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Preface

Objectives of this guide
This manual is intended for national programmes interested in supporting in situ
conservation of agricultural biodiversity maintained on-farm by farmers.  It was written to
provide a range of actors, including Ministries of Agriculture and the Environment,
universities, research and extension institutions, non-government organizations (NGOs),
and community based groups, with a comprehensive view of factors involved in designing
and implementing a programme to support the in situ conservation of crop genetic diversity
on-farm.

In situ conservation on-farm is a diverse and complex topic, and as a result any training
guide can not cover every detail of the disciplines involved.  Instead, this guide is geared to
give national programmes basic technical skills and tools to build institutional capacity and
partnerships to implement an on-farm conservation programme. It discusses the information
necessary and the practical steps for the implementation of on-farm conservation, as well as
the importance of such an initiative.  Equipped with the baseline information from this
guide, the reader should then be able to identify and access more detailed information on
specialized topics.

Who should use the Training Guide?
Those working toward the objectives of:

• Expanding the mission of a national PGR conservation programme beyond ex situ
• Linking farmers into national conservation and breeding efforts
• Designing total agroecosystem conservation programmes
• Improving small farmers' livelihoods through the use of local crop resources
• Identifying national centres of high crop genetic diversity
• Increasing agricultural production using local crop genetic resources.

Such an audience may come from national agriculture research and breeding
programmes, universities and research centres, extension services, NGOs and other
organizations working in plant genetic resources, sustainable agriculture and rural
development.

It is assumed that the people using this guide will be part of, or collaborating with, a
national plant genetic resources system with existing ex situ conservation programmes, who
wish to expand their conservation options to include supporting in situ conservation of crops
on-farm.  As in situ conservation involves the linking of diverse disciplines, some of which
are not involved in the typical ex situ activities which have been the focus of many national
plant genetic resources conservation programmes in the past, we envision that this guide
will help a country include on-farm conservation as a national-level initiative, although
partners will range from local to international institutions.

Organization of the Training Guide
Chapter 1 introduces in situ conservation on-farm, detailing why it is important and how it
differs from ex situ conservation strategies.  The following five chapters present an overview
of the types of information necessary in the design of an on-farm conservation programme.
Chapter 2 discusses the "human" side of crop genetic resources management, including the
social, cultural, and economic influences on farmer decision-making.  Chapter 3 covers
agroecological factors and their role in shaping crop genetic diversity.  Chapter 4 highlights
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the importance of farmer selection of agromorphological characteristics in the cultivation of
intraspecies crop diversity and the measurement of the characters through field and lab
trials.  Chapter 5 covers the role of crop population genetics and breeding systems in on-
farm conservation.  Seed systems, including supply and storage, are discussed in Chapter 6.

The next four chapters focus on the practical design and implementation aspects of on-
farm conservation.  Chapter 7 discusses the national institutional and disciplinary
frameworks necessary for the creation of an on-farm project, based on partnerships between
diverse personnel and institutions.  The process of implementing research and conservation
by diverse disciplines and documenting the results for use by managers, policy-makers, and
communities is detailed in Chapters 8 and 9.  Potential strategies to support farming systems
engaged in conservation are discussed in Chapter 10.

The disciplines referred to in the Guide range from genetics to ecology to anthropology,
and topics covered include sampling, data analysis and participatory methods.  Science,
project management and development are all involved.  This Guide only presents the most
basic and essential concepts.  Examples illustrate key concepts throughout the text, drawn
from either the countries participating in IPGRI's Global In Situ Conservation of Agricultural
Biodiversity project or other PGR research or conservation projects worldwide.  Suggested
recommended reading points the reader in the direction of published material to broaden
knowledge in each area.

In a classroom setting, we anticipate that participants will enhance the course with their
own disciplinary backgrounds.  We hope that the users will incorporate examples from their
own experiences into the Guide where relevant and provide feedback of their results to the
authors at IPGRI.
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1.0 Objectives of this chapter
By the end of this chapter, the reader should have an understanding of:

• Basic terminology and concepts related to on-farm and in situ conservation
• Why on-farm conservation is important
• How on-farm conservation relates to other approaches to pgr conservation.

 

1.1 In situ conservation on-farm
 In situ conservation on-farm, sometimes referred to as “on-farm conservation,” has been
defined as “the continuous cultivation and management of a diverse set of populations by
farmers in the agroecosystems where a crop has evolved” (Bellon et al. 1997). On-farm
conservation concerns entire agroecosystems, including immediately useful species (such as
cultivated crops, forages and agroforestry species), as well as their wild and weedy relatives
that may be growing in nearby areas.  Within this definition, it is possible to identify a wide
range of objectives that may shape an on-farm conservation programme. These include:

• To conserve the processes of evolution and adaptation of crops to their
environments

• To conserve diversity at different levels – ecosystem, species, within species
• To integrate farmers into a national plant genetic resources system
• To conserve ecosystem services critical to the functioning of the earth's life-support

system
• To improve the livelihood of resource-poor farmers through economic and social

development
• To maintain or increase farmers' control over and access to crop genetic resources.

 

1.2 Why in situ conservation on-farm?
 Understanding why we want to conserve genetic diversity on-farm is important because it can
help to identify the specific needs of an on-farm conservation programme.  In addition to
preserving plant genetic resources, on-farm conservation has six major benefits which make
it unique among the options available to conservationists.  These benefits relate not only to
genetic diversity but also to ecosystem health and human well-being.
 
1.2.1 Conserving the processes of evolution and adaptation
 The conservation of agrobiodiversity at all levels within local environments helps ensure that
the ongoing processes of evolution and adaptation of crops to their environments are
maintained within farming systems. This benefit is central to in situ conservation, as it is
based on conserving not only existing germplasm but also the conditions that allow for the
development of new germplasm.  This idea of dynamic conservation extends to all aspects of
the farming system, including the wild and weedy plant species that may interact with their
cultivated relatives (Maxted et al. 1997).
 
1.2.2 Conserving diversity at all levels
 In its maintenance of farming systems, on-farm conservation applies the principle of
conservation to all three levels of biodiversity: ecosystem, species and genetic (intraspecific)
diversity. In conserving the structure of the agroecosystem, with its different niches and the
interactions among them, the evolutionary processes and environmental pressures that affect
genetic diversity are maintained.  When species – plants, animals and microbes – within the
agroecosystem, and genetic diversity within the species are maintained, the diverse
interactions of crop populations are preserved. Moreover, the conservation of these three
levels of agrobiodiversity, and the various interactions that they support, contribute to the
overall principle of ecosystem health in local farming systems.
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1.2.3 Integrating farmers into the National Plant Genetic Resources
Conservation system

 Farmers are likely to know the nature and extent of local crop resources better than anyone
through their daily interactions with the diversity in their fields. Given their expertise,
incorporation of farmers into the national PGR system can help create productive
partnerships for all involved. This integration can happen in several ways, including:

• Seeing farmers as partners in the maintenance of selected germplasm
• Establishing a national dialogue on biodiversity conservation, sustainable use and

equitable benefit-sharing between farmers, genebanks and other partners
• Assisting the exchange of information with – and among – farmers from different

sites and projects
• Farmers visiting genebanks or seeing demonstrations by genebanks
• Developing systems to make genebank material more easily accessible to farmers.

 
1.2.4 Conserving ecosystem services
 On-farm conservation may be an important way to maintain local crop management systems
for agroecosystem sustainability by ensuring soil formation processes, reducing chemical
pollution and other waste emissions from farms, and restricting the spread of plant diseases.
 
1.2.5 Improving the livelihoods of resource-poor farmers
 In situ conservation programmes also have significant potential to improve the livelihoods of
farmers at the local level.  On-farm conservation programmes can be combined with local
infrastructure development or the increased access for farmers to useful germplasm held in
national genebanks.  Farmers will benefit from the continued agricultural diversity and
ecosystem health that on-farm conservation supports. Local crop resources can be the basis
for initiatives to increase crop production or secure new marketing opportunities. By
building development efforts on local resources and through the empowerment of farming
communities, they can lead to sustainable livelihood improvement.  Resource-poor farmers,
in particular, may benefit if development initiatives are not based on external inputs that
may be costly or inappropriate for marginal agroecosystems.
 
1.2.6 Maintaining or increasing the control and access of farmers over

genetic resources
 On-farm conservation also serves to empower farmers to control the genetic resources in
their fields.  On-farm conservation recognizes farmers and communities as the curators of
local genetic diversity and the indigenous knowledge to which it is linked. In turn, farmers
are more likely to reap any benefits that arise from the genetic material they have conserved.
 
1.2.7 Public and private benefits (socioeconomic, ecological and genetic)
 The importance of conservation of agrobiodiversity for the future of global food security lies in
its potential to supply crop breeders' and other users' future needs for germplasm. On-farm
conservation will allow the processes of evolution and adaptation to continue in crop plants,
ensuring that new germplasm is generated over time, rather than limiting conservation to a finite
set of genetic resources conserved in genebanks. In addition to these "public" genetic benefits, on-
farm conservation can provide other benefits to society and to the farmers who maintain crop
diversity.  Society can benefit from the agroecosystem stability and decreased use of chemicals in
agriculture promoted by the use of diverse local varieties.  Socioeconomic benefits might include
empowerment of rural communities. For farmers, on-farm conservation could serve to support
cultural traditions, fit household labour and budget constraints, mitigate the effects of pests,
diseases and other environmental stresses, and provide an insurance of new genetic material in
the face of future environmental or economic change (see summary of benefits in Table 1.1).
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 Table 1.1.  Some possible benefits accruing from on-farm conservation (adapted from Jarvis 1999)
Economic and
sociocultural benefits Ecological benefits Genetic benefits

Farmer
household

• Manage risk and
uncertainty

• Fit different budget
constraints

• Avoid or minimize
labour bottlenecks

• Fulfil rituals or forge
social ties

• Fill nutritional needs

• Minimize use of
chemical inputs

• Soil structure
amelioration

• Manage pests and
diseases

• Insurance against
environmental and
socioeconomic change

Society • Global food security
• Empowerment of

local communities
• Social sustainability

• Reduction of
chemical pollution

• Restriction of plant
diseases

• Regulation of
hydrological flows

• Insurance against
environmental change,
pests and diseases

• Use for the agricultural
industry

 
 

1.3 Complementary strategies for conservation
 In situ conservation is one of two possible strategies to conserve plant genetic resources. The
ex situ approach to conservation includes methods such as cryopreservation, field genebanks,
in vitro conservation and live plants in botanical gardens. Traditionally, in situ conservation
has been used for the conservation of forests, wild species and areas valued for their wildlife
or ecosystems, while ex situ conservation has been a predominant approach for the
conservation of plant genetic resources for food and agriculture (Brown 2000). This is
changing, however, as scientists recognize that each approach has particular advantages and
disadvantages in the conservation of crop genetic resources.
 
1.3.1 Advantages and disadvantages of two strategies
 
 Ex situ conservation
 Ex situ conservation has several important advantages for plant genetic resources
conservationists. It is relatively easy to identify the genetic diversity conserved in a genebank
or botanical garden, as the material is usually fully documented for the use of plant breeders
and other scientists. Moreover, the genetic diversity maintained by these methods is directly
controllable: as long as accessions are kept in suitable conditions and regenerated
periodically, the likelihood of losing material is relatively low.  In general, access is also
relatively straightforward.

There are also disadvantages associated with ex situ conservation, however.  Foremost
among these is the inevitable fact that ex situ conservation removes genetic material from its
natural environment. This halts the ongoing evolutionary processes which help to make
landraces unique and adaptable to changing environments. Moreover, ex situ conservation
can be a highly expensive endeavour, making it unsustainable in some settings. These costs
affect the choice of which crops are collected for ex situ conservation, as only major crops or
those of high economic value as determined by breeders and scientists are likely to receive
attention.

 In situ conservation
 There are significant advantages to in situ conservation. One is its conservation of both
genetic material and the processes that give rise to diversity.  The long-term sustainability of
breeding efforts may depend on the continued availability of the genetic variation that can be
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maintained and developed in farmers’ fields.  In addition, in situ conservation can address
the conservation of a large number of species at a single site, while this might be difficult for
ex situ conservation owing to species' different requirements for ex situ maintenance (e.g.
different seed storage behaviour, multiplication requirements, etc.). Under certain
circumstances, depending on the crop or type of genetic resources to be maintained,
interventions supporting their continuing evolution on-farm may be cheaper and more
effective than ex situ storage. As Stephen Brush notes, “Potentially, far larger amounts of
germplasm may be conserved on-site than is economically feasible off-site. While habitat
protection does not per se facilitate the utilization of germplasm that is preserved, the long-
term sustainability of breeding efforts may depend on continued availability of larger
amounts of germplasm than can be effectively stored off-site” (Brush 1991:154).
 However, there are also distinct problems associated with in situ approaches to
conservation. It may be difficult for scientists to identify and access the genetic material
being conserved, which can be a problem for plant breeders who wish to use material with
particular characteristics for their work. Moreover, on-farm approaches rarely allow the close
control of germplasm by scientists that ex situ approaches facilitate. The same factors that
allow for dynamic conservation may serve to threaten the security of landraces.  Genetic
erosion can still occur due to unforeseen circumstances like war and natural disasters, while
social and economic change may either foster or hinder on-farm biodiversity conservation
over time.  Indeed, one of the challenges of in situ conservation research is to evaluate how
economic development is affecting farmer maintenance of diversity so as to account for this
process in the implementation of conservation initiatives.
 
1.3.2 Integrated approaches to conservation
 Because each conservation approach has distinct advantages and disadvantages, the most
effective conservation system will incorporate elements of both.  This combination is referred
to as an integrated approach to conservation.  Focusing on a single species, such an approach
can combine any number of available ex situ and in situ conservation options.  In situ
conservation approaches should not be in competition with ex situ initiatives for resources or
prioritization, but rather complement each other within institutional frameworks to
maximize the sharing of information and the benefits of conservation (Brush 1991).
 Any integrated conservation strategy should of course be guided by the objectives of the
conservation.  Some of the questions to address in the design of an appropriate integrated
conservation strategy are shown below.  This list of questions is not exhaustive, but it begins
to address the factors that must be taken into account when developing an integrated
approach to conservation.
 
 

1.4 Research into the scientific basis of on-farm conservation
Before implementing an in situ conservation programme, a thorough understanding of the
factors that influence the level of crop genetic diversity on-farm is needed. While ex situ
conservation is primarily a technical issue of how best to preserve germplasm, the
conservation or erosion of genetic diversity in farmers’ fields is shaped by a complex range
of factors over time. These range from farmers’ decision-making to local environmental
change to interactions between and within crop populations.  Research is required to answer
the following key questions:
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1. What is the amount and distribution of genetic diversity maintained by farmers over
time and space?

2. What processes are used to maintain this genetic diversity on-farm?
3. What factors influence farmer decision-making to maintain diversity on-farm?
4. Who maintains this diversity on-farm (men, women, young, old, rich, poor, certain

ethnic groups)?

Answering these questions will provide a scientific basis for the design of effective, long-
term strategies to conserve crop genetic diversity on-farm.

Social, cultural and economic factors

Farmer management of diversity

Crop genetic diversity

Natural selection

Agromorphological
characters

Agroecosystem

Population structure/
breeding system

Seed/germplasm
system

Environmental and biological factors

Link between farmer decision-making, natural selection and measures of genetic diversity.
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1.5 Terms
Accession: A plant sample held in an ex situ setting for conservation and use
Adaptation: The evolutionary process by which species change over time in response to their

environment
Agroecosytem: A site of agricultural production, including all organisms  and environmental

factors within it, which functions with human assistance as a stable system with circular
flows of material and energy (Gliessman 1998).

Agroforestry: The integration of trees and shrubs into agricultural practices
Agromorphological characteristic:  A phenotypic trait of a plant, which may be

morphological, agronomic or use-related, used by farmers or scientists to identify a crop
variety

Biodiversity: The total variability between and within species of all living organisms (Friis-
Hansen and Sthapit 2000).

Character: The phenotypic expression, as a structural or functional attribute of an organism,
resulting from the interaction of a gene or group of genes with the environment (IBPGR
1991).

Characterization: Assessment of plant traits that are highly heritable, easily seen by the eye
and equally expressed in all environments in order to distinguish phenotypes; contrasted
with evaluation.

Conservation: The management of human use of the biosphere so that it may yield the
greatest sustainable benefit to current generations while maintaining its potential to meet
the needs and aspirations of future generations. Thus conservation is positive, embracing
preservation, maintenance, sustainable utilization, restoration and enhancement of the
natural environment. (Friis-Hansen and Sthapit 2000)

Cultivar: A cultivated variety of a domesticated crop plant; synonymous with variety (Friis-
Hansen and Sthapit 2000)

Evaluation: Assessment of plant characters, such as yield, agronomic performance, abiotic
and biotic stress susceptibility, and biochemical and cytological traits, whose expression
may be affected by environmental factors; contrasted with characterization.

Ex situ conservation: The removal of germplasm from the place where it is found growing
and storage off-site as seeds in a genebank, vegetative material in in vitro storage, or plant
accessions growing in a botanical garden or field genebank.

Farming system: All elements of a farm that interact as a system, including people, crops,
livestock, other vegetation, wildlife, the environment and the social, economic and
ecological interactions between them (Friis-Hansen and Sthapit 2000)

Gene: The functional unit of heredity. A gene is a section of DNA that codes for a specific
biochemical function in a living organism in a laboratory. (Friis-Hansen and Sthapit 2000)

Geneflow: The exchange of genetic material between populations. This may be used in the
sense of plant reproduction (i.e. due to the dispersal of gametes and zygotes) or due to
human influences, such as the introduction of new crop varieties by farmers.

Genepool: The total amount of genetic diversity present in a particular population.
Genetic diversity: The genetic variation present in a population or species
Genetic drift: the unpredictable changes in allele frequency which occur in populations of

small size
Genetic erosion: Loss of genetic diversity between and within populations of the same

species over time, or reduction of the genetic base of a species
Genetic resources: Germplasm of plants, animals or other organisms containing useful

characters of actual or potential value (IBPGR 1991)
Genotype: The genetic composition of a plant, comprised of heritable traits.
Germplasm: The genetic material which forms the physical basis of heredity and which is

transmitted from one generation to the next by means of the germ cells (IBPGR 1991)
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High-Yielding Variety (HYV): A crop variety developed by modern plant breeders,
designed to maximize yields (often in high-input conditions) at the expense of diversity or
local environmental adaptation. HYVs are commonly promoted by agricultural
development projects, and are often seen as threats to locally developed landraces of the
same species.

In situ conservation: "The conservation of ecosystems and natural habitats and the
maintenance and recovery of viable populations of species in their natural surroundings,
and, in the case of domesticated or cultivated species, in the surroundings where they
have developed their distinctive properties” (Reid et al. 1993:305); in situ conservation of
domesticated resources focuses on farmers’ fields as part of existing agroecosystems,
while other types of in situ conservation are concerned with wild plant populations
growing in their original habitats (genetic reserves).

Inbreeder: A plant with a self-compatible reproductive biology; opposite of outbreeder
Indigenous Knowledge (IK): The understandings or traditions that exist in a local

community
Landrace: a crop variety bred and cultivated by farmers and adapted to local environmental

conditions.
Modern Variety (MV): A crop variety developed by modern plant breeders; synonymous

with high-yielding variety
Natural selection:  Is selection exerted by biotic and abiotic environmental factors and is the

principal mechanism of evolution.  It may act at the level of the gene, cell, clone,
individual, population of species. (IBPGR 1991)

On-farm conservation: One approach to in situ conservation of genetic resources, focusing
on conserving cultivated plant species in farmers' fields

Outbreeder: A plant with a self-incompatible reproductive biology; opposite of inbreeder
Phenotype: The sum of physical characteristics of a plant. A plant phenotype is the result of

the interaction between genotypic traits and environmental conditions. This process is
summarized by term GxE interaction (i.e. Genotype X Environment = Phenotype)

Population: A group of individuals of the same species living in the same geographic region
(Gliessman 1998)

Selection: Any process, natural or artificial, which permits an increase in the proportion of
certain genotypes or groups of genotypes in succeeding generations, usually at the
expense of other genotypes (IBPGR 1991)

Species: A group of actually or potentially interbreeding natural populations which are
reproductively isolated from other such groups (IBPGR 1991)

Variety: A subdivision of a species below subspecies and in classical taxonomy, a
heterogeneous grouping, including non-genetic variations of the phenotype; synonymous
with cultivar (IBPGR 1991)

Wild relative: A non-cultivated species which is more or less closely related to a crop species
(usually in the same genus); it is not normally used for agriculture but can occur in
agroecosystems (e.g. as a weed or a component of pasture or grazing lands)

 Definitions of in situ conservation on-farm
• “In situ conservation of agricultural biodiversity is the maintenance of the diversity

present in and among populations of the many species used directly in agriculture, or
used as sources of genes, in the habitats where such diversity arose and continues to
grow.” (Brown 2000).

• “In situ conservation specifically refers to the maintenance of variable populations in their
natural or farming environment, within the community of which they form a part,
allowing the natural processes of evolution to take place.” (Qualset et al. 1997).

• “In situ conservation refers to the maintenance of genetic resources in natural settings. For
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crop resources, this means the continued cultivation of crop genetic resources in the
farming systems where they have evolved, primarily in Vavilov Centres of crop origin
and diversity.” (Brush 1991).

• “In situ conservation means preserving, in their original agroecosystem, varieties
cultivated by farmers using their own selection methods and criteria” (FAO 1989;
Bommer 1991; Keystone Centre 1991; in Louette and Smale 1996).

• On-farm conservation is "the sustainable management of genetic diversity of locally
developed traditional crop varieties, with associated wild and weedy species or forms, by
farmers within traditional agricultural, horticultural or agri-silvicultural cultivation
systems" (Maxted et al. 1997).

 What is a landrace?
“Landrace populations are often highly variable in appearance, but they are each identifiable
and usually have local names. A landrace has particular properties or characteristics. Some
are considered early maturing and some late. Each has a reputation for adaptation to
particular soil types according to the traditional peasant soil classifications, e.g. heavy or
light, warm or cold, dry or wet, strong or weak. They also may be classified according to
expected usage; among cereals, different landraces are used for flour, for porridge, for
“bulgur”, and for malt to make beer, etc. All components of the population are adapted to
local climatic conditions, cultural practices, and disease and pests.” (Harlan 1975)
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3.0 Objectives of this chapter
By the end of this chapter, the reader should have an understanding of:

• Key influences of the agroecosystem on crop diversity
• The different ways in which farmers adapt to and manipulate agricultural

environments
• The potential implications of different management practices on genetic diversity.

3.1 Overview of agroecosystem influences on crop genetic
resources

Agroecosystems are comprised of the non-living (abiotic) and living (biotic) components in a
human-managed, agricultural system.  Agroecosystems provide the arena in which crop
evolution occurs, presenting stresses, but also opportunities, to which crops must adapt in
order to thrive.  Abiotic components of agroecosystems include temperature, soil, water,
relative humidity, light and wind.  Biotic factors include parasitic and herbivorous pests,
competition from other plants, and favourable (symbiotic) relationships with other
organisms.  The farmers who manage these factors in terms of irrigation, nutrient input, pest
control, land preparation, mixed/relay cropping and other practices are also a biotic
component of agroecosystems.  These factors vary over time, with seasonal, annual and
stochastic changes, and in space, from the micro-environmental to the ecoregional scale. As a
result, local landraces adapt to the particular conditions of their immediate ecogeographic
setting.  These adaptations to local environmental stresses are likely to be reflected in the
genetic composition of landraces over time.

Farmer management of diversity – an alfalfa, faba
bean and barley farming system in Morocco's
Rich oasis area.

3.1.1 Abiotic influences
The variations in the abiotic components of an environment can act as stress factors on
plants. In a genetically diverse population, some individuals will be better adapted to these
stress factors and thrive, while others may not survive. In this way, environmental influences
exert selective pressures on crop populations.  The range of influences and the adaptations
they can encourage are presented in Table 3.1.
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Table 3.1.  Abiotic influences and the adaptations they can induce
Abiotic factor Plant stress Type of adaptation
Temperature

Extreme cold Basic biological functions Cold tolerance
Extreme heat Basic biological functions Heat tolerance

Soil (edaphic) factors
High clay content/poor drainage Basic biological functions Tolerance to flooding
High sand content/rapid drainage Basic biological functions Drought tolerance
High gravel/rock content Root development Root structure, drought

tolerance
High pH Toxicity Alkalinity tolerance
Low pH Toxicity Acidity tolerance
High aluminium content Toxicity Al tolerance
High salt content Toxicity Salt tolerance
Low nutrient content Basic biological functions High nutrient use efficiency

Water/Precipitation regimes
High precipitation/Waterlogged soils Basic biological functions Flood tolerance
Low annual precipitation Basic biological functions Low water requirements
Low seasonal precipitation Basic biological functions Drought tolerance

Light
Low light intensity Photosynthesis Shade tolerance
Long/short photoperiod Reproductive phenology,

Photosynthesis
Photoperiod adaptation

Wind
Strong local winds Evapotranspiration,

structural stress
Stem/leaf/flower strength,
increased water retention

Altitude
Low carbon dioxide availability Basic biological functions Decreased stomata

retention

Examples of research undertaken to date describe genetic adaptation in crop plants to
saline soils, drought and cold

Salt  Pakniyat et al. (1997) demonstrated genotypic differences in salt-tolerant and salt-
sensitive varieties of barley. Jafari-Shabestari et al. (1995) observed varying phenotypic
responses to soil salinity in hexaploid wheat.

Drought  Weltzien and Fischbeck (1990) documented significant variations in yield potential
both between and within landraces of barley grown in drought conditions. In addition, Blum and
Sullivan (1986) demonstrated genetic variations associated with drought tolerance among
landraces of sorghum and millet.

Cold  Singh and Jana (1993) demonstrated varying resistance to low temperatures among
chickpea accessions from around the world.

Habitats located at higher altitudes are commonly associated with particular abiotic
factors, including low carbon dioxide availability and high variation in precipitation, light,
soils and temperature. Likewise, other ecogeographic niches are likely to contain ‘portfolios’
of abiotic factors. For instance, semi-desert regions are associated with shallow sandy soils,
low rainfall and temperature extremes. Just as these abiotic factors can be clustered in
various ecogeographic regions, so corresponding adaptations may appear in portfolios of
genetic diversity.
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Highly weathered soils, such as the one pictured here, are often
deficient in the nutrients that plants need to thrive.

Nutrient deficiencies or toxicity may be particularly important in determining the
survival and productivity of crop varieties in the agroecosystem.  Soils may be deficient in
nitrogen, phosphorus or potassium, as well as secondary micronutrients such as magnesium,
sulphur, zinc and boron.  In contrast, iron, manganese and aluminium may occur in such
high quantities as to cause toxicity. Nutrient availability may be related to soil pH and
precipitation regimes.  Information on soils can help identify soil-related constraints and
explain current management practices (Mutsaers et al. 1997).

Some of these factors, such as parent rock and altitude, are unlikely to change over the
course of a plant’s life cycle. On the other hand, many of the factors mentioned above
fluctuate seasonally or from year to year. For instance, regular changes in temperature,
daylength and precipitation occur seasonally in temperate regions.  Extremes in climatic
conditions, such as severe drought, may occur only once in a plant’s lifetime.  This has
implications for the nature of adaptations in a local setting, as well as scientific efforts to
document abiotic factors.

3.1.2 Biotic influences and the adaptations they engender
The other organisms that comprise the biotic component of agroecosystems also have great
potential to shape crop genetic diversity.  Interactions with other organisms may be positive,
negative or neutral for the crop plant; all have the potential to influence crop genetic diversity
through exerting selection pressures or conferring selective advantages on individual crop
plants.  Competition is an interaction resulting from limited resources in an ecosystem; both
organisms are worse off as they each use resources that both need.  Competition may occur
between organisms of the same or different species (Liebman and Gallandt 1997).  Mutualism
is an interaction in which two organisms impact each other positively; neither is successful in
the absence of the other.  Commensalism is an interorganism interaction in which one
organism is aided by the interaction the other is neither benefited nor harmed (Gliessman
1998).  By contrast, amenalism describes an interorganism interaction in which one organism
negatively impacts another organism without receiving any direct benefit itself.  A parasitic
relationship involves one organism benefiting from and perhaps depending upon the
interaction, while it harms the other organism.  Finally, predation is when an organism
benefits through killing and consuming another.

Perhaps the biotic interactions of greatest concern to farmers are those between crops and
their pests.  Herbivorous animals, including mammals, birds and arthropods, may act as
predators on crop plants, while viral, bacterial and fungal diseases harm crops through
parasitic relationships.  Crop genetic diversity is an important means of minimizing the
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threat of these pests in an agroecosystem.  Crop plants’ vulnerability to particular pests may
vary with agromorphological characteristics like plant height, pubescence or time to
maturity, in addition to the variability in specific genetic traits for pest resistance.  Crop
genetic variation, and hence phenotypic variation, may also attract a diversity of other
organisms into the agroecosystem, including the natural enemies (predators or parasites) of
pests (Gliessman 1998).

Crop plants and their pests have adapted to each other over time in a process called co-
evolution. One of the most important aspects of co-evolution for on-farm conservation is
crop plants’ resistance to pests (and conversely, the ability of pests to overcome host
resistance), which depends upon the development of new genetic diversity (Finckh and
Wolfe 1997).  The genetic diversity evolved by crops and pests through co-evolution is
particularly complex because both are genetically variable over time and space (Le Boulc’h et
al. 1994). Indeed, the diversity of pest-induced stresses on a particular crop is often closely
correlated with diversity in the crop’s resistance.

In the Yucatán, Mexico, a maize-bean intercrop creates a
mutualistic interaction between the two crops:  bean plants
enrich the soil through their association with nitrogen-fixing
bacteria, while tall maize stalks provide support for the beans to
climb higher, accessing more sunlight.

Example: Genetic adaptations for pest resistance
Allard (1990) observed a link between an increase in the frequency of resistance alleles in
barley populations and the selective advantage of those populations in resisting scald. “Different
pathotypes differ widely in their ability to damage the host,” Allard noted, “and different host-
resistant alleles differ widely in the ability to protect the host from the pathogen” (1). These
findings are supported by Le Boulc’h et al. (1994) in their research on powdery mildew among
various populations of winter wheat.

The complexity of crop-pest interactions in agroecosystems is increased by their seasonal
or annual variability.  Pest populations fluctuate with changing climatic conditions, farmer
inputs and host resistance.  In addition, pests can be highly mobile, especially with assistance
from humans. This ease of mobility, coupled with favourable conditions, may engender
widespread epidemics, with severe effects on host populations.

Competition with other organisms may also foster crop genetic diversity.  Weeds are the
primary competitors of crop plants of concern to farmers (Liebman and Gallandt 1997).
Weeds can reduce or inhibit growth.  Crops and weeds within the same agroecosystem can
have similar requirements in terms of water, light and nutrients – the essential resources
plants need to survive.
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In Ethiopia, a durum wheat landrace (right) is
preferred to the modern variety (left) because of
its higher tillering, which suppresses weed growth
and allows farmers to plant fewer seeds per plot.

Example: Allelopathy
Allelopathy is one mechanism through which crops and weeds compete against each other for
the resources in their agroecosystems.  It is defined as, “the production of a compound by a
plant that when released into the environment has an inhibitory or stimulatory impact on other
organisms” (Gliessman 1998:156).  Allelopathic compounds can be produced in different plant
parts and released into the agroecosystem through all manner of mechanisms, such as being
washed off the plant into the soil, released during plant decomposition, or leached out of roots.
They may be produced by crops or weeds as a means of inhibiting the growth of their
competitors, so as to access more of the essential resources in the agroecosystems for
themselves (although they may also stimulate the growth of neighbouring plants, in symbiotic or
commensal relationships).  Crops with allelopathic weed-suppressing potential include beets,
lupine, maize, wheat, oats, peas, buckwheat, millet, barley, rye and cucumber.  Different
varieties of these crops may have varying allelopathic potential.  Indeed, varieties with greater
similarity to their wild relatives exhibit greater allelopathic character.  (Gliessman 1998).

Organism interactions within an agroecosystem are not always competitive and may be
neutral, commensal or mutualistic.  Crops cultivated together in an intercropping system
may have faced selection pressures to develop complementary needs, using different
resources or using them at different times.  Crops have also adapted to take advantage of
symbiotic relationships with non-plant organisms, such as insect pollinators and, in the case
of leguminous plants, nitrogen-fixing Rhizobium bacteria.

Finally, human beings are the most significant biotic factor shaping agroecosystems. The
ways in which they manipulate agricultural environments are discussed in Section 3.2.

Ecologists have long pondered the paradox of biological diversity:  why numerous species are
able to persist in the same habitat. As Tilman and Pacala (1993) note, multiple species
inevitably arise in situations where two or more environmental factors constrain fitness and
where unavoidable trade-offs exist in the ways in which organisms respond to constraints.

Research on wheat landrace selection in Turkey suggests that farming systems do not differ
markedly from natural ecosystems. Turkish farmers face numerous environmental factors which
constrain the fitness of a single wheat variety (e.g. soil heterogeneity, water availability,
altitude), and they seem to face unavoidable trade-offs as they select for a particular trait (e.g.
yield, risk, taste). (Brush and Meng 1998)
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3.1.3 Farmer characterization of the agroecosystem
Farmers live within an environment composed of soils, climates, vegetation types, landforms
(e.g. hills, rivers and other geographical features), stages of ecological succession, pests and
diseases, weeds, competition, mutualism and other ecological domains. Through their
experiences and perceptions, farmers may characterize and form classification systems for
some or all of these domains (Martin 1995).

Understanding farmers' systems of classification for the different features of their
ecosystems may yield insights into the processes fostering conservation of diverse landraces.
Farmers may classify these features based on their physical and chemical properties, such as
the texture and colour of soils or the temperature and rainfall of climates, and as such,
farmers' classification systems may correspond to scientific ecological classification (see
example).  Farmers also may classify ecological features based on their historical or cultural
significance (Martin 1995).

Farmers may use these classification systems to determine where or when to plant which
variety, cultivating particular varieties in association with specific topography, soils, stages
of succession, and even varieties of other crop species, as in intercropping regimes.  In a slash
and burn agroecosystem, farmers may plant different varieties (or species) in a plot,
depending on the number of years since the fallow period.  In an intercropping system,
genetic diversity in the keystone crop species may be correlated.

Farmers' ecological classification systems may serve as an indication to the researcher of
which features are particularly important in the agroecosystem or relevant for the cultivation
of diverse varieties.  For example, a highly detailed system of rainfall classification may
indicate that rainfall is a defining feature of the agroecosystem and is a determining factor in
farmers' choice of varieties.

The effects of cultivating different varieties under particular agroecological conditions is
further discussed in Sections 4.7.2 and 4.7.3 (On-station and on-farm trials).

Example: Farmers' soil classification and maize diversity conservation in Yucatán,
Mexico.
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†  FAO 1990.

This detailed soil classification system is an important aspect of landrace cultivation in Yaxcabá
village, Yucatán, Mexico, where farmers plant different maize varieties to land area with specific
soil and topography types, based on the varieties' time to maturity.  Long-season maize is
planted to higher, rockier soil, while early maturing varieties are planted to level areas of red,
organic soils, such as in home gardens (Arias et al. 2000).  The diversity of soil types in this
village may thus be a contributing factors to the continued maintenance of diverse maize
landraces.
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3.1.4 Variation in environmental influences over time and space
Understanding the potential for variation in environmental influences through time and
space is crucial to examining their impacts on crop genetic diversity. As mentioned above,
both biotic and abiotic factors will vary in their presence and severity across fields,
communities and regions, and the presence and degree of adaptation in local landrace
populations is likely to mirror this spatial variation. Meanwhile, the adaptations developed
by populations exposed to constant environmental pressures will be very different from the
adaptations engendered by radical environmental stresses.

Such radical environmental stresses are known as stochastic events. These are periods of
abiotic or biotic stress that represent a significant departure from regular environmental
conditions, such as the droughts or rains caused by an El Niño event or  severe blights or
plagues. Stochastic events typically present severe stress to crop plants and can significantly
reduce the size of a crop population. The landraces that survive a stochastic event are likely
to be well-adapted to the particular stress, and future generations may possess that
adaptation.

Through time, stochastic events and other types of environmental influences are an
important factor in the evolution of crop populations. In diverse crop populations, the
impacts of environmental stress factors will gradually favour landraces that thrive in adverse
conditions.

• The evolutionary processes that take place in genetically variable populations propagated
under conditions of cultivation can be highly effective in increasing the frequency of desirable
alleles and useful multilocus genotypes. This enhances the value of the evolving populations
as sources of genetic variability in breeding for disease resistance and other characters that
affect adaptedness (Allard 1990: 1)

• In a genetically heterogeneous population, competition between individuals creates selection
forces which change depending on the genetic structure of the population and the
environmental conditions…the diversity of environments creates and maintains genetic
diversity (Le Boulc’h et al. 1994: 225-226)

3.1.5 Limiting factors
Agroecosystems contain a multitude of environmental and biological factors affecting plant
survival and productivity, and it would be impossible to measure all of them.  Therefore, it is
important to have some criteria to reduce the number of variables for analysis to those that
are key in influencing plant survival in a given agroecosystem.  The use of limiting factors,
or key constraints to survival and plant productivity, is one way to reduce the number of
variables collected.  In areas of high soil salinity, the key limiting factor to crop productivity
may be the amount of salt in the soil.  In desert environments, it may be water, or the
availability of water at a particular stage of the plant's life cycle.  Determining which are the
key limiting factors can be accomplished through discussions with the farming community
and with the knowledge of experts who have worked in the region.  It will be important to
know the number of farmers affected by each limiting factor, the effect of this factor to plant
productivity, and the risk of this factor increasing in the future (Mutsaers et al. 1997).  Once
the key limiting factors are known, it is also important to elicit from the farming community
the management practices used to reduce their negative impacts.
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Some abiotic and biotic factors to consider

General site data:
Topography: the differences in elevation of the land surface on a broad scale, varying from flat to
mountainous, measured using estimates of the proportion of change in altitude (adapted from FAO 1990):
Flat 0-0.5 m
Almost flat 0.6-2.9 m
Gently undulating 3-5.9 m
Undulating 6-10.9 m
Rolling 11-15.9 m
Hilly 16-30 m
Steeply dissected >30, moderate range of elevation
Mountainous >30, great range of elevation (>300 m)

Site slope and aspect: an estimate of the slope of the site, measured in degrees (°), and the direction the
slope faces (N,S,E,W or NW, SE, etc.).
Altitude: the approximate altitude of the site, measured in metres above sea level, using either an altimeter
or an estimate from local maps

Climate data:
Temperature range: measured either monthly or seasonally; in both cases, mean, minimum and maximum
values should be provided, and the distance to the nearest weather station should be provided if known
Incidence of frost: presented either as estimated number of frost days per year, or as first and last frost of
the year
Rainfall range: this should be based on annual or seasonal averages
Winds: wind strength can be measured as frequency of hurricane force winds, or the annual maximum
wind velocity (km/s)
Light: this may a qualitative measurement based on exposure to sun (such as no shading, partially shaded
or completely shaded), and also can be measured in photoperiod at a specific point in the growing season
(mean, maximum, minimum)
Major climatic events: local residents will be able to recount the historical occurrence of major climatic
events (particularly those which may serve as stochastic events for local populations)

Soil data:
Soil drainage: the relative ease with which soil drains when watered, from very poorly drained to well
drained or excessively drained
Water availability: crops may be completely rain-fed, irrigated (regularly or occasionally), flooded, or
located near groundwater (lakes, streams, rivers, sea, etc.)
Flooding: or temporary inundation, described according to its estimated frequency, duration and depth
Groundwater depth and quality: Groundwater depth is measured as the distance from surface to
groundwater table (cm), and any significant fluctuations if known.  Groundwater quality can be
characterized as: saline, brackish, fresh, polluted, oxygenated or stagnating
Soil salinity: is a quantitative measurement of the percentage of dissolved salts in the soil (ppm)
Soil colour: can be measured at a range of root depths using a standard soil guide (e.g. Munsell)
Soil moisture: can vary from dry to slightly moist to wet, and should be presented according to depth
Soil pH: the actual value of the soil, measured at a range of depths
Organic matter content: can range from nil (as in arid zones) to high (as in never cultivated, recently
cleared forest) to peaty
Rock content: described according abundance of rock and mineral fragments (>2mm)
Stoniness/Rockiness/Hardpan/Cementation: surface hardness gauged according to the relative ease of
tillage, from tillage unaffected, affected or difficult to tillage impossible or essentially paved
Soil texture: characterized according to relative content of clay, silt, loam and sand
Soil type: may incorporate many other factors, and is usually based on a standardized classification
system
Nutrient deficiencies/toxicity:  N, P, K, Mg, S, Zn, Bo, Fe, Al, Mn

Biotic factors
Diseases: measured as the frequency and diversity of a disease among sampled crop plants
Pests: measured as the frequency and diversity of a pest and among sampled crop plants
Pollinators:  specific pollinators available
Competition: measured as the frequency of a weed or competitor in a field or sampling thereof
Weedy and wild relatives: the size and proximity of populations of wild relatives should be noted
Mutualism:  benefit of interaction versus grown separately.
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Example: Environmental stress factors in Milpa agriculture, Yucatán, Mexico

Traditional empirical knowledge is transmitted
from father to son to cultivate under the
conditions of environmental stress presented
by the present-day slash and burn Milpa
farming system in the Yucatán, Mexico.  The
photograph shows Don Celso Cob (54)
teaching his son Lico (14) how to sow maize,
bean and squash in stony soils.  This crop will
provide the family with a year's food supply.
The sowing day is difficult, as the rainy season
has started and weeds have started to grow,
creating competition with crop plants for
essential resources.  In addition, population
pressures have reduced the fallow period in
the Milpa system from 50 to 8 years, lessening
soil fertility.

3.2 Farmer management of the agroecosystem
Farmers shape the distribution and degree of genetic diversity in their crops both directly,
through selection, and indirectly, through management of biotic and abiotic agroecosystem
components.

Farmers make decisions in the process of planting, managing, harvesting and processing their
crops that affect the genetic diversity of crop populations. Over time they will modify the genetic
structure of a population by selecting for plants with preferred agromorphological
characteristics. Farmers will influence the survival of certain genotypes by choosing a particular
management practice of planting a crop population in a site with a particular micro-environment.
Farmers make decisions on the size of the population of each crop variety to plant each year,
the percentage of seed to save from their own stock, and the percentage to buy or exchange
from other sources. Each of these decisions, which can affect the genetic diversity of cultivars,
is linked to a complex set of environmental and socioeconomic influences on the farmer. (Jarvis
and Hodgkin 2000).

Sometimes human behaviour has accidental or unforeseen effects on the genetic diversity
of crops.  Far more often, the ways in which farmers shape crop diversity are well thought
out. Although they may not understand the nuances of plant population genetics,
reproductive biology and environmental adaptations, farmers are likely to draw on these
indirectly to identify, develop and maintain useful genetic diversity within local
agroecosystems.

By altering the environmental selection pressures that crop plants face, farmers' crop
management practices can impact the genetic diversity within local populations. For
instance, in dry areas, irrigated crops face far less natural selection for drought tolerance than
those relying solely on rainfall.  Sadiki (1990) has shown that irrigated and rain-fed
populations of faba beans in Morocco have distinctive genetic profiles in keeping with the
different natural selection pressures facing each population.

However, because plant development is based on both the plant's genotype and its
environment, the precise effects of farmer manipulations of agroecosystems on local genetic
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diversity are not entirely understood. There are numerous hypotheses as to the impacts of
various farmer inputs on genetic diversity, such as the quantity and content of fertilizers
(Silvertown et al. 1994). However not every farming practice will play a significant role in
shaping local genetic diversity (Snaydon 1984). The challenge facing scientists working in on-
farm conservation is to determine what manipulations of the environment farmers practice,
and in turn what the precise effects of these practices are on crop genetic diversity.

Farmer plot management practices, such as the
use of mechanized vs. livestock-powered
ploughing, may exert selection pressures on
different crop varieties.  Donkeys are used as
draught power in this plot in Morocco.

3.2.1 Farmer management of environmental stress
Farmers have developed ways of manipulating the environment to respond to the abiotic
and biotic stresses their crops face. The threats can be associated with local climates, seasonal
changes, or the effects of pathogens; the responses may be simple or complex, temporary or
permanent, traditional or modern. Table 3.2 reviews the various types of environmental
stresses facing farmers and gives examples of the environmental manipulations which may
be used to reduce their impact on crop plants.

Table 3.2.  Environmental stresses and possible responses by farmer
Environmental factor Possible farmer response to alter environment
Extreme cold Crop sheltering, frost coverage
Extreme heat Crop shading
High clay content/poor drainage Removal of hardpans, addition of drainage lines
High sand content/rapid drainage Addition of water retention lines
High gravel/rock content Removal or rock material
High or low pH Fertilizers, soil additives
Low nutrient content Fertilizers, soil additives, intercropping, crop rotation with

legumes
High aluminium or salt content Fertilizers, soil additives
High precipitation/Waterlogged soils Addition of drainage lines
Low annual precipitation Irrigation systems/ water harvesting
Low seasonal precipitation Temporary/seasonal irrigation systems
Desertification Sand barriers
High erosion potential Flattening field slopes, developing terraces
Low light intensity Thinning possible shade
Long/short photoperiod Agroforestry, crop rotation
Strong local winds Plant/build windbreaks, agroforestry
Pests Pesticides, physical barriers, intercropping, crop rotation
Diseases Avoidance of conditions favourable to disease,

fungicides, crop rotation
Plant competition Weeding, reduced plant spacing, herbicides
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Example:  Farmer management of irrigation systems for temperature control in Jumla
site, Nepal

In Jumla, the high-altitude ecosite of the Nepal
component of IPGRI's global on-farm conservation
project, farmer manipulation of the irrigation system
also serves to raise the water temperature for
earlier flowering of rice.  Farmers re-route cold
water from the main valley river so that it is warmed
by the sun before used to irrigate the rice crop; the
warmed water induces flowering at the appropriate
point in the season to enable timely maturation and
harvest of the crop.

Across this range of options, the exact timing and type of farmer manipulations, and thus
their impacts on crops, can vary considerably.  An alteration to the agroecosystem can be
permanent, such as terraced fields to reduce erosion, or short-term, such as a day’s weeding
to remove crop competitors. Interventions can come at various stages during a crop
development over a season, and their impact may vary at different stages. Temporary
interventions like weeding may take place many times over the course of a season. Also, the
precise type of farmer response can vary in its degree or quality. For example, different
amounts of weeding or crop rotation practices may have various effects on crops. Inputs
such as pesticides, fertilizers and herbicides may be natural or synthetic, and the effects of
each of these may be different.

3.2.2 Using crop genetic diversity as a natural resource to mediate stress
One important agroecosystem management strategy is the use of inter- and intraspecific crop
diversity to mediate potential environmental stresses.  If a crop population has a diverse
genetic make-up, the risk of its being entirely lost to any particular stress, such as
temperature extremes, droughts, floods, pests and other environmental variables, is reduced.
Different crops and varieties may differ in their vulnerability to specific threats (e.g. traits for
resistance to a specific disease).  In addition, vulnerability to stresses may vary with the
crop’s level of maturity, from the planting to post-harvest stages, particularly in the case of
pests, to which even post-harvest yields may still be at risk.  Crops with different planting
times and times to maturity give the farmer the option to plant and harvest crops at multiple
points in the season to guard against total crop loss to environmental threats.

3.3 Analyzing agroecosystem factors that affect crop diversity
The site for on-farm conservation may have a diversity of agroecosystem factors, different
soils, incidence of weeds, disease and/or management practices.  Alpha diversity refers to
the diversity within the ecosite.  Beta diversity refers to the change in species composition
from place to place, for example from one farmer’s field to another, or along environmental
gradients, and gamma diversity refers to the diversity of a region or landscape.
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3.3.1 Characterizing the diversity of the agroecosystem
A typical set of agroecosystem data might document dozens of factors (abiotic, biotic and
management factors), and it is impossible for the mind to simultaneously contemplate the
dimensions of such a data set.  One of the first steps of any analysis is therefore to simplify
the data set by determining which dimensions are most important to describe the overall
variation within the data.

Two common statistical techniques for reducing the dimensionality of complex data sets
are classification and ordination.  These multivariate methods can be used to explore the
relationships among study sites or fields based on their multiple abiotic, biotic and
management characteristics, but also the relationships among crop samples based on
morphological traits and/or genetic markers (Chapter 4 and 5), and among households
based on social and economic characteristics (Chapter 2).

Classification methods group entities with similar characteristics into categories.  Methods
may be hierarchical, resulting in a dendrogram, or non-hierarchical, resulting simply in
groups of similar samples.  For each of these, there are numerous different clustering
algorithms, which often lead to quite different results with the same data set. Non-
hierarchical classification is significantly faster and thus often better for large data sets
(Gauch 1982).

Ordination methods arrange samples spatially in a two- or three-dimensional plot in such a
way that their positions reflect their similarity.  Similar samples, such as farmers' fields with
similar characteristics, are located close to each other, while increasingly dissimilar ones are
located increasingly further apart.  If two variables are highly correlated with one another,
either one could be used as a proxy for the other, indicating that there is  redundancy in the
data (Causton 1988). Ordination techniques can be used to identify these correlations to
reduce the number of variables under consideration.

In addition to multiple regression analysis, discussed in Chapter 2, other techniques are
used to relate a group of dependent variables to a group of independent variables.  The
technique may be used to link the distribution of varieties to a certain set of agroecological
factors, or a certain type of household, or a certain ethnic or gender group.  Some other
common methods to link dependent to independent variables include Canonical Correlation
Analysis, a special kind of multiple regression, Binary Discriminant Analysis and Multiple
Discriminant Analysis.
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Relating dependent variables to a group of independent variables

Multiple Regression is used to learn more about the relationship between several
independent, or predictor, variables and a dependent, or criterion, variable.  Multiple regression
is discussed in the context of econometric models in Chapter 2.  It also can be used to allow the
researcher to ask, and perhaps answer, the general question, "What is the best predictor of…?"

Canonical Correlation Analysis (CCA) is used to relate a group of dependent variables to a
group of independent variables.

Binary Discriminant Analysis (BDA) is used to relate species patterns to environmental data.
Environmental data need only be expressed by multistates, and plant data in the form of
presence/absence data.  BDA is useful for data that cover a large geographic scale or when
only presence/absence data are available.

Multiple Discriminant Analysis (MDA) is used on predetermined groups, which may be
specified by earlier classification or ordination methods.  MDA is used to characterize the
differences and overlaps between these predetermined groups, as well as their diagnostic taxa.

Ordination

Distance based:
Polar Ordination (PO) and Multidimensional Scaling or Principal Coordinates Analysis
(PcoA) are common distance-based ordination methods, i.e. relying on a square, symmetric
distance or similarity matrix.

Correlation based:
Principal Component Analysis (PCA), Reciprocal Averaging (RA) and Detrended
Correspondence Analysis (DCA) are ordination methods based on covariance or correlation
matrices rather than distance or similarity matrices.

See http://www.okstate.edu/artsci/botany/ordinate/motivate.htm  for an excellent overview of
definitions and statistical packages for ordination and classification techniques and their use in
exploratory- and hypotheses-driven data analysis tests.

3.3.2 Geographic Information Systems: mapping relationships
Many phenomena in nature show some form of spatial autocorrelation. That is, the value of
an environmental factor at a particular location is strongly correlated to its value at
neighbouring locations. Such spatial relationships within and among factors may be
explored using Geographic Information Systems. A GIS is a database management system
which can simultaneously handle spatial data in graphics form – i.e. maps, or the “where” –
and related, logically attached, non-spatial attribute data – i.e. the labels and descriptions of
the different areas or points within a map, or the “what.” Howard (1996) discusses how
spatial information on species richness, distribution and abundance of an endangered
species, disturbance and distribution of timber resources within a forest can be used to
develop a zoning plan for a forest reserve, including different use areas, buffer zones and a
core. Application of GIS to on-farm conservation presents the challenge of integrating
demographic, socioeconomic, cultural and other data on the human population with data on
the biophysical environment and the target taxon. Harmsworth (1998) describes an attempt
to manage, within a GIS, information on the cultural values of different features of the
landscape, flora and fauna, with a view to developing resource and environmental
management plans more in tune with the requirements of local people.
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3.3.3 Reducing variables through farmers’s knowledge of limiting factors
Farmers are good guides in deciding which variables to collect for agroecological data. Their
experiences can provide unmatched insights into the local environmental factors that affect
crop production and the measures that can be taken to minimize the impacts of these factors.
These may be stress factors to which landraces have adapted, or limiting factors that prevent
further production.  In essence, we are interested in:

• Identifying key abiotic or biotic gradients that influence crop genetic diversity
• Characterizing abiotic or biotic factors which farmers perceive as constraining or

limiting
• Understanding the manipulations of the agroecosystem which farmers undertake to

minimize the impacts of these factors.

Generally, it is best to collect information on the variable that is most likely to be the direct
cause of a plant’s adaptive response.  Farmers can guide the researcher to the main limiting
factors within their agroecosystems.  Care should be taken in understanding not only the
factors but the timing in the life cycle of the plant (e.g. from seedling to flowering to storage)
when the constraint has its greatest effect on plant survival or productivity.  Certain
constraining factors may occur over longer periods of time.

Recommendations from the Global IPGRI in situ project (Jarvis et al. 2000) are to limit  the
variables to be analyzed to no more than five key biotic and abiotic factors that farmers and
researchers have identified as limiting and favourable factors to plant adaptation (e.g.
slope/aspect, rainfall onset, growing season, disease), and to five key management factors that
characterize the limiting and favourable factors to plant adaptation (e.g. high N input,
irrigation type, terracing, tillage practices).  It is important that these key, farmer-identified,
constraints are evaluated.  For example, where soil nutrient deficiency has been identified as
a key constraint, it is important to confirm through soil analysis that the reason is simply lack
of nutrients, and not soil-nutrient deficiency combined with a particular pest affecting the
plant productivity.

3.3.4 Measuring the impact of farmer management practices
Measuring the impacts of farmers’ manipulations of the agroecosystem can produce a
particular challenge because measurements must include two sets of data, with and without
the farmer’s intervention (the difference between these two being the impact of human
manipulation). Ideally, data are collected from one point before and after the intervention.
However, if necessary, data collection may be from two points, one with and one without the
intervention (it is important to have the points as close together as possible to help control
for spatial variation).  Chapter 4 gives more details about trials on-farm and on field stations
to test the effect of management practices on crop diversity.
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traits also may be related to the use of the material, such as rapid cooking time, taste, use for
straw or other parts of the plant, or role in a religious ceremony.  Farmers perceive these
factors at various stages in a plant’s development, from seedlings to flowering to fruiting.
Thus, the factors which farmers use to identify and shape farmers’ varieties are complex and
interrelated, as sets of agromorphological criteria combine to define a landrace.

When collecting information from farmers it is important to note down the exact name of
each variety as given by the farmer, without modifying it, using the local alphabet if
possible.

Category Possible agromorphological criteria
Origin/source of the material village, region, county, farmer, local market
Morphology colour of stem, leaf or seed

shape of leaves, seed or fruit, disposition of
flowers and fruits on the stems
plant height
pod/cob/ear/rhizome length or width

Agronomic performance yield and yield stability
flowering time
earliness
seedling vigour
growth habit

Environmental/ecological
adaptation

resistance to pests and diseases
tolerance of water stress and harsh conditions
tolerance to salinity
tolerance to cold and high temperatures

Use taste
cooking time
nutritional value
fodder
type of preparation
association with religious ceremony

Example: Farmer characterization of sorghum varieties in Mkulula village, Tanzania. Farmers ranked
the performance of their varieties; data were collected during group interviews in Mkulula village.

Variety
Characteristic PN3 Msabe Kasao Sanyagi Kilezilezi Tegemeo Mihenduno
Grain yield good average good good good good average
Grain size average average good average average large good
Head size good average loose, large good large loose,

large
average

Drought tolerance good good very good good very good very good good
Time to maturity very

early
medium medium medium early early medium

Stover yield poor good good good average poor average
Use of stem poor good good good food average good
Bird resistance poor good good good good poor good
Disease
resistance

poor poor good poor good good good

Insect resistance poor poor good poor good good poor
Threshing ease good average good average average good average
Dehulling ease good poor good poor average good poor
Grain colour white dark red white, black red dark red cream pink
Grain taste very

good
poor good good average good average

Grain storability good good good good good good good
Brewing quality very

good
good good good good good good

Source: Friis-Hansen 2000.
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4.2.1 Consistency in naming varieties
Farmers may or may not be consistent in naming and describing landraces.  One farmer's
name for a landrace may well be the same name that other farmers in the village give to the
same variety. This consistency may only be at the level of the village and not any wider.  In
contrast, it may happen that even within a village, different farmers may have different
names for the same landraces.

The name may vary with gender or age or ethnic group.  It is important to investigate
across the area of study whether what farmer A calls landrace X is genetically the same as
what farmer B calls landrace X.  Likewise, two farmers might use different names for their
landraces, although genetically they are highly similar.  For this reason it is important to
understand what specific agromorphological traits farmers use to name a landrace and to
answer the question:  do all farmers recognize the same local cultivar with the same name
using the same traits?  Cross-checking information and data is critical to link plant features
to the name of a landrace.  This requires intensive investigation with farmers and visits to the
field during all stages of crop development.  Clarification of what constitutes a landrace at
each scale (village, community, region) is the first step toward defining the amount and
distribution of crop diversity maintained by farmers.

Example: Mayan maize variety names in Yaxcabá, Mexico.
In Yaxcabá, Yucatan, Mexico, farmers' Mayan terminology for their maize classification system identifies
maize varieties by grain colour and time to maturity.

Racial type
Variety
(Mayan name; grain colour) Cycle Field trial†

Nal-tel Kan-nal; yellow 7 weeks Nal-tel
Sac-nal; white Nal-tel

Xmejen-nal (nal-tel x tuxpeño) Kan-nal; yellow 2.0 months Xtup-nal
Sac-nal; white Xtup-nal
Kan-nal; yellow 2.5 months Xmejen-nal
Sac-nal; white Xmejen-nal

Tsiit-bacal (dzit-bacal) Kan-nal; yellow 3.5 months Dzit-bacal
Sac-nal; white Dzit-bacal
Sac-nal; white (colmillos) ‡ Dzit-bacal; colmillos

Xnuc-nal (tuxpeño) Kan-nal; yellow 4.0 months Xnuc-nal
Sac-nal; white Xnuc-nal
Pix-cristo; yellow-reddish Pix-cristo
Xhe-ub; purple-white Xhe-ub
Chac-chob; red-hot Chac-chob
Xgranada-nal; as pomegranate Xgranada-nal
Xwob-nal § Not included

† Relation of maize varieties used to do the dendrogram and PCA.
‡ This material was included as a variant of Dzit-bacal.  The principal characteristic is that the grains look

like “a fang”.
§ This variety was not sown in the trial because there was not enough seed.  The characteristic of this

material is that in the farmer's field sometimes the ears have three or four branches.
Source: Arias et al. 2000.

Once there is a clear idea of what traits farmers use to name their varieties, a list of criteria
for each named variety can be compiled.  Some of these criteria may be heritable, i.e. they
are inherited by the offspring, while others may be influenced by the environment where the
landrace is grown.  Therefore, when the landrace is grown in another environment, for
example a different soil type, it may no longer express the same traits that a farmer uses to
distinguish it.
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Example: Means and variation ranges for several traits measured on 13 faba bean local
varieties at Rabat, Morocco, 1998/99 season (Sadiki et al. 2000).

Traits Mean Minimum Maximum
Plant height at flowering (cm) 44.00 30.00 50.00
Number of pods per plant 21.00 11.00 40.00
Number of seeds per plant 72.00 24.00 120.50
Average grain weight (g) 1.15 0.65 1.66
Number of grains per pods 5.47 2.20 6.51
Yield per plant (g) 80.00 44.00 130.00

On-station characterization of faba bean
landraces in Morocco.

The characters to be analyzed in the trial are referred to as variates; they can vary widely
from crop to crop. For example, in characterizing the agronomic qualities of a maize variety,
tassel length may be important.  This will obviously be inapplicable for rice, for which
panicle size may be important. The range of possible characters which can be measured in
agromorphological analysis is summarized in descriptor lists. These lists have been
published for most major crop plants.

4.7.1 Measurements of agromorphological descriptors
Descriptor lists usually present all the potentially relevant agromorphological characters for a
species, which may number well into the hundreds. Characterization descriptors describe
plant traits that are highly heritable, easily seen by the eye and equally expressed in all
environments in order to distinguish phenotypes.  Evaluation descriptors describe plant
characters, such as yield, agronomic performance, abiotic and biotic stress susceptibility, and
biochemical and cytological traits, whose expression may be affected by environmental factors.
Collecting this breadth of data is impossible for the purposes of on-farm conservation research.
These traits may or may not be directly linked to meaningful genetic diversity, as
morphological traits result from the interaction between genetic and environmental influences.

Farmers are likely to be the most useful guides in narrowing the range of
agromorphological characters to be studied. The main traits that farmers use to identify and
select landraces, both preferred and non-preferred, should be of particular interest.

Identification tests to understand the criteria farmers use to describe their varieties can be
organized with farmers by sowing several rows of each variety in a plot without the farmers
knowing which varieties were used.  Farmers can be asked to identify the varieties at several
stages of the growth cycle of the plants: young plants, flowering stage, maturity stage of the
fruit/ear/spike on the plant, and maturity stage after harvesting (without the presence of the
plant).
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Example: Comparative value for farmers' descriptors for taro (Colocasia spp.)

As part of the Nepal component of the IPGRI on-farm conservation research project,
researchers investigated farmers' descriptors for taro in Begnas ecosite.  For 18 taro samples
displayed, farmers most frequently (in nine cases) used longer cormel size as the descriptor;
the least used descriptor was the corm sheath (in only two cases). Compared with men farmers,
women farmers examined samples more closely, using their own descriptors.  The most
common descriptors used by female farmers included bud colour, number of buds, number of
cormels, and corm and cormel sizes. The important descriptors for men farmers were number of
buds, bud colour, number of cormels and corm shape.

Comparative value for farmers' descriptors by gender (n=24), Begnas, Nepal

Women Men
Descriptor Character times used % times used %

Round shape 8 23.9 8 18.2
Large size 4 27.0 6 15.3
Smaller size 8 12.5 7 15.4
White bud colour 10 35.0 8 17.2
Red bud colour 8 45.3 8 24.4
Bud per corm 7 41.7 7 29.2

Corm

Depressed buds 5 26.7 6 22.2
More number 7 20.8 8 23.4
Less number 6 31.9 8 13.0
Large sized 6 29.2 5 15.3

Cormel

Longer 6 19.4 9 14.2
Sheath Heavy or thick 2 12.5 2 16.8
Root growth Cluster 3 19.4 3 26.4

Note: Above percent is calculated as total cumulative score obtained for each descriptor / ×
descriptor actually used across varieties × a potential response of total number of farmers
(n=24) expressed in percent.

Characterization on-farm of rice landraces, Kaski,
Nepal.

On-station characterization and evaluation of
alfalfa landraces, with modern varieties used as a
control, in the Errachidia oasis area, Morocco.

Additional evaluation criteria may be identified by the researchers based on local
observations; potentially useful characters should be chosen according to crop specificity,
heritability and the potential for high diversity within the trait (Brown 2000). The number of
agromorphological characters to collect may be reduced through statistical methods such as
ordination (see Chapter 3).  In Mexico, principal component analysis (PCA) was used to



A Training Guide for In Situ Conservation On-farm:  Version 160

determine that seven agromorphological characters accounted for 85% of the variability
encountered in 15 varieties of maize (Sanchez et al. 1993; Arias et al. 2000). Depending on the
variables (traits) to be measured, data are collected at the plant level, the plot level and the
experimental level.

Eigenvalues and eigenvectors of first principal components with descriptive variables of
15 maize landraces (Arias et al. 2000)

CP1 CP2 CP3
Eigenvalue

Eigenvalues 3.450 1.725 0.775
Proportion of variance explained (%) 49.3 24.6 11.0
Proportion of variance cumulative (%) 49.3 73.9 85.0

Eigenvectors
Ear length (cm) 0.365 –0.470 0.250
Ear diameter (cm) 0.200 0.415 0.762
Weight of corncob per plot (kg) 0.335 0.461 –0.443
Yield per experimental plot (kg) 0.452 0.056 –0.379
Plant height 0.476 –0.180 0.070
Ear height 0.477 –0.274 0.042
Weight of grain in the plot (kg) 0.235 0.532 0.096

4.7.2 On-station trials
In on-station trials, treatment factors are the only variables, while everything else is kept as
uniform as possible. For example, in population comparison trials, all cultural techniques are
standardized and uniformly applied to all varieties and replicates.  The other growth-
influencing factors (i.e. meteorological, pedological, hydrological factors) in the experimental
fields are usually controlled by grouping the treatments in homogeneous blocks. The
principle of controlled field trials is to keep the non-treatment factors as uniform as possible,
thus allowing maximum expression of differences between treatments. This cannot be
applied to the same extent in farmer-managed trials, where heterogeneity of soils within a
field cannot be controlled.

Populations are normally evaluated under different variants of conditions in a factorial
design.  These variants are called treatments. The choice of treatments will depend on the
question to be investigated.  For example, an experiment evaluating 4 populations at 2 levels
of spacing for 3 planting dates has 3 factors (the populations, the levels of spacing and the
planting dates), giving a total of 24 treatments with a factorial design of 4 by 2 by 3. The
treatments are chosen when the trial objective is formulated. Each treatment should be
clearly defined, and its role in reaching the objectives of the experiment should be precisely
known.

Trials often include control treatments used as checks (or references) for comparison of
the treatments being evaluated. For example, improved varieties in local population yield
trials can be used to compare the adaptive advantages of local varieties compared to
improved varieties.  Controls also are used for testing resistance of populations to diseases.

The choice of the site for conducting field trials may be crucial in some cases and should
depend on the trial objectives. For example, site choice will be crucial to evaluate drought
tolerance, and experiments may need to be repeated over a range of sites and years.  In
contrast, for some disease studies, the experiments may be best laid out in large pots, and the
results may be relatively independent of the sites being used, as long as the presence of high
and even disease pressure is ensured.  GIS can be used to assist in determining both the most
appropriate sites for field trials and the area over which the results of a given trial are likely
to be applicable.
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Trial components

Plot: the smallest experimental unit in the field trial
Treatment or variant: comprises all plots with the same treatment
Replication: establishment of two or more plots with the same treatment
Block: it is either a complete block (contains a replication of all treatments) or incomplete block
(contains only some of the treatments)
Randomization: it is a random distribution of the plots with all the different treatments within
one block. The randomization is essential to be able to compute the influence of the soil and the
effects of adjacent treatments.
Factor:  Any unidentified substance involved in, or the causal agent of, a specific reaction or
process.

The results of the trials are affected not only by the action of the treatments but also by
undesirable factors (differences in soil properties within the trial field). These extraneous
variations are termed experimental errors.  These effects can be reduced by grouping the
treatments into uniform blocks.  The purpose of blocking is to enable populations to be
evaluated with high precision and accuracy in detecting differences between treatments.  The
precision required determines the experimental design used for laying out the field trial.
The difficulty of laying out and implementing increases with the increasing exactness of the
design adopted.  The experimental design is concerned with how treatments are combined,
how the treatments are assigned to the experimental units, and how many times treatments
are replicated.

There is no defined number of treatments to be included in a trial.  Most often there are
choices of putting all the factors in one large trial or splitting them into smaller trials as it is
often difficult to use a large homogeneous plot compared with a set of small homogeneous
plots.  Large trials are recommended if all the treatments need to be compared with each
other.  Large trials are more difficult to manage and collecting an enormous quantity of data
may be beyond the capacity of the technical personnel.

4.7.3 On-farm trials
In on-farm trials the on-station practices of imposing uniformity and planting crops at a
fixed time and prescribed density are not possible.  Mutsaers et al. (1997) recommend that
uniformity should be discarded and that the trial should be superimposed in a field chosen
by the farmer, planted at a time the farmer would normally plant, and managed in his or her
way.  Non-treatment variables are not controlled but replaced by recording the farmer’s
actual practices.  Different statistical approaches are needed to analyze this type of
information, and a larger number of farmers is required to capture the entire range of
variation in management practices (Mutsaers et al. 1997).  An excellent guide for on-farm
trials design and statistical analysis of uncontrolled variation in farmer-managed trials is
Mutsaers et al. 1997, A Field Guide for On-Farm Experimentation, particularly Chapters 6 and 7,
which we recommend as supplementary materials to this Training Guide.
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Trial designs

Randomized complete block design (RCB)
In this design each block (one replication of all treatments) is complete, i.e. it contains all
treatments once. The design is suitable for single-factor trials as well as multi-factor trials. The
treatments are randomly distributed with each block, i.e. they are allocated randomly to
experimental units within each replication.  The number of replications often varies between 4
and 6 depending on soil heterogeneity. The RCB design has many advantages. It is the most
accurate design for most types of experimental work. It offers flexibility in the number of
treatments and number of replications. Control treatment may be introduced more than once.
However, when there are more than 15 treatments, replications must be broken into partial
series if the treatments do not need to be compared with each other.  The statistical analysis of
RCB design is simple and rapid. The principal disadvantage of this layout is when the trial
should include a large number of treatments. This leads to large complete bocks which may be
heterogeneous.

Latin square design (LS)
In this design treatments are allocated in two directions. The experimental area is divided into
rows and columns and each treatment must appear once in a row and once in a column.
Therefore treatments are randomized into row and column replicates. The number of
replications is equal to the number of treatments. With the two-way stratification the LS design
offer a good control of the field variation. It is suitable for single or multi-factor trials involving a
small number of treatments (often less than 10).

Randomized incomplete block design (RICB)
The number of treatments to be tested together in single experiment is usually so large that it
becomes difficult to find replicates that are homogeneous. The variation tends to increase as
the replicate size increases inducing large experimental errors. Thus it is critical to maintain
block size small. Therefore for large trials ( with high number of treatments) only a portion of
treatments may be included in a small block resulting in incomplete block layout. The whole
replicate is divided into small incomplete blocks. The optimum size of each block depends upon
the nature of experimental area and material. The variation between incomplete blocks is
removed allowing for a smaller experimental error that if the trial was designed as RCB. Most
often check treatments are included in each incomplete block. RICB offers a good flexibility for
scientists in designing trials that are more suitable for their situation. This design is very used
when analysing variability among local germplasm entries.

Lattice and alpha designs
Lattices are special cases of incomplete block designs. A great number of treatments can be
included in the same trial with a smaller number of replicates but with the same degree of
precision as RCB.
The number of treatments is always a perfect square (9, 16, 25, etc.). Replications (“lattices”)
and blocks are not identical. The number of treatments in each incomplete block is equal to the
square root of the total number of treatments. Any particular two treatments should not appear
more than once in any one of the blocks. In order to evaluate all the treatment differences with
the same degree of precision, the lattice should be balanced:  every treatment is compared with
every other treatment an equal number of times in the incomplete blocks.

Augmented design
Augmented designs are laid out in only one replicate. They are suitable for trials including a
large number of populations and when the amount of seed is limited and is only enough for one
replicate. Controls (or checks) are repeated systematically in the experiment to control the
environmental heterogeneity. Examples of experiments using augmented design: screening
plant entries for resistance to diseases, where checks consist of resistant and susceptible
genotypes replicated in systematic pattern. The replicated checks measure the variation across
the trial and the variables (traits) of the unreplicated entries are assessed against that of
adjacent checks.
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4.8 Laboratory experiments
In addition to field evaluations, laboratory and greenhouse evaluations may be necessary to
distinguish different degrees of adaptive and quality traits that farmers may have identified.
The elasticity of tortillas, cooking time of faba bean, etc. are traits that can be analyzed using
laboratory techniques to quantify differences between farmer-named varieties.  Some
agronomic traits such as disease resistance and tolerance to abiotic stresses (water deficit,
salinity, etc.) can be easily evaluated using precise laboratory or greenhouse screening
techniques for better characterization of the genotype differences among landraces. The
resistance of sorghum to post-harvest pests also can be tested (Teshome et al. 1999).  The
structure of the genetic variability between and within farmer-named varieties also may be
described using biochemical molecular markers discussed in the next chapter.

Example: Confirming farmers' knowledge of sorghum landrace storability in Ethiopia

This study assessed farmers' knowledge of sorghum landraces' resistance in storage to insect
pests.  Farmers first categorized their landraces according to the level of resistance to rice
weevil [Sitophilus oryzae (L.)] in storage.  Resistance of the landraces was then measured by
the researcher through standard susceptibility tests, which involved the introduction of 25 7-day-
old weevils into 25 grams of each landrace, kept at constant temperature and relative humidity.
After 7 days, the insects were removed but the eggs left to hatch.  Beginning at the end of the
fourth week after the original infestation, insect emergence was counted every other day for 3
weeks, enabling calculation of the Dobie Index.  After the emergence count, the sorghum
samples were weighed to determine the amount lost to the infestation.  Dobie index, F1

emergence, median development period, oviposition and weight loss  for all sorghum samples
were used as measures of susceptibility.  The level of the landraces' susceptibility to rice weevil
according to these measures correlated highly with farmers' categorization of the landraces'
susceptibility.
Source: Teshome et al. 1999.

Nutrient content is another criterion that serves to distinguish varieties based on a
potentially useful characteristic.  A nutrient, or bromatological, analysis is a means to
examine a food for the content of specific macronutrients (carbohydrates, proteins and fats)
and/or micronutrients (vitamins and minerals).  Nutrient analyses can serve to validate
farmers' knowledge of the beneficial nutritional properties of specific varieties and to
identify nutritional benefits unknown by farmers.  This information can be taken into
account in participatory crop improvement activities, as well as in adding-value actions
through quality, depending on farmers' interests.
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Example: Bromatological analysis of maize varieties
Bromatological analysis was used as one means of measuring the diversity of maize landraces
from a village in the Yucatán, Mexico.  The Instituto Tecnologico de Merida performed a
nutritional analysis for 13 samples of maize after agromorphological and isozymic
characterization.  The analysis involved examining differences in humidity, fat, mineral and
protein content among populations.  According to the results of the analysis, nutrient content
does not clearly correspond to racial type in these maize populations.  Moreover, the
differences in nutrient content between populations are not significant from a human nutritional
perspective.  A more detailed analysis of differences in amino acids, which may show greater
variation than the other nutrients analyzed for maize, may be undertaken in the future. The
average nutritional composition of the 13 landrace populations analyzed is presented below.

Population analyzed Humidity (%) Mineral (%) Fat (%) Protein (%)
Xhe ub 11.00 0.993 4.485 9.98
Tsiit bacal (yellow) 10.06 1.092 4.755 9.06
Xnux nal, chac chob (purple-
yellow) 12.05 1.068 4.640 9.02

Chac Chob (red) 10.74 0.918 4.980 9.82
Xnuc nal (yellow) 9.28 0.979 4.950 10.56
Nal tel (white) 10.70 1.279 4.840 11.55
Pix cristo (yellow) 11.22 1.053 5.080 10.82
Xmejen nal (white) 11.35 1.278 4.745 12.08
Xmejen nal (yellow-red) 10.37 1.285 4.980 13.11
Nal tel (yellow) 10.22 1.411 4.985 10.89
Xtup nal (yellow) 11.46 1.409 3.529 11.31
Tsiit bacal (white) 11.27 1.173 4.506 11.13
Xnuc nal (white) 11.34 1.310 4.874 10.17

4.9 Measuring diversity using agromorphological data
The first step in analyzing agromorphological data usually involves compiling a data matrix.
This is essentially a table in which data points (an entity, such as an individual, variety or
population) are placed in rows, while the different categories of observations (i.e. the
agromorphological traits) are placed in columns.

Traits
Samples

Once data are in the form of a basic data matrix, univariate analysis can be used to
describe different specific variables. More importantly, bivariate and multivariate analysis
can be used to identify patterns and associations among variables within the data.  Of
interest to us are:

• Analysis of variation in each character.
• Analysis of relationship among characters.
• Partitioning of variation within and between populations, sites, sampling times.
• Analysis of relationships between results obtained from different sets of characters.
• Analysis of relationships among individuals, populations, sites, sampling times.
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4.9.1 Univariate data analysis
Univariate data analysis is used to describe the total range and variation of a single
agromorphological trait for a population as an exploratory step in the analysis.  Traits may
vary continuously (for example, quantitative traits, such as plant height, plant biomass, etc.)
or discontinuously (such as colour or flowers, presence or absence of disease resistance).
Most qualitative traits are discrete variables.

In univariate data analysis, common calculations are (1) frequency distribution – or the
sorting of values according to the number of observations, (2) mode – the value which occurs
most commonly in a frequency distribution, (3) arithmetic mean – the average of all values of
the a variable, (4) median – the observation located halfway between the smallest and largest
observations, (5) range – the difference between the highest and lowest values in the data set,
and (6) standard deviation – the average difference between the arithmetic mean and the
value of each observation in a data set.  When univariate data have been collected from a set
of local varieties grown in the same standard design experiment (4.8.2) analysis of variance
is used to estimate genetic variance between entities (varieties, populations, regions, sites).

Diversity indices are measurements of diversity that include richness, the number of
varieties or traits of a given variety, and evenness, the frequency of occurrence (e.g.
observations distributed evenly among categories result in high diversity).  Diversity indices
can be used to allow comparisons within and between different populations.  These indices
can later be correlated with other factors.  A large number of diversity indices exist.  For
quantitative  (see above) agromorphological data, the coefficient of variation (CV) is
commonly used.  For qualitative or nominal scale agromorphological data the Shannon
Weaver Index is common.

Examples of univariate analysis

Variation of plant height of durum wheat landrace can be described in a given environment using
mean, median, mode, range, standard deviation.
Disease resistance to chocolate spot in faba bean may be described using the relative frequency of
disease reaction class defined by a 0-5 scale visual score, namely: highly resistant (score 0),
resistant (score 1), moderately resistant (score 2), moderately susceptible (score 3), susceptible
(score 4), highly susceptible (score 5).
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Qualitative and Quantitative descriptors

[Hd1] Qualitative descriptors
Qualitative descriptors are measured using nominal scales. This means that the different
descriptor states represent different classes, but they cannot be ranked in any meaningful way
(e.g. the ranking of white < red < green is not particularly meaningful).

Example: Qualitative descriptor scales
Cotyledon colour

1 Ivory (white group 155A)
2 Cream (yellow-white group 158B)
3 Yellow (yellow-orange group 20B)
4 Pink (red group 38B)
99 Other(s)

[Hd1] Quantitative descriptors
Quantitative descriptors are recorded using ordinal scales, meaning that their values can be
compared to each other and ranked in a meaningful manner. The scale used may be
continuous or discrete

[Hd2] Quantitative descriptors on a continuous scale
One way of recording quantitative descriptors is by actually scoring the measurement in exact
units such as the Système International d'Unités (SI).

[Hd2] Quantitative descriptors on a discrete scale
Quantitative descriptors also can be scored on a discrete scale. In these cases a certain range
of (continuous) values is grouped in discrete classes. These descriptor states representing
discrete classes are sometimes a good measure to describe diversity within the crop or
genepool.

For some descriptors the fact that they can be ordered from "very low", "intermediate" to
"very high" without exactly defining the distances between the classes is sufficient. A common
coding scheme for this type of scale where the descriptor state is scored on a 1 (weakest
expression) to 9 (strongest expression) scale is provided below:

1 Very low 6 Intermediate to high
2 Very low to low 7 High
3 Low 8 High to very high
4 Low to intermediate 9 Very high
5 Intermediate

Example: Quantitative descriptor using discrete classes
Female inflorescence Fertility percentage
Low (=< 40%)
Intermediate (>40% and <80%)
High (>=80%)

[Hd1] Descriptors using a binary scale
Both quantitative and qualitative descriptors can be scored on a binary scale (yes/no,
absent/present).  The following standard coding is used:

Example: Qualitative trait, binary scale Example: Quantitative trait, binary scale
Leaf lamina appendage Occurrence of short plant (<25 cm)

0 Absent 0 Absent
1 Present 1 Present
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4.9.2 Bivariate data analysis
Bivariate analysis consists of tests for comparing two sets of data, for example comparing
two varieties or two populations for disease resistance classes, or comparing observed
phenotypic classes in one population with the expected series. The most common technique
is the Chi-Square test, which is particularly useful for testing goodness of fit between
observed frequencies and expected frequencies.

Example of bivariate data analysis

Comparison of a local population to a known established variety (check) for a qualitative trait
distributed according to classes such as flower colour.

4.9.3 Multivariate data analysis: genetic distinctiveness and farmer-variety
names

Multivariate analyses allow the use of all information available simultaneously (multitrait
analysis). Techniques for multivariate analysis have been presented in Chapter 3.  These
techniques can give similarity indices, which measure the degree to which the populations
of samples are alike, or dissimilarity coefficients, which measure the degree to which two
populations or individuals are different in composition.

For agromorphological traits, these techniques may be used to:
• characterize the variation between and within crop varieties
• compare genetic variation with farmer variety names
• compare the variation of one site with another.

The first step in multivariate analysis is to derive from the basic data matrix either a
matrix correlation among variables (e.g. PCA)  or of similarities or distances among samples
(e.g. PcoA).  There are various ways of calculating similarities and distances, some of which
are listed in the Box.

Example: Characterization of rice diversity with agromorphological traits in India

Multivariate analysis of agromorphological traits was used to characterize rice diversity in
selected villages of Madhya Pradesh, India.  Farmers' names for their varieties were found to
reflect the general pattern of variation.  The pattern of variation, differences between modern
and traditional varieties, and differences within named varieties were examined with PCA.  PCA
revealed that three traits (days to 50% flowering, plant height, number of grains per panicle)
explained 35.7% of the total variation.  Grain width and shape explained another 17.2% of the
variation, and grain weight and yield per plant explained a further 13.1% of the variation.  PCA
also showed a continuum of diversity rather than clear clusters.
(Source: Motiramani et al. 2000)


