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Chapter 1

Introduction



Chapter 1: Introduction

Examining crop improvement

This study examines the genetic resources of maizehe western highlands of
Guatemala. Genetic diversity of crops is an impartammponent of farming systems and
agricultural innovation. New cultivars and varistiean improve the performance of
existing farming systems. Better understanding e tmechanisms underlying crop
diversity may help innovation in these systems mdeo to support food security.
Agricultural research and, more specifically, thevelopment of improved varieties
through plant breeding, is an important and effitiapproach to enhance food security
and economic development (Morris and Heisey 2003).

Studies of current farmer practices dealing witbpcdiversity are important,
because modern varieties and breeding techniquesfa#ed to reach a large part of the
world’s farming systems. Beginning in the 1960& @reen Revolution, which promoted
the use of modern varieties, had a major impacgricultural productivity (Evenson and
Gollin 2003b). However, at present, some 1.4 billpersons still depend largely on self-
produced seed (FAO 1998Maize, the subject of this study, is a typicalecast the end
of the 1990s, 52.9% of the area under maize inidabpregions was planted with
landraces or modern varieties that were recycldéast three times. In Latin America,
this percentage is even slightly higher (Morris 200rhe impact of the Green Revolution
on farming systems has also been unequal, geogediyhand socially (Evenson and
Gollin 2003a).

To overcome the geographical and social limitatiah the Green Revolution,
beginning in the 1970s and 1980s (but drawing deroscientific traditions), agricultural
researchers have emphasised the need for mordispaageting of crop improvement by
means of farming systems or on-farm research (Hilled and Poey 1985, Simmonds
1985). Farming systems research was done on farnosder to take into account the
specific conditions and limitations of those enmiments. However, the quantitative
approaches followed in farming systems research same under critique. For instance,
Suppe (1984) argued that the diversity among diffefarms is too high to allow for
generalisations of the kind pursued in farming eyst research. Agricultural research
outcomes are only made useful to farmers by careterpretative translation to the
context of the farm, not by extrapolation of stiéde results. Participatory approaches to
development were in part an attempt to addres® thlessies of contextuality. Scientific
innovations are seldom readily translated to theditmns of farms, but are actively
reworked by farmers to incorporate them in the soechnological fabric of their
livelihoods. Participatory or collaborative apprbas recognise that farmers are not only
passive recipients of scientific innovations buwyp{and should play) an important, active
role in innovation and knowledge development. eguditory or collaborative approaches
are being promoted and used in the context of argovement as well (Almekinders
and Elings 2001, Almekinders and Louwaars 2002y&léand and Soleri 2002, McGuire
et al. 2003, Weltzien et al. 2000). The emergingraeaches in this broad field underpin a

! This is a rough estimate only; precise figuresaeking. The global agricultural population is estted at
2.6 billion persons (96 % living in developing ctris) (FAOSTAT 2005a).
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new set of insights or assumptions about farmiregtores, which tend to emphasise the
local, specific nature of farmer innovation.

This study contributes to the proposed approactvbs;h have to be seen as
evolving and open for improvement. The next sectdhoffer a conceptual critique of
some ideas prominent in the literature on partiopacrop development. As will be
argued below, many studies treat farming practioenfan individualistic point of view.
This distracts attention from the connections betwkouseholds and villages which are
materialised through the exchange of seeds. Ding@titention to these components may
bring into focus different, possibly more effectigsgategies of connecting the modern
plant sciences to farmers’ practices.

This study will pursue this argument in relationntaize farming in Guatemala. It
will focus on regional seed exchange. It will bguwed that insight derived from studying
regional seed exchange is useful to devise new waysjecting scientific-based seed
improvement into maize farming. In the following c8en, the philosophical
underpinnings of this critique will be elaborate@ihen, the problem, conceptual
framework and research questions are presentedsddimn after that shortly describes
the context in which the study was done, the wasgghlands of Guatemala. The last
section of this chapter gives an outline of theaemmg chapters.

Rationale

The present study will present a complementarypgaets/e to research that has been
done to support farmer participatory plant breedivgch research on farming practice in
relation to plant genetic resources is conceivernfran individualistic perspective,
focusing on decision making by farmers.

This individualistic perspective may stem from #@alogy that is usually drawn
between professional breeders and ‘farmer breed&rg continuity between farmer
breeding and professional breeding is argued ombaises that both do skilful selection of
planting materials (Duvick 1996, Berg 1997, Trad02). From this ‘evolutionary’
continuity between farmers’ and breeders’ practitésdlows that farmer breeders can be
expected to have the same theoretical principléenying their dealings with plants and
seeds as professional plant breeders, with vanstomly in the details (Cleveland et al.
2000). Thus published biological models of farmeeeding have seed selection and
variety/cultivar choice as their core (Clevelanchkt2000, Johannessen et al. 1970). By
putting selection in the centre of the model, tleeomechanisms at work acquire a clear
sequence in relation to selection. These modelewahe Darwinian view that selection
acts on thepre-existing genetic variation. When farmers discover and tsola new
variety in their crop population, diffusion mégllow selection (Johannessen et al. 1970).
Networks of seed exchange may constrain the acafeswlividual farmers to certain
types of germplasm and thus constrain selectioevi@gand et al. 2000). Thus, in this
model networks of seed exchange are important éoetttent in which they constrain
individual decision making, which is at the ceraféhe model.

A contrasting view to the evolutionary views ot breeding is that of ideotype
breeding (Donald 1968, Donald and Hamblin 1983)cdkding to the advocates of the
ideotype concept, farmers maintain crops in equulibh with their environment due to
unintentional artificial selection. However, thisqudlibrium of crops with their
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environment is not optimal from an agricultural gyeFctive. Crops need to be redesigned
following the outlines of an ideal model or an itlge, based on ecological and
physiological scientific insights. Ideotype plamééding is conceived as a break with crop
evolution as it occurs under farmer conditions. §hthis view assumes that local
cropping systems are closed systems in equilibrivimch need to be opened up by
professional plant breeders. The premises of tlas/ \are similar to the views which
defend evolutionary continuity in that they accet¢uselection as the main creative force
in crop evolution under farmer conditions.

The present study will study processes of seedamge and replacement not only
because they are important in relation to individiexision making in seed selection and
variety choice but also because seed exchangeariamt in itself. Not only selection but
also gene flow is areativeprocess in the evolution of crop populations, aatdmerely a
constraint to selection (Slatkin 1987). What i¢ taft of the individualistic models is how
farming households are connected in wider netwoflseed exchange and how change in
the social and spatial structure of these netwarfkscts crop populations over time.
Individual seed transactions may jointly have ontes that cannot be predicted from
individual seed exchange transactions alone.

Both in the biological and the social scienceshssupra-individual perspectives
have been elaborated. On the one hand, plant stgeeate developing analyses of how
crop gene pools evolve as influenced by the shéfmesders’ networks of germplasm
exchange (Srinivasan et al. 2003, Smith et al. 200Kel and Dudley 2006). Networks
may become more closed or open over time. Mappich setworks allows not only for
better decision-making by individual plant breedérg also gives insights into the social
and institutional processes from which a crop geoel emerges as a larger entity (cf.
Mikel and Dudley 2006).

On the other hand, in the social sciences, scholave argued that technological
practice, like building a Gothic cathedral or natigg a ship, cannot be characterised as
the application of a single design or manual. Tleekws done through complex ongoing
social coordination ancd hoc problem solving, which no single person oversees
(Turnbull 1993, Hutchins 1995, Ingold 2000). It wbibe characterised as a system of
‘distributed cognition’, which as an aggregate sgsimay give rise to emergent forms of
organisation that cannot develop in the componemtsp(Hutchins 2000). Crop gene
pools could also be understood as the collectivicoooe of social and biological
complexity resulting from the interactions of manjfferent farmers, communities,
farming practices and environments over extendeidge

Indeed, students of crop genetic resources hageedrthat crop biodiversity
should be seen as evolving in open systems. Theg bephasised the value of the
ecological concepts of the metapopulation (Lou&889, Brush 2004), highlighted the
importance of considering seed exchange (Zimmed@BPand expressed doubts about
the occurrence of local adaptation (Wood and LetB87). However, with a few
exceptions, this has not yet given rise to systensatidies of the translocal character of
farmers’ dealings with crops and how farming pi@di may result in crop gene pools as
broader entities that emerge from the interactlmetsveen and among people and places.
This study begins to make such a contribution.

There are important practical reasons to focusaret on farmer seed exchange
and how its shapes broader gene pools. Currentipatbry or collaborative approaches
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in crop genetic management need to be up-scalegach sustainability (Smith and
Weltzien 2000, Visser and Jarvis 2000). Howevepaitticipatory plant improvement is to
avoid a ‘cookie-cutter’ approach to up-scaling [iegiion in more localities), up-scaling
should involve a rethinking of the very premisespafticipatory agricultural research,
away from individualistic, localist approaches (Znerer 2003). Seed exchange is an
important aspect of innovation in farming systemd has its own dynamics. Also, from
an institutional point of view, there is no reagorfavour localist discourse. The localist
perspective fails to address the more structunaledsions of underdevelopment and
downgrades the role of the state in importance @fmoland Stokke 2000). Recent
developments in the international sphere placestidie firmly at the centre of the scene to
address issues of food security and access toigersburce$.It would be fruitful to
conceive possible reforms of agricultural reseaiththis context. Those who plan
activities in agricultural research should starinking about connections between
individuals, households, communities and localitiBsese connections materialise in the
exchange of seeds.

Problem, conceptual framework and research quesstion

In the previous section, it has been argued thsigls into the temporal and spatial
dynamics of networks of seed exchange are impottaninderstand farmers’ dealings
with crop genetic resources. For Mesoamerican mi@maing systems, seed exchange
(and especially its regional component) remainsiaserstudied component of farmers’
dealings with seeds. Detailed studies of seed exgha&xist for Oaxaca, Mexico, but
these do not cover aspects of space and scalet(iBagelsal. 2002, Badstue et al. 2005).
Also, some genetic studies have focused on regmatsdrns of genetic diversity of maize
(Aguirre Gomez et al. 2000, Perales et al. 2008s$tir and Berthaud 2004b), but these
studies have not been paralleled with a study efpfocesses that produce these patterns
(especially gene flow). This study tries to filighgap. It will describe processes of maize
seed exchange in the western highlands of Guatempedaide explanations for these
processes and relate them to geographical distitgibf maize diversity which form the
outcome of these processes. These insights wdl tegractical recommendations about
the management of maize genetic resources inrtbis a

In this study, seed exchanges defined broadly as any social transaction,
commercial or not, that introduces seed into a éloolsl. It will emphasise regional seed
exchange. Regional is defined very loosely here and refers to anymfoof
extracommunity seed procurement. It will attemptcmnnect observed patterns and
processes in a coherent way in reference to a ptnadramework (Figure 1.1).

In contrast to the models which place seed select variety choice at the centre,
in this study seed dynamics are at the centre ef iiodel (Figure 1.1). Several
mechanisms are at work (left), which influence segthamics. The resulting seed
dynamics produce a geographical pattern (righte fifechanisms that contribute to the
shaping of seed dynamics are divided in five. Thamtin the first box, ‘social
connectivity’, refers to the presence of pre-emptisocial networks that enable seed

2 E.g. theVoluntary Guidelines to Support the Progressive Ratitin of the Right to Adequate Food in the
Context of National Food Securitgdopted by the FAO Council in 2004, and thiernational Treaty on
Genetic Resources for Food and Agricultwsigined in 2001 and entered into force in 2004.
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exchange to take place. This includes personalfisily, friends, neighbours) but also
ties that are being formed on ad hoc basis, like economic transactions. These
presuppose the existence of a social environmemnthwinfluences the occurrence and
direction of seed exchange. Technological needs, niaxt factor, may trigger seed
dynamics as they call for seed with different chaastics. Seed quality loss and seed
loss may also directly motivate searching for needs The new seed needs to be adapted
to the new environment in both ecological as insaaltural terms. This is expressed in
the last box.

This study will evaluate this framework. It willetermine the relevance and
relative weight of the factors that are involvedl atescribe the resulting seed exchange
processes. The resulting geographical distributbrdiversity is also studied. It is of
importance because it will determine the outcomie$uture seed exchange, but also
because it contains information from which to dexlpast seed exchange.

The research questions follow from the concegdtaahework and read as follows.

1. Which factors play a role in regional maize serchange and replacement?

2. How do farmers exchange and replace maize swatisultivars in space and

time?

3. What is the role of maize seed exchange an@cepient in shaping regional

spatial distributions of maize diversity?

The aim of moving beyond an individualistic perspee and bringing into focus
long-term, regional dynamics of crop genetic resesihas methodological consequences.
To be able to address the supra-individual dimenefogenetic change, research needs a
relational, spatial approach, in which people afatgs are seen as open systems that
depend on relations with other people and placédse @pproach also needs to be
historical, as open systems are not in a self-dateti equilibrium, but open to historical
forces (Winterhalder 1994). This study elaborates approach which combines
geographical and historical methods. To grasp kengr change, a survey of the regional
historiographic literature was done. This literatwras interpreted from the perspective of
changes in maize agriculture and social networksinVestigate in detail the historical
changes during the twentieth century, one townskgs investigated because early
ethnographic descriptions were available. By usigghods from cognitive anthropology,
the collective memory about maize diversity was estigated. To investigate
geographical variation from a synchronic perspegtan analysis of data from a regional
survey combined with geo-information was undertak€his analysis uncovered the
geographical extent and direction of seed exchantfee recent past. Patterns of diversity
were investigated using two types of data. The ggagcal distribution of cultivar names
was analysed as preliminary evidence of generaéet of seed exchange. An analysis
of genetic data of maize collections in their satontext gave additional evidence about
the processes of exchange and their spatial, emagatal and crop related constraints.

The methods used cover various spatial and terhpoailes and uncover processes
using different analytical perspectives. For gepgreal research, Lane (2001:252) argues
that closure or the elimination of competing space-time views an inevitable
characteristic of method, but that “we must avaithd is giving priority to any particular
types of closure”, and that using multiple methéaléows us to compare the different
space time views that emerge as a result of diffeserts of closures, and hence compare
and contrast the implications that result.” Thisorgale underlies the present study.
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Social connectivity
(enabling
environment)

Technological needs

(trigger)

Seed quality loss Seed dynamics Spatial distribution of

(trigger) » (exchange, » diversity
replacement)

Seed loss

(trigger)

Crop adaptation
(constraint)

Figure 1.1 Conceptual framework

The boxes on the left indicate potential factorsiclv have an influence on seed dynamics
(middle box). Seed dynamics can also be inferrethfthe spatial patterns they produce
in cultivar naming and genetic diversity (right).

Study area

This study focuses on maize farming systems in Goatemalan western highlands.
Guatemala is the country with the largest populatad economy of the six countries
that make up Central America. Although the statufbod security for Latin America is
better than for Sub-Saharan Africa, large diffeemnexist among the countries of the
continent. Food insecurity concentrates especiali@entral America and the Caribbean.
In Guatemala, one of the worst cases, 23 % of tpulption is undernourished, well
above the average for Latin America (10 %) and above the average for Central
America (20 %) (data for 2001-2003) (FAOSTAT 20Q05b)

In Guatemala and other parts of the Mesoameriegiom, traditional agriculture
is dominated by thenilpa: maize often grown in association with other crdpge beans
or squashes. Maize is the staff of life for mosta@malans. Increasing maize yields is
crucial to increase household food security, egigcior smaller farms (Fuentes et al.
2005, Immink and Alarcon 1992). The impact of modesarieties on agricultural
production in Guatemala is low. In 2003, seed pectidu by the formal sector covered
less than nine percent of the area under maizen{€siet al. 2005). Also, most varieties
are produced for the lowland areas (seed produdidlominated by the lowland variety
HB-83), while the highlands are largely untouchgdniodern varieties (Fuentes 1997,
Fuentes et al. 2005, Immink and Alarcon 1992). Ti@ed is not unique to Guatemala, as
this difference between lowlands and highlands alsturs in Mexico (Perales R. et al.
2003a). The Guatemalan highlands might be in néedrategies for crop improvement
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and seed supply that are different for those engaldgr the lowlands. For the highlands,
currently a participatory maize breeding projecurglerway (executed by ICTA). This
initiative is an indication of the interest thatisg for participatory breeding in this area.
The present study aims to support the refinemethefesign of future activities in this
area.

Chapter outline

Chapter 2 takes a long-term perspective. It setssbue of seed exchange in its social-
historical context and points out relevant regiotiffierences that play (or might play) a

role in the exchange of seeds. It reviews the s#mgnhistorical and ethnographic

literature written about the western highlands efa@mala from this perspective, and
attempts to integrate the material within a hist@lrgeographical narrative.

Chapter 3 focuses on a particular township, butintams the long-term
perspective, covering change during the twentiethtury. It analyses change from the
point of view of farmer knowledge. Although farmedgfinitions of crop diversity units
may not correspond in a straightforward way to ggpio or phenotypic categories, they
are nevertheless relevant indicators of the typediwersity that is important for
production systems in the area.

Chapter 4 focuses on the process of seed exchangegh a social survey of
households. It draws out quantitative and quali¢atrariables that are associated with
different seed procurement options. This givesdatiibns about the reasons why farmers
engage in regional seed procurement and theirivelamportance. Also the spatial
distributions of farmer cultivar names and the mations to discard seeds are reported
on, as these give additional insights into regise®d exchange and the motivations to
replace seeds.

Chapter 5 concentrates on the genetic pattermsagfe populations in the study
area. Genetic studies may corroborate or indidstadlative importance of the observed
mechanisms and processes of seed exchange disanspeglious chapters. Since the
studies reported in Chapters 4 and 5 are bothddcat the same area, some direct
comparisons are possible between the two. The €ifthpter uses genetic markers to
evaluate the spatial structure of maize populatiansl the influence of altitude. It also
investigates the association of quantitative traitthe populations with genetic distance,
in order to evaluate some of the mechanisms at iplaged exchange and the possible
influence of modern varieties in the area.

Chapter 6 compares the outcomes of the differeudiess in relation to the
research questions. Also, it reflects on the pdssitmplications of the findings for
different modes of managing maize populations ghleind Guatemala for enhanced food
security.
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Historical change of maize diversity in regional
context (x1500-2005)

van Etten J. 2006. Molding maize: the shaping dfrep diversity landscape in the
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Chapter 2: Historical change of maize diversity in
regional context (£1500-2005)

Introduction

It is likely that the domestication of maize ocadtraround 7000 BC in the Balsas
catchment, Oaxaca (Mexico), from Mexican annualsitge, although competing
hypotheses exist (Matsuoka et al. 2002, Wilkes 20@4the millennia following maize
domestication, seed selecting agriculturalists dtarally changed the appearance of
maize and developed dozens of maize races. Thegiial diversity embodied by these
races is of great value for the future of globald@roduction. It forms a source of old
and new genes to assure continued crop evolutidmpeorduction. Maize biodiversity also
embodies a cultural heritage. Certain crop typescannected to specific ecological and
culinary uses. The multifaceted value of global pcrbiodiversity is increasingly
recognised in emerging policy, which seeks to coreserop germplasm boih situ and

in seed banks, and enhance its value through swledone by both farmers and
scientists.

In all of this, geography has an important roleptay. Some central claims in
studies on diversity in maize and other crops revémportant geographical dimension.
Many past studies state that rural communities uat€mala and Mexico are relatively
closed to seed materials coming from outside ssufdehannessen 1982, Johannessen et
al. 1970, Stadelman 1940). This view reinforceddbmmon association between native
populations and good conservation practices, waiehoften described in terms of closed
ecosystems of humans in equilibrium with nature aften combined with some kind of
antimodernism (clear traces of this view are tddaend in Steinberg and Taylor 2002).
However, a broad range of empirical studies ofweationservation practices now deeply
guestions such views, and proposes non-equilibmodels based on ‘open’ systems, in
which contingency and uncertainty play an importaig¢ (Smith and Wishnie 2000).

Dominique Louette (1999) has proposed that farmexize landraces are
genetically ‘open’ on the basis of her communitydst of Cuzalapa in Jalisco (Mexico).
Louette found substantial exchange and replacemisted lots at community level.
Also, fields exchanged genes because of moderagéslef cross-pollination. However,
although farmer landraces might be open to othedrkces in the community, the
community might be rather closed to regional exgeaof seeds. This and subsequent
studies in other parts of Mexico did not directideess the question of seed moving in
larger territorial units, and over longer periodisime. Work on the regional geography of
maize biodiversity has focused on Chiapas and Gexdexico. Perales, Benz and Brush
(2005) hypothesised that maize biodiversity may $eatially associated with
ethnolinguistic diversity in Chiapas. An isozymeabysis showed that the maize cultivars
grown by Tzotzils and Tzeltals (speakers of closedyated languages) were not
consistently different from each other. Howeveremitypic differences were evident,
including different broadness of adaptation to emunents. On the basis of these data,
the authors suggest that place-specific selecgoeffective in maintaining phenotypic
differences in maize diversity, in spite of gerewflbetween the populations. Pressoir and
Berthaud (2004b) reach similar conclusions in astan communities in the Central
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Valleys of Oaxaca. However, direct evidence onaegl seed exchange is lacking to
further corroborate these findings.

The contribution of this chapter to the existirgpgraphical knowledge on crop
diversity is twofold. First, it concentrates on amderstudied area with regards to maize
genetic diversity: the western highlands of Guatam@revious biological studies of the
geographic distribution of maize diversity (Hanst®84) enable a rough comparison
between Mexico and Guatemala. Genetic diversitthanhighlands of Guatemala seems
to show more localised patterns than in Mexico.sTjaistifies a more detailed spatial
analysis for Guatemafa.

The second way in which the research reporteflismahapter contributes to crop
diversity studies is by its focus on process. Taeklof process-based evidence for
regional distributions of diversity is paralleleg & blind spot for geography and history
in crop diversity studies. Compared to the invegitan of agricultural origins and
domestication in geography, little attention hasrbgaid to the historical aspects of the
emergence of uneven geographical concentrationsiabbgical variation of cultigens.
There is especially a “lack of inquiry into the aomic and social history of agricultural
biodiversity” (Zimmerer 1993:15). A historical ajgaich might be especially important,
since for maize diversity, the Latin American amblagical record suggests spatial
distributions in pre-Columbian and early coloniahés radically different from present
ones.Most evidence for this point comes from maize dimis in the indigenous
literature and from ceramic objects containing datiee impressions from real maize
ears (Anderson and Finan 1945, Eubanks Dunn 19uébartkks Dunn 1979). (For a
critiqgue of the visual method, see Benz [1994])d&hstanding regional crop diversity as
an outcome of historical processes might also asmreour insight into the options for
managing and conserving crop populations.

The chapter considers how scholars and scientmgdht envisage local and
regional social processes over several centuritectafg the shaping of the maize
diversity landscape in the western highlands oft@uala. The geographer Carl O. Sauer
was a pioneer of the use of controlled specula®a way to develop fruitful hypotheses
concerning processes of diffusion in regional aistiohical perspective (Haggett 1992).
His work suggests that one way to test such hygethevould be to ‘map’ the likely
consequences of the putative processes, and conthase mappings with actual
geographical distributions of phenomena. The amtrdhus assumes that current crop
populations are analysable as ‘living fossils’ eoiffig testimony to past processes.

For the approach to work, however, it would alsorecessary to identify and
describe relevant processes and mechanisms. Thentreand rapidly expanding,
ethnographic literature on farmer seed managemerd irich source for candidate
processes and mechanisms. The candidates wouldtmdedlocated within a historical-
geographic context to generate predictions abottoowes. Methodologically, the aim
would be to assume processes and mechanisms torkagvwithin a given area and to
work out likely temporal and spatial consequencasididates could then be winnowed

® In Chapter 5, which was written after the publimatof this chapter as an article, an alternative
interpretation of the Mexican studies is given. Hitation in Mexico and Guatemala may not be so
different after all.

4 For an assessment of Sauer's deductions on agrialbrigins, see the contributions in Mathewsad a
Kenzer (2003).
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through quantitative testing against present ggagcal distributions of crop genetic
diversity.

This chapter is a first step in a research sequbased on such a logic, directed at
actual patterns of maize genetic diversity in west&uatemala, and their possible
historical antecedents. It first identifies someqgasses previously marked in the literature
as relevant to seed-related innovation and croprsity. Then it reviews the available
secondary literature for the different periods ima@malan history (from the Postclassic
period to the present) describing the general secamomic context of each period and
discussing the findings on identified processes.reMdirect observations on maize
changes, where these happen to be available frersebondary literature, are placed in
this context, as being potentially useful to ilhase the possible outcomes of the identified
processes. This feeds into a broader discussitimedifistorical, regional, and community
components of present maize diversity landscapd®yfargument will be to substantiate
the possibility that historical events are potdlytianore important in shaping maize
diversity geographies than continuous seed exchargechapter concludes by outlining
the possible relevance of this emphasis on an @warited history for debates about the
future of maize diversity in highland Guatemala.

Imagining seed dynamics

Most documentation of maize seed dynamics (exchaegéacement, and loss of seeds)
in Guatemala reaches only back to the first halthef twentieth century. Extrapolation
and imagination will be necessary to explore thecesses in earlier times. From the
literature on contemporary seed dynamics three dicauman factors of influence on
crop biogeography can be suggested.

1. Seed choic&n important dimension of crop type preferenceselsted to
ecology and technology. Relative land and labouwilability are important triggers for
technological change, including seed-based techgpdidimmerer 1991).

2. DisasterdDisruptive moments in history require specialraitan. A small body
of ethnographic literature deals with the effedtdieasters on crop biodiversity (Richards
and Ruivenkamp 1997, Sperling 20(¢litical conflict, natural disasters, and epidesnic
lead to loss of seeds and crop types and to treoeref trust and social solidarity that
underpins the exchange of seeds and knowledge.

3. Seed exchangén the Mesoamerican culture area no specialisetialso
institutions or networks for farmer seed exchangistg, in contrast with, for instance,
parts of Africa, where seeds are exchanged asl rgifts (Badstue et al. 2002).
Consequently, maize exchange in Guatemala betwagseholds and communities tends
to occur occasionally and along the lines of pristeng social contacts, inside and
outside local communities. If social contacts (&adnarriage, political connections)
across space are constant and frequent, seed gecisdikely.

> Another set of factors comprises biophysical psses (e.g. volcanic eruptions, hurricanes, climate
change).
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Postclassic Maya societies (until 1524)

Guatemala and Southern Mexico form the home ofMhaga civilisation. Maya culture
reached its apogee during the Classic period, @880 and 900 AD. The classic Maya
cities were concentrated in lowland environmentee fiighlands formed a peripheral area
during the Classic period, and the more cosmopolitature of the lowland cities had
only superficial reception in the area.

At the moment of Spanish intrusion into the regid®24), several polities
controlled territory in western Guatemala. One lté biggest polities was the K’iche’
state, which included around one million inhabisafibe ecological home area of K’iche’
culture was the central highland basin. Around teatral highland valleys, smaller
groups were settled. Some of these polities, hieeTiz'utujil on the south-western side of
Lake Atitlan, were devoted to specialised irrigasggticulture, unlike the K’iche’. Even
more outlying were Maya groups such as the Ixil #m& Mam who were subsistence
producers with a rustic culture (Figure 2.1).

Archaeologist John W. Fox has elaborated in ddtsl idea that the social
organisation of the K’iche’ polity was based onrsegtary lineages (Fox 1987, Fox and
Cook 1996, Sahlins 1961, Southall 1983)his type of social organisation is associated
with expanding or predatory states. Anthropologigte Sahlins understand it as a
flexible way of organising solidarity when poputats are growing and centralised power
is difficult to uphold. The main unit of social @gisation is the lineage segment, based
on the ‘mechanical’ solidarity of kinship. Segmewttineages are able to erect a light-
weight form of co-ordination when it is necessabgeking allies through kinship ties,
under the rule ‘closest kin first’, otherwise lolysassociated groups join forces against
common enemies, without requiring a constant hobiaal infrastructure for mobilisation
when such co-ordination, as and when unnecessanysequently, segmentary lineage
solidarity occurs mainly or only in situations afcflogical) competition with other
groups.

Tribute collection in kind was the main integratiaconomic principle within the
domain of each polity. The cultivation of maize anber food crops took place mainly in
the highlands, while cacao, a prestige item, wadusiely grown in the lowlands. The
importance of political control over basic grairoguction for the K'iche’ and Kaqchikel
elites becomes clear in the fact that all cen&ttlesments are found in the highland maize
production zone (Feldman 1971).

The K’iche’ polity and the Kagchikel derivative Ipip had a preference for the
broad highland basins because of their suitabibty‘generalised’ dry-land agriculture.
These two groups showed less interest in partsheflandscape where specialised
hydraulic agriculture was possible. Lowland cacemdpction only interested them in the
later stages of state formation. Through highlamusstence production they ascertained
the independence of their polities and lineage segsn as each was able to attain self-
sufficiency. Although highland maize production vggerally reliable, once in a while it
failed. Maize production in the lowlands suppleneehnthe highland harvest, especially in
moments of crisis.

® For a more nuanced evaluation of the segmentasadie view, see Popenoe de Hatch and lvic de
Monterroso (1999).



24 Chapter 2: Historical change in regional context

I Ladinos
PACIFIC OCEAN *

Guatemala 0 25 50 Kilometers

Quetzaltenango
L]
® | Guatemala City

Figure 2.1. Ethnic groups in Guatemala today. The currentidigions of these groups
largely reflects their pre-Columbian distributioex¢ept Ladino and multiethnic areas).
Data from FLACSO-Guatemala.

Little is known about maize cultivation and maeehange in Postclassic times,
and much has to be inferred. From the segmentaepdie model it follows that trade and
specialisation were relatively unimportant in thestelassic Guatemalan highlands. This
type of social organisation “develops among soesetith a simple, neolithic [sic] mode
of production and a correlative tendency to formakmautonomous economic and
political groups” (Sahlins 1961:342). According Fox, cosmopolitan influences in the
Maya culture area are probably not the outcomeaufet but of migratory movements.
Interregional trade in the Guatemalan highlands Viraged to some prestige items,
unlike the intensive trade along the Gulf coastdAm contrast to the existence of the
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well-known Pochteca traders in the area under Aztdlcence, interregional trade
specialisation in the Guatemalan highlands walsistéin incipient state when the Spanish
conquerors arrived.

It might be concluded therefore, that in termsnadize germplasm the late
Postclassic era represented a rather static situgfieed exchange through trade can be
expected, in any case, to be virtually non-existenta high volume, low value item like
maize. However, other political forms of socialeigtation might have provoked sparse
but significant seed exchange, especially amondKtiche’ and Kagchikel ethnic groups.
This contrast between the latter and the periphdegla groups could be formulated as a
geographic hypothesis to explain the current mdizersity distribution. However, such
occasional seed exchange might be unimportantwforreasons. First, seed change was
unlikely to be motivated by any drive for agriculiliintensification. Maize cultivation
was mainly part of an extensive subsistence aguiall system. Second, in their
expansion, the K’iche’ and Kagchikel groups areutita to have taken over pre-existing
social formations, only placing a light-weight gigal structure on top of what already
existed. Adding to this consideration the ‘leapfretparacter of segmentary lineage
migrations, it is improbable that the expanding itmal frontier of these states
corresponds to a slowly demographic and ecologesgdansion causing the smooth
spreading out of crop types. It seems more probgiae migrating groups simply took
over the seeds of the groups that had become issiadbiin the area in earlier times.

Colonial society (1524-1821)

After the Spanish Conquest, Guatemala, devoid gbmdeposits of gold or silver,
became a somewhat marginal part of Spanish AmeFioa.colony in Guatemala formed
a relatively self-sufficient regime. It is tellingpat the colonial administration from the
very beginning had its central base in the highlaraze production area. One decisive
reason for this was that supply of basic graintheocapital was crucial for the colonial
economy, in remarkable continuity with the pre-Gobian period (Feldman 1971, van
Oss 1982).

Also in other aspects, the Spanish occupatioroviad pre-Colombian patterns.
Initially, the Spanish colonial administration limdl itself to adding a layer of centralised
tribute collection on top of the existing systematiMe rulers ¢aciques, principalgs
fulfilled an intermediary function. They ensuredaththeir subjects delivered the
demanded products and shared it with the SpaniaterLthe colonial administration
would atomise the tribute system by defining seggatabute demands for each of the
communities previously under the control of a wilileeage hierarchy (Piel 1989, Zamora
Acosta 1985).

The burden of colonial domination for the Indiawas mitigated by several
factors, especially the presence of the Church (@as 1986). Unlike the natives under
other European colonial powers, the Spanish Americalians became subjects and
vassals of the Crown of Castile with certain riglds protection (Seed 1993). The
abolitionist New Laws (1542), implemented in Guaadarin 1549, forbade the holding of
indigenous slaves (Lutz 1984). Another mitigatiagtbr had to do with the conflicting
interests of administrators and traders. During dkport cycles of the colonial period,
state interests (tribute, urban supply) would fa@richeck on the interests of the plantation



26 Chapter 2: Historical change in regional context

economy (labour extraction), as the first, morenttfze latter, required a vigorous rural
economy (McCreery 1994).

However, under colonial rule incisive changes alstcurred. The native
population diminished sharply upon the Conquestidéipic diseases reached the
Guatemalan highlands even before the first Spasiatdl (Lovell 1985). Native
population estimates decrease from 2,000,000 f26 16 the all-time low of 220,500 for
1770 (Lovell and Lutz 1994). Falling land pressunasuld form the precedent for the
spread of new, less intensive forms of agricultlitee sheep herding (Whitmore and
Turner 1992).

Also massive resettlementapgregacioh might have had an important impact.
Priests and tribute collectors found the sparsdesatnt pattern of the indigenous
population little conducive for evangelisation dridute collection and decided to resettle
the Indians massively in nucleated villages. Itiicult to know in what degree these
resettlements were disruptive for the native pdjaria especially becausmngregacion
was the topic of a fierce debate between the melgyiorders at the time of its
implementation (Lovell 1990). However, it is cletirat the Indians tended to resist
congregaciérand often repopulated the countryside (Lovell Snadzey 1990).

Colonial domination did not invariably lead todsked’ indigenous communities.
Although the communities were generally endogamaasnmunity boundaries were
often permeable to outside economic, cultural aslifigal forces (Smith 19904d)In spite
of local variation, there might be a broad distioctbetween the communities of tbere
andperipheryof the Spanish colonial presence (Lutz and Loi240).

One important way in which the indigenous commiasitarticulated with the
colonial economy was through commerce. Two circamsts stimulated trade. The first
is the mentioned atomisation of tribute units (frandigenous polities to colonial
pueblo3. As this development undermined previously emgstsocial integration across
ecological floors through tribute, it stimulatecetdevelopment of regional markets to
regain symbiosis through trade (Zamora Acosta 1985¢ other factor was the demand
for food stuffs and other items among the urbanng&paand Creole population. The
various export ‘business cycles’ were paralleledrnayeasing urban demand, stimulating
production in the indigenous communities.

Trade specialisation occurred especially in thetreé K'iche’ region, probably
due to its high population density and the resgliemd shortages. Around the colonial
capital, urban demand stimulated specialisatiocraps and crafts among towns. In other
areas, like the Lake Atitlan area or Sacapulaseumibse control by the friars, the
agricultural economy developed in more ‘involutelifections, while the Cuchumatanes
mountains remained a refuge area where agricultesgdansion and subsistence
cultivation were still possible (Lutz 1984, Mathewms1984, Veblen 1978).

The typical mercantile goods (cacao, cotton clatidigo) were generally
restricted to Spanish traders, although K’ichedéa would gain an important share in
the late colonial period (Lutz and Lovell 1990).rdtaghout the colonial era, the Indians
delivered with relative freedom inexpensive goa#le maize, vegetables and firewood,
exempt from sales tax paymeantqabalg (Sol6rzano Fernandez 1997).

" Not all communities were endogamous during théoperFor a number of trade oriented K'iche’
communities around Quetzaltenango, high rates ajaxy (20-62%) were recorded (Grandin 1997).
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Figure 2.2.Maize trade in colonial western Guatemala.
Trade was intensive around the capital, Santiagbpbbtween Nebaj and Santa Cruz del
Quiché, no trade was observed. Sources: Van O82)&5d Lujan Mufioz (1988).

Trade in maize, however, was localised. The chptey Santiago de los
Caballeros, the geographic point where maize demaasl most concentrated, received
all of it from within a radius of 35 km, even whemaize became scarce (Figure 2.2)
(Lujan Mufioz 1988, van Oss 1982)n areas more remote from the colonial core area,
bad communications constrained trade of maize.

In 1768, Santa Cruz del Quiché obtains a very lzaddst of maize, while on the
northern slope of the Cuchumatanes, a few tensagfues from there, but under
the condition of crossing the river Chixoy and raiversing a pass of 3,000 meters
high, the village of Nebaj drowns in its excesscefeals. The commentary of

8 Lujan presents the replacement by wheat as a hgtcih cause for maize scarcity. This intuition is
confirmed by the colonial chronicler Fuentes y Gamni1933) in his description of Comalapa.



28 Chapter 2: Historical change in regional context

visiting archbishop Cortés y Larraz is perfectlgith “Nebaj has a very abundant
harvest with no way out, because even if they wdeale it in vain, nobody
would accept it, only because of the work of cdlfegit” (Piel 1989:220).

For the highland periphery, not trade but migratiwas a common solution to food
shortages. The migrants either went to work ondbmmercial lowland plantations or
grew a second cycle of maize in this region (McRry®47).What happened to maize
genetic resources during the colonial period? Twaedsions of possible change deserve
attention: the disruptive effect of the Conquesthative maize culture and the effects of
the new economic order on maize exchange.

Anthropologist Ronald Nigh (n.d.) states, withogiving evidence, that for
Mexico, Eurocentric suppression of native maizeucal (favouring wheat) reduced maize
diversity from possibly 200-300 races before theqiest to 42 today, a reduction of 79-
86%.However, no such suppression seems evident foreGuzd. If any maize diversity
was lost, it was mainly the result of the dramagiduction in population of roughly 90%
between 1520 and 1770. The impact of the epidemicst have affected agriculture and
maize cultivation profoundly. The testimony of daoal official in Soloma on a typhus
epidemic in 1806 illustrates this point.

Having returned to their town the Indians who sued are without homes to live
in, without resources to pay their expenses aititei and without corn to feed
themselves and their families. If no measures akert to assist these wretched
people, they will without doubt starve to deathcduese they did not plant corn in
the places where they sought refuge and so havengoto live on, both for this
year and for the next, since it is now too lateptant their fields (AGCA,
A2.16.249.5036, ff. 2 and 2v., cited in Lovell 19B50).

The impact of disasters on maize genetic resoutepsnds on the geography of
disease and the previous geographical distribugfaime crop’s diversity. The epidemics
did not strike all villages equally. Also, if ceirtamaize landraces were distributed over
various villages, their chance of survival was leighThe stirring up of rural society
during the consecutive epidemics, the migration filfowed, and the loss of seed stocks,
might all have stimulated exchange of seeds betweesons from different places. Given
the dearth of data on historical maize diversistributions, an assessment of the impact
of the epidemics is difficult.

The other break with the past after the Conqueas the establishment of
nucleated Indian villages. However, it seems thatilmpact of theongregaciorwas not
only negative. For maize genetic resources, tharjgi of several lineages might have
provided new opportunities for seed exchange aididigation.

The low trade volume and poor infrastructure lkebnstrained seed exchange
during the colonial period. Probably there was mueodntinuity with pre-Columbian
times. Nevertheless, it is likely that there weiféedences in the frequency of translocal
seed exchange between the trade oriented centiaysyaand the subsistence oriented
highland periphery. Also, as the lowland environteemere the focus of migrations from
the highlands, much seed exchange and broaderaggogdistributions can be expected
there.
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Independence and the Conservatives (1821-1871)

In 1821 a period of more than two and a half ceesuof Pax Hispanicaended.
Independence marked the beginning of a confuseiddoef political conflict between
Liberals and Conservatives. Initially, the Libengdrty emerged victorious from the
conflicts and governed Guatemala after 1831. Theedals attempted to boost the
economy with foreign investments, but their expemts began to founder in the late
1830s, popular uprisings followed, and the Condemss, led by Rafael Carrera, took
over government in 1841. The Conservatives werdlayetowards the Indian population
than the Liberals. Instead of relying on foreignastments, the Conservatives opted for a
much more moderate export policy.

Although the export economy revived only slowlyeaf1840, the exemption of
taxes and the relaxation of other colonial restig may have stimulated production and
commerce in the Indian economy (Smith 1984, Sm@aot)? Data to support this are
scarce, however. Robert Carmack’s studies conteniritensity of Indian commerce for
Momostenango in the Conservative period. Howeven additional facts strongly
qualify the implications of these findings for tilensity of trade for the whole highlands
region. Momostenango is part of the K'iche’ aredieve trade tended to be a more
frequent occupation than in other parts of the laigths, even in the colonial period (see
above). It must also be noticed that for this comiyu‘most of the trade was local and
did not significantly alter the peasant conditidrttee vast majority of Indians. [...] The
Indians increasingly turned to weaving, but it Eygsupplemented rather than replaced
subsistence farming” (Carmack 1995:161).

Oliver La Farge has argued that the Conservater@og was a golden one for
Maya culture, which acquired its typical characcs of which the vestiges were
documented by the ethnographers of the early tedntentury (La Farge 1940). As state
and church lessened their presence, independaahlodmmunity institutions developed.
Also in this period, an indigenous form of religpogyncretism took further shape,
blending Spanish Catholicism with pre-Columbianddsland forms.

Beginning in the late colonial period, land pressincreased because of a
recuperative trend in population numbers. Demogcaphowth after 1850 caused the
‘reruralisation’ of the municipiq as families from the colonial nucleated centre
establishedhaldeasas a part of a centrifugal movement in searchaofl|(Piel 1989).
Township solidarity, which had evolved with the isb@tomisation under colonial rule
and was reinforced through the retreat of churaftroh was an important ingredient of
conflict. Most of the territorial conflicts occudebetween individuals towns, while
conflicts within the communities were resolved bg tocal community authorities (Davis
1997). David McCreery (1994:150) indicates the fmlty that between communities
“some conflicts over land did have less to do wettonomic concerns than with the
reinforcement of internal unity and the routine bdary maintenance that is part of the
constitution and reaffirmation of community identit

® Carol Smith has defended the thesis that durimgGbnservative period local community resistance
inhibited the coffee boom. She proposes that dutirggperiod evolving trade caused stratification an
broke down village egalitarianism, weakening comityudefenses against labour exploitation, and gjvin
way to the Liberal reforms in the 1870s. HoweverjtBstrade thesis seems to be an artefact of hgn w
to emphasise the importance of the ‘local’, in deeof a locally grounded historiography.
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For maize cultivation, the Independence periodhinige thought of as a relatively
stable period. The economic orientation of the kighh communities remained inward
looking. Society did not urbanise and specialiserhther ruralised. Population numbers
increased, but the resource base allowed for lagkmation. Even in some of the most
land-scarce and commercially oriented areas, likenlglstenango, trade remained largely
local. The strong community identity might have yaneted the introduction of maize
from ‘foreign’ communities. With no acute socialdemographic changes, and deepening
local atomisation, the Independence period mightresumed to represent a ‘freezing’ of
diversity of regional landscapes.

Liberal reforms (1871-1944)

After a period of warfare, the Liberals took oveom the Conservatives in 1871. The
Liberal reforms were led by coffee planter Justdimu Barrios. After 1873, Barrios
effectuated a series of radical reforms to fadditeoffee cultivation. Th&eformawas
largely a class project. The Liberals disrupted ttlaeitional values that — despite class
and ethnic differences — had cemented society guhe Conservative period, but did
little to convince the masses of the good the rawwlogy would bring. More concerned
with order and progress than with democracy, thiéeeoelite imposed itself and its
economic ideas with force.

In an attempt to modernise the economy, the Libgogernment removed the
traditional protection of Indian communities aneithcollective rights to resources, and
initiated a large-scale land titling project. Pta/groperty had to become the cornerstone
of the economy, freeing land resources for sala $imilar way, the government tried to
free labour. In practice, this meant allowing angmorting forced recruitment and debt
servitude. This meant that the labourer was tied fmarticular plantation through debt
acquired by advanced payments, which he then ametigpay off over the course of one
season. Although the labour arrangement was baseal feee contract, as the Liberals
would argue, it bound the labourer to the coffenfdtion in indefinite servitude, often
for life.

As government officials set up office in the hahdls, they blamed the
Conservatives for the sorry state of the villaged ¢he destruction of the heritage of
colonial government (Watanabe 2000). Ladinos in western highlands became an
instrument of control of the indigenous populatices military, office-holders of
departmental and municipal government, and labountractors.

The highland economy transformed. The marginatidr of the Conservative
period was seriously curtailed, as labour was ftiscelrawn to the coffee plantations
(Swetnam 1989). Also, pressures on land augmeByedhe end of the Liberal period,
many communities had insufficient land to suppteniselvesPlantation labour had
become necessary for their survival. Rural Indibesame more and more integrated in
the wider economy. However, with the growth of todfee economy new kinds of trade
emerged. Both the monetary income of the coffeededrs and the emergence of the
coffee growing elite created demand for trade items
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These differences deepened during the Liberal @eribut originated before.
Momostenango, a community with a long trading tradj is part of the central area.
Drawn after: Smith (1979).

A clear sign of the integration of the highland®ithe capitalist export economy
was the deepening specialisation between highlacalds. In a rough characterisation of
the regional specialisation pattern, three zones s distinguished (Smith 1979). The
heavily populated core zone (Totonicapan) speeidlis provisioning the new plantations
with goods through trade, gaining relatively litthecome from farming. The central zone
(Chimaltenango, Quetzaltenango, southern Quiche,Sarola) specialised in basic food
production to supply the lowland plantations andcémcel out the internal shortages
caused Dby intra-zone specialisation in vegetableodymstion. The periphery
(Huehuetenango, northern San Marcos, and northeinh€) supplied labour through
seasonal migration (Figure 2.3).

Freedom to engage in long-distance trade was giyneegstricted to those close to
the local sources of authority. In spite of the kmamber of persons who could engage
in long-distance trade, these traders would hapeofound impact on community life.
Due to their broader connections and outlook, tliesmed important sources of
innovation (Carmack 1979). Trade grew after 193henvdebt servitude was abolished
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and replaced with a vagrancy law, which alloweddapital accumulation among some
coffee labourers, who became involved in tradingjiess.

Beginning in this period, documentation on maizedsdynamics is available. In
his study of Momostenango, Robert Carmack (199%unh@nts a particular maize seed
innovation. A short discussion of this case wifbim the interpretation of historical data
on resource dynamics.

In 1920, two traders who had resided in Quichératégl back to their hometown,
Momostenango departamentoTotonicapan). They introduced maize seeds andwa ne
planting technique. The new seed could be plantedlarch, earlier than the usual
planting which is done at the start of the raingsas in May (probably the new seed was
of longer duration). This system of early plant{iignba’ in K’iche’) results in a higher
overall productivity than under the conventionasteyn, calledechjab’, which consists
in planting with the rains or just before the ragssablish.

Jumba’ planting requires more than two times the labdureghjab’ planting.
Thus the shift tojumba’ planting implied land use intensification, precgdey an
increase in land shortages due to population growtand fertility levels in
Momostenango had been declining up to the poirt ritifpa intercropping with broad
and common beans was no longer possible (Falla)19é2d innovation became a way to
mitigate land shortages, facilitated by the newnumsolitan traders who provoked an
influx of new ideas and seetsThese two circumstances would become even more
important after 1944.

Revolutionising society (1944-1978)

During the presidency of Jorge Ubico, urban middbess discontent grew, resulting in
civic agitations in 1944. The resulting October Blation initiated an exceptional period
of democracy in the nation’s political history. Aghlight of the period was the massive
agrarian reform launched by President Jacobo Ar@rzman. Although democracy was
soon smothered by a US-led coup (1954), rural péicoes changed profoundly during
this short period.

The revolution heralded times of economic progfesshe highlands. Whereas
the abolishment of debt servitude by Ubico in 1924 stimulated trade, the repeal of
Ubico’s vagrancy law by the revolutionary governmem 1945 made the trader’s
occupation even more accessible. Consequently,-d@stgnce trade became more
important.

The new long-distance traders were important agehthange. In various places
traders introducedccién Catdlica a movement aimed at reviving Catholic orthodoxy,
into their communities (Falla 1978). Orthodoxy wasre compatible with their life as
travelling traders and their more cosmopolitanaakl

Jim Handy (1988) has argued that although the aamitres lost much of their
traditional structure, there was much communityntdieation during the agrarian
reforms. Even so, during the revolutionary peraljtical consciousness augmented. Not
only were local parties formed after 1944, but diwour unions and local committees

10 Also in 1920, a new type of seed was introducédl 8an Pedro La Laguna. This synchrony supports the
idea that broader societal changes influenceddal leeed innovation (Butler and Arnold 1977).
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emerged to assist the massive land reforms begnnit952. This would be the base for
popular resistance in the coming period.

The ClA-assisted 1954 invasion tragically endeifitst democratic experience in
Guatemala and initiated a period of greater USfiatence in the region. Following the
developments around Cuba, Kennedy's Alliance foogRrss promoted a mix of
democracy, social welfare policy and military atsise in Latin America during the
1960s. Although the objective of democracy wasftarof reach, the new policy created a
stable climate that attracted foreign investment atimulated economic growth and
diversification. The development of the Central Aim@n Common Market also
contributed to wider marketing possibilities foriagltural products.

The new, foreign clergy coming to Guatemala irs gheriod were influenced by
the more social ecclesiastic policy of Vaticanritlébegan to set up co-operatives, taking
advantage of the new economic climate. Being abketll fertilisers at a lower price than
the commercial houses, the co-operatives soon di@nemportant position in the Indian
villages, and became vehicles of social change.ifitneduction of industrial fertilisers
during the 1960s was also part of a general terydémwards land use intensification.
Natural fertility had dropped during a long periofl land shortages, and agricultural
innovation responded to this.

Ricardo Falla (1978) describes how religious cleaagd economic development
in the 1960s created a multiplicity of social amditpcal domains in the Indiamunicipio
(township) he studied. Different groups within t@mmunity began to derive symbolic
and economic power from a variety of outside orgainns, including development
organisations and merchandising agencies. Tradite@mmunity arrangements shattered
and smaller sulpaunicipio units emerged, each directly articulating a sesfsgs own
needs at regional and national level. Falla cédlis process ‘aldeizaciér{aldeais the
main submunicipiounit).

The state promoted development through the NdtiDeaelopment Plan 1971-
1975. It emphasised agricultural sector developraadt led to the establishment of the
agricultural development bank BANDESA, the agriotdd commercialisation institute
INDECA, and the agricultural research institute ACTOne of the effects of the new
policy was that it reduced the ‘margin of autononoy’the co-operatives, as the state
encapsulated the co-operatives in a patron-clietwark. The co-operatives were neither
participatory towards their members nor participgtin governance (Reyes lllescas
1998).

The opening of the communities favoured some conityjumembers more than
others. Merchants, moneylenders, government olfici@-operative presidents, they all
earned more than the peasants from the new econ@fass divisions became
pronounced, especially after the economic cristhefl970s.

By the mid-1970s the community was found dividedoag three groups: the
costumbristas, the commercial sector now clearllinéated as the Indian
bourgeoisie, and the radicalized Indian campesimd® no longer recognized
either of the two groups as their natural leadgrs] The radicalized Indian
campesinos leaned to the left, seeking convergeitbegoor ladinos, organizing a
mass movement that was situated outside the piraydiimits of legality (Arias

1990:251).
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This radicalised movement had part of its rootsAecion Catdélica. When political
channels for the claims of the radical groups ada$efinitively, and state terror increased,
many Indians joined the rebel forces.

Agricultural change in this period had effectsmaize cultivation and diversity.
Falla (1972) documents the case of fertiliser mhiiction in San Antonio llotenango,
Quiché. Previously unproductive land could becomaelpctive with the use of fertilisers.
The augmented acreage of maize, in turn, led t@oeany labour shortageés a result,
labour intensivgumba’ agriculture was largely replaced bgchjab’ agriculture. The
intensification process that had occurred earbee (previous section on the introduction
of jumba’ in Momostenango) was now partially reversed.

In Santiago Chimaltenango, a Mam speaking towsjnalar process occurred
(Watanabe 1981). Here, dry season plantings fumetionot so much as a labour-
intensive technology, but more as a hunger breaigr. Labour expenditures were lower
for dry season than for wet season plantings. inkéhe previous cases, different seeds
were used for dry season and rainy season plantgsed calledaqgal was suited for
early planting, whileaqg wa’ seed was planted when the rains had started (Btade
1940). Fertilisers, when introduced, were mainlglegal toaq wa’ maize, augmenting its
acreage by decreasing fallow. Dry sea%saal plantings still underwent long fallowing
periods and decreased in relative importance.

The introduction of fertiliser itself also changested technological needs.
Increased fertilisation made that the tall, topvyeplants leaned over and fell (lodging),
especially when strong winds blew. This motivatethange towards the use of seeds that
produced more stable, lower plants. Beginning m 1870s, the maize breeders of the
new research institute, ICTA, became aware of tiedlpm and selected for lower plant
stature. However, the promotion and adoption of enod/arieties, a slow process, was
sparse. In a few occasions the institute taughzense¢ed selection methods to groups of
farmers (cf. Ponciano 1984). Two successful cagéarmer mass selection for earliness
and low plant stature beginning in the pre-war gdsve been documented for western
Guatemala (van Etten 2001, Lotter 2003).

The process dldeizacibnmay have had consequences for the distributiamayf
diversity and agricultural knowledge. As commursitisecame increasingly fragmented
locally, but more outward looking regionally, crdpversity distributions would tend to
become more disparate over short distances, aatine time as intraregional differences
may have lessened. We might also expect that lkoalvledge to become socially
fragmented. Communities are less likely to know tMie next community cultivates,
while being very knowledgeable on what was avadattlthe regional market.

Political violence (1979-1984)

While the highlands were previously considered araavhere Marxist revolution was
unlikely, in the late 1970s the situation had clehgGiven the geopolitical climate and
historical fears of Indian revolt in Guatemala, explosive situation had developed. In
1979-1980 the army began a bloody counterinsurgeamypaign. Initially, the army used
inefficient, indiscriminate tactics. Young officeted a coup in 1982 to replace the
inefficient and corrupt command, and formed a mmlit corporatist state. The new
command organised the most organised and bload@ssacre campaign in the history of
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the country, based on a scorched earth policy.rAry golicy document from the period,
Firmeza 83-1 explicitly ordains the destruction of livelihoo@s a counterinsurgency
strategy (in clear breach of the Geneva Conventions

Their sowings must be destroyed to cut them ofinftbeir sources of supply and
to oblige them to surrender due to hunger or toceakvhemselves for their
movements through the areas they visit and thuabte to fight them, with the
objective of disorganising them (cited in Comiside Esclarecimiento Historico
1999:11 220).

The number of persons killed during the armed d¢cinfietween 1978 and 1996 was
roughly estimated as 132,000, excluding ‘disappgarersons, and the numerous victims
before this period (Comision de Esclarecimientotdtiso 1999:XII, An. Il.5). Many
people fled from their homes. It has been suggeshed in the most affected
departamentossome 80% of the population or 1.3 million persdeff their home
communities at least temporarily (AVANCSO 1990).u@terinsurgency policy had also
an enduring impact on community social organisatimough the formation of armed
civilian self-defence patrols under close militappntrol. These were often still
functioning in the 1990s and maintain some of themhesion even today (2005),
demanding compensation from the national government

Unfortunately, an assessment of the impact on meepurces of the ‘undeclared’
civil war in Guatemala must remain speculative.réhexists a world-wide dearth of data
on the impact of armed conflict on crop genetioweses (Sperling 2001). Guatemala is
no exception. The few data available come from allsmumber of foreign social
scientists.

For communities in Coban, northern Guatemala, Mdileeports the loss of crop
seeds during the armed conflict (Wilson 1995). Heevethe loss of maize seeds was not
obvious, while vegetable seeds did appear to be Maize was the first crop to be
recovered. Steinberg and Taylor conducted a pretingi study in Huehuetenango, in the
western highlands, comparing the lists of maize esmmecorded in 1937 by Raymond
Stadelman with farmers’ knowledge in 2001 (Steigband Taylor 2002). The study
concludes that a considerable loss of knowledgeaite varieties seems to have taken
place. The chapter supposes that this is a resuitodiversity loss caused the armed
conflict. This is questionable, since in the intediate years there was not only political
violence, but also the socio-economic transfornmatibthe traditional Indian community.
Especially the process afdeizacionmight have led to a breakdown in the transmission
of knowledge about crop diversity. This cognitivagmentation is perhaps what was in
fact recorded, while the crop types persist. The need for more fine-tuned studies to
sort out the effects of socio-economic transfororatbon maize diversity from changes
imposed by armed violence.

Democratic capitalism (1985 to present)

The army developed a clear nationalist identityerafthe 1982 coup. The military
distrusted the oligarchy, and saw the army as tig iostitution disciplined enough to
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manage the country. The army broadened its goalsreMuded economic development
and equality in its vision for the nation. Consatjlie the state became fully militarised.

The likely military victory of the army had beconmswident already in 1982.
However, the army lacked clear criteria to put ad ® the conflict. With the economy
spiralling downwards, the military became obligedseek some kind of accommodation
with the business elite. The clashes between myilitmmd business elites were slowly
resolved by adhering to democratic rules. RacheClgary (1999) points out that the
Guatemalan instance of democratisation contradtsatiner Latin American countries, as
democracy in Guatemala was ‘imposed’ from aboveeltg factions, not forced from
below through leftist violence. In 1996, the goveamt and the revolutionary forces
signed a peace agreement.

An important transformation of the business dalitieing the first half of the 1980s
preceded this accommodation. USAID’s policy to emege agroexports since the late
1970s, the export openings to the US provided leyGharibbean Basin Initiative since
1984, and the trend towards outsourcing of westempanies, had resulted in a new
generation of business leaders. This group of nmodeformers was of crucial importance
for the transition to a consolidated democracyraft®85 (McCleary 1999). After the
signing of peace in 1996, this new business ebiainued to play an important role in
national politics, especially under presidents AfA1996-2000) and Berger (2004 to
present). It now seems that the corrupt, militaipaed Portillo government (2000-2004)
was only a temporary interruption of this trend.

The new ‘democratic capitalism’ imprints itself dhe Guatemalan highland
landscape in a very visible way. Many highland camities specialise in vegetable
production for the North American market. Smalliedarmers sell broccoli, vetch beans,
and other ‘non-traditional’ fresh products through-operatives, intermediaries and
contracts with exporting companies. The impact of-traditional production has not
been equal among communities. Some communitiesgengahe production and sale of
the vegetables while other communities play a nparssive role, supplying labour and
land. Also within communities, differences becam&enpronounced, especially as some
peasants began to sell lands and rely more onaafi-fwork. This shift to off-farm
sources of income was facilitated by a paralleingeain the rural market for labour.
Textile assemblagam@aquilg industries that produce for the world market fioad with
foreign capital take advantage of the rural laboarket. This has forged new social
relationships, as workers from various places neseth other in the factories, and
migration between communities occurs (Goldin 2003).

The new export crops introduced over the last flawades decisively changed
land and labour availability for traditional cropsowever, the new crops have only partly
replaced milpa cultivation. Many hold on to the pailfor food security, as in the past.
One study has pointed out that dedicating land itpancultivation serves as a labour
saving strategy (von Braun et al. 19883.the new vegetables are more labour-intensive
than maize, planting milpa helps the diversificatioto off-farm occupations, like work
in the maquilafactories. The milpa is very apt for this situati@s maize is a flexible,
relatively undemanding crop with a great capaaityabsorb marginal resources. On the
other hand, maize is nhow more heavily fertilisedettsure greater harvests per unit of
land. Short duration and low stature varieties laeeng adopted to allow sequential
cropping and to prevent the lodging that resultsnfra heavy fertilisation regimé&.ull-
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blown genetic erosion of the original maize vadstin Santiago Sacatepéquez, one of the
most economically progressive Indian highland comities, is prevented by use of an
older variety for corn-on-the-cob, for which theroduced varieties seem less suited
(author’s interviews, 2002). The new economy obsigwsignifies a major change for
local crop diversity — and this might translatemassive genetic erosion as no measures
are taken.

Discussion

Historically, the horizons of Guatemala’s highlasatiety have been narrow; most daily
social interactions were local in scope. Howevesmnall portion of the activities involved
trading between communities. Also, several catpkimevents caused sudden massive
migrations. Regional interaction was concentratedhese periods, and in the peaceful
periods was confined to a few persons or occasi®esd dynamics seem likely to have
followed this pattern, being mostly concentratethi@ eventful periods. Seed changes are
not only formed by slow changes due to selectiahlaoal seed exchange, but also by the
sudden discovery of good seed in another locatiod, seed replacement due to sudden
losses. Given this likelihood, it might be argubdttthe relevance of event-based history
for maize genetic distributions deserves furthsting.

The historical perspective worked out in this dkapeven though it is still largely
based on inference, might also be read as a chellém conventional thinking which
posits a modern-versus-native opposition, in whiobp diversity decreases linearly as
modernity advances. Change in local crop bioditgiisi unlikely to be solely or mainly
the result of the suppression of Maya culture. Seedvations serve as endogenous
strategies to cope with change and to intensifydismtensify land use according to
circumstances. Seed introductions occur as spanmtigrects of innovation, as exemplified
in the case of the 1920 seed introduction to Moerastgo. In this case, the freedom to
trade was of crucial importance in the introductidrseeds from elsewhere. Also in cases
of maize mass selection mentioned, a genuine iotaiest in crop improvement becomes
clear.

In spite of the contingent nature of evolutionatyange in a non-equilibrium
model, it has been suggested that seed innovatdesplace in broader socio-economic
context determining the limits of social relatioipshacross space. Trade, a visible and
important expression of such ties between comnesjitivas generally embedded in a
political economy narrow in its geographical scogéis implies that most maize
diversity units are to be found in bounded areat®highlands.

The regional trade hypothesis needs to be juxtp@syainst the association
sometimes posited of a milpa complex and ‘closedhmunities over long time periods.
Maize was not exclusively a subsistence crop tefied taxing or surplus extraction, nor
is there much evidence that it slotted into a dosemmunity defence strategy, as has
been suggested (Annis 198M). the colonial period and beyond, maize was traded
relatively freely by Indian communities and soldle capital. When historical incentives
were provided, this trade and its associated seedvations developed even further,
during the Liberal period, and again during theakppenings in the 1980s and 1990s.
This suggests that instead of looking at commumitieisolation, broader patterns within
the western highlands should be the focus of tla¢yars.
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Several comparisons can be suggested to furteethie hypothesis of the role of
regional trade and tribute relationships in seetharge. Within Guatemala, it is obvious
that the peripheral Cuchumatanes mountains ar@emigtrich in biodiversity, reflecting
its broken landscape (something which is assumestitoulate genetic diversification
through spatial isolation), but also because it wasfuge zone for many ethnic groups
and because trade was less intensive in the asgmiththe more central parts of the
western highlands. Thus it might be expected thatbroad highland basins are wealthy
in crop biodiversity through material moving inwardt is also worth considering that
diversity units may have a less patchy distributiethin this area due to a more intensive
exchange than in areas with less intensive tradether spatial hypothesis might be that
seed exchange along altitudinal transects has inéemsive due to temporary migration
from the highlands to the piedmont and lowlandsirduisuccesive periods in history.
Seed exchange between depressions in the highleadad larger low areas seems likely
as a result. Quantitative spatial analysis using igenetic data is planned to more
rigorously test several of the hypotheses develapéus chapter.

Future perspectives

What role will maize biological diversity play ité new socio-economic and political
regime of the Guatemalan highlands? If current eooa trends continue, maize diversity
is likely to decline gradually over the next decadén important human heritage would
wash away. What management interventions would telpemedy these trends? The
antimodern perspective gives a grim picture of tpgions. If biological diversity is
exclusively dependent on tradition, consumptiortguas influenced by syncretic Maya-
Catholic religion, premodern production methodg] altosed communities, then genetic
erosion is unavoidable as modernity advances. @mdy maintenance of the ancient
patterns based on non-economic motivations, ebgiepride, would provide a brake on
the loss of crop biodiversity.

The pan-Maya movement, a Guatemalan cultural avivovement which has
gained much strength during the 1990s, would belkamous platform for such efforts.
The movement’s existence is a product of the reclamate shaped by democracy and the
new capitalism in Guatemala. The pan-Maya moveroensists mostly of sophisticated,
urban Maya professionals, less than wholly reprasiere of the interests of the rural,
poor Maya majority (Fischer 2001).

The struggle for Maya cultural conservation isikelly to have many positive
consequences for the crops and agricultural methbg®or households. Traditionalism
in itself is no default guarantee for the conseovabf traditional technology. Industrial
fertilisers (which were introduced in the highlarysreligious innovators in the 1960s, as
described above) were initially received with saapi by the traditionalists. However,
within a few years, when the heyday of the predamily ideological discussions was
over, traditionalists slowly began to adopt thdilisers as well (Falla 1972). It is unlikely
that activists of Maya cultural revival can perseigaor Indian families to bear the costs
of conserving maize varieties they would othervdiseard.

Following the interpretation presented above, lireaking down of the colonial
corporate boundaries around local communities shaat be interpreted exclusively as
negative, because their protective functions ave laogely outstripped by the restrictions
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they imply given the new economic opportunities.eTihiogeography of Guatemalan
highland maize further suggests that the presémthgasing interlocal exchange of maize
variety seeds will not provoke the fade-out of ctapdiversity. Given the history of
episodic exchange, most diversity is likely to berfd to be distributed at the regional
level not locked into localised pockets. Localiggatkets of diversity may indeed be
bottlenecked. It is a hypothesis to be pursued thateased commercialisation and
regional exchange could actually served to ennchlldiversity. The main challenge is to
sustain a viable fabric of maize culture at theaeal level in the face of alternative land-
use opportunities.

Socio-economic changes in the area not only reptethreats to maize genetic
diversity, but also opportunities. History teachtbst integration into the national
economy does not necessarily lead to the detenorabf local resources. The
departamentoof Totonicapan, during centuries the commerciarhef the highland
region, has conserved some of the densest forest aothe country. The reliance of the
local economy on timber has historically stimulatde: creation of local resource
conservation institutions (Veblen 1978). This faaggests that it is more sustainable to
foster conservation through the continued use sbuegces in a new economic context
than seeking to freeze the use contpgt se Maize conservation in a modernised
highland Indian community like Santiago Sacatepeqees wholly on continued use of
maize as a specialty product, as discussed above.

Use-based opportunities to conserve maize biosityeshould be amplified. The
very advance of ‘modernity’ should be exploited fois end. Regional or new products
based on native maize biodiversity could be ingeiriecommercial contexts. These could
be transformed into less perishable output or colviee goods, such as tinneanales
Especially the rapidly growing acquisitive power@fatemalan emigrant workers living
in the US provides new channels for culturally sitefood products based on maize.

Since most rural highland households practice enaidtivation and processing,
this form of economic development builds to a lamgydent on locally available
technological skills. Therefore, it can be expectedhave more equal impact across
communities, when compared to innovation in noditi@nal production. Innovation
around maize genetic resources, processing andetiragkis needed to make these
changes possible. The seed innovations documeiitede ashow that there is a local
interest with which to work.

Such a transformation of maize culture would récéde other elements in Maya
culture reaching beyond the borders of the locahroanity. According to a broad
Mesoamerican mythological tradition, maize seed er&gnally obtained from a place in
the mountains, often called Paxil (Navarrete 200f3ditions from various communities
converge on this extracommunal origin of maizethie future, these myths of a common
origin might gain new, cosmopolitan meaning.
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Chapter 3: Changes in farmers knowledge of maize
diversity (1927/37-2004)

Introduction

The intraspecific genetic diversity of crops innfears’ fields has increasingly received
attention due to several convergent social and eanad concerns. Crop genetic
innovations for and by poor farming households haeeome an important focus of food
security research (Richards 1986). Attention isn@epaid to the role of farmers in
supplying seeds, given the limitations of seed Bupp the formal sector in poor areas
(Almekinders and Louwaars 2002). Since the early0%9 concerns over the loss of
genetic diversity as maintained in traditional egiture (‘genetic erosion’) have spurred
research as well (Brush 2004). Enhancement anckqiram of crop diversity has also
received some international acclaim. Theternational Treaty on Plant Genetic
Resources for Food and Agricultu(2004) obliges the signing countries to “promote 0
support, as appropriate, farmers and local comneshiefforts to manage and conserve
on-farm their plant genetic resources for food agdculture.”

Monitoring change is central to much researchrop genetic resources. Genetic
resources, like other biological resources, are'stotks’, but ongoing processes. They
never remain static and constant energy is spentaintenance and innovation to secure
their reproduction and adaptation. However, lomgatechange in intraspecific crop
diversity is a particularly problematic researctbjeat. To trace change, comparative
methods have to be developed, and some type ofdénes data should be obtained. If
change took place over a long period, or in thet, p&search depends on historical
information sources of a varying nature and quality

This study uses one particular type of historicgdrmation, which is available for
many areas and crops: lists of farmer-named cu$tica crop types. The aim of the
research reported here is to bring out some imporéspects of changing farmer
knowledge related to their perceptions of intragfediversity, which are thought to bear
on the biological dimensions of crop diversitywitl describe a methodology for dealing
with this type of information to study long-termaeige in farmer cultivar knowledge. The
study concentrates on maizée@ mayssp.maysL.) in one township in the highlands of
Guatemala where this methodology was applied.

There are several limitations which have to besmalnto account when using a
comparative approach based on farmer cultivar nabeBnitive answers on questions
about the relation between cognition and biologreallity might be impossible where
biological information was never collected in thasp In spite of the difficulties of
relating cognitive and biological categories dilgcit might be argued that approaching
the issue from the side of farmer knowledge givemplementary perspective to the
biological one. Farmers’ perceptions and knowledgght offer privileged insights into
the factors that seem most relevant to farmers sebms, and the motivations for choices
in crop cultivar management.

Another limitation of this study, which deriveoin a deliberate methodological
choice, is spatial. It concentrated research effiortone township, thereby limiting itself
to a small area. Another study of changes in fakmnerledge of maize cultivar names in
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the same region has taken a regional perspectieefferg and Taylor 2002). The present
study will point out the implications of methodologl choices of spatial extent and
detail. This issue might be relevant to the develept of methods in this field of study.
In a field of research in which the possibility owfanipulating the context is limited,
adopting a micro-scale approach might be seenfasraof experimentation, which may
produce important new insights (Levi 1991). Finalged analysis may uncover the
hidden meaning of apparent anomalies, by intemgethem in the light of a larger
system. Small-scale observations may also be nelewathe understanding of a larger
system, when they can only be interpreted by irisigathe incoherence of a larger
system that was thought to be unified. Thus, fire@rgd research on cognitive aspects of
farmer diversity management might have complemgntaerits compared to other
research approaches. One of the aims of the prebapter is to determine what these
merits are.

Maize diversity and cultivar naming

The present study relied on a survey about farmewledge and concentrated on cultivar
names. It did not employ biological specimens astpbraphs, unlike some other studies
in this field, and biological diversity was not nse@ed independently in this study area.
Thus the meaning of farmer cultivars as the uniamdlysis and the meaning of cultivar
names in relation to maize diversity needs som@duardiscussion.

Zimmerer (1992:63) analysed local changes in digersity in terms otultivars,
without drawing conclusions about the broader iogilons of local cultivar losses,
because “[tlhe basic regional biogeography of cai8 belonging to almost all native
crops remains so inadequately understood thatvdeal significance of change at a local
scale cannot be estimated.’Reservations about the implications of local stadon
(farmer-defined) cultivars might be justified inettcase of maize, too. To draw out
possibilities to link the findings of this study hyoader scales and biological units of
diversity a discussion of maize biogeography aral riflation between maize genetic
diversity and farmer maize classification is needed

Research on the biogeography of maize in Mesoamédras mainly revealed
coarse patterns of genetic diversity. Maize wadainby domesticated in Oaxaca, Mexico,
around 7000 B.C. (Matsuoka et al. 2002). In Guatamike in other parts of the
Mesoamerican region, the milpa complex (maize amtdreropped species, including
different species of beans and squashes) is cdattedditional agriculture. The western
highlands of Guatemala are areas harbouring sortteedfighest concentrations of maize
diversity worldwide (Mangelsdorf and Cameron 19d&llhausen et al. 1957). Anderson
(1947) made an early study of maize in Guatemabding the phenotypic purity of
Guatemalan maize in comparison with other arealsatih America. Wellhausen et al.
(1957) described thirteen races of maize for Guatanbased on the morphology of the
ear, and mapped their geographical distributioGiratemald? Hanson (1984), relying
on the work of McClintock, Kato and others, indetthat geographic patterns in

1 A useful and broadly accepted definition of cudtivs “a variety, strain, or race that has origédaand
persisted under cultivation or was specifically eleped for the purpose of cultivation” (Crop Scienc
Society of America 1992).

2 For a critique of the classification methods folm, see Benz (1994).
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phylogeny of Guatemalan maize, as revealed by obsome knobs, corresponded to a
pattern of two-dimensional migration (isotropic fdgfion), maize being more related
when it was geographically proximate. Also, inceshgenetic isolation with increasing
altitude was evident in this analysis. Bretting adt (1990) describe the isozymatic
variation of the identified Guatemalan maize raess| found a broad distinction between
lowland and highland races.

Although these investigations have examined brpatlerns of maize genetic
diversity in Guatemala, little is known about gengtatterns in smaller areas. However,
ongoing investigations in Mexico might have imptioas for Guatemalan maize as well.
Regional maize research in Oaxaca and Chiapas ¢rasrstrated low marker based
differentiation values (&) between populations (seed lots) and communiBesales et
al. 2005, Pressoir and Berthaud 2004a, PressoiBanithaud 2004b). These values are
interpreted as evidence for considerable gene )sdledv between farms and
communities. Besides, it is pointed out that masza cross-pollinating species. Because
of cross-pollination between adjacent plots it niy difficult to maintain genetically
‘pure’ maize seed lots under farmer conditions {ila<s. and Goodman 1997, Louette
1999).

However, two points qualify the implications ofette findings for the present
study. First, the precise implications of the citgshetic studies are not entirely clear. The
Fst values from which the conclusions are drawn shbeldnterpreted cautiously, as the
model on which they are based does not discrimibatereen recurrent gene flow and
historical events, including the fragmentation efated subpopulations (Templeton
1998). The fragmentation of related subpopulationght prove to be important, as in
Mesoamerican maize pollen flow between fields a®tlanixing have most likely far less
impact than seed exchange and replacement, whidhedgaient and concerns larger
numbers of individual plants. Also, the cited sasdido not evaluate differentiation of
maize with altitude. Meanwhile, field observatiosaggest that Guatemalan maize
populations might prove to show significant geoiegl structure.

Native maize farmers in Guatemala generally trpreserve purity in observable
characteristics, and are thought to be successfibing so (Anderson 1947, Johannessen
1982). Isolation of broad maize types in differgnbwing areas may contribute to the
maintenance of phenotypic and genotypic differerinesome highland communities in
Guatemala (Johannessen 1982, van Etten 2001). Fauttiears of maize in Guatemala
are often grown in different places along an aliital gradient, and have different
characteristics which make their adaptation sped¢dithese places (Butler and Arnold
1977, Stadelman 1940, van Etten 2001). Charadtsrisimportant for farmer
classification of maize diversity include the lemgff the growing season, the shape of the
cob, and kernel colour and type (Gillin 1951, Har889, Hostnig et al. 1998, McBryde
1947, Stadelman 1940, van Etten 2001, Wilson 1985¢dom 1961).

The second qualifying point is that even if highkidls of gene flow and low levels
of differentiation are assumed, the observed plypnotdifferences that provide the
presumed basis for the possibility of farmer classiion of cultivars might still be
meaningful. In the cited studies it has been argied selection of maize seed by
Mexican farmers effectively maintains phenotypicffatences in ear and kernel
characteristics vis-a-vis gene flow (Louette andafgn2000, Perales et al. 2005, Pressoir
and Berthaud 2004b). These phenotypic differenceggortant for crop production and



Chapter 3: Changes in farmers’ knowledge 45

use. Farmers are observed to strive for maintenainseme ideal crop type in spite of the
challenges of gene flow (Louette and Smale 20G0has been argued that phenotypic
diversity, as an important dimension of geneticedsity, deserves consideration in its
own right, in addition to marker-based diversityg$soir and Berthaud 2004b).

Granted that phenotypically distinguished unitssiexn Mesoamerican maize
farming systems, the question remains how cultivames given by farmers relate to
biological units of diversity. It has been estdidid that during several decades a
relatively stable classification scheme persistedne Guatemalan highland community
(van Etten 2001). Even so, it was observed in gwsxmunity that ‘new’ seed lots
introduced from outside the community did not al&/agceive a distinct name, but might
be included in existing local categories (also ddig Louette, 1999). Newly introduced
cultivars that received a new, distinctive namduded a cultivar suited to planting on
recently cleared land for which other cultivars et suited, and a cultivar that showed
itself to be better adapted to drought than looéthars. To generalize from these limited
observations, it might be stated that incoming seed only receive a distinctive name if
they are sufficiently different in appearance frimmally present cultivars or suited to new
types of ecological (or other) use.

In any case, farmer cultivar names do not cornedo phenotypic categories in a
straightforward way, but their meanings imply agbial dimensions important in
classification, including their specific use contexccurrence, history, and origin. (This
also indicates that the value of visual aids likeecsmens or photographs during
interviews to solve the cultivar identity issuerédative — cultivar classification does not
rely on readily observable characteristics only,ibiio some degree contextual.)

In a quantitative analysis of maize in Cuzalapdigdo, Mexico), Louette (1999)
found that seed lots bearing the same cluster rgno@ped together morphologically.
Thus, in spite of the indicated complications, #Hicient degree of association between
cultivar names and genetic diversity might be elgubdo justify a systematic study of
cultivar knowledge change as one source of insightis historical change of crop
diversity.

Context and baseline data

Jacaltenango is a Guatemalan townshipricipio located in western highlands. The last
census (2002) reports 34,397 inhabitants for twenship. The majority of inhabitants

belongs to the Maya ethnic group and speaks then]rwcal language, Popti’, while a

minority is monolingual Spanish (28%). The areehisne to a close wild relative of

maize, teosinte Zea maysssp. huehuetenangensi®oebley), first documented in

Jacaltenango and its surroundings by Kempton armkeriRe in 1935 (Kempton and

Popenoe 1937). According to Garrison Wilkes, whos haonitored the teosinte

populations in the region over recent decades vasiidd the teosinte populations around
Jacaltenango in 2004, this subspecies is at risgxtihction (G. Wilkes, pers. comm.,

December 2004).

Several scholars have raised the issue of chamgaize cultivars in Jacaltenango.
Johannessen observed that the large landholders asgecially taking the lead in
introducing new maize cultivars into Jacaltenangmd expressed concern about
increasing dependence on monetary resources im todeurchase new ‘hybrid’ seeds
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repeatedly (Johannessen 1982). On the basis ohpasson between Stadelman’s (1940)
data and interviews they undertook in 2001, Stetlaed Taylor (2002) concluded that
maize diversity knowledge in Jacaltenango and otle@mnships of Huehuetenango
seemed to have decreased since 1937. They inditattehe political violence of the
1980s and its consequences might have contribotexss of agricultural knowledge and
biodiversity. The present study evaluates theses/ier Jacaltenango.

Among the literature on the social aspects of iifeJacaltenango, Casaverde’s
(1976) ethnography, which focuses on social orgdios, was found particularly useful.
It suggests a complex ethnic, territorial and dooiganisation in Jacaltenango. The
township was affected by political bloodshed durihg armed conflict, which formally
ended in 1996. Victor Montejo’s (1987) well-knowidk Testimonyis an eyewitness
account of political violence in a community of didenango. For Jacaltenango, the
Comisién de Esclarecimiento Historico reports 46esaof human rights violations and
violent acts between 1980 and 1985, which involvedre than 105 killed and
disappeared persons (Comision de Esclarecimiergtitio 1999:An. Il). Many people
fled from the area, often to Mexico, but othersided to stay or were compelled to do so,
often as members of the paramilitary self-deferateots.

The township of Jacaltenango was chosen as a stigdfpr two reasons. First, the
number of cultivar names reported in Jacaltenasghea highest for any township in the
region (Stadelman 1940). This indicates the exoapti diversity of maize in this
township, and is probably related to the fact ttre¢ township territory covers an
altitudinal transect (Figure 3.1). Informants usudistinguished three environments: hot
(below 1,400 masl) temperate (between 1,400 maslZa0600 masl) and cold (above
2,000 masl). (The numbers are indicative only;ifasation is not very precise.) Second,
there was a unique opportunity to study histordange with the availability of two
independent cultivar lists made up in the firstf ludl the twentieth century by visiting
ethnographers.

In 1927, the township of Jacaltenango was stutfhiedwo US ethnographers,
Oliver LaFarge and Douglas Byers (1931). In theultesy monograph on traditional
Indian culture in the township, the authors mentibe remarkable number of farmer
maize cultivars in Jacaltenango and give a listhateen cultivars and some of their
characteristics. In 1937, farmers’ knowledge of zeacultivars in Jacaltenango was
recorded by Raymond Stadelman (1940). Gatheringynmdtion initially only in Todos
Santos, Stadelman soon realised that in neighlpwillages maize diversity was more
abundant — perhaps having been informed by TodogSanaize traders, who travelled
across the region (McBryde 1947). Subsequentlydehtaan visited most towns of the
region to record data on maize cultivars and maiggvation. For Jacaltenango he gives
23 names and their main characteristics. Stadebnlack of reference to LaFarge and
Byers’ earlier publication, and some discrepanbitsveen the two studies in spelling and
interpretation, suggest that the two farmer cuithiss are independently compiled.

In the following sections, Jacaltec cultivar nameshe native language will be
written in bold, and cultivar names in Spanish Ww#l capitalised. The chapter follows the
modern spelling rules for cultivar names. The usiqumber between brackets that
follows each cultivar name should make comparispassible, in spite of spelling
differences.
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Research question and methods

The main question this chapter attempts to answéwhat changes in maize cultivar
knowledge occurred during the twentieth centuryJacaltenango?” Changes might
include both loss of knowledge, and the acquisittbrknowledge about new or newly
introduced cultivars. An attempt will be made toswer this question by using the
cultivar lists from 1927 and 1937 as a baselinebéocompared with interview data
collected in 2004.

During the last quarter of 2004, a field assistesh Jacaltenango interviewed 40
male farmers in the township capitabbecera and eight other communitieal@eag in
of Jacaltenango (Figure 3.1, Table 3.1). Male fasnage generally more knowledgeable
on maize diversity than women in this area (Steiglasad Taylor 2002). This is probably
due to the gendered labour division; men are gépeesponsible for maize cultivation.
Care was taken to include both older and youngtarnmants in the sample for all
communities. The communities were chosen to refleetaltitudinal and social variation
of the township area. Jacaltenango has three netiivec segments, called Jacaltenango,
San Andrés, and San Marcos, and several foreignesgtg (Casaverde 1976). As shown
in Table 3.1, the survey covers all three natignsnts, and several foreign ones.

The available information was processed in fivepst First, the quality of the
baseline data was assessed. Then, the commengyriadilveen the baseline and survey
data was evaluated. Having established this, coityimnd losses of cultivar knowledge
were documented and analysed. In the fourth arid feps, the spatial and social
distribution of this knowledge was subjected tdHar analysis. New cultivars in the area
were also documented. The remainder of this sediails the methods used for each of
these steps.

Table 3.1.Sampledsettlements in Jacaltenango (survey in 2004)

Settlement name Ethnic composition of theAltitude Number of
settlement* (masl) interviews
Inchewex Jacaltenango 900 5
San Andrés Huista San Andrés 1300 5
Jacaltenango (head town) Jacaltenango 1400 5
San Marcos Huista San Marcos 1450 5
Witzobal San Miguel, Todos Santos, 1850 5
Concepcién (all foreign)
Cheya San Miguel (foreign) 1900 5
Acoma No data 2100 3
El Mul Foreign 2300 4
Paya San Miguel, Todos Santos, 2600 3

Concepcidn (all foreign)
* Names of ‘segments’ taken from Casaverde (1976)
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Inchewex

” San Andrés Huista

San Marcos Huistav
Jacaltenango 9‘,

Guatemala Legend
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Figure 3.1.Study area: township capital and eight rural comitres of Jacaltenango

Quiality of the baseline data

The unique historical data available for Jacaltgoattwo independent cultivar lists)
permit a limited assessment of the consistenchefctassification of maize cultivars by
farmers in the past. If a cultivar classificatiopstem is fully consistent, the criteria
farmers use to assign cultivar names to seed hatsld be the same for all farmers. This
measure of consistency can be used to compareetnarted characteristics of the
cultivars recorded by ethnographers in 1927 and 1@Btest the value of cultivar naming
in terms of phenotypic diversity. Only if some nm@l degree of consistency can be
shown will the cultivar names have value for trgcthachronic change. The meaning of
the cultivar names might contain additional infotima about the link with biological
categories of diversity. The question whether twe tultivar lists give a complete
representation of the cultivars present in Jacafigo at the time they were made also
needs discussion.

Commensurability of the baseline and 2004 surveg da

Apart from demonstrating that cultivar classificatiin the first half of the twentieth
century is consistent between farmers (previous®gdt also necessary to examine the
consistency of cultivar naming over time in orderestablish meaningful comparisons
between two moments. The need to establish thelistasidk the meaning of cultivar
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names between 1927/37 and 2004 was foreseen innteeview protocol. In each
interview, first, a cultivar name recorded by tf#27/37 studies was mentioned and the
farmer was asked if he knew this cultivar. If threswer was affirmative, the farmer was
asked what characterised this cultivar. This wdsedsn relation to (1) adaptation to
environment (cold, temperate, hot), (2) grain col@uhite, yellow, black, spotted, other),
and (3) planting and harvesting dates (given irglarom which the growing cycle was
calculated). This was repeated for all cultivargegi in the historical cultivar lists. All
three cultivar attributes are available for 1927/@7d these data were used for a
comparison to test the consistency of cultivarrdgdéins over time.

Perceived continuity and losses of cultivars

In the interview, the question was asked, for dastorical cultivar known to the farmer,
whether the cultivar was still grown (answer: ye3/riThe informant was also asked to
freely list cultivars that had become rare or hahppeared, in the informant’s opinion.
When the farmer interviewed indicated a cultivgsem questions were asked about the
causes of disappearance or rareness.

The answers to the first question were analys@myumethods from Consensus
Theory to determine probabilities of presence/atsesf each cultivar (Romney et al.
1986). The method employs a measure of informamipetence to calculate the
probabilities that a certain outcome is true. Infant competence is defined as ‘the
probability that an informarknowsthe answer’. This definition implies a correctifom
guessing, which might produce pseudo-correct arsswéhrile in fact the informant does
not know the answer. The theory takes the ovelafiemess of a particular informant to
the other informants as a measure of informant edemey. This assumes that consensus
between informants is related to the phenomenarisiddy.

The chosen design in the present study deviatesenmportant aspect from the
method proposed by Romney et al. (1986). Througtimiinterview, informants had the
possibility to indicate they did not know a certaurtivar at all, or did not know if it was
still present in the community (leading to missoigservations on cultivar presence). Data
with missing values are not suited for the analpstposed by Consensus Theory (Weller
and Mann 1997). A proximate method was taken inist€a calculate agreement between
informants, the number of cultivars on which eaalr pf informants agreed, with respect
to absence or presence in the community, was divigeethe total number of cultivars for
which they both gave a value for present or abdénis leads to a bias: presence/absence
opinions about well known cultivars is taken int@eaunt many more times than those for
little known cultivars in the calculation of infoant competencies. Therefore, built into
the analysis is the assumption that an informamsmpetency in judging the
presence/absence of broadly known cultivars isealiptor for competency to judge the
same for less known cultivars.

Social and spatial distribution of cultivar knowtgsl

The research design anticipated the possibilityuokqual distributions of farmer
knowledge between persons and communities. Thie issimportant for methodological
comparisons with regards to sample sizes and loigions. The influence of age on
cultivar knowledge will be evaluated, and the iefige of environmental conditions and
community boundaries. The latter might be importaetause during the second half of
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the twentieth century communities in Jacaltenangodéd to become more socially
isolated (Casaverde 1976).

Knowledge of new cultivars

Another aspect of knowledge about maize diversity éhange is the emergence of ‘new’
cultivars. Through an open question each informeag asked to identify these cultivars
together with some defining characteristics (adaptagrain colour and growing cycle).
This question allows assessment of to what extemtlass of older cultivars and the
emergence of new cultivars form part of a singleadgic of cultivar replacement.

Results

Quiality of the baseline data

To assess the quality of the baseline data, thectitovar lists from the early twentieth
century were compared. Table 3.2 summarises thdtsesf each study and attempts to
match the cultivar names from each study to thergxpossible. In some cases one class
corresponds to several (sub)classes in the othey.st

From the table it is evident that the charactesstnentioned for each cultivar are
remarkably consistent. Both studies recorded cloredaptation for all cultivars except
one. LaFarge and Byers split the environments rieettzones (cold, temperate and hot),
while Stadelman splits them in two (cold and warkgr the two extreme environments
of LaFarge and Byers’ scale, Stadelman’s data stulwvagreement. For the temperate
environment of LaFarge and Byer, Stadelman givesvwarm and three cold cultivars, an
equilibrated mix. Grain colour data are consistexgn for the cultivar names that do not
include colour specifications as part of their nate LaFarge and Byer did not report on
growing cycles, comparisons for this aspect aregossible.

Cultivars are not completely distinguishable usinge two mentioned
characteristics in Table 3.2 (environmental adaptaand grain colour). For instance,
k’'ej wah (1) andkok k'ej wah (4) are both cultivars of cold environments andhwi
yellow kernel colour. There are two possible situa. First, the latter might be a
subgroup of the former class. (In this example,thmes suggest the latter cultivar is a
subtype of a class bearing the first name.) Thergpessibility is that the cultivars have
other differences not reported by either LaFargkByers or Stadelman.

Examining cultivar names may add some information other relevant
differences. In addition to information about kdroelour, environmental adaptation and
growing cycle, names contain information on geobfi@mrigin. The cultivar Pantaledn
(24), like the other cultivars bearing Spanish ngmeas introduced from a coffee farm in
Guatemala’s southern piedmont area. There is indaezkisting coffee farm bearing the
same name (McCreery 1994). The nambdmaltin” (19) probably refers to a place
called San Martin. However, it could not be deteedion the basis of names if cultivar
names indeed refer to the smallest units in farolassifications or refer to broader
classes in a hierarchy. Perceptions of farmerdiw 2might not reflect those in the first
half of the twentieth century. Therefore, all repdr maize cultivar names (n=24) were
included in the analysis.
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It is evident that Stadelman’s list is more conmgresive than LaFarge and
Byers’s. Stadelman mentions 23 cultivars, while argfe and Byers list thirteen. In two
instances, Stadelman gives a finer subclassificatioa cultivar mentioned by LaFarge
and Byers, while only in one case, LaFarge and 8gplit a single cultivar mentioned by
Stadelman into two minor units. One cultivackal tsaiik (17), is mentioned exclusively
by LaFarge and Byers, but our 2004 survey revealagthis cultivar name does not refer
to maize, but to common beaRhaseolus vulgarit.). Assuming (1) no cultivar change
occurred between 1927 and 1937, and (2) that #ivats had an equal chance to be
reported, it might be suggested that Stadelmaists dpproaches completeness, as it
includes all cultivars reported by LaFarge and Byéfowever, the second assumption,
especially, may need to be questioned. The fattsiti@e cultivars occur only on one of
the lists might be an indication of their relats@arcity. Even so, taken together, the two
lists most likely give an adequate and rather ceteppicture of Jacaltenango’s most
common maize cultivars between 1927 and 1937.

Commensurability of the baseline and 2004 survég da

The 2004 survey included questions on climate adi@pi growing season and grain
colour. Comparing the answers to these questiotisthe historical data gives a measure
of the stability of the cultivar classification acaltenango during the twentieth century.
Table 3.3 shows the result of the comparison.

Climatic adaptation data seem inconsistent onlythiee out of 25 cases. For
Chimbo, in the 2004 survey there is consensus arttengformants (n=3) that it grows
in temperate environments. LaFarge and Byers €jadss cultivar as being grown in a
hot environment. However, as boundaries betweeacad} environments are somewhat
arbitrary, this case of misclassification might hetrelevant. Fok’ej sat (6) informants
mention all three environments as valid for thiticar, but a majority assigns it to the
hot environments. Perhaps the cultivar shows adbadiaptation, and spread out from the
temperate environment (as indicated by LaFargeBymds) to both warmer and colder
environments. The most serious case of misclaasiic is g’an wah (18), which is
unanimously classified as a cultivar with adaptatio hot environments (n=5), while
Stadelman reported it was adapted to cold growmgrenments. These cases excepted,
the data are generally consistent.

The most common answer on colour data disagretbste historical data in four
of the fifteen cases where the latter data arelabai In three of the four cases of
disagreement, little current consensus exists @andast some answers agree with the
grain colour mentioned in the historical sourcestgdchot shown). In the fourth case, the
historical data might be wrong, in classifyig@n nhal (7) as white, as the name of this
cultivar includes an elemerg’én) meaning yellow.
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Table 3.2.Maize cultivars of Jacaltenango according to twadependent sources from
1927 and 1937 (La Farge and Byers 1931, Stadel®éD) 1
Spelling according to original. Abbreviations: Cceld; H = hot; T = temperate; W =
warm; m = months. Between brackets: identifying bams of the cultivars. Dashed lines:
separation between growing environments followirdrarge & Byers (1931) (see C/T/H
classification, second column).

LaFarge & Byers in 1927 Stadelman in 1937
Name Characteristics Name Characteristics
kéx-wa’ (1) C, “black tortilla”, g'exwa’ (1) C,9m

sweet yellow grain nime’ gexwa’' (2) C, 9 m, yellow,
intermediate
papa g'ex wa’ (3) C,9m
kokh g’ex wa’ (4) C, 9 m, vyellow,
intermediate

tciletcuwa’ (5) C, sweet, white orlilit] wa’ (5) C,6m
yellow
‘kéxsat(6) T, ‘blackeyes”  qgexsat(6) c,9m
gan-ial (7) T, white g’an fal (7) W, 8m
sax-fal (8) T, “white ripe ear”  saq fAal (8) C, 9wihnite, dent
ts’ip sat (9) T ts’ib sat (9) W,8m
ts'ip sat sax-fal T, “white ripe ear ts’ib sat saq fial (10)C, 9 m, spotted,
(10) with written grains” intermediate
‘ocsp cahua (11)  H, three monthglepfxau (11) W, 4 m, yellow, dent
moons
p:au (12) H g’'an b:au (12) W, 8 m, yellow, dent
niméx kan p:au H, “big yellow ear”
(13)
tcimho (14) H Chimbo (14) W,6m
tewa’ (15) H, long term te wa’ (15) W, 9-10 m

g’an te wa’ (16) W, 9-10 m

- - g'an wa’ (18) C,6m

- - Jamaltin (19) C, 9 m, spotted, flint
- - jex ti’ (20) C, 9 m, yellow, dent
- - saq po (21) W, 8 m

- - Cuarentano (22) W, 4 m

— - Tejar (23) W, 4 m, white, dent
- - Pantaledn (24) W, 6 m

_ - g'ex fitam wa’ (25) black, dent
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The time difference between planting and harvgstias taken as the length of the
growing cycle for each cultivar for both Stadelnsadata and the 2004 survey data. There
is a significant, positive correlation between the datasets for growing cycle length
(r>=0.54; p=0.0001). However, there is a systematangk; all but two cultivars have a
shorter growing season, while all other cultivars ander the 1:1 line in Figure 3.2 (the
1:1 line represents the no change hypothesis) eBiath reported planting dates in April
for all highland cultivars, while according to tB804 survey May or June is the norm.
Rainfall and soil moisture early in the season mighve become more limiting in recent
decades. Given that the tendency is present attresshole sample, it does not interfere
with cultivar identity. There is, however, one @etl txilitxwah (5). According to
Stadelman this cultivar is the only one for coldviemnments that has such a short
growing season (Table 3.2). Exceptional status tregplain the discrepancy; Stadelman
or his informants may have made a mistake.

Overall, the consistency between the historicéh @ad the data of the survey is
strong enough to conclude that the cultivars meetioare very likely the same ones in
1927/37 and in 2004. This suggests the data oreférknowledge of cultivar occurrence
are sufficiently reliable to permit approximate essment of continuity or disappearance
of cultivars in Jacaltenango over a 70 year peusidg data on names as a source.
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Figure 3.2 Growing cycle of cultivars compared between datal937 (Stadelman
[1940]) and 2004 (survey)
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Table 3.3. Comparison for cultivar attributdsetween historical data and 2004 survey
Most frequent answers are given from the surveydd&io spelling was followed. Cases
of disagreement are indicated in bold letter typlgbreviations: C = cold; H = hot; T =
temperate; W = warm; LF&B = LaFarge and Byers (93$1= Stadelman (1940).

Maturity

Name Climate adaptation Grain colour (months)

Survey S LF&B  Survey S+ LF&B Survey S
Chimbo (14) T W H - - 3.7 6
Cuarentano (22) H w - White - 2.1 4
k’'ej sat (6) H C T Black Black 7.1 9
K'ejti’ (20) C C - Yellow Yellow 8.0 9
K'ejti’ txitam wah
(25) T - - Black Black 7.6
k'ej wah (1) HT C C Yellow Yellow 7.5 9
kok k'ej wah (4) C C - Yellow Yellow 6.8 9
nimej k’'ejwah (2) HT C - Black Yellow 7.4 9
nimej g’anb’aw (13) - C - Yellow Yellow 4.1
oxeb’ x’'ahaw (11) H w H White Yellow 2.6 4
Pantaledn (24) H w - White - 3.8 6
papa k'ejwah (3) C C - Spotted - 6.8 9
g'an b’aw (12) T W - Yellow Yellow 5.9 8
g'an nhal (7) T w T Yellow White 6.5 8
g’an tewah (16) H w - Yellow - 6.7 9.5
g’an wah (18) H C - Yellow - 3.2 6
saj nhal (8) HT C T  Spotted White 6.2 9
saj poh (21) H w - White - 4.3 8
Tejar (23) H W - White White 3.7 4
tewah (15) H wW - White - 6.0 9.5
txilitx wah (5) C C C Yellow vellow/white 8.8 6
tz'ib’ sat (9) T W T Spotted - 4.6 8
tz’ib’ sat saj nhal (10) T C T Spotted Spotted 6.9 9
xhamaltin (19) C C - Spotted Spotted 5.5 9

Perceived continuity and losses of cultivars

All cultivar names recorded by Stadelman or LaFage Byers in the first half of the
twentieth century were recognised by some of tHierimants in 2004 (n=40), varying
from 3 informants for the least known cultivars38 for the best known (Table 3.4).
Informants knew 13.7 cultivars on average (57.2¢j)ying from 7 to 20 (SD=2.9).

For 39 informants cultivar presence/absence juddgsnare available. According
to the Consensus Theory analysis, 77% (30 out of &9the informants have a
competence of more than 0.8 and 67% (26 out oE28¢ed 0.9. Average competence is
0.85. These high competence numbers indicatelipgtitigments are generally consistent
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among different informants. Thus even though thenlmer of responses for the rare
cultivars are low (Table 3.4), as might have begmeeted, a probability of the presence
for these cultivars can be calculated given thermant competencies calculated on the
basis of the whole range of cultivars.

There is no significant correlation between infanhcompetence and the number
of cultivars informants judged, or their perceiv@panish language skills (p<0.05). Age
has a weak negative correlation with competerfe®(t4; p=0.02). Since most deviations
from consensus are related to absence judgementsiltdiars, it follows that older
informants tend to be slightly more pessimistic wboultivar presence than younger
informants. However, older informants also know enocultivars than younger
informants, which is a stronger tendenc§=(x24; p<0.01). Thus, it is judged that age
related differences in knowledge probably did méiuience the findings of this study.

In Table 3.4, counts for cultivar knowledge andinams of presence and
probabilities of presence (following Consensus Theare presented. The data show a
general agreement between the (perceived) preséiice cultivar by the informants that
know the cultivar and the knowledge of the cultiaross the whole population of
informants. However, the association is not conegplEbr instancek’ejti’ (20) is known
by only three informants, but according to thegermants the cultivar is still present. In
contrast, Tejar (23), another cultivar known byyathiree informants, has probably ceased
to exist in Jacaltenango. Another interesting attarsstic is that even the rarest cultivars
were always known in at least two communities.

On the basis of these findings it can be judgest tfhree cultivars have
disappeared in Jacaltenango during a 70 year pefibdhree cultivars probably lost,
have Spanish, not native Popti’ names. Accordingnformants, these cultivars were
introduced originally from coffee plantations to ialn Jacalteco workers temporarily
migrated for work during the coffee harvesting ssasSeveral causes for the
disappearance or scarcity of cultivars are mentlofi@ere is no clear pattern apparent in
the causes in relation to certain cultivars; masises apply to all. The most important
reason is the yield disadvantage of the traditiooaltivars against the introduced
cultivars. With the same fertilisation levels, titawhal cultivars yield less. They also grow
taller and are more prone to lodging (the bendingrcand falling of plants). The
introduction of industrial fertilisers in the 196(=alla 1972) accentuated this problem, as
cultivars developed even more biomass. The higlmrade susceptibility of cultivars
Chimbo (14) and Pantale6n (24) was also mentiosea r@ason for their disappearance.
Another reason informants cited was climate chaAgeording to some informants the
growing environment has become warmer and driendlisse change (more coffee) was
also mentioned (this is also a primary cause fgh hieosinte extinction risk, G. Wilkes,
pers. comm., December 2004).



Table 3.4.Cultivar knowledge and opinions on presence/abs@me#0) Last column calculated using Consensus fijn@gppendix).

Informants  Communities in  Informants Informants  Informants who claim Probability
who know the which cultivar ~ who judge who claim  continued presence asa  of
cultivar is known presence continued ~ Ppercentageofall  continued
(n=9) presence informants who judge presence
presence

nimej k’ejwah (2) 39 9 35 34 97 >0.99

k'ejwah (1) 38 9 34 34 100 >0.99
saj nhal (8) 38 9 33 32 97 >0.99
tz’ib’sat saj nhal (10) 35 9 31 29 94 >0.99

k'ejsat (6) 32 9 31 27 87 >0.99

tz'ib’sat (9) 32 9 30 26 87 >0.99
g’'an nhal (7) 31 9 26 26 100 >0.99
g’an b’aw (12) 31 9 26 21 81 >0.99
tewah (15) 31 9 27 19 70 >0.99
kok k'ej wah (4) 30 9 27 24 89 >0.99

txilitxwah (5) 29 9 25 22 88 >0.99
oxeb’ x’ahaw (11) 27 9 26 25 96 >0.99
Cuarentano (22) 26 8 23 22 96 >0.99
K'ejti’ txitam wah (25) 25 8 24 23 96 >0.99
papa k'ejwah (3) 23 9 22 21 95 >0.99
g’an tewah (16) 19 7 12 9 75 >0.99
nimej g'anb’aw (2) 18 8 15 13 87 >0.99
xhamaltin (19) 12 6 10 9 90 >0.99
saj poh (21) 12 6 11 7 64 >0.99
g’an wah (18) 6 5 5 4 80 >0.99
Pantaledn (24) 4 3 2 0 0 0.07

K'ejti’ (20) 3 3 3 3 100 >0.99

Chimbo (14) 3 2 2 1 50 0.25

Tejar (23) 3 2 3 0 0.07
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Social and spatial distribution of cultivar knowtgsl

In Table 3.5, the distribution of cultivar knowlezl@ver communities, informants and
cultivar adaptation groups is given. A single-facdaalysis of variance for differences in
cultivar knowledge among communities shows thatdb@munity means are not equal
(p=0.02) (mean age of informants was not signifiganlifferent between different
communities).

Knowledge of cultivars grown in cold and temperatevironments is roughly
stable across communities. The most significarfedifices exist in knowledge of the
cultivars in the hot growing environment. The tohipscapital of Jacaltenango itself is
ranking the second lowest in number of cultivars ipformant and the total number of
cultivars known. Together, the five informants frame township capital only knew three
out of eight cultivars adapted to hot environmeiitse only community scoring worse
was Paya, where only three informants were interte and which is, of all sampled
communities, the most remote from the low areastadce and altitude (Figure 3.1).

These observations strongly suggest that spredthi@gnterview sample over
several communities might have enhanced the rdsedesign. It also suggests that
relying on interviews in the township capital alomsould have led to serious
underestimates of farmer knowledge of historicdtivars in Jacaltenango. This is an
important point about method and will be takenmfhie discussion.

Knowledge of new cultivars

Table 3.6 gives the names for mentioned cultiviaas were not included in the historical
data sets. A large majority on this list of cultizvehas been introduced during recent
decades. The 2004 survey data provided no evidefraaditional historical cultivars (i.e.
maize types grown in Jacaltenango for more thayeaos).

More than half of the introduced cultivars arevgnoonly in hot environments,
and only four are grown in temperate climates aldrtes tendency corresponds to the
pattern of cultivar loss: the lost cultivars wedapted to warm environments. Among the
grain colours, white dominates. This is generallg tommercial grain in Guatemala,
whereas most yellow grain is for home consumptMuost of the new cultivars are fast
growers (average: 4.4 months). A short growing eytdwer plant stature, and a higher
yield were indicated as important reasons for tini@éioduction.

Informants reported that introduced maize cameanfrearious geographical
sources, partly reflected in the cultivar namesdSeame from the commercial maize
growing areas of the Pacific coast (reflected echltivar name “Maquina”, which refers
to an important maize growing area of the Pacifiast, called La Maquina), the national
agricultural institute (ICTA), and Mexico (Tuxpefiand probably others). The influx of
planting materials from Mexico might be relatedtie return of refugees who fled to
Mexico during the political violence of the 1980Rocamey” in Table 3.6 probably
refers to Rocamex, a variety introduced in the $9@0broad areas of Central America,
and originally bred by the Mexican Agricultural Bram of the Rockefeller Foundation
in Mexico. At least two cultivar names contain imf@ation on the person introducing it
(cultivars “Manuel Juan” and “Lucas”).



Table 3.5.Social and spatial distribution of cultivar knowigdper adaptation group
The assignment of cultivars to adaptation groufmaged on the results of the 2004 survey (see BabB)e

Number of cultivars Inche- San Jacalte- San  Witzo- Cheya Acoma El Mul Paya Mean Total
known per wex Andrés nango Marcos bal infor-

informant Huista Huista mant

Hot 2.4 2.2 1.6 3.0 2.0 3.2 2.7 3.25 0.3 2.3 8
Hot and temperate 2.8 3.0 2.8 2.6 2.4 2.6 2.7 2.75 3.0 2.7 3
Temperate 3.8 2.8 2.4 2.6 2.0 3.6 3.7 4.25 2.3 31 6
Cold 5.8 5.2 4.4 6.2 5.8 6.4 5.7 5.75 4.7 55 7
All environments* 14.8 13.2 11.2 14.4 12.2 15.8 614. 16 10.3 13.7 24
Total of cultivars Inche- San Jacalte- San  Witzo- Cheya Acoma EIl Mul Paya Mean Total
known per wex  Andrés nango Marcos bal com-

community Huista Huista munity

Hot 4 5 3 7 4 7 4 5 1 4.4 8
Hot and temperate 3 3 3 3 3 3 3 3 3 3.0 3
Temperate 5 5 5 5 5 6 5 5 4 5.0 6
Cold 7 7 7 7 7 7 7 7 7 7.0 7
All environments 19 20 18 22 19 23 19 20 15 194 24

*The means are not equal among communities (ANOMA).02)
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Table 3.6.Introduced cultivars in Jacaltenango

Cultivar Grain colour Climate Growing Number of
(most common  adaptation season (mean, informants who
answer) (all answers) months) mention this
cultivar

Reina Yellow Hot/temperate 5.1 13
Crema White Hot/temperate 5.3 8
ICTA White Hot/temperate 4.5 7
Grano de oro Yellow Hot/temperate 4.3 6
saj sat White Hot/temperate 5.0 4
Conejo Yellow Hot 2.7 3
Tuxpefo White Hot/Temperate 4.0 3
Lucas Yellow Hot/Temperate 4.3 2
Taxa White/Yellow Hot 5.0 2
Siete hojas White Hot 3.0 2
Manuel Juan White Hot 5.0 2
Juncanero White Temperate 5 1
Mapalu White Hot 4 1
Americano White Hot 4 1
Yixim chik Yellow Temperate 4 1

saj k’'o ixim White Temperate 6 1

kej k'o ixim Black Temperate 6 1
Cinco pies White Hot 4 1
Rocamey White Hot 4 1
Tropical White Hot 4 1

caj chil Yellow Hot 3 1
Super enano White Hot 4 1
Sintalapa White Hot 5 1
Maquina No data No data No data No data
Discussion

Cultivar names in Jacaltenango

On basis of the criteria applied in this study tigal names were generally consistently
related to biological characteristics. Cultivar i@d@eristics between the two historical
data sources showed close correspondence. The wamerue for the comparison
between the historical data and the data for th@428urvey. In the few cases a
disagreement was detected a reasonable explicatisrgenerally available. This suggests
that cultivar names, as distinguished by farmefgrrto the same units of maize diversity.
For the first half of the twentieth century, andoafor 2004, classification of
maize diversity implied more than phenotypic categgo It included additional
information about geographic origin, and in theeca$ at least one more recently
introduced seed type, the person responsible ®irttroduction. This suggests that in
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some cases, cultivars might be distinguished ndherbasis of visible characters or use,
but by their history. This might be an increasiegdency, because of a plethora of
incoming diversity. But put the other way roundeggdrisation by phenotypic categories
or zone of application is a feature of older mafe\ similar observation has been made
by Nuijten (2005), and it is unclear whether thsssimply a reflection of the fact that
knowledge of form and usage will tend to increaserdime. In Nuijten’s view rice
names in The Gambia tend to become more functemdlless personal/historical as they
become more widely used and better establishedritally.

Here it may be concluded that farmer cultivar naueleast partly reflect the use
and history of seeds, but that for the cultivarduded in the baseline data, phenotypic
differences played a relatively important role lassification and naming. Morphological
and genetic studies are needed to probe the baalogieaning of cultivar names in
Jacaltenango and other parts of the western highlah Guatemala. Meanwhile, it may
be assumed that differences in cultivar names bame biological significance, and that
this is especially true for older-established \#ge

Cultivar turnover in Jacaltenango

The findings suggest that a small loss of histbnmaize cultivars may have occurred.
There has also been important addition of new nateMainly factors related to
production shape the way in which maize cultivaméwer occurs in Jacaltenango.
Motivations for change are related to maize pradacecology. These are, specifically,
plant height, growing cycle and disease problemmeaéer underlying causes included a
perceived climate change and the introduction diligers. Lower annual precipitation
and higher annual temperatures over the last gehawe indeed been documented for the
region (Watson et al. 1997).

Cultivar lossLoss of cultivars is localised in the lower aredshe township and
limited to those cultivars introduced before 1936ni coffee farms outside the
community. Since the original source of the repiialerstorical cultivars was regional, the
abandoned varieties are probably not of uniqgueevauregional assessment of cultivar
loss is necessary to determine if this phenomesageneral. However, the production
problems reportedly associated with lost cultivangigest farmers do not regret these
losses. The consistencies between the earliengpand 2004 and the prevalence of crop
ecological factors in cultivar loss does not suppioe notion of dramatic loss of cultivars
due to the political violence of the 1980s. Theada¢re analysed tend to make a case
against Steinberg and Taylor's (2002) suggestiat tholitical violence in the 1980s
would have led to a sweeping loss of maize culsivhr spite of many deaths and massive
migration, the continued residence of some groupthe village even at the heights of
violence (civil patrols, for instance), the shotisance of others, and the possible
exchange and recuperation of seeds, apparentlgdiétpconserve farmer cultivars. This
is in keeping with finding from other studies oetimpact of war and civil violence on
seed systems from other parts of the world. A teetastudy of the impact of the genocide
and violence in Rwanda reported litdbsoluteloss of bean, potato and sorghum genetic
diversity, although noting problems in accessingediity by particular farmers and (in
the case of potatoes) in acquiring sufficient vadsnof planting materials (Sperling
1997). The facts that no single informant knewhatorical cultivars, and that no single
community, in aggregate, provided an exhaustitegsof all historical cultivars suggests
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that a change in the relative abundance of thersi cultivars may have occurred (but
see below for the possibility of a complicatingeetf resulting from changed distribution
of knowledge.) The likelihood of such a shift idateve abundance seems strongest for
the cultivars adapted to warm environments. Thanismportant finding, which may be
related to another aspect of cultivar change -intreduction of seeds from other areas
into Jacaltenango.

Cultivar gain The many new cultivars mentioned by informants kngely
confined to the lower areas of Jacaltenango. Skveraign cultivars have been
introduced to temperate parts of the townships,|dag than to warm environments. No
new cultivar for cold environments was reportedisTdifference in the relative openness
of low and high parts of the landscape for culsviom outside reflects a broader trend
in maize biogeography. Genetic studies based ozemnaiaterials available before the
introduction of improved varieties observed inceshgenetic isolation with increased
altitude (Hanson 1984). This suggests that ratfadrles ecological constraints to seed and
cultivar exchange underlie the differences betwegh and low areas.

Extracommunal seed sources changed over the dtlegntury. Before 1937 the
sources of cultivars outside Jacaltenango includestly the coffee farms in the southern
piedmont areas. In more recent decades the focdfiedstowards the formal seed sector
(ICTA, agricultural input shops) and the commerceraize growing areas developed on
the Pacific Coast, towards Mexico. Cross-bordettaxis increased as many people fled
to Mexico following political violence in the 1980%hus, in this way political violence
has had an influence on maize diversity in Jacatign. The new cultivars in
Jacaltenango are mostly recycled seed lots thah $tem modern varieties. Their
reported advantages (lower plant stature, shor@wvigg cycle, higher yields) indicate
that the motivations for cultivar change are craplegical. The production problems
motivating cultivar change are also present inhigher areas of Jacaltenango. But in the
cold environments no change was observed. It nbghtrue that poor access to foreign
cultivars adapted to this area constrains cultilaange in the higher parts. Further
examination of this possibility is needed.

Cultivar replacementThree findings suggest that the loss or rarenéssider
cultivars and the introduction of new cultivars Jacaltenango might be part of one
coordinated long-term trend of -cultivar replacemefirst, cultivar losses and
introductions take place in the same growing emwitent, the lower parts of
Jacaltenango. Second, for both processes, sincitdogical motivations are mentioned by
farmers in the area. Third, in the interviews, farsoften made direct comparisons
between the older cultivars on the one hand, aadhdwly introduced cultivars on the
other hand, especially in terms of yield. In thase there are strong indications that
replacement may be an important aspect of culthange in the lower areas. However,
since many of the cultivars reported in 1927/37 sti€ present, households apparently
have certain reasons to conserve them. The presaiit was not able to uncover reasons
for the endurance of older types.

Methodological comparisons with an earlier study

In 2001, geographers Michael K. Steinberg and Mattiaylor (2002) did a field study
in highland Guatemala with the hypothesis thattjali violence might have caused
major maize cultivar loss. Their study comprised tiwnships in the department of
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Huehuetenango, including Jacaltenango. The autsed Stadelman’s (1940) report as
baseline data, and interviewed ten persons frorh &agnship capital to compare their
knowledge to Stadelman’s list. Steinberg and Taglmnclude that cultivar knowledge
had diminished severely in this area since theyearéntieth century, from 30 to 13
cultivars. For Jacaltenango, Steinberg and Taylmund that cultivar knowledge
diminished from eight to three cultivars (a loss6@f5%). Steinberg and Taylor imply
that Stadelman reported only eight cultivars focall@nango, while the present study
derives 23 cultivars from Stadelman’s text (Tablé).3Steinberg and Taylor used an
incomplete table from Stadelman’s report, thatrrefiéto the ears he collected (Table VII
in Stadelman (1940), M.K. Steinberg, pers. comm:0@-2005). Steinberg and Taylor
emphasise the preliminary character of their stiiy. since the present study estimates
cultivar loss in Jacaltenango to be considerablyelo (around 13%), a detailed
comparison between the methodologies of the twadiestltseems warranted.

Steinberg and Taylor modelled their sampling métlbo the one used by the
ethnographers in the first half of the twentiethtoey. So given equal methods, if farmers
reported fewer cultivars to Steinberg and Tayl@ntho Stadelman in several townships
this would suggest real reduction had occurred. él@r, the method employed by
Steinberg and Taylor does not provide informatibawd the certainty of this outcome.

The method of Steinberg and Taylor estimatesvaultioss directly from the total
number of cultivars known by a small number of farsnin each township. The present
study shows the least known cultivars include thjadged to be no longer present. This
would support Steinberg and Taylor's method in galhdut misleads in the case of the
lesser known cultivars that continue to exist. doaltenango, at least one cultivar was as
little known as the cultivars deemed to have disappd but was thought to be still
present.

A more important issue, however, is that in Stengband Taylor's methodology
no judgment can be made about whether the numbietesf/iews is sufficient to have a
certain degree of certainty about the outcomes.eMotensive sampling will tend to
increase the number of cultivars known by inforrsarhus changing the outcome. A
related problem is where to draw the boundary betweresent and absent cultivars,
when in fact all cultivars are still remembered (ssthe case of the present study).
Steinberg and Taylor's overestimation of cultivarsd (or their suggestion in this
direction) is a direct consequence of lack of ckankheir method.

One possible interpretation of the study of Stergband Taylor is that it provides
information on theelative abundance of historical cultivars in comparisothvihe past.
However, it should be indicated that this woulduass that the township capital in 1937
and 2004 are equivalent units of analysis. Thisrapsion can be discussed in the light of
the findings obtained from the methodology appirethe present study, which give some
clues about the current spatial distribution otigal knowledge (next section).

Social and spatial distribution of cultivar knowbgsl

Several findings from the present study point touaequal social distribution of maize
cultivar knowledge in 2004. First, informants frosome communities knew fewer
historical cultivars than informants from other commities. Informants in Jacaltenango
in this study proved to be among the least knowdatite on maize cultivars. The poorer
knowledge of farmers in the capital town might h#eakto the underestimation of farmer
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knowledge in Steinberg and Taylor’'s (2002) studigpge informants were encountered in
capital towns only. Second, the incoming cultiviaase applied to them an extraordinary
number of names, many being mentioned by one irdatranly. It seems as if numerous
cultivar introductions overwhelm the local capaditykeep track of seed and knowledge
exchange in Jacaltenango.

Stadelman’s (1940) data indicate that a knowlebligeeale adult living in the
township capital of Jacaltenango might know manyhef less abundant cultivars of the
area. The present study suggests that in 2004the was true for many informants from
communities in Jacaltenango, but not for all infams, including those from the
township capital. This finding might reflect a clganin the distribution of maize (and
maize knowledge) between the head town and the etiramunities with a more rural
character, and perhaps between rural communitieekhs

What factors might explain such a shift in theatigke social distribution of maize
knowledge? Explanations might be sought in broadero-economic trends. In the first
half of the twentieth century, maize was more intgiatr for the monetary economy than
in 2004, and a main node in this monetary econorag the head town. Today, maize
plays a more minor role in regional trade, whileestcrops (especially coffee) and other
occupations have become more prominent economidatgnomic change might have
diverted interest away from maize diversity, espigcin trading nodes. Another possible
explanation is reduction in knowledge transmissidntergenerational knowledge
transmission might still underpin the social memalbput disappeared cultivars observed
in this study. However the growing population ofaléeenango, increasing social isolation
and independence between communities, and theredasmg regional and national
orientations (Casaverde 1976, Falla 1978) might hBve added to a fragmentation of
traditional agricultural knowledge systems in rufaliatemala. Additionally, political
violence might have reduced the trust and soligaotmerly underpinning seed and
knowledge exchange (Richards and Ruivenkamp 1984t)i8g 2001).

It seems clear, then, that although there are soossibilities to make use of
categorisation data to point to real change irribigion and availability of maize genetic
resources in highland Guatemala, we probably asalno develop much greater insights
into the ways in which categories of social knowledre bonded to and uncoupled from
genetic information in the course of specific tcageies of crop evolution and specific
histories of social change.

Conclusions

This study has described the application of a nddlogy to examine change in farmer
knowledge of cultivars. It has been demonstrated $ensible indicative results can be
derived from the intensive case-study methodologglayed, and that these results have
interesting implications for biological change. Bking a spatially stratified sample in an
area of exceptional cultivar knowledge, rich ecatab diversity and presumed maize
biodiversity, information has been obtained thagimhave been impossible to obtain in a
regional investigation, gaining insights potentiapplicable over a much larger area.

The chapter has shown that maize cultivars nambestified three generations
earlier in a Guatemalan highland township are gtélsent in the social memory. Relative
certainty existed about some trends of cultivarngeain the township, and that these
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trends could, in broad terms, be linked to percsgstiof biological diversity, where it
proved possible to test for consistency. Consersisted about the disappearance of a
small number of cultivars adapted to warm growingimnments (below 1,500 masl) due
to problems related to crop production. In the wamntower parts of the study area also
most cultivar introductions from other areas ocedrrover the period studied. The
analysis confirms that ecological factors are ingoatrin cultivar change, contributing to
a process in which there is slow replacement oérotdiltivars with new ones. Given the
importance of ecological factors, it may be reabm#o extend the specific conclusions
to broader areas with similar ecologies. One qaedtiat merits special attention is the
production problems associated with high envirorisign the study area. These are
perhaps as serious as the problems in the low@ments, but seemingly lack obvious
(seed-based) solutions.

The research here reported generates variouhtasigo the role of social factors
in cultivar change. Political violence did not obwsly cause observable absolute loss of
cultivars in the study area, contrary to the exg@mbs raised by earlier research. On the
other hand, it was observed that the regional sa@tanections underpinning cultivar
introductions changed in geographical focus overtitentieth century. As these changes
are an aspect of broad socio-economic trends thglytraffect other parts of the region as
well. Also, several findings suggest a change i s$bcial and spatial distribution of
cultivar knowledge within the township during tiveentieth century. This chapter argues
that we need to know more about how (changing) kedge distributions might affect
methodology and interpretation of data sets cornegrchange in cultivar knowledge.

Appendix: Consensus analysis

For the consensus analysis, the proportion of poegabsence agreement was calculated
for each pair of informants for the cultivars knomncommon only. This was corrected
for possible agreement due to guessing, followirmgnRey et al. (1986). The resulting
matrix was loaded as a correlation matrix into SAS for Windows (SAS Institute Inc.
2003), and analysed using the principal componaetod of the Factor procedure and a
Varimax rotation. The first factor solution corresgled to 79.8 % of the variance, and the
second and third corresponded to 10.8 % and 7.8sfectively. The high value for the
first factor compared to the next ones partiallyhfoons the suitability of consensus
theory for these data (Romney et al. 1986). Facadings for the first factor solution
included one negative value (-0.07). Since negakwmewledge or sabotage seems
unlikely this indicates that the correction for gsieg may lead to conservative
(underestimated) informant competence values. @ansig presence judgements to
known cultivars perhaps filters out much guessilmgaaly. The first-factor loadings for
each informant were used as competence values. fhresr, the probability of presence
for each cultivar was calculated, following Romredyal. (1986).
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Introduction

Crop genetic resources managed by farmers (lamg)rgad@y an important role in crop
production and improvement. In present traditioagticultural systems many cultivars
are maintained and are still evolving. In modermpbreeding, genebanks often form the
context in which genetic diversity is managed. Hosve the advocates of recently
developedn situ, farmer-participatory approaches to crop genetmagement suggest
that many activities can or should take place omfgvariety selection, breeding,
conservation). However, with regardsitositu crop genetic management not only the
farm, but also the regional landscape should besidered as part of th&tu. In more
general terms, insight into processes at diffelerels of geographical scale is needed to
support the design of crop improvement and conserveefforts (Zimmerer 2003).
Understanding regional crop diversity distributiasscrucial for the design of genetic
resource management efforts, and it is especiaijyortant to consider the extent and
location of such interventions. Should plant bragdand cultivar maintenance focus on
small areas or have a more regional orientation? Will depend on previous
distributions of biodiversity and the processest thaderlie them. Community-based
efforts may be inefficient if diversity distributis are regional. At the same time,
focusing on existing exchange patterns may givéulstues about how to improve the
efficiency of seed exchange and innovation.

The processes that play a role in forming regiahsiributions of crop genetic
diversity are insufficiently studied. Over longeastdnces, seed exchange will tend to be
the dominant form of gene flow. However, few stgdairectly examine the issue of
regional seed exchange of food crops (notable ¢xcepare Dennis 1987, Zimmerer
2003). Zeven (1999) observes that seed replacemeémttditional’ agriculture is very
commonly reported in the literature, but that fexplanations are offered. Since it is an
important factor in crop biogeography and an imgatrtsource of local innovation,
regional seed exchange is an important issue $aareh.

Zeven (1999) presents various cases in which saedsbtained from a different
growing environment than the one where it will b@wgn. In some cases, the seed
‘degenerates’ in the new environment, and regwfreshment from the original area is
needed. Thus, it seems that physiological and gaab factors play a role in long-
distance seed acquisition. Biological explanatio@sd to be evaluated against other types
of hypotheses. Also, if crop biology is an impottariluence, the precise factors involved
need to be identified.

This study focuses on maiz€e@ mays mays.) in an area in the western
highlands of Guatemala, and aims to explore pattamd processes of seed exchange.
Several previous studies of highland Guatemala rdemonstrated that maize seed
exchange is mainly local in scope (Stadelman 19dBannessen et al. 1970, Johannessen
1982). However, the newer literature on seed exgphaand innovation, which mainly
focuses on Mexico, consistently shows that a spraportion of total seed planted is
reported to be imported from outside the commurityis is usually between five and ten
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percent (Louette et al. 1997, Louette 1999, Pertled. 2003b, Perales et al. 2005). The
necessity of obtaining ‘fresh’ maize seeds was dwmnied by Wierema et al. (1993) in

several parts of Central America, but without sfy@ng how farmers perceive seed

degeneration. The literature suggests that thesd pnoportions of seeds imported from

outside local communities can have a significargral impact. Genetic studies show

little genetic differentiation between different nomunities and ethnolinguistic areas

(Pressoir and Berthaud 2004b, Pressoir and Bertb@ddia, Perales et al. 2005).

This chapter examines regional and local maizel saehange from different,
complementary angles, based on an analysis of|saeey and geographical data. It
documents the geography of seed movements ac@s$antiscape and examines possible
explanations of patterns of seed exchange andoeplent.

Methodology

Research area

Research was conducted in fourteen townshipsin{cipiod of the department of

Chimaltenango (Figure 1). Altitude in the studyaararies between roughly 1500 and
2500 masl. The central part of the research areal&ge highland basin, covered by
volcanic deposits. The northern part of the arepaid of the Motagua watershed and
covered with alluvial soils. Chimaltenango is atgecof a wider segment of the western
highlands known for its long tradition in food pradion for urban consumption (Smith
1979). The ethnicity of its inhabitants is mainhadchikel (native Maya group) and
Ladino (Spanish speaking persons of European, Maygixed descent).

In the 1940s and 1950s, thirteen maize races deemented for Guatemala, and
six of these were found in Chimaltenango. These(iar@rder of importance): Oloton,
Negro de Chimaltenango, Comiteco, Imbricado, Ndl-Ozho, and San Marcefo
(Wellhausen et al. 1957). This gives an indicabbthe broad morphological diversity of
maize in the area. Also improved varieties wereettigyed for the highland region, mainly
based on native materials (Fuentes 1997).

Questionnaire and questions

A questionnaire was developed with general questaomd questions for each maize type
cultivated by the household, including those cali®d in the past. Preliminary interviews
in different parts of the research area and aalitee search were used to design the
guestionnaire and select potentially importantatalgs.

The questionnaire focused on four basic typesnfdrination. First, questions
about cultivar names for each cultivated seed letewasked. It was supposed that
mapping these cultivar names might convey inforamatibout patterns of seed exchange.
Even though cultivar naming applies only to a fi@ctof the seed lots and reflects a
weak, fragmentary classification system (a contraghe situation encountered in other
areas, van Etten 2001, Chapter 3), the exchangeamks arguably involves processes
similar to those involved in seed exchange. Howetle¥ conclusions from these data
should not be pushed too far.

A second type of information concerns sources framch farmers obtain seeds.
The frequency of different seed sources and theagraphical pattern is an important
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means to assess the impact of seed movementseindolke in the formation of regional
patterns of maize seed diversity.

A third type of information concerned maize cutied in the past. The reasons for
discontinuation of maize seed lots households hagliqusly utilised were considered
important information. Discarding a maize seed ibtdone on purpose, involves a
conscious decision about seed with well-known priigge Thus, the motives for this
decision have a special weight, and provide an mapoindication of which are the most
relevant dimensions of farmer decision making ifatren to maize cultivars. Other
moments of choice and outcomes of such choice@umaintenance, looking for new
cultivars, experimentation) seem to involve lesscd motives (tradition, opportunity,
curiosity, etc.). These seem less predictable,ngplved factors and rationalisations
beyond the scope of a survey.

A fourth type of questions tried to retrieve vates relevant to explaining choices
between seed sources. As argued above, it waspatéid that many factors influencing
decision making about seed sources may be unpabtBcdr circumstantial. However, by
screening a broad range of variables related td skaracteristics, environment, socio-
economic conditions, and geography, some of thet nmoportant variables were
identified. By comparing these outcomes with thevaers to the question why seed lots
were discarded, more certain conclusions were oddgai

Data collection

Three bilingual Kaqchikel-Spanish research asdistand the principal researcher carried
out 257 interviews across the research area in Junike July, 2003. All townships
(municipios)of the highland part of theéepartamentavere visited. For each township the
main town ¢abecerd and several rural communitiesaldeag were included.
Communities were selected non-randomly from a mapeaxh townshipto ensure
diversity in distance from the main town and ecalabconditions (altitude). Households
were chosen at random, while within the towns oftee or more transects were chosen
to avoid bias (for a map of the survey points, Biggire 1). When available, the head of
household was interviewed. If no-one answered thw dr the household did not grow
maize, the closest neighbour was visited. For aluskeholds, a GPS provided
geographical coordinates and altitude. The intargrs also scored their impression of
informant reliability on a three-step scale.

These data were supplemented with geographicalptatsided by the Ministry of
Agriculture’s GIS laboratory (MAGA 2005). From thiatter source, four environmental
variables and three community variables were irexdic the analysis (Table 4.2).
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Analysis of explanatory variables for seed sources

The analysis of the fourth type of information menéd above required a specific kind of
numeric analysis. Nine types of seed sources wstsguished based on questionnaire
results. For the quantitative analysis, these girmips were assigned to four broader
groups (Table 4.1). This aggregation was done taiolgroups with sufficient cases and
to have more interpretable contrasts between seedes.

The variables that predict or are associated wdtiain sources of seeds were
identified using classification trees (Breiman etl®84, De’ath and Fabricius 2000). The
classification tree method makes consecutive, pigplits in the data in order to achieve
greater homogeneity in the resulting two groupse iethod seeks the best variable, and
the best value for that variable to make each.splito important advantages of the
method make it especially suited for the preseatyais: it does not assume a statistical
distribution for the variables and it readily actsepategorical explanatory variables.

However, the method does not inherently accounspatial relationships. To be
able to detect spatial structure in the analysRS@oordinates (Northing, Easting) were
included. Political boundaries were also used fpatial grouping (community and
township). To account for mutual proximity as atfecin the analysis (to detect for
spatially correlated variables not included in émalysis) locations were grouped using a
grid of hexagons bins at different extents (2, d &km high) with an arbitrary origin.

Different comparisons between groups of seed ssunere analysed, identifying
the most important variables for each comparisdre Variable importance’ reporting
modality in the software package CART was usechi® énd (Salford Systems 2003).
The analysis was undertaken for all variables affdrdnt subsets of variables separately
(for subsets see Table 4.2).

Table 4.1.Seed sources

Seed source in questionnaire Seed source grougsruanalysis
Father of head of household
Deceased husband

Other family (this includes in-laws)

Own household

Godfather Family

Neighbour Neighbour

Market

Agricultural input shop

Government institution Outside community

NGO / co-operative (organisation)
Acquaintance in another community

'3 Due to the high number of splits possible for tagegorical variables, and especially the hexagonal
binning variables, ‘high-level categorical penaliyas set to 1 to balance this with the numerica@es.
‘Missing penalty’ and ‘favouring equal splits’ weadso set to 1. Informant reliability as perceimdthe
interviewer (1-3 scale), was used as a weightingalbe, and gave marginally better predictions.
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Table 4.2.Variables included in the analysis

Unit of analysis Variable Variable type
Seed lot Source (response variable) Categorical

Colour Categorical

Planting date Numeric

Growing cycle* Numeric

Difference from mean growing Numeric

cycle**

Yield Numeric

Sown in home community Binary (yes/no)

Area sown with seed lot Numeric
Household Age of head of household Numeric

Profession of head of household

Maize surplus / self sufficiency /Numeric (ordinal)

shortage

Horticultural crops Binary (present/absent)

Household members Numeric

Land under maize Numeric

Spanish proficiency Numeric

Number of types of maize Numeric

Bean intercropping Binary

Distance to provincial capital Numeric
Informant Head of household Binary (yes/no)

Gender Binary (female/male)
Community Percentage Indian Numeric

Analphabetism Numeric

Urban €abecera/ rural @ldeg Binary
Environment Evapotranspiration Numeric

Rainfall Numeric

Soil series*** Categorical

Physiographic area Categorical

Altitude Numeric
Location 2 km hexagonal bins Categorical

4 km hexagonal bins Categorical

8 km hexagonal bins Categorical

Northing Numeric

Easting Numeric

*Interval between planting and green harvest. T¥as chosen, instead of the harvest for
dry grain, because the latter depends on the pealioded for drying, while green harvest
is more closely determined by phenology.
**This was calculated as the interval between planaind green harvest of the seed lot
minus the average for all seed lots in a 2 km maditound the seed lot, to account for
growing season differences between locations.
***Based on Simmons et al. (1959).
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Results

Cultivar names and their geographical distribution

In the research area most farmer cultivar names tefgrain colour (for instance, ‘yellow
maize’) only. Farmers also mentioned ‘criollo’; whapplied to maize types, this is a
generic marker for traditional varieties. For aatatf 94 seed lots (21%) more specific
cultivar names were mentioned. This included imptbvarieties and traditional varieties
(Table 4.3). In twelve cases, unambiguous refeetw@fficially released varieties were
made (3% of all seed lots). If also more ambiguedisrences are included in the category
of modern varieties (such as references to the saheld varieties H3 and H5, see
below), thirty-three cases (7% of all seed lot#)ifethis category.

Traditional varieties show geographic patterng\ifeé 4.2a)Cuarenteficccurs in
the northern part of the area, and below 1900 n@dskpois found in the western central
part (Tecpan, Santa Apolonia), in an area abové® 228sl.Siete pellejoss found across
a broad area between 2000 and 2300 masl. Thesesn@mear in various townships
(municipios)

Modern varieties show three clusters: an easteonthern, and western one
(Figure 4.2b). The eastern and the northern clastetocated below 2000 masl, while the
western cluster is located above 2000 masl. Evengtindifferent modern varieties are
present in low and high areas, modern varietiepaagent across the altitudinal gradient.

In the east, around Chimaltenango, the provincagital, and in the Motagua
watershed in the northern part of the study aremyniarmers grow improved varieties
designated by the names H3 and H5. These namedad¥eo varieties that were released
by the national agricultural research institutidrEbSalvador, CENTA, in the 1960s, and
successfully introduced into many parts of Centaherica, including Guatemala.
However, it seems that both names are now usedgenaric sense for early-maturing
varieties, also by seed sellers. While the origweieties were white grained, in the
research area it is common to find yellow seeddo¢gsnamed “H3” or “H5”. The original
varieties have a lowland adaptation. In the stuea @hey are mainly found below 2000
masl.

The western cluster comprises the communitiesafCahid Caquixajay (Tecpan).
Many farmers grow a cultivar introduced by DIGESAg( national agricultural extension
agency, now dissolved). This cluster seems to bexaeption in the area. Adoption of

modern varieties is concentrated very much in #mea. Such massive adoption of an
improved cultivar was not found in other commuitédbove 2000 masl.
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Figure 4.3.Sources of seed lots in Chimaltenango (2003; nx455

Seed sources

A total of 455 answers on the seed source of iddai seed lots were available for
analysis (Figure 4.3). Of all seed lots, 267 or7%8.came from within the household.
Thus, household autonomy in seed production is rtfust common form or seed
procurement. Interestingly, seed exchange with hisEigrs is more frequent than with
other (extra-household) members of the family. Tarslency in itself indicates that seed
procurement is not about replacement only (for Witlee family would presumably be
the default option), but also about change andcemént of the household portfolio of
maize diversity. Containment of transactions witt@mmunities is high: 408 or 89.7% of
the seed lots came from within the community. $&dslots (1%) came from outside the
research area. Two of these seed lots came froatettj communities, just outside the
departamentpand four came from major cities: Guatemala C@uetzaltenango, and
San Marcos (two times).

The cultivar or variety names farmers mentionadilieir seed lots served as the
basis for a classification in four broad groupski€a4.3). In Table 4.4 the sources of
seeds for different types of seed is given. Itle&acthat for improved varieties the main
sources are outside the community. However, sutistaaxchange of improved varieties
does take place within communities. For traditiondtivars, the main sources are within
the community. In Table 4.5 the mean growing seasaygiven, which is an important
factor in seed introduction from outside the comityu(see below). From this table it
becomes clear that improved varieties have a shgrtaving season, followed by the
non-traditional group. Non-traditional varietiedroduced from other communities have
on average a slightly shorter growing season thmaditional ones. In Table 4.6 the
sources of seed are split by colour. A contrasitexietween yellow and white maize on
the one hand, and black and other colours on therdiand: the latter mostly remain
within the community. Interestingly, for black anther colours, neighbours are a more
important source than the family.



Chapter 4: Regional and local seed exchange anthcement 75

Table 4.3.Categories of cultivars according to names meetidoy informants

Category and examples Description
Modern: V301, H3, H5, Compuesto  Modern variety names or names referring to
Amarillo, San Marcefio, Don Marshall, the institutions that distributed modern

DIGESA, ICTA varieties

Non-traditional: Cuarentefio, Violento, Names that refer to varieties introduced

Arroz, Five/Six months’ maize from outside the village or region in the
past, but don’t correspond to a modern
variety

Traditional — generic name: ‘criollo’,  Traditional cultivars with no distinctive

‘yellow maize’, etc. characteristics other than the kernel colour

Traditional — specific name: Siete Traditional cultivars with a name that refers

pellejos, Obispo, Granudo, Grande, to some special characteristic
Oaxaquefio, Quine Grande,
Pancho/Panchito, Canajal

Table 4.4.Sources of seed lots per category

Modern (%) Non- Traditional Traditional
traditional  generic name specific name
(%) (%) (%)
Household 3(9) 14 (42) 238 (66) 12 (44)
Family 2 (6) 5 (15) 27 (8) 4 (15)
Neighbour 7 (20) 8 (24) 77 (21) 11 (41)
Outside community 23 (66) 6 (18) 18 (5) 0 (0)
Total 35 (100) 33 (100) 360 (100) 27 (100)

Table 4.5.Average growing cycle (in days) of seed lots [@egory

Modern Non- Traditional Traditional
traditional  generic name specific name
Household 118 140 161 169
Family 120 142 166 134
Neighbour 119 131 167 173
Outside community 115 157 166 -

Overall average 116 141 163 165
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Table 4.6.Sources of seed lots per colour

Source Yellow (%) White (%) Black (%) Other colours
(%)
Household 96 (56) 125 (59) 44 (64) 2 (67)
Family 14 (8) 20 (9) 4 (6) 0 (0)
Neighbour 38 (22) 44 (21) 20 (29) 1(33)
Outside community 23 (13) 23 (11) 1(2) 0 (0)
Total 171 (100) 212 (100) 69 (100) 3 (100)

Table 4.7.Reasons for discontinuation of previously cultechteed lots

Reason Frequency
Height plant (lodging) 22
Yield 18
Land shortage 7
Length growing cycle 6
Grain quality / preference 5
Land change 3
Saleability 3
Seed loss 3
Admixture of other types
Bad corn-on-cob qualities 1
. Difficult to shell 1

. High labour requirements (weeding) 1
Higher rainfall 1
Labour shortage 1
15. Low storage quality 1
16. Migration of head of household 1
17. Replacement by ‘better’ seed 1

©oo~NoOGO~WNE
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Reasons to discard or replace seed lots

Only 78 informants reported having had other typfeseeds in the past and indicated why
these seed lots were discontinued (Table 4.7). anyntases it was motivated by the
possibility of replacing the old seed lot with aannbetter one. Interestingly, excessive
plant height (implying a higher proneness to lodyiranks as more important (no. 1) than
low yield advantages (no. 2). Land shortage ismiae the third reason to discontinue a
maize type. This is related to another reason: stin@ of kernels of a different colour in
the seed lot is another reason to discard it (hoOfien seeds of different grain colours
are planted separately to prevent colour changeigjtr crosspollination on adjacent plots.
When the land base becomes too small to continaBasseparation of seed lots, one
kernel colour is discarded. Although the growingley(no. 4) is highly correlated with
plant height, the length of the growing cycle wdtem mentioned separately. This
indicates that a short growing cycle is also seearsadvantage in itself.
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Explanatory variables for seed source decisions

Table 4.8 shows the results of the classificatigee tanalysis. For each comparison
between groups of seed sources the most relevatarnatory variables are given from
the full set and different subsets of variablessd@hon this, the contribution of these
variables can be further explored for each comparis

Comparison 1Differences between seed lots originating fromsmig the
community and those obtained inside the communithgausehold are mainly related to
length of growing cycle. On average, seeds obtaimgtdide the community have a
growing cycle of 132 days or 33 days shorter tloaall seed lots (Figure 4.4). Also seeds
from outside sources are on average 28 days famterthe local average (2 km radius).
This is mainly due to the higher proportion of tefaly fast-maturing modern varieties
and ‘non-traditional’ varieties among the seedsothiced to the community (Table 4.5).
Although household characteristics are not among thost important variables,
households with fewer types of maize and those mibine land under maize, are slightly
more likely to have maize seeds from outside s@urdeuseholds with at least one seed
lot from outside have on average 6&rdas(0.76 ha) with maize, while the others have
5.5cuerdag0.61 ha).

Comparison btaining seeds from the rest of the communitp@sosed to the
own household is more prevalent at lower altitudgsund 2000 masl an important break
seems to take place (Figure 4.5). Variables framerosubsets are associated with altitude
(yield, growing cycle, horticulture), so this assbion with altitude should be interpreted
with caution. That yield is more important than wgiag cycle in the seed lot variables
subset indicates that growing cycle is of secondapportance for this comparison.

Comparison 3The first identified variable for the contrast beem family and
neighbours is the percentage of Indian populatemgommunity. In communities with a
higher percentage of Kaqchikel inhabitants, seash@axge between neighbours tends to
be more common in the sample. Also older headsoaééhold tend to grow more seed
lots obtained from neighbours. Those heads of Hmide growing at least one seed lot
obtained from neighbours are on average 4.7 yédes than others.

Comparison 4The identification of a spatial variable for thengparison between
owns household versus family indicates that a spaattern not accounted for by the
remaining variables underlies part of the variation

Comparison 82ompared with seeds obtained from neighbours, desaisoutside
have a shorter growing cycle. This result is sintitethat obtained in Comparison 1.
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Table 4.8.The most important factors influencing seed prement choices, as given by
classification tree analysis (‘variable importanoe’CART software). Between brackets
class pertinence for tHaghestvalues of the variable under consideration is miv@nly
one variable is reported in where the second vigriladd less than 20% the importance of
the first variable. For variable subsets, see Tdl#eFor seed source groupings see Table
4.1 (Community variables were not analysed sepsrate

Comparison All variables Seed lot  Household Location and
variables variables environment
variables

1. Difference Difference  Number of Soil series
i=own household + frommean from mean types of maize
family + neighbours  growing growing (1)
o=outside community cycle (i) cycle (i) Land under

Growing Growing maize (0)

cycle (i) cycle (i)
2. Altitude (h)  Yield (h) Horticulture Altitude (h)
h=own household Growing (h)
fn=family+neighbours cycle (h)
3. Percentage Sowing date Bean Municipio
f=family Indian (n) ) intercropping
n=neighbours Age head of Growing )

household  cycle (f) Household size

(n) (f)
4. Easting (f) Growing Horticulture Easting (f)
h=own household cycle (h) (h)
f=family
5. Difference Difference  Surplus (0) Soil series
n=neighbours from mean frommean Household size

o=outside community growing growing (n)

cycle (n) cycle (n)

Discussion

Cultivar names

The absence of traditional farmer cultivar namasniany seed lots in Chimaltenango
contrasts with other areas in the Guatemalan higlsla including parts of

Huehuetenango, and San Pedro La Laguna in Soldiérewcultivar names apply to
virtually every seed lot (Stadelman 1940, Butled ahrnold 1977, van Etten 2001,

Chapter 3). Farmer cultivar names have a more patospatial distribution in these

other areas (mostly unique cultivar names in déffiétownships) (Stadelman 1940) than
in our study area.
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One possible explanation for these differencethésdegree of local ecological
diversity in these areas, which is high due to pumted altitudinal differences. In
Chimaltenango, altitudinal differences are oftehvery dramatic. One settlement usually
has access to only one type of environment. Diffees in seed type do not come from
local variation in adaptation, but refer mostly thfferences in ear and kernel
characteristics, and the length of the growing @eas

The cultivar names indicate that some portiorhefdollection of seed lots present
in the study area derive from improved varietiesle&ion for shorter varieties with a
short growing cycle has been an explicit goal ef mlational maize breeding programme,
especially since 1973 (Fuentes 1997). At least spamgon of the varieties introduced
into communities in the study area originated frms plant breeding programme, and
sale of these varieties is concentrated in theipewl capital.

It is remarkable that modern varieties and thematives are present with almost
equal frequency in the higher and lower parts & #tudy area. In other parts of
Guatemala and Mexico, modern varieties are moguést in lower areas than in higher
areas (Chapter 3, Perales et al. 2003a). Thisisraa exception to this trend. This is at
least partly due to the exceptional status of thraraunities in the west of the study area,
which form a commercial maize farming area focusargthe market of Panajachel,
where maize is reportedly scarce. These farmereager to use and experiment with
maize varieties coming from government institutions

The broad presence of seed lots designated aiiledo is interesting, because
the name refers to the important characteristib®fgrowing cycle (see next section), and
it is a cultivar name reported across the coumspecially in lower areas (M.R. Fuentes,
pers. comm.). This cultivar was already reported %76 in the area (Duarte M. et al.
1977). As one informant claimed, this cultivar cenfiem the coffee farms of the Pacific
Coast, to the south of the research area. Especisdim the northern part of
Chimaltenango, labourers migrated every year flswamonths to harvest coffee (Smith
1990). This substantiates that varieties with atswmwing cycle were being introduced
before the introduction of improved varieties witihs characteristic.

The occurrence of traditional highland varieti€bicpo, Siete pellejpprovides
evidence for broader exchange of seed lots witienstudy area. Also these names refer
to specific characteristics (in this case grairatedd) which contrast with the common
‘nameless’ traditional farmer varieties, which amgrdly do not have these characteristics.

It was observed that cultivar naming in Chimalteg@ did not apply to all seed
lots. This lack of names influences seed exchaageijt makes it more difficult to
communicate about seed lots and make comparisawsédre seed lots of different origins
or adaptations. The informational aspect of seechaxge was also highlighted by
Badstue et al. (2002) for Oaxaca. Modern varies@d under a certain name tend to have
stable characteristics attached to a single nameé, this gives them an information
advantage over seeds without a name.

Geography of seed exchange

High containment of seed lots is found in the aedifferent levels. Obtaining seed in a
particular year is mostly done from the househalg alefault option. Seed from outside
the household is obtained mostly within the comnyurgeed that is obtained outside the
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community is mostly from within the same departm@himaltenango). No seed was
recorded as coming from outside Guatemala.

Farmers indicated that in the past coffee farnthénsouthern piedmont area were
important source of new diversity in parts of teegarch area. This was also recorded for
another area in the western highlands of Guater(@apter 3). This confirms the
possibility that this is a wider trend, with a patially important impact on current maize
diversity distributions.

Currently, seed exchange outside the communitynastly focused on cities,
including the departmental capital. This means tiheteconomic geography of seed sales
plays an important role. Apparently, seed sellesdnregional markets to have sufficient
demand. This may be due to the infrequency of peechases by households. It will be
important to take this factor into account whenigleisg new modalities for distributing
seeds and varieties.

Past and present directionality in seed flow ipantant in geographical studies of
maize diversity. Genetic similarity of maize fronfferent communities may not signify
seed exchange among those communities; these cdtieaumay have obtained seeds
from common sources. Recent genetic investigatiomeaize taking a regional outlook
failed to point out this possibility (Pressoir aBdrthaud 2004b, Pressoir and Berthaud
2004a, Perales al. 2005).

Local and regional seed flows are different fdifedent types of seed. Modern
varieties were mainly obtained outside the comnyuraithough much exchange of
modern varieties was also found within communitiEgchange of modern varieties
among farmers was also reported elsewhere in Ga#éeand in Chiapas (Sain and
Martinez 1999, Bellon and Risopoulos 2001). Redizead exchange involves mostly
improved varieties. Black maize mostly remains witlhe communities. It was observed
in Oaxaca that black maize from different commusitivas highly differentiated, more so
than white maize (G. Pressoir, pers. comm., 2541620

Influence of plant characteristics

The results show in various ways that specific pptduaracteristics are an important aspect
of seed replacement and the movement of seedssabmtandscape. As was discussed in
the previous section, cultivar naming practicesemfthe importance of growing cycle
difference in the cognitive domain (previous setfiolhis is confirmed by two other
findings. First, growing cycle and lodging risksrifo the most frequently mentioned
reason for seed replacement. Second, growing dgcldle most important variable
associated with the difference between seeds framnathe community and those from
outside (plant height was not included as a vagiah$ it was very difficult to document
well in a survey, but it is largely correlated witte growing cycle).

Two other field studies confirm the importance lofiging risks in maize
cultivation in the Guatemalan highlands. A study fofk soil (land) taxonomy in
Chimaltenango by Rainey (2005) shows that the itapbrcold-hot dimension of farmer
classification is associated with lodging risks agpother factors. Windy plots are being
considered ‘cold’ and sheltered plots ‘hot’. Jolessen (1982) reports that winds have
been increasingly devastating for maize cultivatiduring the 1970s due to forest
clearings in the highlands of Guatemala.
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Thus seed exchange, and more specifically thedanttion of seeds from outside
the community, is used to achieve change in plaatacteristics that are of importance to
crop production. The finding that no important gnogvcycle differences exist between
seeds from within the household on the one handrand the rest of the community on
the other hand means that the prime sources of lseeaith a short growing cycle are
regional. The use of names that refer to differennegrowing cycle indicates that these
differences are nevertheless important in seedsacions within communities. As
mentioned, these names also provide evidence &oit pharacteristics being a motive for
regional seed exchange and replacerbefdrethe introduction of modern varieties. This
has been reported also for other places in theewesighlands of Guatemala (van Etten
2001).

A possible explanation of a preference for redioseed sources is the local
‘degeneration’ of maize seed mentioned above (Z&899). In the study area, farmers
fail to exercise direct selection pressure for gngacycle and plant height within the
local plant populations, as selection takes plaostiy in the house, where only kernel
and ear characteristics can be observed. Durifd fi@rk farmers claimed that after
introducing a variety with a short growing cycleestmaize stock in question becomes
longer in duration and taller as the year go bykinganew introductions necessary.

In other parts of Mesoamerica, change in moderrietids has also been
recognised by farmers (Almekinders et al. 1994, doet al. 1999, Bellon and
Risopoulos 2001, Badstue et al. 2005). ‘Creolisediieties in these contexts had
advantageous characteristics, uniting the progedfemodern and local materials. Most
authors attribute change of modern varieties uf@ener management to hybridisation
between modern and local materials. Segregation gaage change in hybrid varieties,
but in the study area mainly open-pollinated vagebr old, recycled hybrid varieties are
used for which segregation is probably not relevére will here underscore the possible
contribution of selection.

Experimental results point to selection as an g candidate mechanism to
explain change in modern varieties upon introducti;m a well-known experiment,
Gardner (1961) and his co-workers selected indalidmwaize plants for yield while
controlling for environmental variation using stfigation in Lincoln, Nebraska. As yield
increased, days to flowering and ear height in@@ancurrently (4 days and 25 cm
longer over ten generations) (Gardner 1961, Gard@é®). However, yield reached a
plateau after a number of generations. Interestirtge variety Gardner and co-workers
worked with was a variety introduced to the setattenvironment from elsewhere.
Donald and Hamblin (1983), commenting on this patér experiment, interpret this as a
process of reaching an equilibrium between incréasenpetitive advantage on the one
hand, and increased lodging and reduced harvesk iod the other. While local varieties
have reached such equilibrium already, an introdwegiety is still subject to adaptation.
Donald and Hamblin indicate that parallel processmsirred in experiments with other
cereal crops, substantiating the existence of argémechanism.

The same mechanism seems to hold in the study Beemers generally select
large, well-filled ears from the harvest for seddhannessen 1982). In field study of
maize in Oaxaca, Mexico, long and thick ears wesmoeiated with larger plants (Soleri
and Smith 2002). Following Donald and Hamblin (1988e may expect that such ear
based selection will result for introduced shortadion varieties in increased plant height
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and duration until some equilibrium is reached.tother hand, local cultivars may be
expected to have already achieved equilibrium igir environment.

This scenario seems consistent with other finding@axaca. Farmers in this area
did not see artificial selection as a major meanshiange the characteristics of the crop
which are under genetic control (Soleri and Clewel2001). Farmer selection of local
maize seed (based on ear and kernel characteristicplant characteristics) did not have
a measurable genetic effect over several yeaggiia of significant broad heritability for
some characters, including the growing cycle ($@eal. 2000, Soleri and Smith 2002).
This could be interpreted as local cultivars bemgquilibrium with their environment. If
such a tendency towards equilibrium of locally gmowultivars exists, constant
introductions from elsewhere would be needed tontaai varieties with short growing
seasons in the area.

Environmental influences

The influence of altitude is clear in the spati@tgbution of cultivar names. The data

also showed that in higher areas, households tendetmore self-sufficient in seed

procurement. Altitude is a major axis of environtardiversity in the study area, and

many other variables are associated with it (clepdand use). Thus, a clear-cut
explanation of the impact of this variable is nalsy to formulate. However, storage

problems are generally more prominent in lower syr@dhere the seed storage period is
longer (shorter growing season) and insect infestas more serious (Stadelman 1940).
Drought is also more prominent at lower attitutedhe Motagua valley in the north of

the study area. The literature suggests that fiffierehce altitudinal gradients in seed

exchange frequency is general. More self-suffigreimcseed at higher altitudes is also
evident in a transect study in central Mexico (Rsr&ivera 1998).

Ethnic influences

There is an interesting difference between comneswith Indian inhabitants and those
with a higher percentage of Ladino members (Comspari3 in Table 6). In the first

instance neighbours seem to be more frequent souf@e intracommunity seed

procurement than in the latter communities. Atraale(1999) show that with regards to
ecological knowledge exchange, in Petén, Guatenihta,Ladino community is less

integrated than the Q’eqchi’ community (an ethmioup originally from the highlands).

While the Ladino knowledge exchange network is d@t@d by a few leaders and
contains various cliques, the Q’eqchi’ one is megalitarian and is less factionalised.
Thus this difference between (highland) Maya andih@ communities are likely to be
part of a regional trend.

Conclusions

In the research area, small proportions of seeglintnoduced from regional sources into
local communities, consistent with findings for Niman rural communities (see
Introduction). It was observed, however, that se&dhange was largely confined to
sources from within the department and from ara#smthe same altitudinal zone. Thus,
since this will generally lead to interregional gea differences between populations,
spatial differences need to be taken into accouanplanningin situ crop genetic
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management. At lower altitudes households exchaagd more frequently. Local genetic
differences between household seed stocks will e mronounced at higher altitudes.

The focus of regional seed exchange on the depatahcapital and other major
cities indicates that regional seed flows are notuaing in all directions and thus
suggests that also within the region spatial gertbtierences are likely. This urban focus
of seed flows also indicates that seed sellers remtiderable marketing areas to
generate sufficient demand. This is another importaonsideration for future
interventions; local seed sales in rural commusiiéiee not likely to be sustainable.

The main goal of regional seed exchange is toimiplant characteristics that are
not easily controlled by farmer seed selectionlugiog growing cycle and plant height.
Local sources of diversity for these traits areitiah and also difficult to access due to
problems in information transmission (cultivar naneAlso, in the study area
degenerative processes take place. This chapteseniesl unconscious selection
(unintentional human selection) as a possible nmsha of degeneration, which is
probably at work in the study area. This possipiibhould also be given attention in the
many other cases of regional cereal seed procutetinento degeneration of seed (Zeven
1999). Thus, regional seed exchange should be denesi as an important source of
innovation in maize farming systems in the studaar

The chapter presented evidence for regional exghaneceding the introduction
of varieties (cultivar names, and additional evikerfrom historical sources). This
indicates that the availability of modern varietéid not set in motion a new process of
introduction of foreign cultivars. The occurrenceregional seed exchange in the past
indicates that spatial genetic differences betweealities within the study area will not
be based on long-term isolation-by-distance prodyutdeep’ local gene pools. It is more
reasonable to expect that within altitudinal zondi$ferent degrees of receptivity to
different regional sources of seed combined witatresly frequent local seed exchange,
will produce a ‘chequered’ pattern of spatial diffiece of locally differentiated patches
(communities, valleys), which may be rather redumdahen broader, regional scales
(severaldepartamentosr the entire highlands) are considered.

Thus in this study area, variation of maize acewydio space and scale is
important to consider in the design of intervergiowhich should be conceived from a
combined local and regional perspective (cf. Zimene2003). Given the many spatial
constraints to regional seed exchange, to suppmtintied innovation in the area, seed
collection will need to incorporate diversity in eeding programmes by spatial
stratification, taking into account altitude andbgeaphical distance. On the other hand,
interventions should foster further regional instgm and economies of scale in seed
production and crop improvement. In the past, sorterventions have tried to improve
farmer mass selection skills to enhance innovat@napter 2). However, few farmers
adopted the promoted techniques systematically. bung such training with
opportunities to establish a broader commerciaboigation for seed marketing could
provide the economic incentives to make crop imprnognt activities sustainable. Such
experiences with seed production already exisefmtern Guatemala (Warren 2005). A
regional approach should also take advantage ofira@maental similarities and
complementarities between places for crop improvenygerhaps through a network of
farmer-breeders. Seed sales, even when organisedgth regional outlets in major
towns, should be tailored to the environmental @wms and other requirements of
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farmers by providing specific information about @&eeharacteristics in an easily
understandable format. Information derived fromtradised seed sales (especially the
demand per variety and geographical provenanceerits) could also be used to monitor

diversity dynamically and to adjust breeding anchsssvation goals and methods
accordingly.
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Introduction

Spatial analysis of the genetic structure of crapytations in traditional agricultural
systems may yield important insights for their genmanagement. (Greene et al. 2002,
Guarino et al. 2002). In conservation ecology, dscape genetics’ is the study of fine-
scale genetic distributions and their associatiath venvironmental features in the
landscape (Manel et al. 2003). Such studies ca#iltio insights in the underlying
processes (gene flow, selection) and genetic mamagferequirements (spatial sampling,
conservation units).

For crops, spatial approaches might prove cruaiagupportingin situ genetic
management of populations (crop improvement andivgosity conservation)ln situ
genetic management of crops has become more inmpantaéhe form of participatory or
collaborative crop improvement (involving the pgrens and skills of farmers) and
situ conservation of crop diversity (Almekinders and Beef 2000, Almekinders and
Elings 2001, Brush 2004, Cleveland and Soleri 2@B32Boef et al. 1993). Most of these
efforts have been local in extent, and upscalirglbeen indicated as a crucial next step
(Smith and Weltzien 2000, Visser and Jarvis 200Werefore it will be important to
understand the current crop diversity situatiomfra multi-scale perspective (Zimmerer
2003).

This study considers local and regional pattefngemetic diversity and focuses
on maize Zea maysssp.maysL.) in an area of the western highlands of Guatantzor
this crop and area, previous chapters have dewelmsgghts and hypotheses about seed
exchange. The present chapter evaluates thesatsisiging genetic data.

The research reported here focused on three obsqaestions. Thérst question
is whether maize populations are genetically stmect in space (including altitude). Our
previous studies have found that regional seedamgth is relatively low in the area
(Chapter 4). Previous studies have investigatedplagial structure of maize populations
using neutral markers and found little spatialatiéntiation (Labate et al. 2003, Pressoir
and Berthaud 2004b, Perales et al. 2005). Thesknfis will be contrasted with the
results of this study.

The second questions about which role phenotypic differences playseed
exchange. Phenotypic differences may play a rolenwvironmental adaptation, and they
may show evidence of farmer preferences in cultselection. In Chapter 4 we report
several, mainly crop-related, motivations for sedtduction and cultivar replacement:
to decrease plant height, to increase yield, toedse the growing cycle, and to improve
the grain quality or change its characteristicstHa current study it was attempted to
verify these findings with quantitative trait datad to quantify their relative contribution
in relation to gene flow for the whole study area.

Thethird questionis whether modern varieties or derived materials lse found
in the area. Modern varieties tend to be differentquantitative traits from farmer
materials and measurements of these traits migigatevhich farmer materials derive
from modern varieties. However, under farmer coodg, modern varieties change due to
admixture and/or selection (Morris et al. 1999, @ka4). Thus this study takes a more
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general approach and investigates whether farmesrials genetically close to improved
varieties are also similar to them in plant-relagedntitative traits.

Materials and methods

Research area

Seed lots were collected from farmers in thirteemmunities ¢aserios, aldegs
pertaining to four townshipsrunicipiog in Chimaltenango, Guatemala (Table 5.1). This
area represents altitudinal differences betweerD @ 2600 masl (Figure 5.2). Most
seeds are being recycled by farmers and derive tinenprevious harvest and from family
or neighbours, while a few seed lots come from aeaii sources (Chapter 4). Also
modern varieties have been introduced into thia anethe past, especially since the
execution of the Generation and Transfer of Agtiwal Technology and Seed
Production Project (PROGETTAPS). This was a majojeat, of national scope, which
started in 1986 and ended in the 1990s (Reyes Heéezal993, Reyes Hernandez and
Garcia Raymundo 1990, Sain and Martinez 1999)him@&ltenango

the project promoted the adoption of open-poledavarieties produced by ICTA, in
particular V-301 (white kernel), V-302 (yellow keth, and V-304 (yellow kernel). The
first two are adapted to the climatic conditions thle lower part of highland
Chimaltenango (1,500-1,900 masl), the last to tlghdr Central Valley (1,900-2,100
masl). All these varieties are shorter in heigtd aarlier than local cultivars as a result of
selection by professional breeders and clearlyrashtvith native farmer materials in the
area with regard to these characteristics (Fuetfi63). Adoption of these varieties was
more frequent in the lower areas (Reyes Hernan863,1Reyes Herndndez and Garcia
Raymundo 1990). Agricultural input shops and corapees continue to sell seeds of
improved varieties (mostly uncertified).

Plant materials

Eighty households were drawn randomly from a lishouseholds in each community.
From each household in the sample seed from thé kgemost important for that

household was requested. For each seed lot, thedoq X, Y, Z) of the household was
recorded with a handheld GPS. For each seed lofolt@ving questions were asked:
cultivar name, length of time present in househwidnediate source, original source (if
different), and various agronomic variables. Iniadd to these farmer materials, five
modern varieties developed by ICTA, Guatemala’sonat agricultural research institute,
were sampled from seeds in stock in ICTA's seedkbamd included in the analysis
(Table 5.2).
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Table 5.1.Seed lots collected from farmers in Chimaltenango

Community Community  Township Number
code of
samples
Chuinimachicaj CH Patzun 9
Xeatzén Alto XT Patzuin 5
Xepatéan XP Patzdn 6
Chuacacay CC Santa Apolonia 8
Hacienda Maria HM San José Poaquil 10
Ojer Caibal oC San José Poaquil 4
Palaméa PL San José Poaquil 5
Chuacruz Ccz San José Poaquil 5
Paxcabalche, Hacienda Vieja PX San José Poaquil 8
La Colonia, Pueblo de Dios LC San Martin Jilotepequ4
La Unién, EI Molino LU San Martin Jilotepeque 8
San Miguel SM San Martin Jilotepeque 6
Santo Domingo Centro SD San Martin Jilotepeque 2

Table 5.2.Modern open-pollinated varieties developed by IGMméuded in the study

Name variety Code Grain characteristics and adaptat
San Marcefo ICSM yellow dent, 2,200 - 2,400 masl
V-301 ICV-301 white dent, 1,500 - 1,900 masl
V-302 ICV-302 yellow dent, 1,500 - 1,900 masl
B-7 ICB-7 white dent, 0-1,400 masl|

Don Marshall Amarillo ICDM yellow dent, 1,400 - A masl

Source: Fuentes (2002, n.d.).

Genetic markers

An analysis of Simple Sequence Repeats (SSR) sdovelbtermine an index of co-
ancestry for the accessions. SSR are neutral gemetikers that are highly polymorphic
and therefore very suited for intraspecific studigsth individuals and genetic markers
were bulked in this study. Simple population disknty measures based on bulked
samples have been found useful in evolutionary istidoreeding programmes and
genetic resource management (Fu 2000). For mdieefetasibility of bulking markers

using SSR markers was explored by Xia et al. (20@®)o found a high correlation

between bulked and non-bulked genetic distanced, aargood correspondence with
known pedigrees (see also Warburton et al. 2002).

The analysis was conducted at the ICTA biotechmolaboratory. One accession
was unavailable for the DNA analysis (n=84).

Fresh tissue from a bulk sample of ten plantsgoeession was ground to a fine
powder using liquid nitrogen. The powder was indatlaat 65° C during 30 min with 500
ul CTAB buffer and 12Qul N-lauroyl-sarcosine 5%, shaking constantly, faléa by two
chloroform-isoamyl alcohol extractions.
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The liquid phase was incubated at 37° C duringn8tutes with 3Qul of RNase A
10 mg/ml. DNA was precipitated with 1 ml of abseluthanol stored at -20° C and
incubated at -20° C during 15 minutes. It was dfrged at 13,000 g during 10 minutes
and the pellet was washed with ethanol (70%). Téleepwas redissolved in TE buffer
(10 mM Tris-HCI pH of 8.00, 1 mM EDTA). It was steat at 4° C. For the obtained DNA
dilutions, DNA concentrations were determined wéhspectrophotometer using as a
conversion factor A 260nm 1.0 = 5Q@/ml.

SSR primers were selected on basis of their eguadaling temperature (56° C),
and their distribution in the genome (bin locatiomhe selected primers are shown in
Table 5.3. PCR amplifications were carried out imotl volume of 50 ul, with 5 ul
template DNA, 1 x PCR buffer, 2.5 mM MgCKBO00uM dNTPs, 1uM of each primer,
and 2 UTagDNA polymerase.

The samples were mixed 1:1 with ‘stop mix’ (95%nfamide, 1 mg xylene
cyanole, 1 mg bromophenol blue, 0.5 M EDTA, distllwater) and underwent vertical
electrophoresis (Bio-Rad) in a 5% denaturing patylacide gel and silver staining. The
thus amplified DNA fragments were recorded manuatlyan Excel table, coded as
present (1) or absent (0).

Table 5.3SSR primers used in the analysis (see http://wvaizegdb.org)

Name Repeat type Bin Name Repeat type Bin
location location
phi029 AG/AGCG 3.04 phi053 ATAC 3.05
phi032 AAAG 9.04 phi062 ACG 10.04
phi034 CCT 7.02 phi064 ATCC 1.11
phio41 AGCC 10.00 phi078 AAAG 6.05
phi050 AAGC 10.03 phil21l CCG 8.03

Quantitative traits

On the 18 of May, 2004, the 85 accessions were sown in geréxental plot at the
ICTA Chimaltenango station at 1776 masl. The platswdivided in four repetitions,
which contained five incomplete blocks each. Ealdtibwas subdivided in 17 parcels
containing one accession each. Each parcel codsi$tevo rows of five planting holes
each planted with four plants (=40 plants per aioe$. Repetitions and blocks lay across
the ploughing direction. Assignment of accessianslbcks and parcels for the four
repetitions followed an alpha-lattice design (Ratia and Williams 1976).

The traits included in this study were measured dach accession following
IBPGR (1991) definitions and are given in Table.9.4ast square means for each
variable were estimated using the REML method & ‘Mixed’ procedure of SAS 9.1
(SAS Institute Inc. 2003), taking into account #ffect of differences between repetitions
and blocks within repetitions. For all variablescassions had significant differences.
The least square means were used as an inputsecudnt analyses.
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Table 5.4.Quantitative traits included in the analysis

Variable Unit Repetitions Other measurement details
measured

Yield t/ha 4 corrected for humidity (14%)

Plant

Masculine flowering days 4 day 50% of plants flowers

(tasseling)

Number of leaves number2 5 plants per plot of 40 plants

cm 4 estimated average per

Plant height repetition

Ear height % 4 percentage of plant height

Stalk diameter mm 4 10 plants per repetition

Ear

Grains per row no. 4 10 ears per repetition

Rows per ear no. 4 10 ears per repetition

Grain width mm 4 10 ears per repetition, 10
grains per ear

Grain length mm 4 10 ears per repetition, 10
grains per ear

Grain thickness mm 4 10 ears per repetition, 10
grains per ear

Ear diameter mm 4 10 ears per repetition

Ear length cm 4 10 ears per repetition

Data analysis

Genetic distances

The binary SSR data for each accession (n=84) ddovealculate a matrix of pairwise
distances. These were calculated as the numbéiferent bands (e.g. 0,1 and 1,0), using
GenAlEx 6 (Peakall and Smouse 2005). This distameasure is equivalent to the simple
mismatch coefficient (Kosman and Leonard 2005) iaral Euclidean metric (Huff et al.
1993).

Data visualisation

The genetic distance matrix was used to create rmnoted tree diagram using the
neighbour-joining method (Saitou and Nei 1987) e Drawgram programme of the
Phylip 3.65 package (Felsenstein 2005). To gain a furimression of the spatial
structure of these data, the geographic clusteacoéssions were identified visually in
this tree diagram and coded with letters, whichen@iapped using the GPS data taken
with each accession. Spatial structure and theuenfie of modern varieties were
statistically tested without reference to discretestering patterns, so no postprocessing
of the tree diagram was undertaken.
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Multivariate analysis: general aspects

Several parts of the analysis relied on a multatardata analysis to evaluate the relative
importance of spatial structure, differential eomimental adaptation, and the role of
guantitative crop descriptors. This was done bydgmsing SSR-based genetic variation
by (partial) constrained ordination. This methodsvirroduced into ecology by Borcard
et al. (1992) to decompose variation associated spatial as opposed to environmental
variables. All ordination analyses were done in @D 4.5 (ter Braak and Smilauer
2002) using redundancy analysis (RDA). Mathemdtic&DA is an ordination method
related to both principal components analysis (P@#d multiple regression. RDA (like
PCA) reduces a multidimensional data set to a femedsions. However, in RDA an
additional constraint is added to the reductiodatfy; the resulting axes have to be linear
combinations of a set of explanatory variables. Rii#fers from multiple regression in
that the Y is composed of a set of several var&able

To be able to analyse the SSR data using RDAgé#metic distance matrix was
subjected to a principal coordinate analysis (PCafsing GenAlEx 6 (Peakall and
Smouse 2005). Also, principal coordinates were wooted for parts of the data (see
below). Since the distance measure used is a Hartlishetric, all eigenvalues of the
PCo’s were positive. The SSR-based principal coetds were used as the set of
dependent variables in RDA. Since grain colour was significantly associated with
SSR-based principal coordinates (evaluated with Ri¥dng dummy variables for grain
colour) for the whole area and subareas, the asalyas done for all colours together.
For the third part of the analysis, which focusedtbe lower areas only, colour (the
dummy variable for white) was significant (p<0.0dnd explained 7.1 % of the SSR
variation. In this analysis, the dummy variable ¥anite was used as a covariable. All
significances were determined with permutationseuritie reduced model in CANOCO
4.5.

Spatial structure

The first part of the analysis is related to thetgh genetic structure of the maize
populations. A spatial correlogram was construatsithg the pairwise SSR distances to
evaluate the presence and extent of isotropicapaitocorrelation of selectively-neutral
genetic diversity in the sample.

Additionally, a multivariate approach was usedet@luate the relation between
the SSR data versus spatial distance and altitbpatial descriptors for the area were
constructed usingpaceMakerZBorcard and Legendre 2004). This programme makes
principal coordinates of a (truncated) matrix othaean distances among sites (principal
coordinates of neighbourhood matrixes or PCNM \meis) (Borcard and Legendre
2002). The truncation value can be determined udgdifterent methods, but the
implications of these are not fully understood (@uod and Legendre 2004). Therefore,
two different methods were compared: (1) taking lthhegest distance in the Delaunay
triangulation, and (2) the Relative Neighbourhoodafih. X and Y coordinates were
added to the spatial explanatory variables in otdemodel a plane through the data
points. Variables were selected using forward seleén CANOCO with p<0.05.

SSR-based genetic variation was portioned betweeget of spatial variables and
altitude following Borcard et al. (1992). In thisethod the intersection between altitude
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and the set of spatial variables is calculatechadtfference between the gross effect of
the set of selected spatial variables (without dawtes) and its ‘pure’ effect (taking
altitude as covariable). Theoretically, this difflece can be negative (Borcard and
Legendre 2002). This analysis was done for the e/stldy area, and repeated for three
subareas (see Figure 5.1).

Quantitative traits

The second part of the analysis extended the dast of the analysis to include various
sets of plant descriptor variables, related toyileéd, plant and ear, respectively (Table
5.1). After a check for normality of the quanti@titraits, using Q-Q plots in SPSS (SPSS
Inc. 2003), yield was log-transformed. In the RD&dy the PCNM spatial descriptor
made using a truncation value derived from a Deguriangulation was used.

To be able to partition variation between manys sgt variables, the protocol
given by @kland (2003) was followed. First, varedbiwere selected for each set using
forward selection (p<0.05). The ‘pure’ effects df aignificant variable sets were
determined by running RDAs taking the complemensatg as covariables. Then, RDAs
were run for all combinations of two variable sdtking the complementary sets as
covariables. The first-order intersections werewaled by subtracting the corresponding
‘pure’ effects of the two sets included in each REMA. Second-order intersections were
calculated as the outcomes of RDA runs on all péssiombinations of three variable
sets with two complementary covariable sets, sabig the four corresponding first-
order intersections and the three ‘pure’ effecikeWwise, higher-order intersections can
be calculated. The last intersection (of all vadeakets) is calculated by subtracting all
lower-order intersections from the total variangplained.

Since in the approach used no significance lefeelsombined effects of variable
sets can be calculated, the results were simplifg2dg a heuristic method: ‘pruning’ the
intersections smaller than L = total variance eixgd / total number of intersections
(kland 2003). This was first determined for thghist order partial intersection. If a
certain intersection (<L) was excluded, its vadatwas equally distributed among the
corresponding intersections of one order lower.s8gbently, the intersections of this
order were pruned, and so on. The ‘pure’ effectsewsot pruned. The results were
summarised in a flow diagram, indicating the rektcontribution of each factor and
factor combination to the total explained variati@malyses on subareas, and on low and
high areas (see below) separately, showed that oiothee variable sets apart from space
and altitude had a significant ‘pure’ effect.

Incidence of modern varieties

The third part of the analysis focused on the fbsgiontribution of improved varieties in
the research area on plant characteristics. Modarieties are different in quantitative
variables. Breeding for shorter plants and eayvélring have been the main goals of
selection (Fuentes 1997). Since farmers reportgataved variety names in the lower
areas only this analysis focused on the lower phthe study area (communities with
average altitude < 2100). The following communitiesre included: PL, OC, HM, PX,
SM, LU, LC, SD (n = 46; see Table 5.1 and Figu®.5Principal components based on
the SSR-based genetic distance matrix were caétlbtd used as the dependent variable
set in an RDA. Forward selection (p<0.05) betwedfiergnt plant characteristics (Table
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5.4) was undertaken. If modern varieties have hadngact in the area, it would be

expected that farmer cultivars genetically closth&se varieties would be more similar in
plant-related characteristics. To test this poBiiba regression analysis was carried out
using the outcome as the response variable andy¢hetic distance to the closest
improved variety as the explanatory variable. Mags undertaken for white and yellow

materials together, and then separately, i.e. foteacultivars and V-301 (a white variety)

and yellow cultivars and V-302 (a yellow varietggspectively.

Results

Germplasm collection

Of the collected seed lots, 37 were white, 40 weltkw, two were black, and one had all
three kernel coloursp{nto). Names of improved varieties were mentioned &®dslots
from the lower areas especially, and might serva general indication of the possible
impact of modern varieties on local germplasm (Gapl). In at least 12 cases
germplasm originated from farmers in other commesitwvithin the same township.

Data visualisation

In Figure 5.1, the tree diagram for the 84 accessis presented. From Figure 5.1 it is
clear that selectively neutral genetic spatial citrre exists, as similar two-letter
community codes tend to cluster together. The Visubetermined groups in Figure 1
contain accessions with a relatively high geogregdhiproximity. Grouping of the
accessions is presented geographically in Figue Blost groups are spread over
adjacent communities. In two cases is similar géasip shared between the different
subareas. Group H is found in PX (subarea 2) ands8barea 3) while group E includes
one case outside of its main community, CC (Sub&ygaand is found also in CH
(Subarea 1). These cases provide evidence forxibterce of some regional gene flow.
Groups with high mutual genetic distances (A, BGEare found in high environments (>
2,000 masl). This might indicate a lower rate ofleange within communities in these
environments, a tendency noted for this area (@napt

The improved varieties are clustered close tossioas from low areas, from both
subarea 2 and 3. Group F and D (located in subfasrad 3, respectively) contain all of
the improved varieties. Don Marshall and B-7 clustgether and are close to the root of
group F. Also, San Marcefio is closer to the rodhefgroup than any farmer cultivars in
its branch. V-301 and V-302 are ‘in between’ farmeltivars in their respective groups,
which could be interpreted as support for theifuefice on the maize gene pool in the
area.
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X9 X-10
XP-20
XP-16
XP-15 XP-14
X-13 XP-17
BT
CH5 K CH3 B
CH-4
XP-1
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130 LuU-28
SM-23
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SM-22
SM-21
LU-33
LU-34
LC-35
ICV302-83
CC-48
CH-2

HM-67 HM-66

Figure 5.1. Unrooted tree based on the SSR genetic distariog agighbour-joining.
Shaded areas (A-K) are visually-determined groupselated and geographically close
samples. Samples: two-letter codes indicate theditmt as given in Tables 5.1 and 5.2.
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Figure 5.2.Map of communities (two-letter codes; see Tablari) genetic clusters (one-
letter codes; see Figure 1)
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Figure 5.3. Spatial correlogram showing spatial genetic autetation (r) as a function

of distance. Interval sizes increase logarithmycarror bars for 95% confidence
interval. The correlogram is significant at p<O(@&bnferroni-corrected level, determined
with 999 permutations).

Spatial structure

In Figure 5.3, a spatial correlogram is presentdtifie SSR genetic distances of all
analysed farmer cultivars (n=79). This figure shothe degree of isotropic spatial
structure over different geographical ranges. Tighdst degree of correlation is found
over small distances, as would be expected in@atisn-by-distance model. Over longer
distances (>8 km) a negative correlation is fourds would mean that genetic similarity
increases with geographical distance; this has lmdoas biological explanation and
might be due to the suboptimal structure of the @anfor these ranges (confidence
statistics refer to the sample, not the entire )ar€&iven the gradual decrease of
correlation as distance increases, it can be cdadlthat over longer distances there is an
absence of the isolation-by-distance effect. Theawer point, where the correlation
becomes negative, corresponds to the largest sataple distance within any subarea
(subarea 3 = 8 km). Thus, it might be concluded @ropic spatial structure is absent
betweerthe different subareas (but nmathin them).

In Table 5.5 the results of the RDA analysis & tienetic structure of maize
populations are presented for the whole area amdhitee subareas. Irrespective of the
truncation value used for the calculation of theNIRCspatial descriptors, both space and
altitude give a significant, unique contributiontb@ structure of maize populations in the
redundancy analysis results. Using a shorter ttuiorcalistance in the construction of
PCNM spatial descriptors implies that a potentidilher spatial structure is used in the
statistical analysis. However, for the whole stadga, reducing the truncation distance
from 31 km to 22 km did not improve the overall Eped variation much (0.9 %). The
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RNG-based spatial descriptors only took over sofrtbevariation explained by altitude
in the Delaunay-based method. In all subareas,ifsignt spatial structure was
demonstrated. In the subareas, the RNG-based Ispesieriptors improved the explained
variation substantively. This indicates that foe textent of the three subareas (with
maximum distances of 4, 7 and 8 km in subarea an@ 3, respectively), fine, local
structures exists. In the relatively flat subardasnd 3, no influence of altitudinal
differences was noted. However, in subarea 2, wétidiches out over a gradient, altitude
explained a substantial portion of the variatioowdver, this could not be distinguished
from spatial structure indicated by the RNG-bagetial descriptors.

Table 5.5. Spatial genetic structure of maize populationsnt@oution of spatial
descriptors and altitudinal differences and theeraps in the explanation (%).

Whole area Subarea 1 Subarea 2 Subarea 3

(n=79) (n=20) (n=39) (n=20)
RDA on PCNM using Delaunay Triangulation for trutica
Truncation (m) 34,157 3,544 3,948 7,644
Number of PCNM 10 8 11 5
Spatial descriptors  Y,X,5 1 Y Y,5,4
retained (p<0.05)
Spatial 29.97 12.7° 26.7" 44.1"
Pure spatial 2473 10.7 3.8 44.37™
Pure altitudinal 9.3 5.3* 5.6 2.5
Spatial+altitudinal 5.6 2.1 22.9 -0.1
Undetermined 60.8 81.9 67.7 63.4
RDA on PCNM using Relative Neighbourhood Graph (RNt truncation
Truncation (m) 21,648 519 1,299 4,856
Number of PCNM 8 10 20 5
Spatial descriptors  Y,1,6,7 8,3,X Y,1,16,4,18 1Y
retained (p<0.05)
Spatial 38.1" 457" 56.9" 43.6"
Pure spatial 252" 434" 28.17 44.37
Pure altitudinal 2.0" 5.0 1.5% 4.4
Spatial+altitudinal 12.9 2.3 28.8 -0.7
Undetermined 59.9 49.3 41.6 51.3

Significance levels® not significant; * p< 0.1; ** p<0.01; *** p<0.002**** p<0.0001

Quantitative traits

In the redundancy analysis of the SSR-based costigcdata (response) versus the
guantitative traits, ear characteristics and ygdgle significant results, while the set with
plant-related characteristics did not show a sigaift association with the SSR data.

Ear characteristics, yield, the spatial descrgpt{delaunay triangulation) and
altitude accounted together for 43.8 percent of geeetic variation. Variation was
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partitioned over pure effects and intersectionsalhihtersections with a value lower than
L = 43.8/15 = 2.92 were removed. The largest remowersection was sized at 1.9
percent; one intersection had a small, negativeev#0.3). Two partial intersections

between variable sets remained after simplificatwin the results: the first-order

intersection between ear characteristics and $pa#éiscriptors, and the second-order
intersection between yield, spatial descriptorsaltitiide.

The relative contributions of each factor to tlmalk explained variation are
represented in Figure 5.4. Spatial descriptorsadtiide each have a major share in the
total explained variation and their contributionrtha overlaps (8.4%). This overlap
corresponds to yield (an indicator of environmeiidptation). Yield also gives a small
but marginally significant independent contributi@®8%; p<0.1). The ear characteristics
also relate to an important share in the co-angced#ita. Much of this variation is
patterned in space, but ear characteristics alg® @n independent contribution (9.2%;
p<0.1).

Spatial 1
descriptors J

8.4%

I L Altitude

18.7% Yield
Ear
characteristics
4
[ Co-ancestry

Figure 5.4.Factors related to the SSR-based genetic divesityaize in the whole study
area. Percentagesld up to 100, and represent portions of the tesgllained’ variation
(43.8 percent). Arrows directly pointing from edracacteristics and yield to co-ancestry
represent thesum of the pure effect and the intersection with spadiescriptors and/or
altitude.
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Table 5.6.Number of leaves of the ICTA varieties as measurehe trial

Name variety Number of leaves
San Marcefio 18.9
V-301 22.2
V-302 22.4
B-7 20.5
Don Marshall Amarillo 20.6
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Genetic distance to closest improved variety
(number of SSR mismatches)

Figure 5.5.Relationship between the genetic distance to ltteest improved variety and
the number of leaves of farmer cultivars colleciedhe lower part of the study area
(communities below 2,100 masl)

Incidence of modern varieties

The analysis of the possible impact of modern Waseon the germplasm collected
focused on the lower area only (communities belgl®@) and included grain colour as a
covariable (dummy variable for white vs. other cok). After forward selection on the
plant descriptor variable set (Table 5.4) only thaiable remaining was number of
leaves. This variable explained 8.6 % of the vemmtp<0.001). However, the other
plant-related variables were also significantlyoassted with genetic diversity (p<0.05),
and correlated with number of leaves. Regressiatyais was used to test whether these
genetic differences indeed indicated an influerfaenproved varieties. In Figure 5.5, the
number of leaves of plants was related to the miisgtao the closest improved variety.
This relationship is significant (p<0.001), a sgandicator for the influence of improved
germplasm on the collected materials. The congifiie equation of the fitted line is
22.8 + 0.8 (95% confidence interval). The numbelealves of the ICTA varieties V-301
and V-302 fall within this confidence interval (Talb.6).
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Additional regression analyses evaluated theiosldbetween number of leaves
and the distance to V-301 and V-302 only, and t8OI-and V-302 separately for white
and yellow cultivars respectively. All evaluatedlat®nships showed a positive
correlation between number of leaves and distamoen fimproved germplasm, as
expected. All correlations were significant (p<Q,0&xcept for the white varieties and V-
301 (p<0.11), which was also the smallest group.

Discussion

Spatial structure

Genetic distances and geographical distances atarelver distances smaller than the
maximum extent of the subareas in this study. Tihding points to isolation by distance
causing local spatial structure, presumably theedesing intensity of seed exchange over
growing distances. Neighbours tend to exchange reseeels with each other than with
other community members, community members terekbhhange more seeds with each
other than with members of other communities, asd & township-sized areas some
containment exists. However, over distances greftan contained within subareas,
isolation by distance patterns break down, butiapatructure continues to exist. The
importance of the X and Y variables in the RDA destaate that there are clear regional
differences in the genetic composition of maizeyagon. This suggests that regionally
mutual distances do no longer form the main faofoinfluence on seed exchange, but
that space still structures seed movement in otlags.

These findings can be compared with those of amstudies on maize that used
neutral markers. In a study on historical Corn Relltivars, Labate et al. (2003) found
that genetic distances based on SSR markers didasstciate with geographical
distances, using a Mantel test of matrix assogiafitne spatial correlogram used in this
study is an equivalent to the Mantel test, assitstésotropic spatial structure. The present
study also found no isotropic spatial structureiaeglly (distances > 8 km), but
demonstrated it is present locally. Also, by expagdthe methods to include non-
isotropic spatial structure, it demonstrated regi@patial structure was present.

Using SSR markers, Pressoir and Berthaud (20044@stigated maize from the
Central Valleys of Oaxaca collected from commusit{feopngest distance ~100 km) and
found small but significant differentiation levelBst) among populations and villages.
Also, Perales et al. (2005) concluded from an isezywanalysis that two groups of maize
collected from two ethnolinguistic groups in Chiagdbongest distance ~50 km) were not
differentiated (low k).

In the context of a metapopulation, however, lowfecentiation does not
necessarily imply currently high levels of genewjoas local bottlenecks after
colonisation may reducest between populations (Pannell and Charlesworth 2000
Arguably, maize as managed by Mesoamerican farisetsuctured as a metapopulation,
and local bottlenecks are common (Louette 1999).Obxaca and elsewhere, seed
exchange often involves small quantities of seeatifiBue et al. 2005). On the other hand,
the low kst values may indicate intensive gene flow in thet g&katkin 1987, Templeton
1998). Indeed, studies by Pressoir and Berthau@4(20on maternally inherited DNA
confirm this interpretation. In the current studga the divergence between communities
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demonstrated by means of genetic distances hasldyga relatively recent origin,
whereas the lack of divergence demonstratedshyrfeéasurements in the Mexican studies
has a historically more remote origin. The Mexigapulations may show divergence
when the methods of the present study would bdexppd them.

A recent origin for the demonstrated genetic djeece between maize
populations of different villages of highland Guatda has historical grounds, because
many rural settlements were created in the coursigeonineteenth and twentieth century
(Chapter 2). Even so, the study has been able toowsrate the effect of the
contemporary localised seed exchange, which clarses maize agricultural systems in
highland Guatemala (Chapter 4), and other pariesfoamerica, including Mexico.

Quantitative traits

Two additional crop related factors were shown wlate to co-ancestry: ear
characteristics and yield. The relevance of earatteristics indicates that these are a
good independent predictor for genetic diversitgpArently, both observed variables, ear
characteristics and SSR markers, give a similaicatiwbn of ancestry. That ear
characteristics are indicative for ancestry is ofirse assumed in racial classifications
(Wellhausen et al. 1957). The significant ‘puredieef of ear characteristics also indicates
that seed flow based on preferences related tontivphology of ear and grain (Chapter
4) might have an important influence on the spatialcture of maize populations. Yield
was mainly associated with altitude and space. Tihdicates that environmental
adaptation is an important constraint to seed fldawever, it is also demonstrated that
there is an important independent contribution patisl descriptors to the explanations.
This might indicate that some underlying environtakfactors and/or social limitations
to seed flow as yet unidentified play an importaoié. Social limitation seems likely, as
there is a strong local tendency to isolation-tstatice. The independent influence of
altitude (unrelated to yield) is less easy to expl#t would be expected that altitude
would correspond to yield (as an indicator of adaph), and have little additional
explanatory power. It seems that yield (expressednie location in one year) is not a
comprehensive measure of adaptation. In future vitorkay be important to use yield
data collected a period of years and in differectations to improve the evaluation of
environmental adaptation.

Incidence of modern varieties

Chapter 4 describes the process of introductiormafze cultivars from outside the
community in order to obtain plants lower in statwith a shorter growing cycle. Plant
characteristics were significantly related to tHeRSco-ancestry data in the lower area
(communities below 2,100 masl), but overlapped witier factors, especially space and
ear characteristics (data not shown). This indgét@t the impact of modern varieties,
where it exists, is spatially structured.

Various findings point to an impact of modern e#igs. V-301 and V-302
clustered between farmer materials. Plant-relatediables, under selection by
professional plant breeders, related significattlgo-ancestry in the dataset for the lower
part of the study area. Accessions closer to imgulovarieties had fewer leaves, as
predicted if the data on plant-related geneticetidhces are to be explained by modern
varieties. Also, V-301 and V-302 had the numbeleaives predictable from the data.
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These were the varieties that were introduced ssbay in the low part of the study
area during the PROGETTAPS project in the 1980s1&9@s (see above).

Taken together, there is strong evidence for graghof improved varieties in the
area in quantitative characters and selectivelytrabuwiversity. However, no (near)
identity matches with modern varieties were foufis might be seen as an indication
that recent introductions of modern varieties atatively rare.

Conclusions

The maize populations from Chimaltenango studiethis chapter showed clear spatial
structure, corresponding to isolation by distarmmally and to clinal variation regionally.
This finding points to different patterns of seedlenge for different spatial ranges.
Locally, the intensity of exchange may be expeetadther regular decay over distance
between neighbours and members of other communitiés would lead to the observed
pattern. The regional pattern reflects, howeveat tteed exchange between different
townships follows a different logic. Regional seexthange may consist in saltatory
movements, there may be different acceptation ifieréint localities, or certain
geographical sources may dominate regionally.

Apparently, different mechanisms are at work #fedént levels; the two spatial
levels involve different types of social relationsh Family and neighbours dominate at
the local end of the spectrum. Regional exchangeles relations with traders, shop-
keepers, NGO personnel, or vague acquaintancespi{&hd). For the first category
spatial proximity is relevant, while for the otheategory different spatial factors
dominate, such as centrality (the provincial mgtk&he innovative focus of regional
seed exchange may override the spatial factorsfoashe innovator the specific
characteristics of the seed will tend to be morgdrtant than the place it comes from.

Regionally and locally, there is evidence thatc#pe environmental adaptation
constrains seed flows, while regionally ear andingreharacteristics may influence
decision-making on cultivar introduction. The studlgo demonstrated the impact of
improved varieties on genetic diversity and pldwracteristics. Comparisons with results
for other areas lead to the conclusion that theeotly observed patterns of genetic
diversity are of rather recent origin.

This study has several implications for genetimagement of crop populations in
the highlands of Guatemala. Evidence for sociakttamts to seed flow was found, even
though modern germplasm has been successfully edlaptthe past. This implies that
improved access to (modern) germplasm and infoomatbout its availability is needed.
As spatial and environmental factors play an imgoarrole in structuring the gene pool,
spatial sampling imbalances in germplasm for uséraeding will tend to reduce the
genetic basis for improvement. Spatial and altitaistratification of the area for
collection and inclusion of materials in breedirggrammes will be necessary to obtain
optimal collections. On the other hand, given tk&atively small genetic differences
between localities and their recent origins, it may be warranted to constrain gene flow
in the study area to maintain diversity. Collabatfarmer-professional maize breeding
may be useful in exploiting broad, representatigpypations in various locations and to
strike a balance between improvement and conservati
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Main findings of this study

The main findings of this study are now presentedrder to answer the three research
guestions. The research questions address seedngpecland replacement (and cultivar
change as a special category of seed change) gedagraphical and historical context
(Research question 1), the mechanisms that praskestexchange (Research question 2),
and the outcomes of seed exchange and cultivargehanterms of the geographical
distribution of crop diversity (Research question 3

Research question 1: Which factors play a role egional maize seed exchange and
replacement?

The conceptual framework of this study (see Figueon p. 17) indicates various factors
which may determine seed exchange and replaceribeir contribution and relative
importance will be discussed below in the lightte outcomes of this study.

Social connectivityRegional seed exchange is an important source al lo
innovation (Chapter 3, 4). The influence of presérig social connectivity on the
direction of seed exchange was shown to be paatiguimportant (Chapter 2, 3, 4). Also,
the informational aspect of seed exchange is impor(Chapter 4). The lack of clear
names for maize cultivars connected to stable gemebp characteristics may limit
effective seed exchange to a large extent.

Technological needSne important factor is the wish to achieve a ckangplant
characteristics. As has been argued throughousthdy, the potential of farmer selection
to change plant related characteristics in maizienised, and seed exchange is the major
possibility offered to farmers to achieve signifitehange. Shorter, faster maturing plants
are those involved mostly in introductions fromssdé the local community. That these
characteristics are indeed desired by farmersnéirooed by the main reasons given for
replacement of previous seed lots: lodging (caws®dng other factors by high plant
stature) and lack of earliness. This thesis algues, with evidence, that the wish to
change plant related characteristics of the cragrequed the introduction of modern
varieties (Chapter 4). Low yield was another mayjativation to discard a certain seed
type. That yield is a factor involved in seed exd®was also inferred from genetic data
(Chapter 5). These research outcomes were furth&irimed for cultivar change over
longer time periods (Chapter 3). This points todbaeral importance of this factor.

Seed quality losQuality loss of seed was related to plant-relatiedracteristics
(Chapter 4). It is suggested that obtaining a $igeseed type from regional sources may
be related to local losses in quality of this selee to unintented selection for longer
growing seasons. Compensation requires repeateddimtions of faster-maturing
varieties.

Seed los$he loss of seed by a particular household doese®n to have a major
influence on regional seed exchange patterns. & wat a major reason for the
discontinuation of older seed lots (Chapter 4).0Alseed losses did not seem to lead to
local cultivar losses during the political violenoethe 1980s (Chapter 3). Replacement
of lost seed lots occurs through local exchangeavéyer, if the maize stock of an entire
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community is destroyed by disaster, e.g. colonpdl@mics, regional exchange of maize
seed will be unavoidable (Chapter 2).

Crop adaptation Altitudinal difference influences the geography eted
exchange. Adaptation of maize to different ecolafjgtrata based on altitude was a main
criterion in maize naming in ecologically diverseeas (Chapter 3). Farmers in
Jacaltenango reported that many maize cultivare @wdapted to one, and some to two, of
these ecological strata. Also, regional seed exgianamined in Chapter 3 involved seed
from relatively low, warm areas (Pacific Coast, Heun piedmont area) that were being
grown in the warm or temperate part of the townsHipe same connections with the
Southern piedmont area were evident for the loveetspof the Motagua valley (Chapter
4). Therefore, altitudinal constraints may be ohem@al importance for regional seed
exchange in the whole western highlands of Guatentébwever, it may be envisaged
that locally maize becomes progressively adaptetifterent altitudes. Local movements
of seeds from household to household over prolomgrtbds may slowly lead to drift
across an environmental gradient in a certain @joul. The present study has not given
evidence that this happens. However, it was sugddbat dynamic adaptation to climatic
change (Chapter 3). Cultivars may show the samxébfléy when subjected to changing
selection pressures in slightly different enviromtse

Research question 2: How do farmers exchange apldae maize seeds and cultivars in
space and time?

Since geographical movements of people and goagl®mbedded in the wider human
geography of the area, seed exchange closely tratKsstorical changes in socio-

economic factors. In the analysed cases of traaklseed exchange, directionality is
contingent on different forms of social connectivin other social spheres, including
trade between localities (Chapter 2, 4), labourratign (Chapter 3 ,4), and migration due
to human disease epidemics or political violencénafiier 2, 3). Also the social

integration of communities within townships is ampiortant aspect of social connectivity
(Chapter 3).

There are also geographical differences in theepahg and intensity of exchange
both in present-day Guatemala and during differbistorical periods. There are
differences in the degree of openness betweenreliffecommunities and areas, which
persisted from pre-colonial to present times (Chiaf@). The introduction of modern
varieties was found to be more intensive in lowmeraa (Chapter 3), and was spatially
concentrated in particular places in higher are@bapter 4). The different names
employed at different altitudinal levels (Chapter43, are evidence that altitude is an
important constraining factor in the directionaldf seed flow. Geographical areas with
altitudinal differences beyond a certain level wéhd to have minimum seed exchange.
This factor is rather stable in time (Chapter 3).

Triggers for regional seed exchange also worledbfitly in different places and at
different times and lead to differences in the graihg and intensity of exchange.
Lodging problems, a trigger for seed innovation,msre prominent in places more
exposed to wind (Chapter 4). In addition, lodginghppems were specific to a period in
time as they were exacerbated by the introductfondustrial fertilisers (Chapter 2), in
ways comparable to the situation in the US in tingt half of the twentieth century.
Changes in the availability of labour was foundb® an important trigger for seed
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exchange, and showed divergent patterns as farethieal area of the highlands land was
scarcer than in the periphery.

Research question 3: What is the role of maize sgeldange and replacement in shaping
regional spatial distributions of maize diversity?

This question was answered using two types of ddia.first type of data consisted of
cultivar names and their (changing) distributioreoeommunities and townships. The
second type of data used to answer this questigmwantitative and genetic.

In the case of Jacaltenango, cultivars were adaptethree locally defined
ecological zones (Chapter 3). This indicated thestraints on cultivar exchange between
ecological zones. In the case of Chimaltenangaveulinames were relatively rare and
did not refer to local ecological differences budinty to differences in ear and kernel
characteristics and growing season (Chapter 4)tivaulnames in Chimaltenango are
generally constrained to altitudinal zones, butenévoad, regional distributions. This
indicates the importance of regional seed exchantgee recent past.

Some aspects of the geographical distribution afzen populations could be
evaluated using quantitative data (Chapter 5). filndings in Chapter 5 confirm the
importance of altitudinal differences for the cuntretructure of maize populations, found
to be related to differences in environmental aakégt among populations. Locally,
spatial genetic structure pointed to isolation stathce. This confirms the local nature of
seed exchange, which shows a decay in intensitiyshaeet distances (<8 km).

Regionally, maize populations also show spatiaicstire, taken as confirming the
relative isolation of maize populations at thistsgdevel as well. A few cases of regional
seed exchange could be identified. The regionatiadppattern was not indicative of
regular isolation by distance. From this it was cdoded that local and regional seed
exchange transactions involve different mechaniants social relationships. Local seed
exchange involves family and neighbours and spatiakimity is important. Regional
seed exchange involves traders, vague acquaintaacdsothers and the specific
characteristics of the seed are more important spatial proximity.

Ear characteristics are associated with markeeeagenetic diversity, which
means that these traits are conserved relativellyaweng related populations, and might
play an important role in seed exchange. The ptesady did not aspire to evaluate the
genetic structure of maize populations for the whoff the western highlands of
Guatemala, however.

An open system perspective

An important theoretical claim made in Chapter Iswlaat farmers’ dealings with crop
seeds should be analysed from the perspectiveesf systems. This claim can be further
substantiated for maize production systems in higthlGuatemala with the empirical
findings presented in this study. Two dimensionsménness were mentioned in Chapter
1 and can be further elaborated here: (1) opennes® relations with other people and
places (geographical) and (2) openness to histdaozes.

The study has shown that although maize seed egehaften takes place in
apparently self-contained units, like the househibtld community and the@epartamentp
systematic seed introductions also occur from timetime. Innovation around crop
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characteristics is an important motivation for pastl present introductions. Where maize
tends to become longer and tardier, farmers coacitehis by introducing shorter and
faster varieties. Thus, while the crop tends towagduilibrium with the environment,
farmers deliberately keep the system in a non-gmjwim state by opening it to genetic
material from outside.

This empirical evidence needs to be considera@lation to the plea for locally
adapted crops and local breeding strategies. Theategies aim at providing local
systems — perceived to be fundamentally self-coath+ with greater access to a broader
range of genetic materials or focus on boostinglle&ills for selection. However, the
dynamic behind introduction traced in this study@ to broaden local possibilities for
future innovation, but to takdirect advantage of differences between particular places
while the system remains dependent on continuedduttions. In other words, it is
wrong to conceive local maize farming in Guatenadaa closed system. It is contended
that a rather different support strategy may bededefor the maintenance and
enhancement of an open system than generally g@dsay proponents of farmer-
participatory plant improvement.

These findings should also be considered in wrlato ideotype breeding. The
premise of ideotype breeding that local systemsanernlosed and in equilibrium with
their environment, is questioned by findings thisdg. The current non-equilibrium
situation is not simply the result of the introdoot of modern varieties, since such
introductions preceded professional plant breedictyities in Guatemala. It is argued
that modern varieties merely expanded an existiagtige. The implication is that an
advantageous non-equilibrium situation may be redefithout design** This resonates
strongly with theoretical perspectives in technglatudies (Ingold 2000). Tim Ingold’s
(2000) argument, in a nutshell, is that practicg gtheme) produces design, i.e. design is
effect not cause.

Historical findings also point to the opennessoctl systems. The predominantly
local character of seed exchange is clearly trdeembthe genetic diversity currently
found in the area. However, divergence between qapulations of communities at
roughly the same altitude in the sadepartamentdends to have rather recent origins (to
be measured in decades rather than centuries).siudy has identified likely occasions
of broad regional seed exchange in various hisibneriods. Given these findings,
differences between local gene pools should notséen as results achieved over
millennia, but as products of the current localrelter of seed exchange combined with
locally different receptivities to different genetinaterials from outside. Thus there is no
reason to see the current spatial structure of enpapulations as somehow static or
inherent, and thus worthy of conservation as such.

One view of gene pools (extending the hydrologioa¢taphor) is that of
increasingly isolated pockets in a drying river b&d open system perspective, as argued
here for maize, envisages currents in an open oddas radically different perspective
has several implications for genetic managememnaze in highland Guatemala.

% In fact, the ideotype breeding idea may be seenpassteriorireasoning about design, where no design is
present or necessary (cf. Turnbull 1993, Tracy 2008 ideotype rationale was based on the success of
Green Revolution plant types (Donald 1968). Howgesemi-dwarfs in rice and wheat were discovered and
appreciated by farmers long before design-baseztibrg started (Dalrymple 1985).
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Implications for genetic management

What are the implications of an open system petsedor genetic management of
maize populations in highland Guatemala? Pastvergions in Guatemala have focused
on modern varieties development, the enhancemdatalf skills in selection (Chapter 2)
and local seed production of modern varieties (@&rap). Although some of these
interventions have had results which are notabéndgday, they do not necessarily add
up to an innovation system leading to sustaindbieg-term improvement of local crops.
The empirical insights and theoretical argumenes@nted above offer a rather different
conceptualisation with possibilities to combinefaliént interventions in a coherent
system of innovation. The remainder of this secttaborates three possible strategies
from this perspective, comparing them with thosgliag in the past.

Varieties should not be designed but developed
Variety development for highland Guatemala has lzkmre mainly by selecting on local
materials for short growing seasons (with lowetwstas an intended secondary effect)
and higher yield, with limited crossing with foreignaterials. Selection has been done on
two experimental stations in Chimaltenango and galetnango to account for ecological
differences. This strategy has had several linoitesti Adoption of varieties has occurred
mainly in ecologies similar to those of the twotistas. In Chimaltenango, modern
varieties with high-altitude adaptation were ra@hdpter 4, 5). Design-based breeding
may not facilitate, but contrarily may limit breedesuccess in the diverse environments
of the Guatemalan highlands

Instead of a design-based method based on a s@ticept of environmental
adaptation (altitude only) selection should be ebred in a framework which allows for
more flexible and diverse strategies. To use fthly genetic diversity of maize in this
area in crop improvement programmes, it will be ami@nt to design a scheme that
permits the incorporation of broad, multiple popilas. Populations might be assembled
from materials from a limited range of local areget, genetically broad enough to permit
population improvement through selectiiPopulations could be assembled for different
end uses according to grain types, colours andogwall adaptation. Each population
might then be split into several populations underg selection for divergent goals
regarding agronomic characteristics, following thultiple Populations Breeding
Strategy proposed by Namkoong et al. (1980) fae beeeding. Such breeding could be
done by farmer-breeders trained for this purpo$e Groad, multiple, populations could
also serve as base populations to draw from ferbireeding when this was required.

Seed selection should be complemented with sebdrge

Past intervention in the area has focused on inpgothe selection skills of farmers by
teaching stratified mass selection (Chapter 2).e farmers did this over prolonged
periods and succeeded to sell the resulting sedfteioneighbours. However, the effects
remain local and rare. Repeating this over morations would be very cost-intensive
and given the time frame involved, would demand théarge group of farmers do this
without receiving short-term benefits. It seems enlagical to expand the more common

15 perhaps there are possibilities to combine sirpitarulations from different, discontinuous areadasis
of an evaluation of spatial genetic structure far whole highlands. This is an issue for futureaesh.
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process of innovation through introduction of migtisrfrom elsewhere, i.e. build on the
trader rather than the farmer-breeder model.

To reinforce this form of innovation, rural farrseneed to reach beyond local
forms of coordination of crop innovation and intgr wider networks of crop
improvement and trade. The current spatial linotatito social networks are the product
of a colonial past. The protective functions ofdlbg isolated corporate communities are
being outstripped by the opportunities and chaksngf the present state of the political
economy (Chapter 2). To be able to draw on thedgene pool of maize in this area,
spatial and environmental stratification will besestial in germplasm collection. Also,
adaptation will be determinative for the adoptidnimproved germplasm in a certain
area. However, there is no reason to maintainapstucturgper seby constraining gene
flow.

Selection might be enhanced by coordination afctn strategies and by taking
advantage of geographical differences in a netwbrdocations in which selection takes
place. Multiple populations may circulate througkcls a network and be subjected to
divergent selection pressures in various locatioBsch a network would exploit
differences between locations, which would not bssfble when working towards local
adaptation in the farmer-breeder model. Locatiafisrdn their discriminatingbility and
representativeness regarding different selectioalsgorhe characteristics of different
places may be investigated using multivariate tegles applied to trial data, combined
with environmental data using a Geographical Inftron System (GIS) (Loffler et al.
2005, Yan 2002).

Seed production and sales should be regional

Local seed production activities have been sucakssthe past in introducing improved

varieties into the areas studied, especially thnahg PROGETTAPS project (Chapter 5).
However, at present, seed production is sustaingdby commercial sale in the regional
capital (Chapter 4). This indicates that local pttbn and local sale might not be
sustainable, due to the capacity of self-reliarfdeaal farmers and the instability of local
demand due to the small size of markets. Therefortne future it will be crucial, if seed

production is to be reinvigorated, to link seed duwers to regional markets, where
sufficient demand exists. Opening regional outlgith good quality seed will certainly

fill a need.

To be able to mediate between local and regiorakl$, management of
information should be improved (Chapter 3, 4). Riimg information about adaptation
and other characteristics of improved materiald Wwé crucial to make commercial
distribution rational. Maps or lists of place namegh their potential suitability for
certain varieties or cultivars might serve sell@nsl buyers to decide upon one or more
varieties to try in their specific location. Sucstd could be retrieved from a Geographical
Information System (GIS). Geographical informatiaill be crucial to transfer seed
technologies between places and thus improve thengts of seed distribution and crop
innovation.

The conditions under which such a system might genand prove sustainable are as yet
rather unclear. This is therefore a topic for leation through further research. But this
study is by no means the first occasion on whichas been suggested that spatial
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organisation and spatial analysis are importanintprovement of supply chains and
trading strategies. Seed passes to and from laadsands, and the hands of traders are —
it is here suggested — as important to the ratiorelagement and exploitation of maize
genetic resources as the hands of the cultivator.
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Summary

Crop genetic resources are an important aspecgrodudtural production. Agricultural
innovation through plant breeding is generally sagran efficient means to support food
security and economic development in poor areasdevio varieties of maize, a major
cereal and the subject of this study, are at pteseed on roughly half of the tropical
acreage of this crop. Several strategies are lmrgloped to reach the other half, which
involve farmers being more active in the innovatfmocess. Field studies of farmers’
seed and crop management aim to support the dedigarmer-participatory plant
breeding activities. In these approaches and Hutiere is a tendency to focus on seed
selection as the core process of plant geneticvatitm. The present study concentrates
on the gene pool of maize in the western highlasfd&uatemala, as shaped by seed
exchange and replacement by farmers. Maize istiwadi in this area, and the main food
crop.

Chapter 1 gives a conceptual critique of existingdels in participatory plant
breeding. There is a tendency to focus on seedtgeieas the core process of plant
genetic innovation. The present study argues thiatrmodel should be broadened and
sees gene flow as a part of the creative processopfevolution. This conceptual change
implies that more attention should be paid to smethange, as seeds are a main vehicle
for gene flow in cereals. Also, attention should he paid only to individual decision
making but also to the connections and structurkEhwprovide the conditions under
which exchange takes place. Over longer periodByiglual seed exchange transactions
add up to a collective gene pool structure, withéegent’ properties beyond the scope of
individual farmers, but nevertheless importanttfer design of management strategies for
crop genetic resources. The goal of this researth gain insight into the shaping of the
gene pool as a collective entity in the case ofilaigd Guatemala. To reach this goal, this
study combines different research methods in aerdigciplinary way to reconstruct
historical change and explain the current geogcablstructure in the maize gene pool.

Chapter 2 explores the historiographic and ethequigc literature on highland
Guatemala to sketch five centuries of change inas@onnectivity and technological
needs and identifying disasters with consequermeméize seed. It suggests that events
like human disease epidemics of the colonial perfedulting in demographic decline,
have had an important influence on the continuy spatial distribution of maize genetic
resources. Also it is pointed out that the twehtie¢ntury brought both regional social
integration and local fragmentation, and that thtsgether with demographic
recuperation, is important in relation to the maediversity and farmers’ knowledge
about it. Concerns about diversity conservationughaot lead to attempts to resist
economic integration; the formerly closed characfecommunities is largely a colonial
product and historical connections between comresire perhaps deeper than often
thought. The same may go for maize genetic reseufnstead, maize agriculture should
confront the challenges of modernity in ways thapport collaboration between
communities.

Chapter 3 elaborates a more detailed study orortuat change in farmer
knowledge about maize diversity between 1927/198Y 2004. In 1927 and 1937, two
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lists with local cultivars and their characteristwere drawn up by ethnographers for the
township of Jacaltenango. Close inspection madar ¢leat these two lists were rather
consistent, and that a useful comparison with datdarmer knowledge in 2004 could
thus be made. By using a sample of informants gpaeaoss several communities and
ecologies in the township, an unequal spatial idigtion of farmer knowledge was
anticipated. A technique from cognitive anthropglogonsensus analysis, was used to
assess the likelihood of consensus about the pressreach cultivar. The current study
found that absolute diversity losses were few, iamdlved cultivars that are probably not
genetically unique, since they were introduced teefi®37 as a result of labour migration
to coffee farms. Many newly introduced maize typese reported by farmers. Seed
introductions corresponded to different forms ofiomal mobility, including forced
migration and maize trade. This chapter furthehlgpts the importance of taking into
account spatial differences in knowledge betweannoonities in the same township. A
previous study in the same area, based on intesviawseveral township head towns,
concluded, incorrectly, according to the presemtlystthat substantial cultivar losses had
occurred.

Chapter 4 investigates contemporary farmer seeldagge and replacement based
on 257 formal interviews in the highland townshgbsChimaltenango. The study focuses
on (1) the spatial distribution of cultivar namé), seed sources and flows, (3) reasons to
discard seeds and (4) variables explaining chdiegween different seed sources. The
fourth element was based on the application ofsdiaation trees to the interview data,
supplemented with spatial data from another soufbe. distribution of cultivar names
suggested that regional exchange of seeds ofitmaglitand modern varieties occurs, but
is constrained by altitudinal differences in thedscape. The data also indicate that most
seed flows are local, and that regional seed flaves mostly taking place within the
administrative department. Regional seed flowsioaig often in cities. When farmers
discarded seed lots they were mainly motivatedhayr tdisadvantages (high plants and
long growing cycles). This result was consistenthwthe finding that regional seed
introductions were associated with seed lots whtbrtsplants and short growing seasons.
This confirms that regional seed exchange is armoitapt source of innovations. It is
argued that farmers are dependent on regional s®tioccounteract the local tendency of
cultivars to become taller and tardier. This terayeis probably the result of unintended
selection for more competitive plants.

Chapter 5 is a study of the spatial distributioh maize populations. By
investigating a collection of 80 samples of maized from the department of
Chimaltenango, and five modern varieties, it attesmfp infer the seed exchange
processes shaping the current spatial structutieeomaize gene pool. Location, altitude,
morphological, phenological, and molecular mark8SR) data were analysed. The
analysis identified altitudinal differences in tldscape as an important constraining
factor in seed exchange, which is related to adiaptas measured by yield. Locally it
found evidence for an isolation-by-distance effedtjch points to a falling intensity of
seed exchange over longer distances. However, loager ranges (>8 km), this effect
disappears. This was interpreted as evidence éoexistence of different mechanisms for
local and regional seed exchange. In this chaptédence for the influence of modern
varieties is also presented. This influence wasdlet! for the lower areas only.
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Chapter 6 argues on the basis of the findingeerpreceding chapters that farmers
in highland Guatemala maintain maize genetic ressumn open systems. Although local
seed exchange is common and is an important shdping for the maize gene pool,
occasional regional seed exchange is importantoih lpast and present. The present
spatial distribution of maize populations refledggmamic processes and should not be
conserved as such. To innovate, farmers take daddantage of the differences between
crop populations evolving in different places, mer to achieve phenotypic changes in
their own fields. It is not artificial selection ahis the main creative force in local
innovation — the dominant view among advocatesadtigipatory plant breeding — but the
flow of seed lots in the landscape. Consequentigrte to support seed-based innovation
should not only focus on selection or local adaptatbut strengthen the capacities of
innovation through seed exchange between locatemvhtion should seek to further
exploit ecological complementarities between ar@asl not only the representation of
broader zones of ecological adaptation). For timd, eew regional infrastructures to
handle seeds and information may need to be created

Samenvatting

De genetische bronnen van gewassen zijn een oramialspect van landbouwproductie.
Innovatie in de landbouw door middel van planteadefing wordt over het algemeen
gezien als een efficiénte manier om voedselzekerbri economische ontwikkeling in

arme gebieden te ondersteunen. De helft van hpisttte areaal van de belangrijkste
voedselgewassen wordt verbouwd met moderne vdestedm de andere helft van het
areaal te bereiken zijn verscheidene strategie@ngeavasverbetering ontwikkeld die

boeren op een actiever manier in het innovatiegroetrekken (participatie). Veldstudies
over het beheer van zaden en gewassen door boeodergn het ontwerp van

participatieve activiteiten in de plantenveredeling ondersteunen. Deze studie
concentreert zich op het boerenbeheer van zadgemstische bronnen van mais in de
westelijke hooglanden van Guatemala. Mais is f@wel in dit gebied en het

belangrijkste voedselgewas.

Hoofdstuk 1 geeft een conceptuele kritiek van dmstie modellen in de
participatieve plantenveredeling. Er bestaat eewldes om zich vooral te richten op
zaadselectie als het centrale proces in de gewasteeing. Deze studie bepleit echter dat
het model zou moeten worden verbreed en ziet dessiling van genen als deel van het
creatieve proces van gewasontwikkeling. Deze cdoeép verandering impliceert dat
meer aandacht aan zaaduitwisseling zou moeten wogdgeven; zaden zijn een
belangrijk voertuig van genenuitwisseling in graangssen. Daarnaast zou er niet alleen
aandacht moeten uitgaan naar de vorming van pdijgedpeslissingen, maar vooral ook
naar de verbindingen en structuren die de condit@snen waaronder uitwisseling
plaatsvindt. Afzonderlijke zaaduitwisselingen vormsamen over langere tijdsperiodes de
structuur van het collectieve reservoir van ger@@@nenreservoirs ontwikkelen zich als
een collectieve entiteit met emergente eigenschmjpaiten het directe blikveld van
afzonderlijke boeren, maar hun eigenschappen mjttemin belangrijk voor het ontwerp
van beheersstrategieén voor de genetische broraremgewassen. Deze studie heeft tot
doel om inzicht te krijgen in de vorming van hehgereservoir als een collectieve entiteit
in het geval van mais in het hoogland van Guatenixdartoe combineert deze studie op
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een interdisciplinaire manier verschillende ondekammethoden om de historische
verandering in het genenreservoir van mais te stageren en de huidige geografische
structuur te verklaren.

Hoofdstuk 2 verkent de geschiedkundige en etnisgtad literatuur over de
hooglanden van Guatemala om vijf eeuwen van verargén in sociale verbindingen en
technologische behoeften te schetsen en rampen gesatlgen voor maiszaad te
identificeren. Het suggereert dat gebeurtenissesiszde koloniale epidemieén van
menselijke ziektes en de daaruit volgende afnanre dex bevolking een belangrijke
invloed hadden op de continuiteit en ruimtelijkededing van de genetische bronnen van
mais. Het hoofdstuk geeft ook aan dat de twintigseeuw zowel regionale
maatschappelijke integratie als lokale fragmentaigt zich mee heeft gebracht en dat dit,
samen met het demografisch herstel, belangrijkniste overwegen in verband met
maisbiodiversiteit en boerenkennis hierover. Zorgeear de conservatie van diversiteit
zouden niet moeten leiden tot pogingen om econdraisetegratie tegen te gaan; het
voormalige ‘gesloten’ karakter van gemeenschapeavéswegend een koloniale erfenis
en de historische verbindingen tussen gemeenschagipe wellicht dieper dan vaak
wordt gedacht, ook voor de genetische bronnen vais.min plaats daarvan zou
maislandbouw zich moeten confronteren met de uindag van de moderniteit door de
samenwerking tussen gemeenschappen te ondersteunen.

Hoofdstuk 3 bevat een gedetailleerde studie oeehidtorische verandering van
boerenkennis over maisdiversiteit tussen 1927/3Z08d. In 1927 en 1937 werden twee
afzonderlijke lijsten van lokale cultivars en hungenschappen opgetekend door
etnografen voor het gebied van Jacaltenango. Dgztenl bleken na nauwkeurige
bestudering behoorlijk consistent te zijn en dus lkeen zinvolle vergelijking worden
gemaakt met interview-data verzameld in 2004. Viag@iverwachting van een ongelijke
verdeling van huidige boerenkennis werd de stea{pvan informanten gespreid over
verscheidene gemeenschappen en ecologische omeevigen techniek vanuit de
cognitieve antropologie, consensus-analyse, webduge om de waarschijnlijkheid van
consensus over het aanwezig zijn van cultivarsetekenen. Deze studie vond weinig
absolute verliezen van diversiteit; het kleine ahwerloren cultivars waarschijnlijk niet
genetisch uniek waren omdat ze voor 1937 geinteehdcwerden door arbeidsmigranten
vanaf koffieboerderijen. Veel nieuw geintroduceerdaistypes werden door boeren
genoemd. Zaadintroducties correspondeerden methigesden vormen van regionale
mobiliteit, waaronder gedwongen migratie en maidearDit hoofdstuk benadrukt verder
het belang van het in rekening brengen van ruijkéelverschillen in kennis tussen
gemeenschappen in dezelfde gemeente. Een vorigdie sin hetzelfde gebied
concludeerde onterecht dat substantiéle verliesen ocultivars hadden plaatsgevonden
gebaseerd op interviews gedaan in gemeentelijk&plaatsen.

Hoofdstuk 4 beschrijft de huidige zaaduitwisselgny —vervanging door boeren
gebaseerd op 257 formele interviews in gemeentdsegge in het hoogland van
Chimaltenango. De deelstudie richt zich op (1) demtelike verdeling van
cultivarnamen, (2) de bronnen en stromen van zg@gmule redenen om zich van zaden te
ontdoen en (4) variabelen die keuzes tussen véesute bronnen van zaad verklaren.
Het laatste doel werd gerealiseerd met de toempssm classificaticbomen op de
interview data, aangevuld met ruimtelijke data ween andere bron. De ruimtelijke
verdeling van cultivarnamen suggereert dat reg®naitwisseling van zaden van
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traditionele en moderne variéteiten plaatsvindt,amadat het wordt geremd door
hoogteverschillen in het landschap. De data gewdnaan dat de meeste zaadstromen
lokaal zijn en dat regionale zaadstromen meestaldn het departement hun oorsprong
hebben. Regionale zaadstromen vinden hun oorspraak in steden. Wanneer boeren
besloten zaad niet langer te telen, was dit hoéfelgk vanwege de nadelen van hoge
planten en lange groeiperiodes. Dit bevestigt dagionale zaaduitwisseling een
belangrijke bron van innovaties is. Het hoofdstakt Izien dat boeren afhankelijk zijn van
regionale zaadbronnen om te compenseren voor déelodndens dat cultivars langer en
langzamer worden. Deze tendens is waarschijnliflgbgolg van onbedoelde selectie van
competitieve planten.

Hoofdstuk 5 is een studie van de ruimtelijke vérdevan maispopulaties. Deze
deelstudie probeert de processen van zaaduitwigsdie de huidige ruimtelijke structuur
van het genetische reservoir van mais vormden.eakeiden door middel van een
onderzoek van 80 maiszaadmonsters uit het departédimaltenango en vijf moderne
variéteiten. Locatie, hoogte, morfologische, fegohe en moleculaire marker (SSR)
data werden geanalyseerd. De analyse identificderdgteverschillen als een belangrijke
beperkende factor voor zaaduitwisseling. Dit isetpeerd aan aanpassing, gemeten als
de opbrengst. Lokaal werd er bewijs voor een issldbor-afstand effect gevonden, wat
betekent dat er een verval is in de intensiteitr oy@ter wordende afstanden. Over
langere afstanden (>8 km), verdween dit effectarcidit werd geinterpreteerd als bewijs
voor het bestaan van verschillende mechanismen viokale en regionale
zaaduitwisseling. In dit hoofdstuk wordt ook bewysor de invioed van moderne
variéteiten gepresenteerd. Deze invloed was aldeagetoond in de lagere gebieden.

Hoofdstuk 6 stelt op basis van de bevindingeneivabrgaande hoofdstukken dat
boeren in Guatemala genetische bronnen van maighaaen in open systemen. Al
hoewel lokale zaaduitwisseling vaak voorkomt endest belangrijke vormende kracht is
voor het vormen van het genenreservoir van majg, adk gevallen van regionale
zaaduitwisseling belangrijk in verleden en hedea.Hidige ruimtelijke distributie van
maispopulaties weerspiegelt dynamische processemehniet als zodanig gehandhaafd
worden door conservatie. Om innovatie te bewerlkgéel profiteren boeren direct van de
verschillen tussen gewaspopulaties die zich ontelédk op verschillende plaatsen om zo
fenotypische veranderingen in hun eigen veld thsexan. Kunstmatige selectie is niet de
belangrijkste creatieve kracht in lokale innovatizoals de dominante voorstellingswijze
van de voorstanders van participatieve benaderimgerstaat — maar de verplaatsing van
zaad over het landschap. Daaruit volgt dat inspeyam om innovatie op het gebied van
zaad te ondersteunen zich niet alleen op selettlekale aanpassing moeten richten,
maar vooral op het versterken van de capaciteitem innovatie door zaaduitwisseling
tussen locaties. Innovatie zou moeten worden biedskr het verder uitbuiten van de
complementaire ecologische eigenschappen tussenedgeb (en niet alleen de
representatie van contrasterende zones van eathegaanpassing). Voor dit doel moet
een nieuwe regionale infrastructuur voor het behesr zaden en informatie worden
gecreéerd.



118 Summaries in English, Dutch and Spanish

Resumen

Los recursos fitogenéticos son fundamentales papadduccion agricola. La innovacion
agricola a traves del fitomejoramiento es consdteran medio importante para apoyar la
seguridad alimentaria y el desarrollo econdmicareas pobres. La mitad de la superficie
tropical cultivada con los principales cultivosnadintarios estd ocupada por variedades
modernas. Para cubrir la otra mitad de la superfe@ han desarrollado diversas
estrategias, las cuales involucran a los agriestaie una forma mas activa en el proceso
de innovacién. Estudios de campo sobre el maneajpesino de semillas y cultivos
tratan de apoyar el disefio de actividades de fimmammiento participativo campesino.
Este estudio se concentra en el manejo campesilos decursos genéticos y semillas del
maiz en el Altiplano occidental de Guatemala. Elznes tradicional en esta area vy el
cultivo alimentario mas importante.

El Capitulo 1 ofrece una critica conceptual de mosdelos existentes en el
fitomejoramiento participativo. Existe una tendene@ enfocarse en la seleccion de
semillas como el proceso medular de la innovacitogdnética. El presente estudio
presenta el argumento que este modelo debe seradmgl concibe el flujo de genes
como parte del proceso creativo de la evoluciércaévos. Este cambio conceptual
implica que se debe prestar mas atencion al intdricade semillas, puesto que éstas son
el vehiculo mas importante para el flujo de gemelog cereales. También se debe prestar
mas atencion a las conexiones y estructuras endeezolo a la toma de decisiones
individual. A largo plazo, las transacciones indiales de intercambio de semillas
forman juntas la estructura del acervo genéticas hoervos genéticos se desarrollan
como una entidad colectiva con propiedades emaergemias alld de los agricultores
individuales, pero a pesar de eso sus caractadssion importantes para el disefio de
estrategias de manejo para los recursos fitogesétie cultivos. El objetivo de este
estudio es entender la formacion del acervo gemé&tieno una entidad colectiva en el
caso del maiz del Altiplano de Guatemala. Parafastd estudio combina de una forma
interdisciplinaria diferentes métodos de investigagara reconstruir el cambio histérico
en el acervo genético y explicar su estructura igeiog actual.

El Capitulo 2 explora la literatura historiografig etnografica sobre el Altiplano
guatemalteco para esbozar cinco siglos de camlmioi®-econdmicos. El capitulo se
enfoca en los cambios de la conectividad sociakynkecesidades tecnolégicas y identifica
los desastres con consecuencias para las sengliasid. Los hallazgos sugieren que los
acontecimientos como las epidemias coloniales dierraedades humanas y la
disminucién de la poblacion resultante, han tenida influencia importante sobre la
continuidad y distribucion espacial de los recurgeséticos de maiz. También indican
los hallazgos que el siglo XXI ha traido tanto gnéeion social a nivel regional como
fragmentacion a nivel local y que esto, junto canrécuperacidon demografica, es
importante para considerar en relacion a la biodigad del maiz en los conocimientos
campesinos sobre ella. Preocupaciones sobre lamsaicgdn de la diversidad no deberian
conducir a intentos para resistir la integracidonéenica; el anterior caracter cerrado de
las comunidades es sobre todo un producto colgried conexiones histéricas entre las
comunidades son probablemente mas profundas denlergimente se piensa, también
para los recursos genéticos de maiz. En cambémrieultura de maiz debe confrontar los
desafios de la modernidad apoyando la colabora&citre comunidades.
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El Capitulo 3 contiene un estudio detallado sdbsecambios histéricos en el
conocimiento campesino sobre la diversidad del reaiee los afios 1927-1937 y el afo
2004. En el 1927 y el 1937 dos etnégrafos compilano listado de cultivares locales y
sus propiedades para el area de Jacaltenango.ngpeccion minuciosa demostré que
estos listados son bastante consistentes, perdutiana comparacién con entrevistas
sobre los conocimientos campesinos hechas en dl. Zafa hacer estas entrevistas se
distribuy6 la muestra sobre varias comunidadesologéas del municipio anticipando asi
una desigualdad en la distribucion espacial debciomento campesino. Se utilizé una
técnica de la antropologia cognitiva, el analigscdnsenso, para estimar la probabilidad
de un consenso sobre la presencia de cada culVaresente estudio encontré pocas
pérdidas absolutas de cultivares que correspomdeenan pequefio numero de cultivares
gue probablemente no eran Unicas porque se hattiaducido antes del 1937 a través de
la migracion laboral a las fincas cafetaleras. agiscultores mencionares muchos nuevos
tipos de maiz. Las introducciones de semillas spoedieron a diferentes formas de
movilidad regional entre ellas la migracion forzadé comercializacion de maiz. Este
capitulo enfatiza la importancia de tomar en cudat diferencias espaciales en
conocimiento entre las comunidades de un mismo ¢ Un estudio previo en la
misma area concluy6 incorrectamente, que ha halmd@érdida sustancial de cultivares,
basandose en entrevistas hechas solamente eé&®s municipales.

El Capitulo 4 describe el intercambio y reempleatse campesinos. El andlisis se
basa en 257 entrevistas formales realizadas enmosicipios del Altiplano de
Chimaltenango. El estudios se enfoca en (1) laiblistiéon espacial de nombres de
cultivares, (2) las fuentes y los flujos de semjli@) las razones para descartar semillas, y
(4) las variables que pueden explicar la decisittneediferentes fuentes de semillas. El
altimo objetivo se realiz6 a través de una apli@acle arboles de clasificacion a los datos
de las entrevistas, suplementos con datos espadiletra fuente. La distribucion de los
nombres de cultivares sugiri6 que ocurre el intetia regional de semillas de
variedades tradicionales y modernas, pero quessienige por las diferencias en altitud en
el paisaje. Los datos también indican que la mayaeilos flujos de semillas son locales
y que los flujos regionales ocurren generalmenterdedel departamento. Los flujos
regionales de semillas se originan frecuentememteilelades. Cuando los agricultores
descartan cierto lote de semilla se ven motivadaseiimente por sus desventajas,
siendo las méas importantes el tener plantas altaxlgs de produccién largos. Este
resultado es consistente con el hallazgo de quetiaslucciones regionales de semillas
se asocian con lotes de semillas con plantas pgp@siodo cortos de crecimiento. Esto
confirma que el intercambio regional de semillas ws fuente importante de
innovaciones. Se demuestra que los agricultoresndigm de las fuentes regionales para
contrarrestar la tendencia de los cultivares deverek mas largos y tardios. Esta
tendencia es probablemente el resultado de unecg&®leno intencionada de plantas mas
competitivas.

El Capitulo 5 contiene un estudio de la distribncespacial de poblaciones de
maiz. A través de investigar 80 muestras de mdidejmrtamento de Chimaltenango y
de cinco variedades modernas trata de inferir losgsos de intercambio de semillas que
moldearon la estructura espacial actual del acgevgtico de maiz. Se analizaron datos
de localidad, altitud, datos morfolégicos, fenotig y de marcadores moleculares. El
andlisis identifico las diferencias de altitud dnpaisaje como uno de los principales
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factores limitantes para el intercambio de semillasual se relaciona con la adaptacion,
medida como el rendimiento. Localmente se encoatridencia de aislamiento-por-
distancia, lo cual significa que hay una mayornieidad de intercambio de semillas
menguante sobre distancias mas cortas. Sin emlsaig® distancias largas (>8 km), este
efecto desaparecid. Esto se interpreta como evalgrara la existencia de diferentes
mecanismos de intercambio de semillas a nivel lpgaljional. En este capitulo también
se presenta evidencia para el impacto de las \atgsdmodernas. Esta influencia se ha
detectado solamente para las areas mas bajas.

El Capitulo 6 argumenta, basandose en los hakapggsentados en los capitulos
anteriores, que los agricultores del Altiplano deatdmala mantienen los recursos
fitogenéticos del maiz en sistemas abiertos. Aurgjuetercambio local de semillas es
comun y constituye una fuerza creativa importamstea &l acervo genético del maiz, el
ocasional intercambio regional de semillas tami@énimportante en el pasado y el
presente. La distribucion espacial actual de laslagoiones de maiz refleja procesos
dindmicos y no se debe conservar por si. Para amndos agricultores se aprovechan
directamente de las diferencias entre poblacioresudtivos que se desarrollan en
diferentes lugares a fin de lograr cambios fenotipien sus propios campos. La seleccion
artificial no es la fuerza creativa principal enifemovacion local — como declara la
perspectiva dominante entre los que abogan potoehdjoramiento participativo — sino
el flujo de semillas en el paisaje. Por consig@geltts esfuerzos por apoyar la innovaciéon
de semillas no deben enfocarse solamente en lec&eien la adaptacion local sino sobre
todo en fortalecer la capacidad de innovacion eésalel intercambio de semillas entre
localidades. La innovacién se debe hacer a trawsurd aprovechamiento de las
complementariedades ecoldgicas de las areas (yladasrepresentacion de diferentes
zonas de adaptacion ecoldgica). Para este finesesita crear una nueva infraestructura
regional para manejar semillas e informacion.
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