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Introduction

In this chapter we analyze a number of issues associated with the possibility of allocating sui generis intellectual property rights to farmers over their landraces. (We generally prefer to use the term ‘farmers’ varieties,’ and in the context of this chapter, the most accurate term might be ‘plant groupings’ or populations. However, to maintain consistency across this volume, we will refer to ‘landraces’.) In Part A, we examine the historical evolution of the concept of ‘landraces’. In this context we emphasise the relatively recent trend towards appreciating the dynamic role  farmers play in developing, using and conserving landraces. We also highlight a few generally agreed upon characteristics of landraces; e.g., their diverse, heterogeneous nature, and the fact that they produce relatively stable yields (compared to ‘modern’ varieties grown under similar, diverse circumstances). In Part B, we examine the interplay of three key factors – plant reproductive systems, environment and human uses -- that contribute to the incidence, duration, and dissemination of distinct landraces (or, more accurately, distinct plant populations).  In Part C, we consider challenges associated with developing sui generis intellectual property laws to create legally enforceable property rights for farmers over landraces.  In this context we consider both technical legal options (e.g., conditions for protection of landraces pursuant some form of sui generis intellectual property law) and the significance of the introduction of such laws in light of the importance of farmers’ existing patterns of use, conservation and exchange of landraces. 

In Part D, we depart from the progression of analysis in the previous Parts, and examine the quality and quantity of data that exists from past collecting missions that could be used to make a link between existing gene bank accessions and the communities from which, or near to which, the material was collected.  In this context, our primary source of data was the CGIAR System-wide Information Network for Genetic Resources (SINGER). In Part E, we analyse the range of legal options that could be used to confer rights and benefits upon similarly situated communities in the future.  

We conclude, in Part F, that due to a) the highly diverse and constantly changing nature of landraces generally, and b) the dynamic interaction between farmers and their crops, it would frequently be difficult, from a legal technical perspective, to create sui generis intellectual property laws that vest rights of control in farmers and farming communities over their varieties. Furthermore, even if they were technically feasible most of the legal options available would require an alteration in farmers’ patterns of exchange, selection and replanting regenerative materials in order to attempt to qualify their landraces for protection. Farmers farm the way they do in order to maximize their food security and improve their livelihoods. There is a significant risk that the gains that might be realized through the introduction of intellectual property incentives to alter their existing practices would be outweighed by the losses realized as a result of those same changes. Nevertheless, we do not rule out the possibility that under certain circumstances, it may be possible to establish a strong enough connection between a farmer, community, or group of communities, and a distinct landrace to justify recognizing that the farmer or community should enjoy some form of property right (or some other form of control that may not be a property right, per se) over the landrace. 

Part A:  The historical evolution of the concept of landrace

A.1. From nature to nurture: the anthropologization of the landrace

There is no taxon equivalent to ‘landrace’ in the International Code of Nomenclature for Cultivated Plants (Trehane et al 1995). It is not a cultivar, which is by definition distinct, uniform and stable. Although landraces are in some sense distinct (see below), they are neither necessarily uniform nor regularly stable in the absence of selection.
 While various attempts have been made to define and describe landraces, as we shall establish in the following paragraphs, none of them offers an operational method that allows a sample to be categorised as a landrace in the absence of information about its use, cultivation and management. 

The use of ‘landrace’ to denote a type of biological entity first emerges in the 1890s. Zeven (1998) provides a review of definitions since that time. In its first incarnation, the landrace was seen by breeders and others simply as a source of material for scientific breeding, and therefore worth conserving. There was recognition that landraces were genetically variable (one reason they were valuable to breeders) and that yields were often lower but more stable from year to year than those of improved varieties. Beyond that, not much effort was put into defining the landrace, except to distinguish it from wild species and from the products of scientific breeding.

One common attribute of landraces in the early definitions was that they were autochthonous, or endemic. Under this view, a landrace was associated with a particular place. Exactly how long the association had to exist was, however, a matter of disagreement. Early authors talk about “time immemorial.” Later, the idea of a farmer’s generation or two (i.e., 30-60 years) in consistent use was considered enough to denote a landrace. This evolution in the definition of landraces occurred over time as people progressively gained more interest in local populations and as data on local diversity built up.

Yield stability, often explicitly associated with wide adaptability, is another attribute that several authors use to describe landraces, generally to distinguish them from the products of scientific breeding. For some (e.g. Harlan 1975) yield stability is a consequence of, and secondary to, genetic diversity. This stability can arise in two ways. First, wide adaptability, as represented by genetic heterogeneity will enable a population to yield under a wide range of environmental conditions. Secondly,  environmental conditions that fluctuate from year to year will tend to favour different genotypes in different years. 

Early authors downplayed the role of human activity in maintaining the link between landrace and locality. Indeed von Rümker (1908, cited by Zeven 199?) said that no human selection is carried out; the qualities of a particular landrace are the result of unselected adaptation to its growing conditions. Von Rümker added that a landrace will preserve its distinguishing characteristics even when grown outside its native region. Natural selection alone adapts the landrace to frost, drought, temperature and other environmental parameters. This view, which seems risible today, remained common through the 1940s, when Banga (1944, cited by Zeven 199?) writes that landraces survive “without or with only little mass selection”. 

Brown (1978, cited by Zeven 199?) was one of the first to state that landraces have come to rely on cultivation for their survival, which suggests that at least some form of selection was taking place. Within a decade, views on the maintenance of landraces had shifted dramatically. Hodgkin et al (1993) stated that “the most important feature” of landraces is that human intervention is needed to create and maintain them. Brush (1995) too claimed that landraces owe their existence to farmer selection.
 Louette (2000) (box 1) demonstrated that farmers’ selection was critical to the maintenance of local maize landraces in Cuzulapa, Mexico. Teshome et al (1999) showed that farmers in Ethiopia are consistent in recognizing and distinguishing sorghum (Sorghum bicolor) landraces, and that their accuracy “approximates the accuracy of standard scientific taxonomic approaches” and that it relies on the local farmers to maintain it. Fernandez (1995) provides an extensive list of examples of multiplication and conservation practices associated with indigenous varieties, many of which – e.g., planting mixtures, blending, sowing wild relatives, conscious hybridising and allowing clones to flower -- would inevitably lead to changes in the genetic and thus agromorphological constitution of the populations.  Prain et al (1998) demonstrated the “cultural saliency” of the role of particular sweet potato landraces (Prain called them ‘cultivars’) in land consecration and first planting rituals in upland, Irian Jaya. In the absence of this cultural value, these particular sweet potato landraces would have vanished long ago. 

	Box 1: Farmers’ key role in selecting and perpetuating maize landrace traits

Louette (2000) investigated the approach of maize farmers in the Cuzalapa watershed of Jalisco state on the Pacific coast of Mexico. Cuzalapa farmers grow several kinds of maize in the presence of one another and of Teosinte and other wild relatives of Zea. As a more-or-less obligate out-breeder, it would thus require considerable selection to maintain the genetic integrity of a sample under these circumstances. Louette defined a seed lot as the set of kernels of a specific type that a farmer selects and sows “to reproduce that particular maize type”. In contrast, she defined a ‘variety’ or ‘cultivar’ as a set of farmers’ seed lots “that bear the same name and are considered to form a  homogeneous set.” The seed lot was a physical entity; the ‘cultivar’ or ‘variety’, on the other hand, was associated  with a name and was a semantic entity. A variety was considered ‘local’ if it had been planted for at least one farmer’s generation (i.e., app 30 years) or ‘exotic’ if it had been either recently introduced or was planted only episodically. An exotic variety could be  a landrace that was local somewhere else, or a commercially improved variety. Varieties could be a farmer’s own seed, or a local variety from another farmer, or an introduction. Each seed lot was independently classified as ‘own seed’ (from the farmer’s previous harvest, even if the parent generation was exotic) or not.

Over six seasons (three years) farmers grew 26 named varieties. Only six were local, but they occupied 80% of the land planted to maize and were grown by everyone. The other 20 were exotic, each cultivated by only a few farmers. Of the seed lots, slightly more than half (53%) were own seed, more than a third (36%) were from other farmers in Cuzalapa, and 11% from outside the region. In terms of area, 45% was sown to own seed, 40% to seed from Cuzalapa, and 15% to exotic introductions

Some of the most widely grown varieties, which are a major source of household food, were local, and yet seed was often brought in from beyond the watershed. Farmers attached no great importance to their own seed, which they considered equivalent to seed of that variety from another farmer. They also believed in the need to change seed source regularly to maintain productivity. Thus “it appears unlikely that any farmer in Cuzalapa sows seed derived from a stock bequeathed directly from his parents.”

Geneflow among all the varieties planted in the area was assessed by looking for purple grains within white or yellow ears, which indicates pollination by the variety Negro. Farmers made no attempt to isolate varieties, and the observed geneflow was as high as 20-10% in the outside rows. This fell to 1% by 2 or 3 metres within the plot, but as Negro is not itself homozygous for grain colour these figures underestimate the level of crossing. A further influence on the genetic make-up of a variety is drift, the result of using too few ears to produce a seed lot. More than 30% of the seed lots sown are drawn from fewer than 40 ears, but fields sown with less representative seed lots do not differ in their isoenzyme diversity from those sown with more representative seed lots. Geneflow sustains the diversity and productivity of the varieties.

Farmers maintained the characteristics of named varieties by selecting ears at harvest to use for seed lots. They chose well-filled kernels from healthy ears, sometimes discarding the top and bottom kernels in the row. The mean weight of ears selected for seed was 30% higher than ears drawn at random from the harvest. By selecting ears after harvest, however, farmers did not exclude outside rows, and yet selection still reduced contamination with foreign pollen. Deliberately contaminating Negro with (recessive) white or yellow varieties resulted in an increase of non-purple kernels from 7.5% to 16.5% when seeds were selected at random, but stayed constant in farmer-selected seed.

Louette concluded that the way in which farmers actually manage their seed “calls into question the genetic definition of a landrace”. (She did not, however, offer such a genetic definition, save to say that one of the concerns expressed about in-situ conservation of landraces is the danger of genetic contamination from other varieties.
 She also concluded that “the assumption that traditional systems are closed and isolated with respect to the flow of genetic material is clearly contradicted by the results of this study.” She pointed out that seed lots will disappear if a farmer does not save seed from a particular planting, but that farmers are not concerned about that. They are also happy to use seed lots of local varieties from outside the watershed, Landraces in Cuzalapa are distinct and diverse, but they are subject to intense selection and rely on constant infusions from outside the locality.




A.2.  Details of farmers’ innovation: improving landraces’ contribution to livelihoods is not necessarily linked to promoting their distinctness, stability and uniformity.  

Not surprisingly, the older attempts to define and characterize landraces were carried out without the benefit of experience with farmers in their fields. More recent research however has relied on turning to farmers and asking them how they manage the genetic resources they use. For example, Louette (2000) introduced her study of maize farmers in Cuzalapa stating that the “terms and concepts used in this work are based on farmers’ own practices and concepts.” Accordingly, as already set out above, she defined ‘varieties’ as sets of seed lots selected and named by farmers. Looking at how the people who grow the crop actually deal with such issues as genetic identity, gene flow and seed source has resulted in the emergence of a new kind of sub-specific category called the Farmer’s Units of Diversity Management (FUDM). The FUDM is a way for scientists to measure crop diversity based on the way the farmer perceives diversity. It can differ from seed quality, to forage biomass, to colour, plant height, cooking value, and so on, depending on how the farmer categorizes the diversity he/she has (D. Jarvis, pers comm.). The FUDM is a relatively new concept in as much as it looks at defining plant groupings through reference to farmers’ use values and/or physical traits, rather than by local names alone, as names have been found not to adequately reflect diversity
 Local names have been found to also refer to different crops.
 (Busso et al, 2000; Grum et al, 2002; Grum pers comm).

Bringing anthropological and biological analytical approaches together has revealed that in many instances, farmers have a detailed understanding of the dynamics of the varieties they work with. In Morocco, for example, Sadiki et al. (2001) showed that the units of diversity that farmers names for faba bean (Vicia faba L.) correspond clearly to units identified by statistical analysis of standard morphological measurements. A more detailed study of alfalfa (Medicago sativa) in Morocco identified separate FUDM, each associated with a single seed producer in a specific village (Bouizgaren et al. 2001).The authors concluded that the farmers’ names are not consistent for distinguishing the FUDM, they should be associated to the farmers’ description (usually morphological description) of these units. Bouizgaren et al say unequivocally (albeit without reference to the issues raised later in this chapter) that the different FUDs “belong” to different villages and are used by the farmer neighbouring the seed producer. The use of farmers’ names to identify FUDs without corroborating biological data is, however, prone to misinterpretation, and not only because names themselves are incomplete pieces of information. 

A wide-ranging study of taro (Colocasia esculenta), barley (Hordeum vulgare) and rice (Oryza sativa) in mountain communities in Nepal showed that the ability to link names with genetic discriminability depends crucially on the species in question. Bajracharya et al (2001) used molecular tools to assess genetic variability in the three species. In rice, there was very little difference between landraces with the same name maintained by different farmers. The authors conclude that the name farmers give a variety, based largely on the appearance of the panicle and grain, is a poor indicator of its genetic make-up, which at these high altitudes is far more powerfully influenced by selection for resistance to cold. Furthermore, the lack of variability among all the samples of rice suggests that they have all been selected from the locally common landrace called Jumla Marshi. 

Barley is different. Each of the four named varieties differs significantly from all of the others, and all four are somewhat diverse within the population, even though some populations are grown over a much wider agro-ecological range than others. This may reflect the existence of seed exchange systems

Finally, taro’s position is somewhat intermediate. The varieties, as named by farmers, show some differences one from the other, but statistical analysis placed each variety into one of only two distinct groups. 

The concept of the FUDM as a means of identifying the relationship between farmers and landraces is gaining acceptance. One drawback is that it generally involves a fair amount of work to collect the material, gather the anthropological, sociological and agricultural information about it, and then marry that to detailed biological analysis. On the other hand, this work can be carried out for relatively low cost. (Jarvis et al, 2001)

The fact that farmers recognize and  select for certain traits does not signify, however, that farmers purposefully work towards the development, conservation and use of ‘distinct’ landraces. Jarvis et al (2001) point out that “[f]armers preferred or valued characteristics for a given variety may be distinct from those used to distinguish or name a variety,” and that the “characteristics used to distinguish a particular variety may differ from those characteristics that the farmer actively selects in the next generation of the plant population.” For example, in Morocco, farmers prefer ‘fortas’, a durum wheat landrace for the taste of the couscous made our of it flour but it is recognized and named using characteristics of the spikes (e.g., colour, length, and plant height). (M. Sadiki, pers comm.) In a study of sorghum landrace diversity and loss over a twenty year period in Zimbabwe and Mali, Mikkel Grum et al (2002) have demonstrated that seed exchange and selection practices can result in the preservation of desired agromorphological traits over time within a constantly changing constellation of plant groupings. While the names of between 30 to 70 percent of varieties (in the dry north and humid south of Mali) had been lost, preliminary analysis of agromorphological traits indicated that a significantly lower number of traits had been lost. (Mikkel Grum et al, 2002; Mikkel Grum, pers comm.).  Louette, already cited above, demonstrated that maize farmers mixed large proportions of seeds of different maize varieties/landraces/populations in with a considerable range of local material in their fields each year, allowing them to cross pollinate. Against this backdrop of rapidly introgressing foreign and local material, the farmers selected out similar seed lots from year to year, thereby maintaining a recognizable population which, for semantic purposes, Louette defined as a landrace. The study was relatively short, analyzing only three years and six generations of cultivation. Even over this time, however, Louette established that there was considerable genetic difference between the seed lots selected by the farmers, despite the fact that the selected-for traits remained similar. Even if selection for traits by different farmers remained similar, it would be practiced under different management practices and environmental conditions (e.g., different plots with different soil conditions, etc) so that the same selection practices would lead to variations among the populations within the same landrace. (Sadiki, pers comm.) Louette makes a strong case that the “landrace” of maize in her study area is one unit in a highly diverse metapopulation. One of her conclusions was that “[t]he traditional management of maize in Cuzalapa contributes more to the conservation of a general level of diversity than to the conservation of genetically stable and distinct maize populations. A landrace is far from a stable, distinct, and uniform unit. Its diversity is linked to the diversity of the material sown in the area, and then related to the diversity of the introduced varieties.” Well rehearsed facts, certainly worth repeating in this context, are that farmers’ systems of informal exchange are crucial to: a) their ability to constantly introduce new material into their cropping systems, b) maintain high levels of diversity, and c) maintain relatively stable yields. In Nepal, 90% of the seed planted by farmers is through informal sources (i.e., from their own farms, or obtained through exchanges with other farmers). In Cuzalapa Louette (2000) found that out of the 27 varieties grown by the studied farmers over the course of three years, only 6 were considered local, i.e., grown in the region for more than 30 year. All the others were introduced from outside. Furthermore even the seed lots for local varieties were frequently brought in from outside the region. As a consequence, no “introduced seed lot that is morphologically similar to a local variety would be distinguished, so no exotic variety with characteristics similar to those of local varieties would be recognized as a distinct cultivar.” This is an important fact in as much as it means that “[a] ‘local variety’ is therefore not constituted by seed lots of exclusively local origin.” All told, each year, just under 50% of the seed that farmers planted were from other farmers or from outside the region.  The farmers did not know the actual origin of the exotic material – they knew where they got it, but nothing beyond that fact. In a similar vein, G. Prain et al (1998) reported an extraordinaryturn-over of sweet potato landraces by farmers practicing shifting cultivation in Wawawaga, Central Irian Jaya. They reported that in the two years compared -1994 and 1998 - a total of 47 landraces were cultivated each year by the studied farmers; however, in 1998, only 27 (roughly 58%) of the landraces were the same. Forty-two percent had been replaced by other sweet potato landraces. Castello (2002)
 confirms the importance of farmer exchange and selection for promoting diversity. He compared genetic diversity in maize collected from farmers’ fields with that stored in a gene bank which was collected from the same fields five years earlier. He found that five years after the collecting mission, there was more genetic diversity in the material currently in the farmers’ fields than contained in the ex situ materials.  

In formal system, the protection of cultivars regulate the seed commerce by the company in charge. The seed is sold to community of farmers or producers in a given region or country according to variety adaptation map (as each cultivar is intended for a specific production conditions). In the case of landraces, which are adapted to specific environmental conditions, the seed is produced by the community of farmers for their need. If introduced in another region, it will undergo the selection process due to the new farmers under the interaction of their management and the environment. So over time, it is mainly the access to these landraces as germplasm source, rather than ‘cultivars’ per se that is the issue. Farmers are selecting characteristics and traits and not the structure of the landrace, because it is the those traits and characteristics that respond to their need (yield, product harvested, etc). They surely do not select for distinctiveness or uniqueness, but they select for what respond to and fit their needs in terms of production (security and stability of production, yield, quality). Landraces, therefore, play the role of a germplasm source from which each farmers select and adapt to meet the needs of his own needs over time.
Part B: How the interplay of reproduction systems, human uses and environment affect the incidence and duration of distinctions between populations

In the previous Part, in the context of analysing the historical evolution of the term ‘landrace’, we focussed primarily on the importance of human influences on landrace use, conservation and improvement. In this Part, we shift our analytical focus somewhat, to address more directly (and more or less ahistorically) a wider combination of factors – reproductive systems, environment and human uses -- that affect the incidence, duration and dissemination of distinct landraces. 

The three major plant breeding systems are cross pollination, self pollination and clonal propagation. It is important to recognize that these systems are not always absolutely distinct; there is a continuum from completely clonal, with no evidence for seed set, through to obligate outbreeding ensured by mechanisms to create self sterility. Looked at simplistically, clonally maintained species (including potatoes, cassava, dates, olives) ought to be most likely to retain their distinctive features over time as their reproductive system permits only limited or no gene flow. In-breeders (including beans, rice, wheat and barely) which usually self-pollinate, would change relatively slowly. Finally, out breeders, cross-pollinated for the most part (including maize and pearl millet) would change most rapidly. Conversely, and equally simplistically, outbreeders would potentially be the fastest to develop distinctive traits; clones would be the slowest, and inbreeders somewhere in the middle in the absense of selection forces. The following paragraphs will demonstrate, however, that environment and human uses can end up effecting entirely different outcomes vis-à-vis distinctness between plant groups than one might predict looking at the breeding systems of plants alone.

For example, beyond the work of cultivation, other factors too will influence the maintenance of distinctiveness within and among populations of crops. Commerce and trade will spread varieties and genes, while germplasm associated with closed, isolated cultures will probably remain distinct longer. Non-biological components can also influence the distinctness of a landrace. These are essentially features of the environment, including climate, soil and geographical features such as altitude and topography. For example, crops growing in isolated environments, such as high deep valleys and dense tropical forests, are likely to change less than those growing in open environments, windswept plains and areas well-served by road networks.

Likewise, crops growing in regions where climate and other factors are very variable from year to year might diverge more rapidly than those in more stable environments.

B.1. Inbreeders

Few inbreeders are absolutely self-pollinating. For the rest, a small amount of introgression, from wild and weedy relatives or other varieties growing nearby, can represent an important source of novel genes that adds an element of dynamic change to the population’s genome. Landraces are more likely to be affected over the years  than modern varieties, where fresh seed is often purchased anew each season.

For example, the wild rice, Oryza barthii, is a staple of southern and central Sudan. It is truly wild, but represents a very important food source and is a valuable resource for breeders of O. glaberrima (Wood and Lenné, 2001). More importantly, in this instance, although domesticated rice is a predominantly inbreeding species, when the two species grow in proximity, wild alleles introgress into the O. glaberrima genome. Similarly, in Asia, genes from O. rufipogon introgress into the domesticated rice genome as a result of their growing in close proximity (Xiao et al., 1996). In Pahang, Malaysia, the Pesagi swamp farmers cultivate vitreous rice and glutinous rice together, harvesting ear by ear (Lambert, 1985) to take advantage of introgression. Harvesting ear by ear enables farmers to select desired types and to rogue off-types for the next season’s rice seed. The individual cultivars are continuously improved through seed selection and the seeds of different households, though having the same name, are genetically very different. Moreover, farmers experiment with off-types and newly received varieties, thus contributing to a very dynamic genepool. The Apau Ping Dayaks of East Kalimantan cultivate upland rice in shifting cultivation systems (Setyawati, 1996). Each farmer manages about five different varieties, but there is a continual search for new varieties. Interestingly, the varieties cannot be selected based on adaptation to soil conditions as seed is saved before new land is opened up. Thus, it is necessary to have either a range of varieties, expecting that some are adapted to the conditions likely to be encountered, or to cultivate varieties that are known to be broadly adapted to a range of conditions.

Seed exchange among communities will also affect geneflow, generally leading to a reduced distinctiveness of varieties in an area. In Nepal, for example, it is common to exchange barley and wheat seed every three years among groups of villages, which leads to similarity of types over the district (Iijima, 1964). Parzies et al. (2001) measured geneflow for two different crops, barley landraces from northern Syria and pearl millet (Pennisetum glaucum ssp. glaucum) landraces from Rajhastan, India. They predicted that lower gene flow at greater geographic distance would be associated with restricted seed exchange systems. Geneflow for barley was lower than that for pearl millet, and seed exchange of barley was indeed restricted while pearl millet landraces were exchanged over far greater distances. Pearl millet is more of an outbreeder than barley, and so might be expected to enjoy greater geneflow, but Parzies et al. concluded that the greater geneflow seen in pearl millet was more the result of differing seed exchange strategies than of the differing mating systems of the two crops. This is a clear indication that social (seed exchange) system and biological systems are intertwined.

	Box 2: Geneflow between inbreeders: a case study of sorghum 

Sorghum (Sorghum bicolor) is a staple cereal crop in Africa across a wide belt of the Sahel. It is generally grown on better soils in wetter areas than pearl millet, which is adapted to more arid environments with nutrient-poor soils, where other cereals will not grow. Gene flow among landraces and between landraces and wild relatives plays a large role in the evolution of sorghum landrace genomes.

Sorghum is largely an inbreeder, but a significant amount of outcrossing takes place. For example, there is substantial gene flow when sorghum is sown across large tracts of open savanna. Sorghum verticilliflorum is the progenitor of S. bicolor and grows over extensive areas of tall grass savanna in Sudan (Wood and Lenné, 2001). It is harvested and eaten and represents a valuable genetic resource for breeders; it is also a significant source of wild alleles for the cultivated crop. This demonstrates the permanent influx of genes from the wild in to cultivated material. The same strategy is used by Ethiopian farmers that interplant (or tolerate) the domesticate sorgum with wild material from the same specied that grows as a weed. (Jan Engels, pers comm.) The Nuba Mountains area of Sudan is relatively small, yet populations of cultivated sorghum and sesame (Sesamum indicum, which is largely but not exclusively self pollinated) are very variable (Bedigian and Harlan, 1983). The Nuba people are geographically isolated and culturally diverse in many respects, including agricultural practices and crop plant rituals. Bedigian and Harlan suggest that this cultural diversity contributes to cultivar diversity. Landraces of sesame are sown in mixtures with mixtures of sorghum landraces and several wild and weedy relatives of both species grow in the cultivated fields and undoubtedly cross with the cultivated varieties. Although seed selection to maintain desired characters would remove any obviously undesirable gene combinations McGuire (2002) suggests that gene exchange kept the landrace cultivars of sorghum dynamic in Harerghe in Ethiopia.

All of these cited studied indicate that sorghum landraces are dynamic and that introgression is one of their fundamental characteristics.


Common beans (Phaseolus vulgaris) are perhaps one of the most predominant inbreeding crops, although they can cross-pollinate to a limited extent under conducive conditions. In Malawi, as in many other countries, beans are grown in heterogeneous mixtures of genotypes that form local landraces.
 These differ in seed colour and canopy characteristics among several other traits. Farmers consciously adjust the mixtures to preserve heterogeneity and maintain the characteristics of the landrace (Martin and Adams, 1987a, 1987b). One benefit of mixtures is a kind of within-population buffering that allows the crop better to withstand pressures from pests and diseases and to compete for resources including moisture and light. The response of the population as a whole to all these pressures will affect the frequencies of each (in-bred) genotype from year to year, but if the alterations in population structure are not in line with farmers’ requirements, they actively intervene. For example Adams and Martin (1988) reported that beans with a white seed coat were more susceptible to disease than other forms but farmers consciously add them to the sowing mixture when their numbers dropped below a certain level.

B.2. Outbreeders

Pearl millet, maize, [other examples] are outbreeders. Pearl millet, although self-fertile, is protogynous (i.e., the female part of the flower matures before the male)  making it largely an out-breeder. This promotes gene flow -within landraces and between landraces and wild relatives. Busso et al. (2000) used molecular markers to investigate the diversity of pearl millet landraces in two Nigerian villages. They found that there was a “greater level of similarity between different landraces grown on the same farm than between identically named landraces grown by different farmers in the same village.” This finding cautions against using local landrace names as indicators of genetic identity because a single name can embrace several populations that differ greatly at the genetic level. This is clearly demonstrated for several species. Within landraces, variation, expressed as differences between populations of the same landrace, arises as a result of cultivation and selectin of seed lots by different farmers under different management and plot environmental conditions. (This variation usually affects traits selected for by farmers less than others). Names can only reliably be used within a given geographic area or with a set group of users (e.g., at village, community, or provincial levels). It is also testimony to the effect of the active cross-breeding reproductive system of pearl millet: the ‘different’ landraces and wild relatives maintained by individual farmers introgressed to the point that they were more similar to each other than to landraces by the same name outside the geographical reach of their own pollen. Geographical isolation of the farmers plots from one another reduced the possibility of cross pollination between farms. This isolation was maintained by the fact that these farmers, unlike those in the Cuzulapa valley described by Louette, rarely exchanged seeds, thereby maintaining the isolation of their crops. Consequently, although the landraces themselves were genetically very similar, the overall mix of landraces on each farm was potentially unique. This outcome too, is very different from that which obtained with respect to maize in the Cuzulapa valley, where seed for varieties considered ‘local’ were frequently obtained from outside the region.  In the final analysis however, one important similarity exists between the results obtained from the Louette and Busso studies. Both emphasize that the landraces (or ‘varieties’ in Louette’s study) were best described not so much as distinct, uniform and stable varieties, but more as sub-units of the diversity of materials constantly shifting within the region within which they were grown (Louette referred to ‘metapopulations’). The geographical area of significance is much smaller vis-à-vis the Nigerian farmers growing pearl millet, but the overall conceptual link between local landraces and larger, shifting distributions of diversity is common to both.  
B.3. Clones

Many extremely ancient clones of a range of crops mentioned in Roman literature are still being cultivated (Robinson, 1996). The Dottato fig for example, mentioned by Pliny (23-79 AD), is still grown in Italy, Sari Lop fig has been grown in Turkey for 2000 years and the ancient cultivar Verdone has been cultivated in the Adriatic for centuries. Aroids, date palms (some clones of which may date back to Neolithic times), olives (some little changed since Roman times) are other long-lived clones. Golding hop has been grown in Britain for 250 years). No wild forms of ginger exist, although there are many distinct types in cultivation. Garlic, grapes (10,000 separate clones of which are known), saffron, sisal, vanilla and black pepper are among the many vegetatively propagated crops that exist as ancient clones. Although some can be bred (as opposed to selected), modern breeders have made little progress compared to that accomplished by early cultivators. Consequently, the genetic constitution of these landrace genomes has changed predominantly as a result of mutation and clonal degeneration associated with disease susceptibility. This situation contrasts with that of the inbreeders and outbreeders discussed earlier, whose genomes exist in relatively dynamic states over time. But while the clonal landraces have changed little they have often become widely distributed, often precisely because they are such good selections.

Many of the most ancient clones are long-lived, perennial species, cultivated as such. One can draw a further distinction between those crops people generally choose to maintain clonally on an annual cycle, such as potato and cassava, and those that lack all ability to reproduce sexually, such as garlic, and those that are kept for long periods, such as fruit trees. There is generally more opportunity for the annually maintained species to change.

Many thousands of potato landraces are cultivated in the Andean region, including seven distinct species of various ploidy levels(.i.e., having different numbers of chromosomes) and numerous wild relatives. Brush et al. (1984), commenting on potato cultivation in Peru, argue that considerable hybridization occurs because the people sow mixtures of potato species and genotypes, including modern varieties. Thus novel genes are constantly introduced into a crop through introgression (e.g., by chance cross pollination, as discussed below) that might be considered to be genetically constant for long periods as it is reproduced clonally by replanting harvested tubers. Brush et al. also identified considerable exchange of tubers among communities, which also served to keep the landrace populations of potato dynamic. Johns and Keen (1986) reported a similar situation in the Altiplano of western Bolivia, with new potato types constantly appearing in farmers’ fields as a result of chance cross pollination and unconscious tuber harvesting. Potatoes are particularly prone to generating volunteer plants as some tubers always remain unharvested. 

Most landraces of domesticated potato from the southern Andes of Peru are extremely versatile and broadly adapted to a range of ecogeographical conditions (Zimmerer, 1998). Many landraces have become cosmopolitan through germplasm exchange that has taken place through extensive networks of barter, gift-giving and trade that exist among the relatively well-linked communities of the area. The adaptability of these varieties results from a variety of factors, including selection for tolerance to a range of biotic and abiotic stresses characteristic of a range of altitudes and climates, gene flow among numerous domesticated and wild potato species, agricultural practices of crop rotation (which leave tubers in the field) and seed exchange systems. The result is that the genetic structure of potato landraces is not related to differences in habitat (Zimmerer, 1998). In essence, landraces can be locally characteristic, but they are generally components of large, open, interlinked genetic systems. 

Cassava, Manihot esculenta, is another crop that people generally reproduce clonally from stem cuttings. In nature, however, like many other clonal crops, the species is a perennial outbreeder. In the tropical rainforest of Peru, the Jivaro tribe maintains a dynamic collection of landraces. As old cultivars are lost, new ones appear as volunteers, possibly hybrids from crosses with wild relatives, and these are nurtured to maturity (Boster 1984). However, as a result of the relative isolation of cassava farming communities in Amazonia, exchange of planting material is restricted and the local cassava populations remain moderately differentiated (Salick et al., 1997). Moreover, unlike the highly versatile potato populations cultivated in the Andes, populations of cassava from the Amazon basin are more narrowly adapted to their environment. However, on a field scale, people grow extremely diverse mixtures of germplasm (Boster, 1985; Salick et al., 1997). 

Schneider (1995) reported that for another clonally propagated crop, sweet potato, Ipomea batatas), considerable indigenous knowledge was associated with volunteer seedlings. Like cassava, spontaneous seedlings, often generated through hybridisation, were observed in New Guinea and could be adopted as new varieties or perhaps more accurately, be incorporated into existing varieties. The future fate of these volunteers was determined at harvest, when they were either perpetuated through cuttings or disposed of. 

The conclusion is that even landraces which are clonally reproduced show a considerable degree of variability. The influence of breeding systems on variety diversity is gradual.

This albeit simplified examination of the part played by breeding systems and farming practices in the development and preservation of distinctiveness serves to accentuate the conclusions of the first section. Although it may be possible to identify populations that we can choose to call landraces (or Farmer Units of Diversity Management) gene flow, influenced by breeding system, farmers’ cultivation practices, seed exchange and trade, and physical environment, will result in changes in distinctness over time with the result that landraces are often components of large, interconnected, dynamic genetic networks that defy strict definition.

C. Assessing potential intellectual property policy responses

It is difficult to trace back the exact processes by which specific human communities shaped crop development. There are globally important crops like taro and sorghum for which it is difficult even today to delineate the boundaries between wild and domesticated types, landraces, local cultivars and modern varieties. While even the biological boundaries are not always clear, the distinctions between landraces and modern cultivars are largely social, viz the modern variety is the product of a formal  crop breeding process undertaken with clear breeding objectives set out at the beginning of the process. Landraces are the result of selection pressures arising from interactions between cultivars, the natural environment and human communities that husband the crop. In this latter case the landrace is the result of an ongoing process over a much longer period of time in which one or more human communities are involved. The degree to which this process can be isolated over time and space enables one to associate specific landraces to specific communities living within a specific environment.  Some crops like teff are clearly associated with the cultures and communities of the Ethiopian highlands. Prior to 1970, no other peoples grew the crop outside this area and those that now grow teff outside the Ethiopian highlands obtained their genetic material from those communities in those areas. The same can be said for fonio in the Guinea Savannah and Sahelian zones of West Africa, quinoa, kanyiwa  of  the Andean highlands, among other examples of neglected and under-utilised crops (IPGRI, 2001). For globally distributed crops, maize, wheat, sweet potato, potato, etc. this association is much more difficult even when we know the origins of the crop and how it has spread.  The landraces are the result of exchanges and contributions by many cultures and communities that carried the crop to new environments, used it in different ways, and managed it according to the preferences embedded in their cultures and food habits. In summation, the ability to differentiate this people and cultivar association over time and in a particular space is the sine qua non for any assignation of rights to a land race. 


C.1. Challenges

Any attempt to create legal rights (on behalf of the communities) and obligations (on the part of third parties) with respect to landraces will require the creation of criteria for assessing the material concerned, and its relationship to the subject individual, community or communities on a case-by-case basis.  Research on this topic to date can be divided into explorations of three alternative legal mechanisms: 1) sui generis intellectual property laws which vest property rights in communities as ‘owners’ of landraces and/or ‘owners’ of rights to market the landraces in association with the name of the community or territory where it is grown, 2) access laws, which provide communities with the right to refuse, or to set conditions upon, third parties collecting landraces grown on their land, and 3) recognition (and elevation to levels of national and international recognition) of communities’ own traditions, customs and laws regarding the use, exchange and conservation of landraces.

In the following paragraphs, we will focus on sui generis intellectual property law. In so doing, we are not suggesting that intellectual property laws have the most potential; in fact, we tend towards the opposite conclusion. We have chosen to focus on intellectual property options for two reasons. First, access laws have already been described in other parts of this volume and the preceding analysis in this chapter regarding landraces does not have much bearing on their potential success or failure. In short, if there is an access law in place which provides communities with the right to consent or refuse to collecting on their land (or land in which they have interests) it does not matter if the material in question can be identified as a landrace or not. The community concerned would have the right to control access to it, no matter what it is. Second, a study of communities’ own traditions, customs, and laws, and how they may (or may not be) recognized within national and international legal frameworks is well beyond the scope of this chapter. We feel a much more robust appreciation of local communities practices, customs and laws is ultimately a necessary element in developing a truly effective system for the protection of landraces. However, that subject is also beyond the scope of this study.  

While we certainly do not want to limit ourselves to analysing the criteria for protection that are part of the UPOV Conventions, 1978 and 1991, they do provide an obvious point of departure for analysing potential intellectual property protections for landraces. 
 It is widely agreed that the conditions for protection established within the UPOV Conventions – that plant varieties must be distinct, uniform and stable – generally preclude extension of protection to landraces. This agreement is founded upon a widespread appreciation of many of the facts set out in the preceding analysis, i.e. that generally speaking, landraces are not uniform; nor are they particularly stable over time.
Furthermore, as we shall discuss below in some detail, questions linger about their degree of distinctness. However, it is still worthwhile to attempt to locate within the UPOV framework of protection for different kinds of material, landraces would come closest to ‘fitting in’ and being protectable. In modern plant breeding, the approaches for the identification of a cultivar depends on its structure. The common structures are: 1. pure (inbred) lines, 2. hybrids, 3. synthetics, and 4. populations bred through mass selection. Pure (inbred) lines and hybrids are fixed i.e., one individual genotype forms the entire population. . Identification of lines and hybrids is based, therefore, on ‘marker traits’ that are either present or absent. Synthetics and populations varieties, on the other hand, are composed of different genotypes. Unlike lines and hybrids, therefore, their structure depends on the frequency of these traits that lead to their identification. In regard to their structure, landraces are most comparable to population varieties. 

There is, however, a very significant difference between modern varieties – including population varieties – and landraces. Modern varieties are continuously reproduced from the same known and stable parents, so the system for their production is ‘closed’ with no new genes being introduced. As the analysis above has emphasized, the development and use of landraces all takes place in systems that are radically ‘open’ in comparison. Landraces generally are, therefore, as stated above, components of large, interconnected, dynamic genetic networks that defy strict definition. 
Of course, landraces possess some degree of distinctness. Otherwise, from a purely logical perspective, it would be impossible to even discuss the possibility of different landraces, nor would it be possible for farmers to engage in any of the selection practices we describe above. If there is nothing to favourably distinguish a population when farmers are selecting seed, they will pass it over, in favour of other populations. (Boster, 1985). Of course, as we have stated above, farmers do not care about distinctness. But by choosing and selecting traits that meet their needs, they end-up creating populations the structure of which correspond to specific phenotypes. But several questions remain: is the incidence of the traits selected for by farmers consistent enough over space and time to be to be able to say that the landrace is distinct enough, or, to further distance ourselves from UPOV criteria, identifiable, enough, that it can be protected by a sui generis intellectual property system?
 Is such a system technically practical?
 Is it worthwhile?

There is no simple answer to any of these questions, at least not yet. Research in the field is still relatively new, and as the analysis above demonstrates, the data are being  collected is extraordinary complex and subject to multiple interpretations. A few general trends in research results, however, allow us to make the following observations. First, somewhat ironically, the relatively recent rise in appreciation for the dynamic and often innovative role of farmers in conserving and improving landraces represents an additional challenge to creating sui generis intellectual property protections. On the one hand, farmers’ innovation provides a justification for the grant of an intellectual property rights in the first place. On the other hand, recognition of farmers’ innovation is accompanied by recognition that landraces themselves are changed and dispersed more rapidly that previously appreciated. This dynamism, in some ways, undermines, in some ways, the possibility of distinct or identifiable landraces coming into being, or at least makes them harder to locate fixed over space and time; (it certainly precludes the possibility of their being uniform, and stable enough for UPOV style protection). Older concepts of landraces being the product of natural adaptation to local environment were accompanied by implicit assumptions about the longevity of connection between distinct landraces with distinct geographic locations (though not necessarily with any particular farmers, other than through proximity).  

Second, farmer distinguished traits or characteristics are not necessarily distinct in the sense of being unique. Recall that the ‘local’ maize varieties in Cuzalapa were frequently planted from seed lots brought in from outside the region. Trade and exchange dispersed those varieties to the point where no community could claim a special connection to them. While distinct among the maize landraces planted in the valley, they were not unique to the valley. The high rate of trade of landraces between farmers, and their availability through local markets, ensures that many landraces are dispersed over wide areas, including across international borders. Indeed the entire history of agriculture, both as practiced by farmers and by scientific breeding is unthinkable without wide ranging movement of plants around the globe.
 

Third, farmer distinguishable traits may frequently not associated with characteristics that identify the landrace. Farmers may preserve traits across landraces over time. This leads to the frequently made conclusion that landraces’ diversity is linked to the diversity of the material sown in the area and the diversity of introduced varieties. This may be the single most important factor distinguishing landraces from the products of institutional ‘modern’ plant breeding. More distinct than any particular landrace therefore is the whole mix of material that is being used by farmers in a geographical area. Linking rights to such a wide-ranging mixture would be very challenging indeed!  

Fourth, removed from the environment in which it is adapted and the farmers who maintain it, the key characteristic that distinguishes landraces (and some other taxa) from modern, bred varieties is genetic diversity. (This does not apply as much to clonal and truly self-pollinating landraces, see above.) This genetic diversity is the foundation of their wide adaptability, but it makes ‘proving’ the existence of a landrace very difficult. Any attempt to define a seed sample as a landrace by measuring its genetic diversity must fail because it cannot capture changes in that diversity over time. Thus to add a note about the frequencies of particular genotypes or phenotypes in the population to a description of a landrace is informative only about the landrace as it exists after a particular growing season in a particular place. The very diversity of a landrace almost guarantees that frequencies of alleles will change from season to season. What, then, is the “correct” frequency distribution? Two different landraces might by chance converge on the same frequency distribution in a season. As a further complication, if a landrace is moved from one area to another so that frequency distributions, averaged over a suitable period, have changed, is it now a different landrace? 
We do not want to be understood to say that it is impossible, in all cases, to trace a connection between a particular landrace and community or communities. We do want to stress however, that most local farming systems do not function in ways that place importance on the generation of distinct landraces for the sake of distinctness. Farmers’ planting, selection, and exchange of seeds influences modifications in the landraces, and combination of landraces, they use. Their exchange and trading practices in particular ensure the dispersion of landraces over large geographical areas, frequently without regard for cultural or political boundaries.  As a consequence, identifying any one particular landrace as distinct from all other related landraces, and establishing that it has a unique connection with a particular community or group of communities is, more often than, going to be difficult. 


C.2. A hypothetical case

Of course, there will always be exceptional cases. For the purposes of analysis, let us consider a hypothetical situation concerning a known landrace: the chianquiahuitl maize variety, which Louette (2000) says is of unknown origin and probably is not cultivated any longer outside the Cuzalapa Valley.  This information provides us with a ‘headstart,’ at least in establishing that the variety is unique to the valley, not having been traded or exchanged with farmers outside the valley for some time, and not being grown by farmers outside the valley. (One can see already that once legal benefits are associated with sole cultivation, the onus of proof will be relatively high in terms of proving that no one else is growing the variety elsewhere.) In this case, therefore, we are already beyond a significant hurdle, assuming Louette is correct.  The next question would be, is chianquiahuitl distinct from other landraces both inside and outside the valley? If challenged through legal proceedings (with the possibility of needing to call expert evidence in a courtroom) could one defend the claim that chianquiahuitl exists as a distinct landrace, or would one be forced to acknowledge that the line of demarcation between it and other landraces/wild relatives is sometimes too blurry to discern with accuracy. Proving its distinctness by reference to its genetic diversity is not possible, and probably too expensive in any case; proof will have to turn on phenotypic characteristics. Farmers faced with the cost of litigating such a case would want to be very sure that despite the high degree of introgression between maize landraces in the valley, they could defend their claim that chianquiahuitl is distinct. 

If one could be relatively confident that chianquiahuitl was indeed distinct, the next issue (of course these issues can be dealt with in different order) would be whether the connection between the community and the landrace was of a nature to justify their being granted sui generis intellectual property rights over it. This would of course depend upon the legislation in place.  Existing PVP laws can protect varieties that plant breeders breed themselves or which they (or others) discover; it appears that the farmers of the Cuzalupa Valley did neither. On that basis, their claim would fail. However, a sui generis landrace protection law could have alternative criteria to suit the special nature of landraces and farmers’ relationships to them. Perhaps the law could be structured to take into account the fact that in the absence of farmer intercession, most landraces would cease to exist.  Based on this fact, the law could include a presumption that, based on proof of the fact that a farmer or farmers where using a landrace over several generations (of the plant) that they were, de facto, a kind of sui generis plant breeder, actively innovating to maintain the existence of the variety. If such a presumption were recognized in the law, one could ‘argue backwards’ that based on the co-existence of landrace and farmers, in situations where they have not received the material from outside the region for a specified period of time, they can be deemed to be the ‘breeder” of the landrace. This of course would depend entirely upon the national law of the country concerned, or by extension,  international laws harmonizing national laws.

Another issue that has to be addressed is the identity of the party claiming to be the owner of the landrace. Is it all of the inhabitants of the valley? Only the farmers? Only the farmers actually growing chianquiahuitl at the time of the suit? How would this issue be determined? In cases where there was a perfect coincidence between the geographical distribution of the landrace and the borders of the local political administrative unit (or the borders of a population of people who considered themselves to belong to a common cultural unit) the issue would, at least in principle, be easier deal with. In other situations (which, we hazard to guess, would be the majority of situations) it may be hard to forge consensus about who should share in the joint or co-ownership of the landrace. Again, the national law in the country in question would have to be clear about the possible identities of parties who could claim benefits ‘ownership’.

This example illustrates a few of the challenges that would exist in proving a) the existence of a distinct landrace, and b) proving a connection between the landrace and a community or communities sufficient to justify ‘ownership’. They are not necessarily insurmountable in every case, but one needs to keep the difficulties in mind in assessing whether or not it is worthwhile to create a national, sub-regional or international system of sui generis protection for landraces in place.
 

Up to this point we have also not discussed the possible range of rights that could be conferred on farmers in connection with such a system of protection. One possibility would be to award the ‘owners’ with exclusive and semi-exclusive bundles of rights such as those created by the UPOV Conventions and most countries’ PVP laws. In such a case, third parties would need to obtain permission from farming communities before using their protected landraces for a variety of proscribed purposes. This would provide a basis for farmers to negotiate for compensation for third parties’ uses of their landraces. Another possibility would be to grant exclusive labelling rights (i.e., a hybrid form of nom d’origin) or trademark protection connected with the marketing of the landraces. All of these options raise additional issues to be considered. In this paper, we stop short of such considerations, focussing as much as possible on the preliminary question of attributing distinct landraces to particular communities.

C.3. A cautionary note regarding perverse incentives
The utilitarian justification for patent, plant variety protection and copyright laws is that they will provide incentives for inventors, plant breeders and authors respectively to innovate where they might not otherwise do so. The short term grant to those people of time-limited, semi-exclusive property rights over their creations is the price society pays for the wider benefits generally associated with higher levels of innovation. 

Farmers, however, are already engaging in innovative activity vis-à-vis the evolution, maintenance and use of landraces. One has to be careful, then, about introducing a system of incentive and reward so that it reinforces, rather than alters, their behaviour. We have demonstrated, above, that farmers’ patterns of innovative uses of landraces frequently contributes to their being in a state of flux, metamorphosing over time in response to farmers’ selection priorities, planting patterns, seed exchanges, decisions about trading priorities, etc. To create and maintain distinct, uniform and stable landraces, farmers would have to change their way of farming, trading, selecting and exchanging seeds. Focussing on distinctness alone as an alternative condition of protection might lessen pressure on farmers to alter their behaviour in order to obtain whatever benefits might flow from intellectual property protection, but it would create such incentives none-the-less. For instance, to ensure the distinctness of   chianquiahuitl, the farmers of the Cuzalapa valley would need to grow it in geographically isolated plots so it would not be subject to introgression from with other maize landraces. Furthermore, they would have to deny any neighbouring farmers requests for chianquiahuitl seed to ensure their claim to be the only de facto breeders and conservers of the landrace. But Louette has demonstrated that the farmers, and maize diversity generally, benefit from high degrees of introgression between landraces and from exchanges of materials between farmers. 

C.4. Converse situations: when sui generis protections should be feasible

We do not want to sound too negative. The recitation of difficulties above also provide insights into when it might be possible to protect a landrace through some form of sui generis intellectual property mechanism. There are instances where farmers are already not exchanging seed with their neighbours (Busso et al, 2000) and no negative incentive would be created. There are instances where varieties are grown exclusively in contained geographical areas (Louette, 2000). There are surely instances where (unlike chianquiahuitl in the Cuzalapa valley) the exclusively grown landrace was developed in that same area by the same farming communities that are there now. There are probably also instances where the sole farmers using the landrace are all part of a local political unit (who could represent them) or a cultural group (who could be represented more or less expeditiously through some form of cultural organization).  There may also be instances where there is no question that a landrace is clearly distinct from all other related landraces. When all, or most, of these conditions intersect, sui generis intellectual property protections would be a real possibility. Policy makers at different levels will ultimately have to decide if, in their jurisdictions, these conditions coincide with sufficient frequency, with promise of substantial enough gain, to dedicate the resources to create a sui generis intellectual property protection regime, and subsequently administer and enforce it. 

It is also critical to recognise that, to date, there simply is not enough research regarding many of these key issues to be able to make an accurate prediction as to the likely degree of coincidence of these factors. IPGRI is currently conducting research regarding the correlation of farmers’ perceptions to population structures. This work involved, among other things, studying the strength of the link between farmers’ selected-for traits to scientifically measured phenotypes under experimental conditions. 

Part D: Mining data for connections between communities and ex situ collections
Taking a somewhat different approach, in this section, we examine the extent to which data gathered during plant genetic resources collecting missions could be used to establish a link between genebank accessions and their originating communities. The primary source of data for this exercise was SINGER, the System-wide Information Network for Genetic Resources. This is the genetic resources information exchange network of the International Agricultural Research Centres of the Consultative Group on International Agricultural Research (CGIAR). It provides access to information on all the collections of genetic resources held by the CGIAR Centres. Together, these collections comprise more than half a million samples of crop, forage and tree germplasm of major importance for food and agriculture. We also looked at data from IPGRI and IBPGR Collection missions.

The primary focus of the investigation was to ask how far the passport data gathered in SINGER could be used to link accessions to communities. IPGRI collecting data was used to support this analysis, and we also asked whether any historical trends in the kind of information recorded on collecting missions could be discerned.

D.1. Data selection

SINGER maintains a number of central databases on genetic resources in the CGIAR. These central databases hold a selection of data from the contributing CGIAR genebanks, which allows SINGER to function as a gateway to all germplasm accessions in the CGIAR. This gateway function relies on identification or passport data that these accessions have in common. We selected several data fields that might be able to establish a linkage between a collected accession and its originating community. These fields included latitude, longitude and elevation of collecting site; country of original collection; sub-country location data; source of collected material; and year and month of collection. Because the central SINGER databases uses only a selection of data to fulfill its gateway function, we considered it essential to establish what additional types of information genebanks might have about landraces and their origin. We decided to use data from IPGRI Collecting Missions as good examples of the type of information that would have been collected. As these missions cover a period of 20 years the survey would try to detect any historical trends in documentation practices in time.

D.2.  Results

The total number of accessions in SINGER on 11 October 2001 was 519,804, of which 115,377 (22 %) were recorded as landraces. To establish a link between collected landraces and their originating communities it is essential to have information on when, where and from whom the germplasm was collected. 

To determine the when, year, month (and day) of collection are required. If these are not present, the collector and collecting mission codes can often provide approximations. We estimated that with some additional effort the year of collection could be established for more than 90% of the accessions.

To determine the where place names and geographical coordinates can both be used. All landraces in SINGER have either geographical coordinates or at least the country of origin recorded, and 96% of the landraces have more detailed location data on the collecting site. In most cases this will be an indication of the nearest village or town. Often the direction and distance from the collecting site to these settlements are indicated (e.g. “KALMANG BALA.40 KM NW FROM MANSEHRA.NWFP.”).

About one third of the landraces recorded in SINGER have geographical coordinates. Most of the two-thirds without geographical coordinates were collected in the late 1970s and early 1980s, a period of extensive germplasm collecting worldwide. Many of these collecting missions were considered emergency missions to salvage genetic diversity in areas where the risk of genetic erosion was high. Possibly the huge influx of new accessions had an influence on the quality of the computerized documentation. 

To determine from whom the landrace material was collected, SINGER itself does not provide many entry points. The descriptor ‘source of the collected material’ describes the source in very broad categories such as farm store, farmer’s field, garden, local market, town shop etc. Additional data such as local (landrace) names, use, farmer or farm name, indication of ethnic group etc. which could be used to strengthen the linkage between a landrace and a particular community are not part of the central SINGER databases, which were designed to hold only as much data as needed to give a user an overview of all accessions in the CGIAR. More detailed accession related data can be found in the databases of the contributing centres and these data can often be linked to directly from SINGER.

Turning to the IPGRI collection missions, we randomly selected 50 samples and scored them on the presence or absence of important data types. For geographical coordinates, IPGRI Collecting Mission data seem to suggest a much higher incidence than SINGER (70% vs 33 %)
. Data on the environment (32 out of 50) and ethnobotanical data (31 out of 50) were relatively common. The environmental data usually included descriptors such as topography and soil characteristics. For ethnobotanical data the most common items listed were local names and use. More detailed information on the communities involved, such as names of farmers/farms, ethnic groups etc. were very scarce (5 out of 50). Occasionally a collector would describe how local markets play an important role in dispersing genetic diversity through rural communities or indicate how long farmers have been cultivating a particular landrace, but overall we encountered very few comments of this nature.

We did not discover any historical trends in ways information was recorded. The relatively small sample size (50 out of approx. 500) and the short period covered would make it difficult to find any trends with exception of the very obvious ones. The assumption that the quality of collecting reports would improve over time could not be confirmed. Throughout the period 1976-1995 we encountered very detailed and good reports and very disappointing ones. Quality seemed to depend much more on the effort made by the individual collector than on any determination to raise standards over time. 

D.3.  Data-mining conclusions 

For most of the landraces collected and maintained by genebanks, it will be possible to trace back the geographical origin of the sample with a reasonable amount of certainty. The data from SINGER suggest that 32% of the landraces have actual geographical coordinates. Ninety-six percent have location data on the collecting site at the sub-country level. Likewise the date of collection can be determined for a large part. SINGER has actual year and month of collecting for about half of its landraces, but one may expect that this percentage could be significantly boosted, at least to determine the collecting year, by inference from the collecting mission and collector codes. To assist the linkage between certain landraces and communities, the most useful data to have are local names and uses.

D.4. Collecting forms, ethno-botanical descriptors

By way of follow-up to the previous study, we conducted an analysis of genebanks’ current collecting forms, to determine if, in the future at least, more and better ethnobotanical information might be collected in the course of collecting missions. This information would be useful to forge a legally relevant connection between the peoples concerned and collected materials (Hazekamp, 2002b). 

To obtain sample germplasm collecting forms an email was sent to 10 National or regional and 11 genebanks of the Consultative Group on International Agricultural Research (CGIAR). The genebanks (see appendix 1) were selected taking into account the extent of their collecting activities and/or an expectation that they would have a particular interest in ethno-botanical descriptors. This review was based on responses (including germplasm collecting forms) from 8 national or regional genebanks and 6 CGIAR Centres.

The review of the genebank collecting forms undertaken in this study indicates that descriptors regarding collecting location and time are common and standard by genebanks throughout. When it comes to documenting information on the originators of traditional cultivars the situation is very variable. Although most genebanks have a number of basic descriptors including collection source, collection type and local name, only 5 out of the 14 genebanks included in this review have developed forms with an extensive ethno-botanical component. These include the Asian Vegetable Research Development Centre (Taiwan), Institute for Biodiversity Conservation and Research (IBCR-Ethiopia), SADC Plant Genetic Resources Centre (SPGRC-Zambia), ICRISAT (India) and IRRI (Philippines).  Also for these 5 genebanks, this has been a fairly recent development that has taken place since the mid-to-late 1990s.  The diversity in approaches and ethno-botanical descriptors used by these five is an indication that this area is still very much in development and no firm standards have yet been agreed upon. 

When looking in more detail at these 5 forms we notice that:

· The donors of the material are described in different level of detail. Basic descriptors include name, ethnic group and language used for local name. Age and gender issues occur less frequently. In particular SPGRC provides much more detail such as human settlement history, division of labour at household level, land ownership and tenure, source of information (key informant designation/social status, indicator of reliability of information). This provides much more information on the social context.

· Although the source of the material is usually described in some detail (type of collecting site, environmental traits) the actual origin of the material is described in variable degrees of detail. The ICRISAT form provides the most complete descriptors in this regard indicating not only how and from whom the material was obtained, but also how long this material has been in the possession of the donor. SPGRC captures data on the consumption of the plant material (local, selling at market). This provides some indication on the exchange or flow of this particular germplasm between communities.

· By far the largest part of the ethno-botanical descriptors attempt to capture indigenous knowledge by using descriptions of special traits (performance, tolerance, resistance), cultivation and selection criteria. Besides a common descriptor on plant use, only IBCR and SPGRC specifically document the cultural significance of the crop. The IBCD form introduces many descriptors used to rank the specific preferences for local varieties as a way to describe biodiversity. SPGRC is the only one to indicate whether access to indigenous knowledge is restricted in any way or not.

Although the genebanks included in this review have good documentation on where and when germplasm was collected, only a few have developed extensive sets of ethno-botanical descriptors. The basic data that most genebanks do have are  recordings of local names. However, past experience with recorded local name data, for example in the rationalisation of germplasm collections, has shown it to be of variable use. It often needs substantial cross-checking before its validity can be established. It is therefore regarded as indicative at most.

In this review only 5 genebanks had developed extensive ethno-botanical descriptor sets. These include the Asian Vegetable Research Development Centre (AVRDC-Taiwan), Institute for Biodiversity Conservation and Research (IBCR-Ethiopia), SADC Plant Genetic Resources Centre (SPGRC-Zambia), ICRISAT (India) and IRRI (Philippines). Although most of these 5 designs share characteristics, the lack of an international standard for ethno-botanical data is evident. This fact would complicate accessing and compiling this type of data on a global scale. 

Development and use of the ethno-botanical descriptor sets has been a fairly recent activity.  The 5 genebanks listed above, have introduced extensive ethno-botanical sets from the mid-1990’s onwards. Considering that the volume of global germplasm collecting has dropped sharply at the beginning of the 1990’s, one can presume that the amount of ethno-botanical data collected by genebanks, in a structured manner, is fairly limited. For example, even though ICRISAT’s collecting form including considerable ethnobotanical descriptors has existed since 1997, only 100 accessions have been collected to date using that form. (Hazekamp, 2000c). ICRISAT still does not have have the ethnobotanical descriptors included on this form incorporated into its database. IRRI’s database has been updated to include the ethnobotanical descriptors on its new form, but, so far, only a very modest proportion of accessions record any information in those values. Efforts are currently underway to update the IRRI database in this regard (Hazekamp, 2000c). 

The future collecting of ethno-botanical data by genebanks would benefit from the development of an international standard for ethno-botanical descriptors.

E. Assessing possible policy responses to the data-base analyses 

Our analysis of SINGER data bases and genebank collecting forms revealed that of a wide range of information that would be potentially relevant in establishing a legally relevant link between collected materials and communities (e.g., community uses, cultural significance, history of use, details about distribution and exchange, evidence that the material may be unique, etc.) only information related to the location of collections is consistently provided. In short, in 30 % of the cases, where lontitudinal and latitudinal coordinates (accurate to the seconds-level,) are listed, it is possible to know where the accession was collected within a few kilometres. 99% has country identification. 96% of assessions provide more details within the country, for example, collected 40 kms north west of a village. (T. Hazekamp, 2001). 

It must be further borne in mind that there is no available data concerning where any of the collected information is not found, that is to say, whether the accession is unique in any way. The fact that it was collected at a longitude X and latitude Y does not mean that the same material could not also have been collected at X +/-1 and Y+/-1, or anywhere else in the world for that matter. 

Location and the time of collection on their own  are not sufficient data upon which to found a claim for a sui generis UPOV-style plant variety protection right. Nor does it provide a sufficient factual basis for a strong claim for other forms of intellectual property protection, such as geographical indications protection or trademark. Geographic indications protection can apply to goods originating from within a particular territory, “where the given quality, reputation or other characteristic or the good is essentially attributable to its geographical origin.” (TRIPS, art 24(1)). Our raw location data does not provide any indication about which of any accession’s traits can be attributed to adaptation to the local environment. Again, working from the older conception of landraces -- that landraces were simply crops adapted (unaided by conscious farmer selection) to local environments – it might have been possible to ‘argue backwards’ that the very existence of the landrace in a particular location necessarily meant that it had developed some or many of its characteristics as a result of natural selection pressures.  But our more recent appreciation of the innovative role of farmers in introducing exotic landraces and maintaining various traits through conscious selection makes this kind of presumption much harder to support. 

Location data and dates of collection may, however, be useful as supporting evidence in more broadly substantiated claims for intellectual property rights. For example, current claims based in part on longevity of association between a community and a landrace could use the collecting location data to establish that the landrace in question existed in the vicinity of the claimants for at least X number of year.

The location data could also be useful as a means of defeating claims for intellectual property rights over identical material by other parties. WIPO, in a project endorsed by the Intergovernmental Committee on Intellectual Property and Genetic Resources, Traditional Knowledge and Folklore has recently launched a test website to be included in the prior art searches of intellectual property offices around the world. There have already been preliminary discussions between the System Wide Program on Genetic Resources (SGRP), IPGRI and WIPO about the possibility of including SINGER on the WIPO traditional knowledge prior art web-site. UPOV is also doing interesting work examining the issue  of what constitutes a “vareity of common knowledge” in the context of defining distinctness and novelty in protectable varieties.

Finally, as alluded to above, location data is really all one needs in situations where a domestic access law provides individuals and communities with the right to be accede to, or deny, requests for access to materials located on their lands. Of course, most of the material listed in the SINGER data base was collected throughout the 70s, 80s and less so, 90s.  Presumably, prior to 1993, when the CBD came into force, in the absence of any explicit national access law which created such obligations, it was not necessary to get the permission of either governments or constituent communities when collection materials and taking them out of the country for storage in genebanks. Certainly, since 1993, as far as internationally situated institutions such as the IARCs are concerned, it is incumbent upon them to comply not only with national access laws, but also with the spirit of the CBD, which required collectors to obtain the prior informed consent of national governments (and arguably local communities). 

Conclusion 

Throughout this chapter, we have discussed a number of factors that make the project of creating workable sui generis intellectual property protections for landraces particularly challenging. Are those challenges insurmountable? In many cases, we think they may be. In others, we are not so sure. Most of the data we have to rely on regarding farmer-landrace interactions was not generated in the context of seeking to establish cases for intellectual property protection. Instead, it tends to have been collected in the context of research on farmers’ decision-making and management practices, and how they impact upon the conservation of agro-biodiversity. The latter researcher is content with evidence that farmers’ are distinguishing between plant populations on the basis of any number of traits as evidence of his or her management priorities and competence; the legal analyst, however, wants to know if the material concerned is distinct from all other landraces as evidence of the basis of a claim for exclusive interests in the same material. Certainly, much more detailed data than we have referred to in this chapter would be necessary on a case-by-case basis to ‘prove’ intellectual property protection rights should be granted.
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Appendix 1

Genebanks requested to participate in study

	CGIAR genebanks
	National genebanks

	CIAT (Colombia)
	Asian Vegetable Research Development Centre (Taiwan)

	CIMMYT (Mexico)
	Australian Medicago Gen.Res.Centre (Australia)

	CIP (Peru)
	Australian Winter Cereals Collec. Agricultural Research Centre (Australia)

	ICARDA (Syria)
	Institute for Biodiversity Conservation and Research (Ethiopia)

	ICRAF (Kenya)
	Institute for Plant Genetics and Crop Plant Research, Gatersleben (Germany)

	ICRISAT (India)
	N.I. Vavilov Research Institute of Plant Industry (Russia)

	IITA (Nigeria)
	National Genebank of Kenya (Kenya)

	ILRI (Ethiopia)
	National Genetic Resources Laboratory (USA)

	INIBAP (France)
	Royal Botanical Gardens Kew (UK)

	IRRI (Philippines)
	SADC Plant Genetic Resources Centre (Zambia)

	WARDA (Ivory Coast)
	


� In this case, we are referring to the stability of genetic structure of landraces, which is different from stability of yield or production or other performances of landraces. Indeed, farmers actually select indirectly for yield stability particularly in adverse environmental conditions. They certainly do not select for genetic stability. 


� Zeven (1998) concludes his review by adapting a definition (or is it a description?) that goes back to the early years of the 20th century. He writes that “an autochthonous landrace is a variety with a high capacity to tolerate biotic and abiotic stress resulting in a high yield stability with an intermediate yield under a low input agricultural system”. A plant population, under this view, can only be called a landrace if one also knows about its agronomic performance and place of origin. It is curious that after providing such a full account of the development of the appreciation of farmers’ roles in landrace development, conservation and use, Zeven’s own new definition underplays the element of dynamic farmer selection / maintenance which would reflect the shift from a “naturalist” view that has come out clearly in recent research.  Of course, as this comment on Zeven’s definition makes clear, not all researchers are equally convinced of the central, consciously dynamic role of farmers. By way of another example, Hawkes (1983) stated that the adaptation of landraces to their environment is the result of selection “largely of an unconscious nature”.


� The authors wish to comment that this may not in fact always be true. Contamination that would introduce useful characters such as disease resistance would help in-situ conservation and diversity.


� [a more robust definition now exists in In Situ proposal to SDC. Make reference to it.]


� Studies of sorghum in Mali and Zimbabwe are revealing that the name a farmer gives to a variety is an imperfect piece of information (if we want to know something about the variety’s genetic make-up). Varieties that share a name can differ markedly from one another, while apparently identical varieties can have different names (Grum, pers comm.; Grum et al, 2002.)


� unpublished.


� A landrace of an out-breeding species will be made up of individuals that are heterozygous at most alleles, while a landrace of an inbreeding species will tend to be made up of several different, but largely homozygous, types of individual. This in itself can be a source of confusion, particularly in the case of an in-breeder such as Phaseolus vulgaris.  Some authors (Martin & Adams 1971, cited by Zeven 199?) describe the mix of diverse genotypes grown by one farmer in one field as a landrace. Others (Voss 1992, cited by Zeven 199?) say that the farmer is growing a mixture of several landraces. Certainly farmers often distinguish the seed-colour forms in a bean mixture with different names, but it must be remembered that a single coat colour could nevertheless be associated with several different genotypes, and that an otherwise uniform genotype could be associated with two or more seed-coat alleles. Taking this argument further, uniform appearance can easily mask genotypic diversity. Zeven (1998) offers the example of an Austrian wheat landrace that appeared genetically uniform. Nevertheless, an investigation of the storage proteins in 50 randomly-chosen grains revealed the presence of 31 different phenotypes.   


� Leskien and Flitner (1999), IPGRI (2000) and the Crucible Group (2001) have analysed options for the domestic implementation of “effective sui generis protections” for plant varieties, in furtherance of article 27(3)(b) of TRIPS. In all of these three studies, among other things, the authors investigated variations on the DUS criterion that are included in the UPOV Conventions. They did so in the context of attempting to lessen the purported effect of the DUS criterion to create incentives for plant breeders to develop varieties with narrow genetic bases. In this context they considered that distinct (D) and identifiable (I) or just distinct alone might be preferable conditions for protection. The authors did not, however, have protection for farmers’ varieties firmly in mind when considering these criteria; nor did they engage in analyses of data regarding landraces per se.  


� Again, stability here refers to the structure of the landrace and thot the stability of the protection. The structure of landraces is dynamic, changing over time in response to fluxuations in growing conditions including farmers management and environmental factors. These dynamic changes lead to stability of landraces and stable performance over time. 


� UPOV has issued guidelines for determining distinctness (UPOV,TG/1/3, 2002; UPOV, TGP/9, 2002) pursuant to which, “a variety may considered to be clearly distinguishable if the difference in characteristics is: (a) consistent, and (b) clear.” [Provide description of relevant parts of the test]. 


� The European Union (EU) has recently recognized the need to permit the marketing of “landraces and varieties that are naturally adapted to the local and regional conditions” under existing seed legislation (Commission of the European Communities 2001). While it fails to offer any criteria for the definition of landraces, the Biodiversity Action Plan for Agriculture treats landraces and traditional varieties as two separate categories and suggests that each type could be admitted to national lists as a “conservation variety” if it meets the requirements of seed marketing directives (70/457/EEC and 70/458/EEC). 


In anticipation of this regulation coming into force, a Finnish project (Onnela 1999) examined several alternatives for the registration of landraces. The project concluded that there was not sufficient information about the characteristics of landraces and the amounts of genetic variation in their populations to ensure that individual landraces could be identified for efficient conservation without duplication. While acknowledging that molecular methods (RFLPs, RAPDs) could give insights into diversity at the DNA level, the report concluded that these methods are too expensive for routine use. Gross morphology and phenology would still be required, not least because the assessments of distinctness, uniformity and stability (DUS) required by UPOV are still based on morphology.


The report concluded that registration and support in Finland would be available to (inter alia) “landraces which can be morphologically distinguished from other varieties”. Distinctness is essential, but the authors appear to feel there is no need to meet the UPOV criterion of uniformity. However, the report also concedes that a variety could be registered as a landrace simply if it had been cultivated for a long time on the same farm and belongs to a diverse varietal complex “although it is not proven to be completely distinct”. For cereals, - mostly inbreeders - in particular, the report suggests that data be collected on the characteristics of the different types observed in a sample sent for registration, and that their proportions in the population are added to the varietal description. In the second season of assessment, different types found from analysis of 100 individual plants in the first season may be grown as ear rows to further assess their genetic uniformity. 


� The well established history of the movement of crop germplasm, their interdependence (and importance to food security) are the factual building blocks upon which the International Treaty on Plant Genetic Resources for Food and Agriculture is based. [Could expand here or in another new section on the relationship of the issues raised in this chapter to the International Treaty.]


� We have not actually addressed a number of associated challenges, such as: how a farming community actually learns that material over which it has rights is being used by others; the prohibitive cost of litigation and difficulties associated with actually getting the farmers organized to launch a legal action and possibly travel to and participate in court proceedings far from their farms, possibly in other countries; the technicalities of launching international law suits where national laws regarding landrace protection is not harmonized with (or existing in any form) other countries; and ultimately, whether or not such an enterprise can be justified on the basis of the returns farming communities might realize through the creation of a sui generis intellectual property regime.  








� The reason for the apparent discrepancy was not further investigated, partly because even with the lower figures in SINGER it had already been established that the original location where a landrace was collected could be relatively easily determined using geographical coordinates and the other available location data.


� UPOV, …
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