crop
improvement as well as conservation (in its
broader sense). Rather than the all-inclusive
objectives of genebank. preservation, local
concern is more directed to useful variation,
sometimes termed "functional diversity."
Farmers may suffer from too much, as well as
too little, diversity where such variation is
experienced as unreliability or weediness.
It is calculated that resource-poor farmers

account for 60% of agricultural land and that
1.-1 billion peopIe depend on agriculture in
stressful environments (Francis 1986; Pimbert
1994). Unless a radical global division of labor
is proposed for world agriculture, with
"marginal!! areas opting out, the need to
sustain and improve production in these agroecosystems remains a research priority. The
yield gains of such research may be less
spectacular than the commodity-specific,
ideotype-based successes of the !!green
revolution,!! but they remain an objective of
international agricultural organizations. Much
of the work done by NGOs, and research on
behalf of resource-poor farmers (e.g., farm
systems research, low external-input
agriculture, and multicropping) has implicit

relevance of farm systems research to
conservation, only to mention some work that
is more explicitly oriented to on-farm crop
improvement by mobilizing genetic resources.
Ceccarelli and colleagues (1992; 1995) aim to
encourage national programs to use their
locally adapted germplasm and to exploit local
adaptation by direct selection in target
environments. Farmers' participation !!will not
only benefit the selection process but will also
speed up the transfer and adoption of new
varieties!! (Ceccarelli, Grando, and Booth 1995,
p. 1). This program challenges several
assumptions of formal breeding and extension.
Selection in well-managed research stations
may not allow the identification of the best
genotypes for poorer conditions, which may
then be discarded. By being devolved, selection
may take positive advantage of genotype-byenvironment interactions. Successful results are
reported for improving barley landraces in arid
areas of Syria over 10 years. In 1991, ICARDA
started a gradual process of devolution of
selection work in North Africa (for barlev, but
also durum in Morocco) with the aim of
releasing only F2 segregating populations
(Ceccarelli, Grando, and Booth 1995, pp. 5-9).
However, this decentralization (it is common
for research centers not to release finished
varieties) has not yet reached the level of
farmer participation (aside from informal
discussions). If formal plant breeding can
utilize farmers' knowledge by evaluating a
larger range of germplasm in the field, it would
both increase access to improved germp lasm
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and maintain genetic diversity, by enabling
farmers to choose for site-specific adaptation
(Ceccarelli, Granda, and Booth 1995, pp. 10-13).

crops in Ethiopia, work has been under way for
some time, and may begin to yield comparative
results. The outlook for bread wheat is more
uncertain, with few studies (aside from the
work of Brush in Turkey) examining the
mechanisms of farmer varietal maintenance.
Maize, in Mexico and elsewhere, appears to
offer plenty of scope for varietal improvement
by addition, rather than replacement, of
germplasm. However, the introduction of
insufficiently tested germplasm carries with it
the responsibility to monitor its effects over
time. This may be facilitated by developing
closer relationships between breeder, farmer,
and genebank, with reciprocal exchange of
information as well as seeds.

However, it is not only research stations that
may discard germplasm of potential value.
Farmers also may suffer from too little
diversity, as a result of accidents or historical
bottlenecks during domestication or crop
introduction, or just as a result of limited ability
to select for certain traits. Rather than rely on
assumptions that traditional crops are diverse,
locally-adapted, and secure, Wood and Lenne
(n.d.) stress the importance of circulating many
more genetic resources to farmers, which they
can then experiment with, evaluate, and, if
suitable, incorporate. Farmers suffer from the
bottleneck of obtaining sufficient diversity to
evaluate, yet the genebank system suffers from
a "bottleneck in manpower to adequately
evaluate samples for the necessary wide range
of conditions." Some attempts are being made
to "combine the management ability of farmers
with the resource samples of genebanks"
(Wood and Lenne ), such as the work described
in Ethiopia (Worede and Mekbib 1992).

Institutional issues
Where happy marriages between conservation,
development, and farmer well-being can be
enabled, with little intervention, all to the good.
But crop production, even for home
consumption, does not take place in a policy
vacu urn. Some targeting, protection, and
monitoring of conservation sites are required,
particularly for wild relatives. Given the lack of
such efforts in the past, this requirement will
present some policy and funding choices.

Such approaches have been termed "ecological
breeding." They provide no guarantee of strict
genetic conservation, nor that certain varieties
or genes won't become ubiquitously popular
and uniform. They rely on the farmer, ideally
with the assistance of breeders, to sort out
useful from harmful diversity in the field (after
some initial research-station screening).
However, they appear to offer a more realistic
prospect for widespread, self-sustaining, in situ
conservation of cultivated germplasm than the
protection of selected farm enclaves. And they
may permit a form of dynamic conservationprotecting the capacity for constructive change.

Since in situ conservation of maize and wheat
gene pools is likely to fall between the
institutional concerns of agriculture and nature
conservation, should separate bodies be set up
to administer the situation? It would appear
that, since genetic resource experts move
between various bodies (e.g., FAO, lPGRI,
lARCs), it would be more desirable to harness
existing networks, should sufficient consensus
on objectives be realized. Contact between
genetic resource and nature conservation
communities is probably under-developed.
Indeed, the Prescott-Allens (1983, p. 90) blamed
a "combination of sectoralism and prejudice"
for holding up progress in consenring wild

To what extent can such approaches apply to
wheat and maize 7 For durum, amongst other
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crop relatives. Geographical disparity may
prevent a convenient overlap of interests, as
may institutional competition for conservation
funding. But the growing perception that it is
not possible or desirable to exclude human
activity from "nature" reserves may permit
some convergence of goals, perhaps following
the example of Sierra de ManantLln.
Brush (1991, p. 160) recommends "institutional
minimization" particularly since the "objective
of in situ conservation strategies should be to
encourage activities that are already found in
farrning systems but which may fade under
changing social, economic and environmental
conditions." Existing institutions and
incentives should be reinforced.
While direct subsidies to farmers are likely to
be few, the question of incentives cannot be
shelved, since government agricultural policies
must take responsibility for promoting
technological improvements. Where
agricultural policies provide disincentives to in
situ conservation (e.g., inappropriate subsidies
on improved varieties), they may need
revision. Much local production takes place
outside market structures, but strengthening
the market for traditional varieties may be an
option. As Brush notes, "Market options are
among the least expensive conservation tools
because they can rely on existing institutions
and farmer choice" (1991, pp. 160, 163). More
detailed consideration of incentives em be
found in Brush (1991; 1994) and Cromwell
(1993, pp. 6-8). The implications of macroeconomic policy-making for wheat and maize
production need particularly careful attention,
since both local conservation and national
consumption are at stake.

Individual projects incorporating in situ
conservation of wheat and rice are now
attracting funding equivalent to the annual
budget in recent decades of the International
Board for Plant Genetic Resources (IBPGR, now
IPGRI). This provides an opportunity, at least
for pilot studies, to begin to answer some
questions about the value of in situ
~onservation. In general, budgets for
international agricultural research are becoming
tighter, and there is an argument that wheat
research should be rationalized down to fewer
institutions (Maredia and Eicher 1995).
Inefficient national breeding programs might be
better off using varieties produced by
Cllv1MYTs collaboration with national systems,
which are less site-specific than is often thought
(Maredia and Eicher 1995, p. 409).
In such a policy environment, the efforts to
decentralize breeding and increase OIi.-farm
evaluation (e.g., at ICARDA) may suffer.
Agricultural research may find itself in conflict
with conservation over funding, and an
opportunity for testing possible convergence of
interests on-farm will be lost.
Whether conservation can be combined with
crop improvement or not, there is clearly a need
for greater understanding of crop diversity in
the field. In general, it seems far easier to
document the pedigrees of improved varieties
released through formal sector channels than
the loss, or maintenance, of local diversity. But
according to a recent global review (NRC 1993,
p. 17) reductions in public funding have
"severely diminished capabilities for monitoring
crop vulnerability, even in the developed
world." Therefore, current efforts to measure,
monitor, and assess the value of crop genetic
diversity in the field and wild are all the more
valuable.
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Conclusion
Recent studies have begun to shed some light
on the requirements and implications of In situ
conservation of crop gene pools. This process is
unlikelv to involve the strict division between
conservation and crop improvement formerly
portrayed. In some cases, it may be necessary
to protect wild relatives of wheat and maize
from human-induced pressures such as
overgrazing. In others, it is envisaged that
support for diversity-rich farm systems, with
minimal individual subsidy and institution
building, can be compatible with introduced
\'arieties and improved yields. Maintaining
useful diversity in the field is not just about
conservation, but also about appropriate
breeding interventions (see Appendix A).

Questions about the wisdom of relying on
stored genetic resources while evolution and
social change continue in and around the held
remain to be answered. But a small number of
studies have now compared the conservation
and erosion of genetic diversity in situ and ex
situ (see Appendix B).
The case for some kind of 111 situ protection is
strongest for maize and its wild relatives in
Mesoamerica, although various populations of
emmer and other relatives of wheat are under
stress in West Asia. Studies of intercropped
maize production in Mexico have revealed
flexibility among farmers with regard to both
retaining old, and introducing new, varieties.
Interes ring ini ria ti ves incorporating both wild
and cultivated species have been set up in
Turkey, Mexico, and Ethiopia (see AppendiX C)
which may increase our understanding of the
practical prospects for in situ conservation of
wheat and maize.
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Appendix A
Crop Diversity and Defense
With regard to the justified fear of evolving
pests and pathogens with novel virulence,
some scientists are deeply concerned about the
loss of the wild, living gene pool (Browning
1991). But the search for resistance genes need
not be our sole defense strategy. Nor will it be
necessary to restore the full panoply of natural
ecological diversity for defense. Several
options are available which seek a controlled
manipulation of resistance and genetic
diversity rather than large-scale in situ
conservation. These include population
breeding techniques and gene deployment
strategies. Resistance is not merely the
property of rare and precious genes, but the
outcome of a dynamic relationship between
crop, pathogen, and human planting decisions
(Buddenhagen 1981; Dempsey 1990 and 1992).

With regard to the search for durable
resistance, CIMr.lYT has used population
improvement for maize and a combination of
major and minor gene resistance in wheat with
great success. However, some advocates of
horizontal resistance press for still more
localized mass selection, and in some cases, the
avoidance of major resistance genes, in order to
accumulate resistance factors dispersed at low
frequency among even the most unpromising
crop populations (Robinson 1983). In this view,
in situ conservation is less important than
appropriate and decentralized breeding,
incorporating local natural selection.
New techniques, such as recombinant DNA
transfer and non-host resistance, have not yet
revealed their true potential. Old techniques,
such as mUlti-cropping (i.e. the use of species
diversity) and biological control may enlist
ecological as well as genetic protection, with
impressive results (e.g., CIBA Foundation
1992). So a battery of potential defense
procedures exists.

Crop mixtures (with as few as three
components, including susceptible ones) have
provided effective defense by refining the
diverSity of natural populations. (Wolfe and
Barrett 1980). Resistance may be deployed in
space or time, in multilines, geographical
patchworks, or gene recycling (where
resistance sources, overcome by pathogens,
may get a new lease on life once the virulence
pattern has changed on contemporary cultivars
(Wolfe 1987). Even normal cultivar turnover
can be seen as offering "diversity in time"
(Duvick 1984).
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Appendix B
Comparisons Between In situ and Ex situ Conservation
Only time can fully answer the question of
whether biotic and physical stresses and the
socioeconomic requirements of the future will
defeat the genetic resources we are able to store
now and use later. Genebank storage may
impose stasis, but it is designed for integration
into active breeding programs in which the
breeder, using anticipation and response, aims
to replace the more haphazard aspects of
natural- and farmer-selection. There is plenty of
evidence for success in wheat and maize
breeding. If genebanks are under-used, this can
ret1ect not only management or logistic
problems, but also breeders' preferences for
using familiar resources. Few collections have
been sufficiently described and evaluated to
demonstrate their full potential. Ex situ
collections may be subject to some erosion and
changes, especially during regeneration cycles,
but so too does change occur in the wild and the
field. Are these changes importantly different?
.-\ trickle of results is emerging which compare
the genetic diversity of different categories of
germplasm: wild vs. cultivated; ex situ vs. in
situ; past collections vs. present. Several
comparative studies have used the barley
composite-crosses maintained in California for
several human generations. These are evolving
populations, albeit far from their center of
origin.
Findings seem to illustrate the concern of the
investigator. Brown (1978, p. 154) stressed that
variation in wild Hordeum spontaneum was 50%
greater than in one of the composite crosses, and
that allozyme diversity was greatest in wild
barley, least in composites, and intermediate in
landraces. But Jana and Pietrzak (1988) did not

find a marked difference between cultivated
and wild barley. In composite crosses, Jana
(1993, p. 312) described little or no loss of
genetic diversity for isozyme characters but rapid
loss of variability for morphological and
agronomic characters, indicating that bulked,
mass reservoirs were not suitable for
conservation. Cross and Wallace (1994) argue for
pure-line seed storage and emphasize the rapid
loss of genetic variation not only in the barley
compOSite, but also in wild emmer in Israel.
However, Allard stressed the positive changes
that occurred in the genomes of the composite
cross, without the total loss of individual genes.
Changes in gene frequency and the
"incorporation of increasing numbers of
favorably interacting alleles into large
synergistic complexes" were accompanied by
"increases in adaptedness to the local
environment and also by striking ecogenetic
differentiation among local populations" (Allard
1988, p. 225). This included the increase in
frequency of resistance alleles protecting against
the most damaging pathotypes of barley scald,
without incorporating the genetic load of less
important resistance genes (Allard 1990, p. 1).
These results indicate the different priorities of
genetic preservation, which aims to prevent all
changes in the genome, and zn situ conservation,
which is more interested in permitting
continued evolution (i.e. conserving the capacity
for change). However, the data are scant at
present, and the results emerging from the
current in situ projects in Turkey and Mexicowhich will compare current diversity with that
from collections made decades ago-will be
invaluable.
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Appendix C
Current Major Inititiatives to Study In situ
Conservation of Wheat and Maize
Over recent years, close relationships have
been forged between farmers, breeders, and
genetic resource scientists in Ethiopia. This
work is now being expanded into a "Dynamic
Farmer-Based Programme" of conservation
with support from the GEF. It will embrace
several crops and seek to establish support for
in situ conserv'ation and sites for community
gene banks in at least six districts. A farmerconservator will be identified and selected at
each site. It will be the first major national or
regional program to "integrate the informal
sector of genetic resource conservation
(farmers) with the formal sector (genetic
research institutions)" in a country where 98%
of agricultural production occurs on small
farms, largely dependent on locallandraces
(Anonymous 1994a). On the assumption that
no single master plan is possible for in situ
conservation, it adopts a three-fold approach of
institutional strengthening, community-based
conservation, and incentives to farmers.

1994a). Training and equipment will be
improved as will links with NGOs. Research
will focus on ethnobotany and population and
conservation biology.
A project in Turkey, also funded by the GEF,
incorporates woody and non-woody species,
with the work on wild cereals concentrating in
the southeast. This area will include the
Karacadag Plateau, the Ceylanpinar State Farm
(which includes -18/000 ha of rangelands), and
Southern Anatolia (the northern part of the
Fertile Crescent-the extreme limit of
distribution for wild relatives of wheat and
other crops). Once suitable sites are identified,
biological reserves known as Gene
Management Zones will be established. These
will include sufficient environmental
heterogeneity to provide niches for wild crop
populations and be subject to fencing and
grazing management. Priority will be given to
areas with a diversity of rainfall, rockiness, and
grazing-factors identified in Israel as
predictors of wheat diversity (Anonymous
1993/ pp. 7-16).

Contrary to the view that in situ conservation
must be based on subsidizing farmers to be
"backward/" a minimum of centralized
support is envisaged, since farmers must
perceive an advantage to growing traditional
crops if conservation is to be self-sustaining
(Anonymous 1994a, p. 17). However an
attempt will be made to identify agricultural
policies that may act as disincentives to the use
of landraces. In addition, market and nonmarket incentives will be examined, including
the identification of special consumer products
(e.g., Triticum polonicum, which has proven
viable in the health-food market) (Anonvmous

Another project is under way with the overall
goal to "improve crop productivity while at the
same time promoting in situ conservation of
genetic resources of the milpa cropping system
in Mexico through farmer-based breeding
systems and introgression with wild or
cultivated relatives" (Anonvmous 1994b). The
program will incorporate maize, beans, squash,
and other plants in this mixed cropping
sYstem.
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It is expected that a socioeconomic model of
genetic erosion and conservation will be
developed and evaluated. Ethnobotanical
taxonOffiles will be related to management
practices on farms, and a basis will be
established for farmer participation in crop
improvement using mass selection and
introgression.
A major contribution ... will be to obtain
quantitative data on crop genetic diversity
on individual farms. This will make it
possible to explicitly test the relationship
between farmer decisions and genetic
resource-conservation outcomes.
(Anonymous 1994b)
Principal sites selected are in Sierra Norte de
Puebla (where at least seven maize races are
grown) and Chalco (where maize and teosinte

grow together and where milpa agriculture is
under pressure from the expansion of Mexico
City). Satellite sites, including one in Jalisco,
will examine wild-crop geneflow. Detailed
genetic diversity studies may elucidate the role
of introgression and the potential for maize
improvement by teosinte. Pollinator biology
will also be examined (Anonymous 1994b).
If researchers work closely with farmers, it is
thought that limited introduction of superior
germplasm, with improvements to farmer
methods (by broadening selection criteria) may
increase yields by 30% without displacing
genetic diversity. Results, which are expected
in the initial three-year period, will be
compared with improved varieties
(Anonymous 1994b). Similar research will be
carried out with the associated crop species.
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