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Abstract

The science of agrobiodiversity has emerged during the last
10 years. Here we review the most important aspects related
to plant genetic resources. The term plant genetic resources
(PGR) was coined in 1959, and since then it developed very
fast and was one of the most successful programmes for
collecting, maintaining, evaluating and use of landraces of
cultivated plants (“ plant genetic resources movement”, Pistorius
1997) which have been threatened by genetic erosion.

To enlarge the basis of agricultural and horticultural resources
for human nutrition and other uses including animal nutrition,
a sustainable use of these native resources is necessary. With
the emergence of agrobiodiversity, new elements come into
consideration especially concerning species diversity and
ecosystem diversity, whereas genetic diversity was traditionally
considered by crop specialists. The total number of species
cultivated as agricultural and horticultural crops is estimated
at almost 7000. However, only 30 major crops “feed the
world”. Six million plant accessions are conserved in genebanks
wotldwide and all these accessions belong to a very limited
number of species. About half of them are cultivated cultivars
or breeders’ lines. Minor and underutilized species are
underrepresented in these collections.

Emerging issues in agrobiodiversity led to changes in the
plant genetic resources approach, thus resulting in a paradigm
shift. The new practical issues coming out of the Convention
of Biological Diversity (CBD, 1992) resulted in a
“harmonization” process, which modified the former
Uundertaking on Plant Genetic Resources (1984) into the
International Treaty of Plant Genetic Resources” (ITPGR,
2001).

Keywords: Agrobiodiversity, genctic resources, cultivated plantes,

species diversity, ecosystem diversity.
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Introduction

Agrobiodiversity includes all crops and livestock,
wild relatives, interacting species-pollinators,
symbionts, pests, parasites, predators, and
competitors (Qualset ¢ a/, 1995). It is a new discipline
that has recently developed from a synthesis of
biodiversity research and the genetic resources
approach.

Whereas the term biodivetsity was coined at a
symposium (National Academy of Sciences, National
Forum on BioDiversity) held in the USA in 1986
(Barthlott ez a/, 1999), the earliest publication
mentioning the term agrobiodiversity was not
published until 8 years later (Brookfield and Padoch,
1994) following the Convention on Biological
Diversity (CBD, 1992). Later on, the term was used
by many others from 1995 onwards (e.g. Almekinders
et al, 1995; Anon. 1995; Qualset ef a/, 1995; Hardon
1996; Swaminathan Research Foundation, 1990).

Decomposition of biomass,
nutrients transfer and
accumulation

Biological control

Functions of

Soon after this, the first large-scale research was
reported (Hammer, 1998; Thrupp, 1998; Collins
and Qualset, 1999; Wood and Lenné, 1997, 1999).
As with the literature on biodiversity (Abe e a/,
1997), a strong input for agrobiodiversity came
from ecology (e.g. Altieri, 1987). Since biodiversity
deals mainly with "numbers and difference” (Gaston,
19906), in this review we try to stress the aspects of
agrobiodiversity which are most important for
conservation issues (Frankel ¢z a/, 1995; Qualset ef
al, 1995; Altieri, 1989; Brown ¢/ a/, 1989; Fiedler
and Jain, 1992; Frankel and Soulé, 1981; Maxted e/
al, 1997). Furthermore, the main emphasis is on
the diversity of plants, and other components are
only referred to peripherally. The relevance of animal
genetic resources and differences to the plant sector
has been discussed in detail recently (Barker, 2000.
See also, Oetmann, 1996). The functions of

agrobiodiversity are shown in Figure 1.

Pollination

Ecological niches for
natural enemies
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Figure 1: Functions of biodiversity in agroecosystems (Altieri and Nicholls, 1999; Hammer, 2004a).
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There has been a significant loss of diversity during
the last 100 years. Unfortunately, the process of
extinction and advanced gene erosion continues
unabated. Crops, cultivated plants, and their wild
relatives (now named plant genetic resources for
food and agriculture, PGR, or PGRTA) include all
those species that provide food, medicine, fodder
for domestic animals, fiber, clothing, shelter, energy,
and other uses. Forest plants and ornamentals are
not part of this group and are therefore not mentioned
in the following tables due to the lack of relevant
recent Figures. PGRs comprise 42.5% of the total
number of higher species. Crop plants only represent
2.5% of the higher plants (Table 1).

The irreversible loss of cultivated and wild species,
the loss of subspecies, landraces, former varieties,
"single" genes, and combinations of characteristics
during the past 100150 years is of major concern
to gene banks and plant professionals. Polymorphism
is the primary source of variation in the morphological
and physiological appearance of plants. This leads
to evolutionary changes within and among species,
and to genetic diversity. Therefore, it presents a basis

for plants and animals to adapt actively to varying

environmental conditions. Diversity allows them to
respond to future challenges.

External factors have rarely been the basis for
economic decisions in the past. The further
development of agriculture must include more
awareness of ecological and environmental concerns.
New approaches to the research and management
of biodiversity are now required, and new marketing
systems should be developed to take them into
account. These changes constitute some of the most
substantial changes in the biological sciences and can
be described as a paradigm shift (Kuhn, 1970; see
also Hammer, 2003 ). In the future, we must come
to understand the threats to biodiversity better than
we do today, including the consequences of
introducing new species and genctically modified
organisms (GMOs) into native and cultivated
environments. Changes in agticultural practices and
land use, disturbance, fragmentation, isolation and
pollution of ecosystems also have to be seriously
taken into future considerations. A substantial shift
toward the conservation of agrobiodiversity, and
toward the on-farm management of ecosystems as

a special form of i situ conservation (FAO, 1996b),

Table 1: Number of higher plants, plant genctic resources (PGR), and crop plants in Germany, Europe, and worldwide

and the number of endangered species (assessments according to Hammer, 1998; Hammer ¢/ a/, 2001, Hammer, 2004a;

See also Lucas and Synge, 1996).

Number (percentage) of species of

PGR Crop plants

1.150 (35.9%) 400 (12.5%)

5.290 (46%) 700 (6.1%)

115.000 (46%) 7.000 (2.8%)

Estimated number of endangered species of

Higher plants
Germany 3.200 (100% of botanical species)
Europe 11,500 (100%)
World 250.000 (100%0)

Higher plants
Germany -
Europe -
World 33.730

PGR Crop plants
142 20
640 67
13.500 940
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additionally towards ex si/u conservation, has to take
place, be developed on a larger scale, and become
stabilized beyond the experimental stage (Zeven,
1996; Brush, 1989). A similar change can already be
observed with regard to the strategies for the most
effective study and utlization of ex siu plant genetic
resource collections (Tanksley and McCouch, 1997).
The impact of modern biotechnology on agriculture,
breeding, and agroecosystems should not be

underestimated (Callow e/ a/, 1997).

PGR and PGRFA

The term PGR (Plant Genetic Resources) and
PGRFA (Plant Genetic Resources Food and
Agriculture) mirror a breeder’s view of plant diversity.
Specialized scientific plant breeders have been plying
their trade for about 200 years. They took over the
most important role and became important donors
of new plant vatieties. Sometimes they have been
considered as the only improvers of the "primitive"
farmer's material. This simplistic view overlooks the
fact that farmers have grown and carefully selected
their "primitive" plants over many generations, for
over 10,000 years. The progress made with regard
to yield, homogeneity, nutritional value, and other
crop characteristics was slow. Because of this slow
pace, adaptation to climatic and soil conditions and
specific uses was sustainable. Of course, the
introduction of new plant material also happened,
even from other continents. Many of the local
landraces were low-input varieties, and the harvest
was relatively stable, even under extreme conditions.
Because of the variability between and within the
plant populations, the annual harvest was poor
compared with that of modern varicties. However,
in contrast to modern homogeneous crop varieties,
space between the individual plants was well-utilized
by companion plants, weeds, and animals. The soil
tended to remain fertile, for example, through fallow
farming or the simple input of manure as fertilizer.

Synthetic chemicals were not utilized for plant

AWAY L3S

protection. Watering was often limited to kitchen

gardens, where vegetables, herbs, and spices were

raised. Most field crops, on the other hand, had to
be drought-resistant to survive without irrigation, At
that time, salinity, soil erosion and allergies were not
the major problems that they are today. The
combination of these different factors led to an
amazing diversity of cultivated plants and domestic
animals. In turn, this diversity often protected people
from complete loss of the harvest.

One of the primary losses is the diversity of landraces
once grown on-farm. This, in turn, has led to an
increased establishment of gene banks, so-called ex
situ collections, which have existed for about 100
years. Their origins are seen in botanical gardens,
often associated with colonial development, and later
plant breeders considered the specialized collections
as a resource for introduced crops and varieties cither
for direct use by farmers or for indirect use. Genetic
erosion was thought to be a more recent concern
(Harlan and Martini, 1938; Harlan, 1950). But already
E. Baur (1916) discussed the problem of disappearing
landraces in view of their use for future plant breeding
(see Flitner, 1995). The definition of genetic erosion
has been provided by Frankel (1970), see also Brush
(1999). Whereas for wild species “extinction “! (more
information about endangered crop plants is provided
by Hammer and Khoshbakht, in print) is the correct
technical term (this term has been also used by Baur
for crop plants), “genetic erosion” has been chosen
as a new term for plants especially for crop plants.
Genetic erosion is defined as the loss of traditional
landraces caused by the introduction of modern
cultivars. It is difficult to measure genetic erosion
(Guarino, 1999). Only a few techniques are available
for measuring genetic erosion on the basis of
morphological characters (Ahn ¢z a/, 1996, Hammer
et al, 1996). Molecular methods are used increasingly
to solve this problem. The comparison between
morphological and molecular results is still under

discussion (see Figure 2).
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Figure 2: Diagram showing that in morphology a domesticated species is different from its wild ancestor and
displays much greater diversity, whereas in isozymes, DNA or other molecular markers the diversity remains much
the same. This is also of relevance for measuring of genetic erosion - disappeating of old landraces, which are
displaced by modern varietics (after Lester and Daunay, 2003).

Nowadays we have also lost the close relationship
between plants and culture (see also Szabo, 1996 on
ethnobiodiversity). The value of plants in commercial
farming is now automatically reduced to the market
value of a current-season crop. There is no space
allowed in the fields for weeds, and there is no
recognized use for fallow land. Seed is not saved
from cach harvest, and the evolution and development
of plant varieties has been turned over to specialists,
to plant breeders. But even they have been subject
to a dramatic decrease in their numbers in recent
years. Will modern techniques compensate for the
loss of evolutionary options?

FFrom the viewpoint of a cultivated plant species or
a plant population, the lower its market value, the
better chances it has of being maintained and used
by farmers instead of breeders. Farmers sometimes
maintain dominant crops, and underutilized or
neglected crops are in danger of being lost forever
(Hammer ¢z a/, 2001). If breeders wotk with one
species and its relatives, then the space left over for
all other species decteases dramatically. Before genome
research and genetic engineering were established,

PGRs belonged, according to Harlan and de Wet

YAV oLaasl

(1971), to the primary or to the secondary gene pool
of the species in question. Living beings and viruses
might be included in a tertiary gene pool. This pool
is now being enlarged almost infinitely with new
developments and application of new techniques.
This third gene pool is generally used as source for
establishing "new", i.e., transgenic crops.
The existence of a fourth gene pool should also be
considered, composed of organisms or organismoids.
These are combinations of organisms, or parts of
organisms, with components of artificial origin, not
occurring in nature, or at least not in that concrete
combination: for example, synthetic proteins, nucleic
acids, incorporated instruments from the I'T branch
or other developing technologies, up to complete
organisms like constructed machines (see Gladis and
Hammer (2000) for a more in-depth discussion).
These organismoids have cells or celloids containing
partly or completely synthetic strains, with nucleic
acids, i.e., DNA ot RNA, at frequencies that do not
occur in nature. These are incorporated into
chromosomes or organclles of living animals and
plants for future animal and crop design (see Figures
3 and 4).
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Hybrids with GP-1 anomalous,
lethal, or completely sterile

GP 4 GP 4

All species that can be crossed with
GP-1 with at least some fertility in Fy s

Subspecies A: cultivated races

BIOLOGICAL SPECIES

Subspecies B: spontaneous races

Gene transfer possible
but may be difficult

GP 4 GP 4

Gene transfer not possible
or requiring radical techniques

Figure 3: The gene pool concept, established by Harlan and de Wet (1971), modified. GP 7 The biological specics, including
wild, weedy and cultivated races. GP 2 All species that can be crossed with GP 1, with some fertility in individuals of the
Iy generation; gene transfer is possible but may be difficult. GP 3 Hybrids with GP 1 do not occur in nature; they are
anomalous, lethal, or completely sterile; gene transfer is not possible without applying radical techniques. GP 4 Any synthetic
strains with nucleic acid, i.e., DNA or RNA, frequencies that do not occur in nature (after Hammer ef a/, 2003).

Figure 4: Example of an organismoid or a hypothetically designed crop with a genome composed of different gene pools
and synthetic genes [for the explanation of this complicated matter, see Gladis and Hammer (2000)] (after Hammer ¢/ a/, 2003).
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Table 2: The three levels of biological diversity (after Heywood and Watson, 1995; Hammer, 2004a).

Ecological diversity Genetic diversity Organismic diversity
Biomes Kingdoms
Bioregions Phyla
Landscapes Families
Ecosystems Genera
Habitats Species
Niches Subspecies
Populations Populations Populations
Individuals Individuals
Chromosomes
Genes
Nucleotides

The three levels of biodiversity

The three main levels of biodiversity are considered
to be genctic (infraspecific) diversity, organismic
(species) diversity, and ecosystem diversity (Heywood,
1995; Wilson, 1988). Using these levels, we can
present an analytical approach for agrobiodiversity.

They meet at the level of populations (see Table 2).

Genetic diversity

It seems logical to start with a basic level within the
scientific field of biodiversity. A number of methods
are available to us for analysing genetic diversity.
Since cach of these provides different types of
information, the choice of the appropriate method
depends upon the information required, as well as
the resources and technological infrastructure
available. Diversity can be studied, measured, and
quantified at different organizational levels and these,
in turn, can be researched on several levels: ecosystem,
plant sociology, species, infraspecific, cellular,
subcellular, or molecular. Whatever the level of
analysis is, the purpose is to detect and quantify
diversity (Hawkes, 1983; Serwinski and Faberovi,
1999; Ahokas and Manninen, 2000; Diederichsen

and Hammer, 2003). Some of the basic questions to

AVAY ol

be answered are: What are suitable units for
quantifying diversity at the respective levels? What
kind of wvariation should be investigated?
For research on cultivated plants and for the utilization
of the diversity of plant genetic resources for food
and agriculture, measurements of the extent of
variation (i.e. polymorphism,) can easily be made by
observing plant phenotypes. If clear-cut qualitative
traits such as colot, morphology, or enzyme variants
are used for characterization, genetic diversity is
reflected to a high degree, relatively independent
from environmental influences. A more technical
approach is needed to analyze genetically complex,
quantitative traits that vary widely. These include
agronomic traits, such as yield or plant height, which
are more typical for evaluation data in the PGR
context.

Morphological and agronomic characteristics are
often used for basic characterization, because this
information is of high interest to users of the genetic
diversity of PGR. Such characterization requires
considerable amounts of human labor, organizational
skills, and elaborate systems for data documentation
although it can be carried out by using simple

techniques and can reach a high sample throughput.
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This data is not only interesting for users of PGR
collections, but also allows for interpretation of
relationships between the genotype and environmental
conditions. Conclusions can be reached on the
evolutionary response of the given species to sclection
pressures. This is essential for understanding the
evolutionary pathways of cultivated plants.
Taxonomical treatments of infraspecific variation
tend to favor qualitative traits in their analysis of
diversity. The species is usually considered as the
basic unit of taxonomy. Breeders, however, focus on
the infraspecific level and on quantitative traits in
order to reach their breeding goals. Quantitative
agronomic traits can be used to measure the
differences between individuals and populations with
regard to genctically complex issues such as yield
potential and stress tolerance. The diversity of a
population, considering such complex issues, can be
described by using its mean value and genetic variance
in statistical terms. The traits detected are of great
interest, but are frequently subject to strong
cnvironmental influence, which makes their use as
defining units for the measurement of genetic diversity
problematic. Formal taxonomical classifications are
not based on such characteristics, while informal
classifications used in agriculture are frequently based
on such traits.

The major advantage of using molecular methods for
characterization is their direct investigation of the
genotypic situation, which allows them to detect
variation at the DNA level, thereby excluding all
environmental influences. They can also be employed
at very early growth stages. The advantages and
disadvantages of some commonly used molecular
techniques for characterization of PGR are summarized
in Hammer (2004a). Taking the chosen method into
account, they are very sensitive to any genetic
differences and therefore detect much more genetic
diversity than the classical morphological methods.
Molecular marker technigues have become powerful

and accurate tools for the analysis of genetic diversity.

If molecular markers can be correlated to interesting
characteristics in breeding programs, they are
invaluable, helping to accelerate breeding progress
considerably. In some cases, molecular markers
(quantitative trait /foci) have been found for
quantitatively interesting traits in plant breeding.
Tanksley and McCouch (1997) state: "New findings
from genome research indicate that there is
tremendous genetic potential locked up in seed banks
that can be released only by shifting the paradigm
from searching for phenotypes to searching for
superior genes with the aid of molecular linkage
maps."

The tendency to use molecular marker techniques
exclusively to assess diversity has already marginalized
other methods used for this purpose. Nevertheless,
markers are useful tools in characterizing plant genetic
diversity, and in particular PGR, not only on a
molecular level. They help to develop scientifically
enhanced units for the measurement of genetic
diversity. The classical infraspecific taxa have
traditionally been the first step for establishing a
comprehensive system (see Table 3). Further
information from molecular research can then be
added to these systems. A broad approach is required
in order to analyse diversity and to support the
conservation, management, and development of
plant genctic resources. Better methods for the
quantification of biological diversity are essential in
order to describe diversity and to get a clear picture

of ongoing gene erosion.

Otrganismic diversity

We have abundant (although not sufficient) knowledge
about the most important world crops (see Table 4).
These species provide more than 90% of human
nutrition, including calories, protein, vitamins, and
other essential components of our food and that of
our domestic animals. Therefore, modern plant
breeding and molecular biology attempt to guarantee

food security, for example in the field of plant
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Table 3: Matrix of the signs of infraspecific variability of cinkorn, Triticum monococcum convar.
(according to Szab6 and Hammer, 1996. See also Filatenko ef a/, 1999).

o 2 3 4 5 6 4 8 9
X X X var. monococcum
X X var. tauricum
X X X var. flavescens
X X X var. psendoflavescens
X X X var. sofiannm
X X X var. macedonicnm
X X X var. psendomacedonicnm
X X X var. vilgare
X X X var. atriaristatum
X X X var. symphaeropolitanum
X X X var. nigricultum
X X X var. hobensteinii
X X X var. hornemanii
X X X var. pseudohornemanii

Table 4: Thirty crops with the highest number of accessions in ex sizi collections
(according to FAO, 1996a. Sce also Hatlan, 1995).

Crop Total accessions world-wide Crop Total accessions world-wide
Wheat (Triticum) 784,500 Chickpea (Cizer) 67,500
Batley (Hordenm) 485,000 Prunus 64,500
Rice (Oryza) 420,500 Clover (Trifolinm) 61,500
Maize (Zea) 277,000 Capsicum 53,500
Garden bean (Phaseolns) 268,500 Cotton (Gossypinm) 49,000
Oat (Avena) 222,500 Grape (17tis) 47,000
Soybean (Glyine) 174,500 Triticale 40,000
Sorghum 168,500 Alfalfa (Medicago) 33,000
Brassica 109,000 Sweet potato (Ipomoed) 32,000
Apple (Malus) 97,500 Potato (Solanum tberosum) 31,000
Millet (E/ensine, Panicur) 90,500 Fava bean (Vidia faba) 29,500
Cowpea (Izgna) 85,500 Sunflower (Helianthus) 29,500
Groundnut (Anachis) 81,000 Lupin (Lupinns) 28,500
Tomato (Lycopersicon) 78,000 Cassava (Manihof) 28,000
Pea (Pisum) 72,000 Rye (Secalé) 27,000

WAY Slils of e oo s le
ENVIRONMENTAL SCIENCES 4, Summer 2004
21V



Table 5: Number of plant specics cultivated for food and agriculture according to different inventories
published in the 20th century (see Hammer, 1995).

Source Year
Mansfeld, 1st edn 1959
Vul'f (before 1941) publ 1987
Vul'f and Maleeva 1969
Mansfeld, 2nd edn” 1986
Mansfeld, 3rd edn> 2001
General estimation 2001

* Schultze-Motel, 1986

" Hanelt and IPK, 2001

breeding, by the development of better resistance
against disease in higher yielding varieties. They also
try to compensate for shortfalls in the nutrition of
a rapidly growing human population. Conservation
of diversity has always received attention because it
contributes to food quality and to the diversification
of food products. However, the total number of
species employed by humans is much larger than just
30: estimates suggest that there are almost 7,000

botanical species (Table 5).

Reported number

Number of species

Estimated total number

1,430 1,700-1,800
2,288 =
2,540 =
4,800 &

= >6,000

= 7,000

The number of PGR accessions in ex sitz collections
wotldwide is estimated at 6.1 million accessions (FAO,
1996a; see Table 6).

The 30 species listed in Table 4 represent 4,036,000
of these 6 million accessions. We cannot attempt to
make an accurate estimate of the number of
accessions maintained on farms and in gardens.
Above and beyond this, there are almost no methods
of monitoring the process of evolution within

cultivated plants, and their migration with migrating

Table 6. Number of ex sitx collections and conserved accessions by region (FAO, 1996a).

Region

Number
Africa 124
Asia 293
Europe 496
Near East 67
North Ametica 101
Latin America and Catibbean 227
Total 1,308
CGIAR
Total

Gene banks

Accessions
% Number %
10 353,523 6
22 1,533,979 28
38 1,934,574 35
5 327,963 6
8 762,061 14
17 642,405 12
100 5,554,505 100
593,191
6,147,696
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peoples. Because of this, several crop species have
been completely ignored by agricultural scientists, as
well as by breeders. There is also an unknown rate
of duplication within and between these collections.
The total number of unique accessions in the
collections established to preserve diversity is
estimated at only one or two million. Around 40%
of all accessions in gene banks belong to the cereal
group. More than 1 million accessions are divided
among the three main crops: wheat, corn (maizc),
and rice. Food legumes comprise about 15%.
Vegetables, roots, and tubers; fruits; and forage plants
each account for less than 10% of global collections
(Chang, 1989). Spices, medicinal, aromatic, and
ornamental species are generally underrepresented
in gene banks, though there have been several
welcome proposals to expand their number. One of
the main reasons is a general problem with maintaining
a number of accessions from these groups. Weeds,
wild relatives of cultivated plants, crops which run
wild, and introgressions between wild and cultivated
material are not sufficiently taken into consideration

or collected, despite the fact that they are of the

utmost interest for studying evolutionary processes
and plant domestication (Hoyt, 1988, Hammer, 1999).
This is demonstrated in Figure 5.

Weeds that have been subjected to coevolution or
codomestication with cultivated plants in
agroccosystems have also developed a wide range of
diversity. Occasionally, they possess potential valuc
for cultivation. They are rarely collected systematically
(Hammer, 1985; Hammer 7 4/, 1997). There is a
significant lack of knowledge about the diversity and
geographical distribution of less utilized agricultural
species and a real need for more attention to such
crops and crop-weed complexes in conservation and
utilization programs. Knowledge about the varied
species cultivated worldwide for food and agriculture
is still increasing. Because of this, the estimated
number of species of cultivated plants has also
increased considerably. This is revealed in the figures
presented in Table 5. Rudolf Mansfeld (1901-1960),
the first Director of the Gatersleben gene bank,
compiled a dictionary of all the cultivated plants of
the world (excluding forest plants and ornamentals

because of a lack in time) in 1959, and the manual

8000 BC

Prienary

crop plants
Secondary
crop plants

Pre- agriculiural period

Agricultural period

1900 AD

industrialzation
Genetic erosion

y

N

W

Domestication
Return 10 wild plants

wild plants

Extinction

Fig. 5: Plants under human influence. Sources: Gladis (19962), Hammer ef a}, (1997), Spahillati ef a/, (1999).
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has been continuously revised since then. The third
edition is now available in book and electronic form,
and contains extensive bibliographic notes (Hanelt
and IPK, 2001). Schultze-Motel (1966) published a

comparable dictionary of forest plants. Ornamental

Botanical gardens, apart from their job of keeping
and displaying rare and exotic plants over the centuries,
and playing an important role in the distribution of
important crop species, have only recently begun to

recognize plant genetic resources (PGR) as a major

































