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Breeding for resilience: a strategy
for organic and low-input farming systems?

Isabelle Goldringer, Julie Dawson, Alice Vettorgfiiédéric Rey

Global change is increasingly affecting agricultymaoduction and threatening food security. Orgaamd low-
input farming systems are less demanding in fesglgy and might thus contribute to moderating @lalarbon
emissions. Moreover, under increased uncertainty \amiability in environmental conditions, thesestgyns
offer solutions for buffering against climatic esttnes, disease epidemics, changing nutrient avityaland
other stresses that will add to already heterogesieavironmental conditions.

2010 has been designated the Biodiversity Targat lyg Parties to the Convention on Biological Dsis. Yet,
it is clear that biological diversity in agroecosyms, measured as the number and abundance oéspacivell
as genetic diversity within cultivated plants, i8l slecreasing, largely due to the negative impaaftintensive
industrial agriculture. Overall, ecosystem servidevered by biodiversity such as plant diseasgrog soil
fertility and pollination are jeopardized by itsatiee. These threats present an opportunity footiganic sector
to develop original and innovative strategies fiadiversity preservation and increased resiliemciné field.

The second EUCARPIA meeting of the Section Orgahant breeding and low-input agriculture organiged
Paris, France, from the'1o the ¥ of December 2010, by INRA — UMR Génétique VégétaeMoulon and
ITAB, wishes to take inspiration from the ecolodisaiences to highlight the use of biodiversityaigriculture
while taking advantage of the new tools coming frgemomics. Therefore, the symposium will deal with
breeding strategies for organic and low-input faigmsystems with a special emphasis on approachesltow
for more resilience in response to global changmes130 participants representing 20 countriesaitiéind the
symposium, including students, researchers andr gihefessionals from universities, institutes, biiag
companies, governemental institutions, Non Goveergat Organizations and farmers.

The programme features 30 oral and 37 poster piasars, covering the following areas:
» Improving resilience of agro-ecosystems
» Utilizing and conserving agrobiodiversity in agticwal landscape
» Global change and adaptability
* New insights into the mechanisms of adaptatiomd¢all conditions and organic farming
» Breeding for diverse environments and products
* Regional participatory plant breeding

The scientific committee has selected oral presientabased both on their scientific quality anthvihe aim to
cover a diverse range of crops and species, diffeqgproaches, methods and viewpoints. Becaugadbe and
the conditions in which thoughts develop are alspdrtant, the organising committee chose Le Comptoi
Général — a new space with strong environmentabwnnt dedicated to large audience events (80 Qriai
Jemmapes, Paris 10éme, France) — as the locatidinef@vent, and an organic caterer (Grain de Vi&).hope
that all this will allow for fruitful discussionsna the emergence of new ideas and collaborationa fature
more resilient low-input and organic agriculture.
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Introduction

Future breeding for organic and low-input agriculture: integrating values and
modern breeding tools for improving robustness

Edith T. Lammerts van Bueréi
edith.lammertsvanbueren@wur.nl

! Louis Bolk Institute, Hoofdstraat 24, 3972 LA Drexigen, The Netherlands, e.lammerts@louisbolk.nl
“Wageningen University, Wageningen UR Plant breedm@. Box 386, NL-6700 AJ Wageningen, The
Netherlands

Keywords:robustness, resilience, plant breeding, organid@amdnput agriculture, adaptation model

Introduction

Organic production and also the attention for planeeding for organic agriculture is still incraagin Europe.
The question often raised is how much does plag¢ding for the organic sector differ from moderanpl
breeding and does a ban on GMO also include réfigailtom molecular marker assisted selection (MAB)?
this paper | will first elaborate on the valuesonganic agriculture and it related systems appr@ech central
focus in organic agriculture and will then discirsgvhich way molecular marker assisted selectiontoa of use
for plant breeding for organic and low-input aghate.

Values and systems approach

The central values of organic agriculture are surirad in IFOAM (International Federation of Organic
Agricultural Movements) four basic principles: hbalecology, fairness and care (IFOAM, 2005). Thginal,
long term driving force behind organic farming €ss was and is to support a stable crop growthvbidimg
soil degradation through a management system ésabres and maintains soil health as the basibdalthy
crops, animals and humans. Soil fertility includegood soil structure to allow roots to exploitaagke soil
volume, a good water holding capacity through imprblevel of soil organic matter. The organic fesgrs
together with a wide crop rotation contribute taligersity of soil organisms. In this sense sustamaoil
management is considered the basis of a robusifgreystem. However a farming system should begdesi

in such a way that at all levels it can contribtdesustainable crop production. Napel et al. (2Q86éa for a
adaptation model rather than a control model iffdas is to support yield stability rather thaelglias such,
see figure 1. In the mainstream agriculture theaticwd’ model is the prevailing approach. The maious is to
protect crops from unwanted fluctuations influegcithe production as much as possible by keepingy awa
disturbances depending on continuous monitoring dirdct intervention with chemical-synthetic crop
protectants and to look for single solutions.

In the ‘adaptation model’ not optimising the finealancome but stabilising crop production and imeis the
main focus. In this approach in which we can recgihe aims of organic farming approach, the geal
designing a site-specific farm system such thadllatevels (plant, field, farm) can minimise thepgatt of
sources of variation or disturbances, rather thing out the sources of variation.
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Control model Adaptation model
« focus on single aspects  « focus on the system
« ruling out variation « exploiting variation
* continuous monitoring « stimulating selfregulation
« direct interference « indirect management
« static balance. « dynamic balance.

Figure 1.The control model versus adaptation moa@apted after Napel et al. (2006)

Besides increasing soil fertility and improving gnmanagement to enhance disease suppressionhalsbdice
of varieties can contribute to achieving yield #dtgbh Many authors have discussed important cnaitd to
make crop robust and less vulnerable for unfavderaonditions. Not only disease resistances anld fie
tolerance, but also other kind of traits is of intpace such as a deeper rooting system to explget soil
volumes for resources, different plant featured ttantribute to early and late weed suppressionotiAar
category of variety characteristics to enhancedyshbility are focussed on exploiting genetic diitg in
breeding approaches such as evolutionary breedmngreeding for combinability in variety mixtures crop
mixtures in an intercropping system.

Breeding for resilience

Breeding for organic and low-input farming systewith a special emphasis on strategies that allawnfore
‘robustness’ or ‘resilience’ in response to globlaange is a challenge. While organic and low-irggricultural
systems are more exposed than conventional onestéoogeneous environments, low nutrient avaikgbénd
biotic as well as abiotic stress, global changehmigicrease uncertainty in environmental conditidnys
producing drastic variation in climate, epidemi@gsures, nutrient availability, etc. These charapsd be
considered an opportunity for the organic sectodagelop original and innovative strategies forhhigvel
resilience or robustness. We will have to reallzst tertain plant traits such as deeper root systenutrient
efficiency can contribute to crop robustness, hat there are more mechanisms that support rotasstnahe
broad sense which we have not yet fully explorebe@ble to optimise breeding programs for organit low-
input agriculture. We can learn from the ecolog®eknces to reconsider e.g. the use of biodiyevsihout
ignoring the new tools coming from genomics.

Molecular marker assisted selection (MAS)

Breeding for resilience or robustness includes tiadive traits such as nutrient-efficiency, rootlatecture or
polygenetic disease resistances. Such complex ttaiend on more genes and are very much infludncéue
environment. As low-input management of organicicagfure results in a larger influence of varying
environmental conditions (in time and geographygadin crop performance, also the QTLs (Quantitafivait
Loci ) may interact with environmental conditionsdaQTIs found in one environment will not always the
ones found in another environment. However, plamegjcists consider molecular marker assisted thetefor
such complex traits a useful additional tool innplareeding programs to make selection more efficie
Standards for organic agriculture do not exclude uke of molecular markers, but still there is uviaoety
whether molecular tools are in line with the valoésrganic agriculture. Use of genomics, e.g. roolar tools

as easily associated with genetic modification Wwhis banned in organic agriculture. Modern breeding
techniques, including in-vitro techniques, haverbdiscussed for many years in the organic sectoomly for
ecological but also for ethical reasons not wantmgiolate the integrity of life (Lammerts van Bea et al.,
2003). The outcome so far is that breeding teclesigapplied on whole plant level are applicable, and
techniques on cell (tissue) level as the lowestlle¥ self organised life, are still under deb&tere clarity is on
the ban of techniques beyond cell level and interedirectly at DNA level, e.g. genetic modificati, cell or
protoplast fusion etc.

Organic and low-input farming conditions requireduling for robust varieties that contribute toliesce at all
levels of the farming systems, which may be hangpésetoo much focus on the molecular level. Thestjoa
therefore is how information and selection on molaclevel can be integrated in an approach tHedstall
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levels of the crop production into account. Prod eontras for use of molecular markers in breeé@ngrganic
and low-input agriculture were the topic of a EpéaiBioexploit plant breeding workshop in 2009. digh a
SWOT analysis produced during the workshop thengtres, weaknesses, opportunities, and threateaigh of
molecular markers were explored (Lammerts van Buetel., 2010). Clear strengths were identified, better
knowledge about gene pool of breeding material enadficient introgression of new resistance genes fwild
relatives and testing pyramided genes. There waise common concerns among breeders aiming atibgeed
for organic and/or conventional agriculture, suslttee increasing competition and investments taagegss to
marker technology, and the need for bridging thp Qatween phenotyping and genotyping especially wit
complex and quantitative inherited traits such asrient-efficiency. Integrating more disciplineschuas
agronomy and crop physiology in breeding researithpnovide ways to bridge that gap and to dealhvitie
interaction between genotype, environment and memagt (Struik and Yin, 2009). Their approach, idotg
QTL-based ecophysiological modelling, could provilde tools to breed for complex trait, such asientruse
efficiency, in a more efficient way making use odinkers.

The extent to which MAS can be used efficientlyoneeding for organic farming to complement or tplaee
part of the phenotypic selection will be highly degent on the specific trait and the availabilityrmarkers that
reflect the genetic basis of the special need®ifganic farming. With respect to the organic sethere is a
need to show and discuss with molecular scien@gtamples of ‘good practices’ of breeding and redear
projects with MAS approaches as well as to be gelah how new protocols may be adapted. This Estc
reflects the concern of the organic sector thatddnelopment and use of molecular markers ofteludlecthe
use of harmful chemicals and enzymes produced fenetically modified organisms. One of the oppdties
is that the general development within moleculahtggues is moving towards replacing harmful cheisidy
alternatives that cause less damage to the labemodand the environment.

Discussion and conclusions

The question is whether we fully understand thentptdnaracteristics or interactions with soil organs that
contribute to intrinsic robustness for achievingtainable crop production. Napel et al. (2006)daths that the
adaptation model is closely linked with conceptshsass a) robustness in the narrow sense, whicbeaefined
as the ability to switch between underlying proess® maintain the balance, b) resilience, as Hiéyato
regain the balance after a disturbance, and c3teesie, as insensitivity to disturbance. Napel.eargue that
none of the three concepts alone describes fullyathaptation model, but that robustness in thedosease is
minimal variation in a target feature following astdrbance, regardless of whether it is due to ching
between underlying processes, insensitivity or kjyicegaining balance. These authors also statetlieae are
many unanswered questions regarding optimal utiisaof biological robustness mechanism and further
research is needed. This will also apply to bregdesearch to support the development of varigtigsenhance
the intrinsic robustness in the cropping system.
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Keynote paper: Improving resilience of agro-ecosystems

Improving Agroecosystem Resilience and Sustainability

Jerry Glover, Science & Technology Policy Fellow
glover@landinstitute.org

American Association for the Advancement of Scief#ashington, D.C., USA

Of human activities, agriculture has been iderdifes the most disruptive to the functioning of gstsms and
the greatest threat to biodiversity (Cassman andd/V/2005). While supplying most of our food caleria large
portion of our fibre needs and an increasing amotiour energy demands, farmed landscapes generdiipit
degraded soil, air, water and wildlife habitat ctinds compared to those maintained by natural ystems
(Cassman and Wood, 2005; Foley et al, 2005). Comgling these negative impacts, the demand for food,
especially meat, is increasing; much of the lanehamost suitable for annual crops is already in ase
production of nonfood goods (e.g., biofuels) insirgly competes with food production for land (Qagfet al.,
2010). And despite doubling of yields of major grairops since the 1950s, more than one in seveplgeo
currently suffer from malnutrition (Food and Agrittire Organization, 2009). Climate change, resosozgcity,
and continued land degradation, which forces fasnoeto even more marginal lands, exacerbates titdeon

of developing sustainable agricultural systemsha 2f' century. To ensure food and ecosystem security,
farmers need more options to produce farm prodwader different, generally less favorable circumsés than
those under which increases in crop yields weréesael this past century.

As Foley et al. (2005) have illustrated, thoughadeoffs between ecosystem services and agricultural
productivity may be typical but not absolute. Aradl agricultural system would produce abundandgiever
long time periods and support ecosystem servicegralarly high levels as natural ecosystems, batil not
require energy intensive inputs that pose enviranaieisks. It would also be resilient to the marallenges
facing farmers around the world, including envir@mal, social, political, and economic disturbantieest
frequently affect agricultural production. In exsare regions of the world where high quality langssources,
and infrastructure are limiting, the ability of agricultural system to function well in marginalncitions will

be an increasingly important attribute.

Central to solving many agriculture related proldeisraddressing the production of the annual greops—
cereals, oilseeds, and legumes—planted on almd@stofCcroplands, which combined supply a similartioor

of human calories (Monfreda et al., 2008; Pimm,100uring the last half of the 20th century, farsyeverall,
kept pace with or exceeded global food demands pareding production onto previously unexploited
landscapes and by utilizing new crop varietiesjcagiural technologies, and management practicesual
crop production, though, often compromises esdeatiasystem services, pushing some beyond sustainab
boundaries, particularly in marginal conditionsniRi, 2001).

Now, however, much of the global lands best suibedarming are already in use. More marginal landsich
are at greater risk of degradation when producurgmost widely grown crops, are increasingly besrploited.
The best lands have soils at low or moderate fislegradation under annual grain production butengk only
12.6% of global land area (16.5 million km2) (Esamaret al., 1999). Supporting more than 50% of world
population is another 43.7 million km2 of margifedds (33.5% of global land area), at high risklefradation
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under annual grain production but otherwise capablproducing crops (Eswaran et al., 1999). Agtimall
innovations developed during the Green Revolutioerevmost successful in raising yields on the better
agricultural lands where industrial inputs providbd highest payoffs. The successful reproductfomhe yield
increases of the Green Revolution in areas inhadlijepeople most in need of agricultural advancemeih
require a shift in focus to less ideal landscapescanditions.

The expanded use of currently existing perenngsmland the development of new ones provide arasangly
viable pathway for developing resilient and susthia farming systems even in more marginal conaitio
Perennial crops can provide multiple ecosystemicesvessential for sustainable production morectfiely
than annual production systems (Boody et al., 20081an et al., 2006; Glover et al., 2007; Jordaalg 2007).
Previous studies of perennial grasslands from wabmveground biomass has been removed for longd=eaf
time indicate their potential to serve as a modelHighly resilient and sustainable agriculturasteyns. For
example, levels of total soil nitrogen (TSN) in ertilized perennial grass plots in the Continuousy H
Experiment at Rothamsted did not decline after éwdnnual harvests over a 120-yr period (Jenkinsaal. e
2004); nor did biomass yields decline (Jenkinsoal €1994). Studies of unfertilized harvested deasss in the
Russian Chernozem revealed that TSN and soil argaarbon (SOC) stocks had not been reduced aftez mo
than 50 yrs of annual harvesting when compared@arvested grasslands (Mikhailova et al., 2000;hdilova
and Post, 2006). In another study of unfertilizegvested perennial grasslands in Kansas, USA (Higthe
grasslands, annually harvested for roughly 75 yadetded similar amounts of nitrogen per hectaramnnual
harvests of biomass as adjacent high-input whelttsfiyielded in grain (Glover et al., 2010a). Thasglands,
despite being harvested each year, supported & m@hgcosystem functions at higher levels thanameual
croplands, including higher levels of soil ferfiliand structure and more complex biological comitiesi
(Culman et al., 2010).

These unfertilized, harvested grasslands do notsept the full potential of perennial croppingtsyss but
likely represent their lowest potential. Througlmil breeding and improved fertility management ehgsdies
indicate that perennial cropping systems could tremutperform annual systems in terms of productamd
environmental performance. Historically, thoughrbaeeous perennial crops have offered less valiabhe
products than their annual counterparts and haga pgmarily used to feed animals. Until recentlgking the
transition from extensive reliance on annual crapgerennial crops for a wide range of basic adjrical

products was impractical or technically impossil#\ehieving this transition is now more feasible &ese of
advances in plant breeding, which provide planttiees greater potential to develop perennial ctbps
produce a wider range of valuable products, sudraias (Glover et al., 2007), and innovations dastgharvest
processing. There is also growing potential toauseder range of plants to produce non-traditidnatproducts
including fuels, solvents, and durable and bio-ddgble materials (Regauskas et al., 2006; Nasi7)200

Important plant breeding innovations include the of molecular markers associated with desiralaligstthat
accelerate perennial breeding programs by allovglagt breeders to characterize and exploit plamete
variation more effectively (Xu and Crouch, 2008)amder assisted selection coupled with high throughp
genotyping by which genotypes of large numbers lahts can be rapidly and inexpensively determined
facilitates the combining of desirable genes withtbe need for field evaluation over many years ianevery
selection cycle. Naturally occurring genes thatnpeexchange of DNA between chromosomes of differen
species or genera can be used to obtain offspritigdesirable traits from both parents (Qi et 2007). Plant
breeders can use genetic modification to introcese genes, to modify existing genes, or to interfeith gene
expression in specific cases. Without classicallined plant scientists, however, opportunitiegrad by these
innovations will not be fully realized.

The development of perennial versions of the mgyam crops is one example of the possibilitiesréalizing
highly resilient production systems offered by mcelant breeding innovations. Past efforts to tmyve
perennial grain crops were hindered by the lacknoflern plant breeding technologies. Efforts in fibrener
Soviet Union and in the United States to develogmeaal wheat in the 1960s were abandoned in mmdlse
of plant sterility and undesirable agronomic cheeastics difficult to overcome with the technolegiof the
time (Cox et al., 2006). More recently, agronomitsl plant breeders in Argentina, Australia, Chinaija,
Nepal, Sweden, and the United States have initjategrams to identify and improve, for eventual asegrain
crops, a range of perennial species and hybridt gdapulations derived from annual and perenniak i
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These programs include the development of perensigions of rice, wheat (Fig. 2), maize, sorghpigeon
peas, and oilseed crops from the sunflower, flax, mustard familiegSacks et al., 2003; Snapp et al., 2003;
Ploschuk et al., 2005; Cox et al., 2006; Bell et2008; Eriksson, 2009;). Additional plant taxad@otential to
be developed as perennial grains (Cox et al., 2006)
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Participatory plant breeding as a strategy for supporting the assessment,
access, use and benefit of traditional crop genetic diversity in the farmer’s
production system: Overview and the case of the Mansara rice (Oryza sativa L.)
landrace in Nepal.
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address: Agriculture and Agri-Food Canada, 107rigeidlace Saskatoon, Canada

4 Nepal Agricultural Research Council (NARC), Khutag Kathmandu, Nepal

5 Bioversity International, Maccarese, Italy

Genetic information held in farmer’s traditionalriedies is crucial to the development of heat, drdusalinity,
pests and diseases-resistant, fast-growing, higldigig new varieties, necessary to combat foodcunsty in the
face of climate change. Agricultural biodiversitgsats that are important for the poor are being dosot
optimally used because neither the rural poor tleéras nor research and development teams understeind
value or manage them sufficiently well. The purpa$ethis paper is to illustrate how simple partatiqry
method of assessing diversity, identifying localiyapted farmers’ varieties under rainfed and lopuin
agriculture. In addition to methods of diversitysessment and decentralized breeding, we discuss the
importance and present methods within a PPB syrdtegmproving both access to local genetic materand
information on performance of these materials te tarming community. We note that the decision to
implement a PPB programme, and therefore its saceal depend on the farmer and the farming comityun
having the knowledge, institutions and leadershipacity to evaluate the benefits that this actidhhave for
them. We therefore emphasis within the PPB stratiegymportance of strengthening local institutitm&nable
local comunities to take a greater role in the ngan@ent of their resources.

As a case study, we present a rice variety maietialby poor farmers in poor soil as a recurrent njare
improve the productivity and quality of the variety a test case. The breeding goal is set by fdaliseussion
with farmers during participatory diversity assessim Mansara is a landrace adapted to poor saljgifit
conditions, and low-input production system of litivironments of Nepal. The productivity of thedeace is
poor, straw quality and cooking qualities are iitieand fetches poor market price. The landracauisently
grown by resource poor rice farmers who do not Haetter varietal options to replace Mansara inrthav
potential land. Farmers interviewed discussed thednto improve both the quality and yield of tbeal
Mansara rice variety by crossing with a quality madvariety. As an alternative to a full replaceimeithe
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local Mansara rice with an exotic variety, the bliag team worked together with the farming commyumnd
transfer the quality and the high yield potent@the farmer's Mansara variety without losing adegptrait of
this traditional variety. Selections were carriad i the target environment of Mansara growingaarasing
participatory plant breeding and participatory gtriselection method during 1998 to 2010 in Begnbage
(1000-1300m) as a strategy of promoting on-farmseovation of local rice diversity. Modified bulkd&ding
strategy was used and segregated bulk of 3 types sedected by farmers in their Mansara growing pglots
and selected own seed and exchange the materthls)@ighboring farmers. A PPB farmer group is failme
coordinate local level farmers, selection process plant breeders from NGO and the Nepalese Aguiall
Research Council (NARC). Farmer selected Mansamoig superior in terms of productivity but also in
cooking quality. The variety is being proposed registration in the name of community. The papercaales
that use of local germplasm as the female paremt the marginal production environment and selackhp
local farmers’ under target environment is a viatmefarm management strategy to increase the aaduiéyt
and adaptation of new varieties by creating addlitigncentive for farmers from the extant diversity
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Evolutionary breeding of cereals under organic conditions
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Introduction

Success of organic farming is highly depends onhbilogliversity used in its complex management system
Although it is relatively easy to guarantee theassary diversity at farm level, it is difficult find appropriate
varieties for a (large scale) market oriented petidu of individual crop species, where only a feavieties that
were specifically bred for organic farming are #afale. It is estimated that more than 95% of theeti@s used
in recent organic farming were bred for the coniaral high-input sector, and these varieties lankadrtant
genetic diversity and traits required under chagginvironmental conditions (see Lammerts van Buetedl.
2010 for review). To cover the complex needs ohaig farming, development of a new type of cropetaes is
needed, which is probably based on the genetic ety of the varieties. During the decades seveoalcepts
were developed to increase functional diversitgrop varieties. One of the easiest ways is to dgvelultiline
varieties or variety mixtures, but its applicatisrconstrained by the concern of farmers and pemresabout the
anticipated negative effect on the homogeneityhefduality. An alternative possibility for maintaig genetic
diversity and evolutionary fitness within crop \&i@s is to create composite cross populationsottuniately
the application of these methods are limited tohiwitspecies crosses, and do not give the posgilbdit
increasing the genetic diversity of a given spebiesising the advantage of natural selection. Therraim of
our recent research is to combine the advantageroposite crosses with the possibility of intersfiecrosses
to introduce new adaptive traits into the culticbp®pulations.

Based on the previous results obtained from withamiety composite crosses of wheat new evolutionary
breeding concepts were developed by using inteifgpecosses to develop evolutionary adaptive cositgo
cross populations. The simplest way to create swrhposite populations is the crossing of relatipecges
having the same ploidy level. Another possibilgythe creation of new synthetic hexaploids. Thalte®f such
breeding strategies will be presented.

Materials and methods

Creation of interspecific composite cross populatio

e Studying the behaviour of the interspecific comfmsgirosses a new composite cross population was
developed by crossing 2 selected wild emnieiticum dicoccoides 3 selected emmefiticum turgidum
ssp. Dicocconind 2 modern durum whedfr{ticum turgidum ssp. Durumjarieties according to the half-
diallel crossing scheme. The F1 generation of e&achs were grown under greenhouse conditions and th
seeds obtained were mixed to create a populati@ntir® from F2 generation the population were grow
under organic farming conditions in each subseqgenération.

Development of new composite cross population frem synthetic hexaploids Triticum species

* In the first step of the research new syntheticapiids were developed by crossing different tétidp
Triticum species having AB genome structur@rificum turgidumssp. durum Triticum turgidumssp.
dicoccon, selected lines from the population oddgd from the composite cross population mentioned
above),and one another tetraplolditicum carrying AG genome, namelyriticum timopheeviiln each case,
individual lines were selected on the basis ofrtlagronomic performance, and the best two linesswer
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crossed with two highly crossable semidwarf einkdneeding line showing excellent crossability in
interspecific crosses. The hybrid seeds were seteéor their chromosome number, and the true fdplo
seeds were selected. After genome doubling, thésseere grown in greenhouse, and the obtained seeds
were sown under organic field in the next autumhe Ppopulations were multiplied for two subsequent
generations before further crossing and testingnes®f the selected lines were used to establish
interspecific composite crosses, meanwhile the i@ngpart of the population were used in dire@duating

of a new species or were used in bread wheat @édssecrease the gene pool of the common wheat.

Results

Tetraploid interspecific composite crosses

According to the results of the composite crossagmated from the different tetraploid speciesithgeld is
relatively low in comparison of composite crossesafoped from common wheat. Under our organic gngwi
conditions the CCP YQMS are showing the highesldyfellowed by the Elite composite developed from
modern Hungarian wheat varieties, and the yielteploid composite is the lowest. On the contitigyeld
stability is better than most of the common wheapydations. The diversity of the interspecific carsite,
understandingly, is the highest one, and sevetffarent types can be identified.
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Recently this population is in F8 generation, and still segregating, and is producing severaV tygpes with
sometimes very strange phenotype. Starting frodfegation a number of breeding lines were isolaad,the
best lines are over yielding even the modern commvbeat control, and shows excellent adaptabilitd an
resistance against both biotic and abiotic stresBesed on the promising results obtained during th
development of interspecific composite crossese#@aploid level, similar work had been initiatedings
hexaploids Triticum species, such Bsaesticum, T. spelta, T. machad T. sphaerococcuntio be able to
increase the gene pool of the common wheat.

Development of synthetic hexaploids and intersjpenifmposite crosses (Neodomestication)

In the first step of the experiment different hdréts amphiploids had been developed via interdigetiosses
of durum and einkorn, emmer and einkorn, having Ag&home constitution. After successful genome dogbl
the new synthetic hexas were multiplied via andattarised for their agronomic performance usirtjvidual
spike rows under field conditions. Stable and sgafirg lines were then separated fro each othens. T
phenotipically stable lines were multiplied and Hest lines were selected for further crosses.rigutie same
time the segregating lines were planted to an merenvironmental condition to be able to selectenls for
marginal environmental conditions, and to maxintise genome rearrangement of the given materials. Th
selected lines were used as parents of composiés population, and were crossed with bread wheag able
to introduce new genes into the gene pool of teadwheat.

According to the results field experiment of the ABynthetic composite population, we can conclulat the
yield of the population is still not competitive tvithe bread wheat composite crosses (the yidllisr with
about 10%), but the disease resistance of the atpulis excellent, no infection were found at athe lower
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yield is practically based on the relatively higtrgent of open flowering plants, which were mostigie sterile.
The rate of outcrossing was also very high, anérsgwew combinations were identified in the nexteration.
Using pedigree breeding methods, several high ivigldnd high quality lines (even with very strargeality
parameters) were developed, and they are recesgly for breeding to be able to develop new vafrety this
new species.

Based on the above mentioned results, a new neatiocatéon protocol had been established. If weadnle to
produce agronomically useful synthetic hexaploidth wlifferent genome construction, we would be atole
recreate the situation which is similar that of fertile Crescent some thousands years ago. Naihehe
synthetics are able to grow together and theréhds possibility of the (natural) cross between thewww
agronomically useful species should be born inaively short period, and (local farmers) breedss pick up
the useful plants, a new domestication should bgéeckout. In the same time, the genetic diversitgommon
wheat should be increased by introducing novel gema gene combination by crossing the new hexdgploi
with the bread wheat. Finally, interspecific compmsross population can be established via crgstie
different interspecific hybrids with each other.cheding to our preliminary result, the cross betmvédBA
genome structure synthetic hexaploids with ABD Oredneat varieties, gives a high fertility and résuh a
high recombination frequency between the wheat Ibge and the einkorn A genome (as the other has the
natural pair). To broaden the possibilities, sytithédhexaploids with AGA genome structure is under
development (T. timopheevii, AG, crossing with Tomococcum Am), and the first synthetic plants arden
multiplication in field conditions. The final aimf such project is to set up interspecific compositess
population in which the parents are carrying déféargenome structure (ABD, ABA, AGA) at hexaploidsel

to be able to maximise the evolutionary potentidhe hexaploids wheat.

Acknowledgements. The recent research was pamignfied by the ALKOBEER project financed by the Hanmn
Science and Technology Office, and partly by theoRaan Commission FP7 SOLIBAM project.
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Introduction

During the second half of the 2@entury, homogenization has been the dominant huddegriculture in
industrialized countries, both at the local (fiesdple and at the landscape scale (via e.g. lamsbtdation). The
current intensive farming systems are based on b@isumption of fossil fuels, pesticides and syithe
fertilizers, which homogenize environmental coratis both within and among fields. This practice teasled
to eliminate genetically diverse local varieties favour of a limited number of genetically homogeus
varieties (inbred lines or hybrids) that were sedddo grow under stable, nutrient-rich conditigesy. FAO,
1997). Conservation programs were launched tothaltoss of crop genetic diversity, but mainly ine form of
seed banks. The variability of crop varieties wasstmerely considered a "genetic resource", istatic gene
pool which could be used by conventional breedimggams designed to obtain distinct, homogeneous, a
stable varieties. This model is now questionedeeisily with increasing awareness of global charayed
agrobiodiversity is now viewed as a key componésugtainable farming systems.

In this context of renewed interest for diversity farming system, the genetic diversity of cultedt
varieties should play a central role, not only ageaetic resource isolated from cultivated land, dso as a
necessary condition for the existence of agroetesysthat are resilient to environmental change. flesence
of genetic diversity within field is indeed likelyo provide ecological services that go far beyonthere
reservoir for breeding programs. On the one haedetic diversity in the field can stabilize prodant(Kiaer et
al., 2009) and provide greater resistance to @gigdiseases (Zhu et al., 2000; Altizer et al. 33@0uch more
efficiently than monocultures. On the other handpps represent a large proportion of biomass in
agroecosystems (i.e. they are foundation specresus@/hitham et al., 2006). Previous studies in comity
genetics demonstrated that the genetic diversityoofinant plant species in a natural ecosystendcoehefit
specific diversity in the whole associated commu(itailey et al., 2009; Whitham et al., 2006): thss of crop
genetic diversity in agroecosystems may similaripact wild farmland species.

Farmland biodiversity provides numerous ecosystemices such as pollination (e.g. Klein et al., 200
biocontrol, mycorrhizal symbioses or nutrient cygli and is therefore essential to agroecosystewgtifuning.
However many species associated with rural landscape threatened by agricultural intensificatiBokinson
& Sutherland, 2002; Tscharntke et al., 2005), amohgeh crop homogenization may play a significasier If
this were the case, increasing the genetic diyerditcrops could thereby constitute an easy-to-enmnt
solution to preserve farmland wild species and@ated ecosystem services. Here, we tested thet effevheat
genetic diversity on wild plants and invertebraisigg an experimental approach in the field.

Materials and methods

The experiment was run in La Bergerie de Villarceaun organic farm located 70 km north-west of ari
France. In winter 2007-2008 ten contiguous squlnes (60 m wide) were sown with either a “pure Tibeead
wheat variety Triticum aestivuntRenan”, INRA, five plots) or a genetically diverseed mix including 30
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landraces and several pure line varieties. Thesediwersity treatments were distributed in a cheotard
pattern (Figure 1).

In each plot, we sampled (1) springtails in May &0@sing five systematically located soil cores plet;
(2) ground-dwelling arthropods (spiders and cagbichich are generalist predators) in May and OGS,
using five systematically located pitfall traps ot and (3) vascular plants in May and June 2088)g 25
systematically located 1m?2 quadrats per plot. liddials from all taxonomic groups were identifiedsigecies
level as much as possible, and species abundareeneasured as the number of individuals for aniaed,
and as the frequency of occurrence within 1m?2 catador plants.

In each plot, we describe the diversity of wild counities with two different metrics: species richgs,

S
i.e. the total number of species, and Shannon sltyeindex H'= —z p, In p, , wherep, is the abundance of
i=1
species. We also measured a number of wheat phenotypiphedological traits (tiller number, flowering date
total height at maturity, length, width and positi@long the stalk of the first leaf, and spike nemlon ca. 200
individuals per plot. This allowed us to compare #ttual phenotypic diversity between the pure liagety
and the variety mix, and to examine the relationdfetween phenotypic diversity and the diversitywatl
species within plots.

Figure 1: Aerial photography of the field

Results

Overall, we observed a positive impact of wheategjendiversity on the specific diversity of arthomp
taxa: the average number of species per plot an@ltlannon diversity index were always higher inrttive of
varieties than in the pure line variety, and tHféedence was significant in many instances (Tabldriladdition,
there was a significant correlation at the ploeldyetween wheat phenotypic diversity and the sgedthness
of Linyphiids spidersK; o= 7.80,P = 0.0063) and predatory carabidis {; = 5.37,P = 0.0226). In contrast, we
observed no significant difference in the sped@sness of plant communities between the pureVareety and
the variety mix (Table 1).
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Table 1: Mean (standard error) species richness 8hdnnon diversity index in the mix of varietied anthe
pure line varieties, for the six taxonomic groupgdted. Significant differences are in bold.

Mean (SE) species richness Mean (SE) Shannonstiverdex
Taxonomic group Mix of varietiesPure line variety Mix of varieties Pure line vayiet
Springtails 5,16 (0.33) 4,28 (0.37) 1,27 (0.07) 1,10 (0.08)
Linyphiids 4,26 (0.32) 3,5 (0.30) 0,82 (0.05) 0,61 (0.05)
Other spiders 4,94 (0.21) 4,68 (0.20) 1,27 (0.05) 1,05 (0.05)
Predatory carabids 3,58 (0.17) 3,26 (0.18) 0,884(0. 0,74 (0.05)
Herbivorous carabids 1,14 (0.10) 1,1(0.12) 0,185p 0,18 (0.05)
Plants 6,27 (0.18) 6,54 (0.17) 1,38 (0.03) 1,403p.

Discussion

Using an experimental approach in the field, we aestrated a positive effect of wheat genetic ditgers
on species diversity of associated invertebrateiepe

Our results however demand further validation. tFinee did not specifically demonstrate that genetic
diversity per se was responsible for the differancecommunity diversity between the two treatmghésause
a single pure line variety was used and we may len®ly observed a mere genotype effect. Future
experiments should therefore compare several pneeviarieties with a range of variety mix of costiag
genetic and, most importantly, phenotypic divergityighes et al., 2008). Second, the observed affechined
modest in size: the maximum difference in avergmpeigs richness between the two treatments wasiduane
species, which raises the issue of the effectie ob crop genetic diversity in agroecosystems, civhare
submitted to severe environmental disturbance ngusiuch larger effects on biodiversity (Tscharngkeal.,
2005). However, we nonetheless detected signifiddfdgrences despite the limited temporal and spatope
of our experiment (a few hectares over six montae)] we are confident that the use of geneticdirgrde
crops over broader spatial and temporal scales@am appreciable effects on farmland communities.

If the results of the present study are confirnted,mechanisms underlying the relationship betvoeep
genetic diversity and community diversity remairbtoelucidated. In ecological studies of the inpdgenetic
diversity on communities and ecosystems, highecispeadiversity is generally thought to result framarger
number of ecological niches available. Two altdugaimechanisms may explain why genetic diversity of
dominant species provides more numerous hichesicagase in the diversity of food resources, oimanease
in habitat resources, via a larger structural logieneity of plants. The ‘food resource’ hypothesmy partly
explain the higher diversity of springtail speciesme of which feed on roots and on their assatiatierobial
communities, but overall our observation that myptiedatory species are affected by wheat genatargity
suggests that the structural heterogeneity hypistieshe most likely. Wheat phenotypic diversityaymfor
example provide a wider range of microhabitatsifwertebrate species, which are known to be seasit
vegetation architecture (e.g. Langellotto & Den2@)4).

The positive effect of crop diversity on farmlanigdiversity, if confirmed over broader scales and f
other crop species, may have potential effects arsystem services such as biological control antl so
regeneration. These effects will have to be telsjesheasuring ecosystem services directly. Ovdtake results
strongly suggest that crop genetic diversity, thfothe use of mixtures of varieties, could therefoenefit both
biodiversity and crop production, especially in amg farming and should be promoted as a tool tdwar
sustainable farming.

22



Breeding for resilience: a strategy for organic and low-input farming systems?
Session 1: Utilizing and conserving agrobiodiversity in agricultural landscapes

References

Altizer, S., Harvell, D., & Friedle, E. 2003. Rap@&Volutionary dynamics and disease threats to wéwsity. Trends in
Ecology and Evolutiod8: 589-596.

Bailey, J., Schweitzer, J., Ubeda, F., Koricheval.8Roy, C., Madritch, M., Rehill, B., Bangert,,Rischer, D., Allan, G.,
& Whitham, T. 2009. From genes to ecosystems: ahsgis of the effects of plant genetic factors ssrtevels of
organizationPhilosophical Transactions of the Royal SocietyBological Science864: 1607-1616.

FAO. 1997 The state of the world's plant genetic resources$dod and agricultureRome.

Hughes, A., Inouye, B., Johnson, M., Underwood,&Vellend, M. 2008. Ecological consequences ofajendiversity.
Ecology Letterd1: 609-623.

Kiaer, L., Skovgaard, I., & Ostergard, H. 2009. @rgield increase in cereal variety mixtures: A manalysis of field
trials. Field Crops Researchl4 361-373.

Klein, A., Vaissiere, B., Cane, J., Steffan-Dewente Cunningham, S., Kremen, C., & Tscharntke2®07. Importance of
pollinators in changing landscapes for world cropsoceedings of the Royal Society of London Seri&oBgical
Science®74 303-313.

Langellotto, G., & Denno, R. 2004. Responses okitebrate natural enemies to complex-structuredtdtaba meta-
analytical synthesigecologial39 1-10.

Robinson, R., & Sutherland, W. 2002. Post-war ckanig arable farming and biodiversity in Great &rit Journal of
Applied EcologyB9: 157-176.

Tscharntke, T., Klein, A., Kruess, A., Steffan-Denex, |., & Thies, C. 2005. Landscape perspectmesagricultural
intensification and biodiversity - ecosystem sezvicanagemenEcology Letter8: 857-874.

Whitham, T., Bailey, J., Schweitzer, J., Shuster Baingert, R., Leroy, C., Lonsdorf, E., Allan, ®iFazio, S., Potts, B.,
Fischer, D., Gehring, C., Lindroth, R., Marks,Hart, S., et al. 2006. A framework for communitydagtosystem genetics:
from genes to ecosysteniature Reviews Genetizs510-523.

Zhu, Y., Chen, H., Fan, J., Wang, Y., Li, Y., Chén,Fan, J., Yang, S., Hu, L., Leung, H., Mew,Teng, P., Wang, Z., &
Mundt, C. 2000. Genetic diversity and disease cbntrrice.Nature406. 718-722.

23



Breeding for resilience: a strategy for organic and low-input farming systems?
Session 1: Utilizing and conserving agrobiodiversity in agricultural landscapes

Potential power of the plant-pollinator relationship as a tool to enhance both
environmental and production services of grain legumes in the context of low-
input agriculture: what do we know?

Suso M.J*, Nadal S. **, Palmer R.G.
gelsusom@uco.es

" IAS-CSIC, Apdo 4084, 14080 Cérdoba (Spain),

“Centro "Alameda del Obispo”, IFAPA-CICE (Junta dedalucia), Area de Mejora y Biotecnologia, Apdo.
3092, 14080 Cérdoba, Spain

" USDA- ARS, CICGR Unit, G301 Agronomy, lowa Stateit#sity, Ames, lowa 50011 (USA)

Keywords:crop improvement- faba bean- floral traits- pation- soybean

General Introduction

There is mounting evidence of pollinator decline @ler the world. Low-input agriculture is predidt to
enhance diversity in agroecosystems. In this douinn, we address the question of how the obsgpesdive
effect of organic farming on pollinator diversitpdadensity could be used in grain legume improvenfiant
breeders have the opportunity to develop improudtivars and practices consistent with the multifiional
character of agriculture by maximizing the servigesvided by pollinators. Production and environtaén
services, yield and yield stability heterosis-méstisand preservation of bee fauna by providingdioa places
and nesting sites for bees, can only be achievéshitem, because these two realities are closedgtwined by
plant-pollinator relationships. In legumes, beesagents of cross-pollination, help seed set aodkcd@se the
level of heterozygosis and heterosis potentialuttivars, which in turn improve resistance to biaind abiotic
stresses.

Our viewpoint is that the exploration of plant-pditor interaction will allow the development of
environmental and production services of grain ihegs by designing crops with appropriate flowerssfoecific
pollinators, providing a win-win scenario and a¢ ttame time creating new opportunities for mainieaaof
crop diversity. We advocate the need to recoverimprove functional floral traits that may haveehdost
through extended breeding for conventional systérhese traits are related to the ability of cropdenefit
from associative relationships with beneficial $pesuch as insect pollinators. Fully understantiegpatterns
of plant-pollinator interactions could answer a svichnge of basic and applied questions in breedihg
contribution is an attempt to examine the concegtamework for plant-pollinator relationship appahes. We
discuss advantages of this approach by using seareh on soybean and faba bean as exemplar crops.

We first analyse our preliminary work on soybealevant for the choice of appropriate procedures to
develop a hybrid seed production technology thes ussect-aided natural crossing mechanisms ofribye to
increase seed set on male-sterile lines, i.e. ®rpalent. Next, we examine studies aiming to aratyie
effectiveness of early directional selection fortapassing in populations. Finally, we discuss ekpents
related to seed multiplication methodologies thedngine the ways in which knowledge of plant-poliara
relationships could contribute to define efficiphit isolation strategies for cultivar maintenantkese studies
would be clearly of interest for breeders, farmeasd stakeholders. The effective implementationthef
approach proposed as a tool to better associategizal concerns and the needs of crop productmmprocure
indirect benefits to the farmer as a supplemergatyce of income (green payments).

Soybean exemplar case
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Background and AimsAn efficient pollen transfer mechanism is crucial the successful development of
soybean hybrid seed technology. In the productibsoybean hybrid seed it is a standard practicplaot
parental lines and leave pollination to bees. lybsan, the proportion of seed set varies drambtieahong
closely lines (Ortiz-Perez et al. 2006 a,b) and smed set might be caused by reduced bee visitatten. To
increase seed set, breeders need to identify ficias that are positively associated with vigitatrates. Floral
size and shape, is well known to influence pollnatisitation and thus potentially should be an dntant
determinant of seed set. Our research is focusestualying the variation of floral traits as a pbssicause of
high or low seed set in certain genotypes, withgbeal of being used as a management strategy taneah
hybrid seed technology. We present the resultano&xperiment designed to test whether floral draitert
sufficient pressure on bees to account for the sekghifts seen among soybean genotypes.

Material and MethodsA segregating population from a cross between a1sid@rile, female-fertile genotype
(m2 ms2 and a male parent (fertile version of T359) akovthe identification of three main categoriesesdds
set lines: high (average number of seeds per flamt 51.75 to 12.5), intermediate (average numlieseeds
per plant from 8.45 to 7.35) and low (average nunobseeds per plant from 4.87 to 1.53). A total 6flines in
Fs, 7 lines with high seed-set, 3 lines with interiaéel seed-set and 5 lines with low seed-set rabdittam
insect-mediated cross-pollination were chosentferstudy.

We used digital image analysis to measure fourdstahtraits: length, width, area and angle betviken
two symmetrical sides of the standard. We calcdl#tte ratio of length and width and the perimesethee sum
of length and width. We compared floral traits betw high, intermediate and low seed-set level categ)in
order to evaluate the hypothesis that the diffezenic seed set may have arisen as a by-produdferedces in
floral shape and size. The comparison was madey wdistriminate analysis. The basis idea underlyhng
discriminant analysis is to determine whether sadyroups differ with regard to floral shape aizé sind then
to use floral traits to help in the developmenhwgbrid technology. If floral traits are differeneétween the seed
set groups, we can use this information to idensihgcific traits to facilitate pollen transfer, shproviding
appropriate guidance in the selection of linesrprbve seed set.

Results and Discussiofihe first discriminant function contained a higlsignificant amount of discriminatory
power and accounted for 44% of the variation, iatliy that changes in the floral traits result ign#icant
shifts in seed set. This implies that floral trai&pture a significant amount of differences betwseed set
categories to be used in the development of hykered technology. This discriminant function sigrafitly
distinguishes between the high and low seed setcges.

Discriminant analysis quantifies the importanceddferent floral traits in the separation of sead s
categories. Examining trait weights, we found tihat trait that contributed mainly to the discrintinoa among
the levels of seed set is standard angle. Anatheable which also greatly contribute to the disanation is
the standard length. The power of the discriminiaits is determined by the proportion of corrdassifications.
The accuracy of the assignment varies among thelslesf seed set. As expected the large number of
misclassification occurs among the intermediatel-se¢ group, only 20%. The global picture emergsmthat
high and low seed set lines significantly differfiower size and shape and that, significant ireesain the
standard length and in the standard lobe (ledefiatl standards) are associated with increasimty see. This is
not unexpected and fit very well to the fact thaflipators often visit flowers on plants with larleral displays.
Floral size and shape is of primary importanceditinators in guiding foraging decisions. The swsef hybrid
seed production depends on floral traits that maatp pollinators by promoting the receipt of poll&eed set
in soybean relied primarily on leafcutter bees bhseaof their ease of management and transportationany
male-sterile lines, the number of bee visitatioas be the limiting step in obtaining optimal seetd kcreasing
the attractiveness and facilitating the maniputatib the flowers, by less flattened standardse#ddutter could,
therefore, provide a useful means of improving sestdn these lines.

Faba bean exemplar case

1) Effectiveness of early directional selection fooutcrossing in populations

Background and Aim&lhe basic philosophy that has been held by faba bezeders is to make use of yield
heterosis using synthetic varieties. The explatatf heterosis in faba bean could be improvednoyeasing

the level of heterozygosity which could be achietlmdugh selection for outcrossing. We briefly exaanour
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research (Suso et al. 2010) addressing the quesfiapen pollinated population response to direetio
selection for outcrossing. Atrtificial selectionrfbigh and low level of outcrossing was performadtwo

different faba bean populations to investigate ghesibility of modifying the level of allogamy. Uedfield

conditions, the level of allogamy is affected bg @vailability of pollinators and by the floral itsathat either
facilitates selfing or outcrossing. Selection fdbogamy could affect faba bean floral attractiven&spollinators.
The study of the responses of floral traits to mgsing selection provides the opportunity to adeaim the
required search for ways to develop the environaiesgrvices of faba beans.

Materials and MethodsTwo-way selection for high and low level of outsimgy was performed in two
experimental populations. Floral traits were cléesgdiinto three classes: phenology, design, angblaljs
Outcrossing rates were estimated in the populatisiisg isozyme loci and the multilocus estimatioagoam
MLTR. To understand the selection process disciamimnalysis was used.

Results and Discussioffhe pattern of responses to outcrossing selectmvead a trend opposite to that
expected. We did achieve a significant increasautagamy but when selecting for allogamy and inpiteeess
of selection for selfing the progeny returned te thtermediate values of allogamy. Discriminant Ksis
revealed how the patterns of outcrossing in thecsedl populations were due to significant and damglous
change in floral traits and provided evidence singvthat floral traits evolve in response to chanigesating
patterns, limiting or contra-balancing the effegtselection.

Selection for outcrossing changed the floral digpbahedule. Floral display advertises rewards to
potential pollinators, and therefore, floral dig@énave an important influence on mating pattefcsordingly,
to develop improved technigues for managing pdiirmas effective tools for crossing, future stadom the
constraints to increase allogamy, it should be $edwon the analysis of the relationship betweanlftoaits and
pollinator behaviour. This approach, in turns, w&llbw the development of both pollinator-friendgrieties and
the enhancement of faba bean environmental services

2) Maintenance breeding methodologies: isolation aomg breeding materials

Background and Aim&nsuring adequate isolation between geneticallgrbgeneous breeding materials is an
important step in maintenance breeding. To useptiesence of local pollinators to maintain the legél
heterozygosity and heterogeneity of landraces saétiplication under open pollination conditionsrexjuired.
Generally, physical distance is used to preverntepdlow. Pollen flow can be further interrupted phanting
barriers of the same or another species. In irsa@itated plants, floral traits are expected tayphn important
role in determining pollen mediated gene flow viaoia We examine the results of a study previousported
by Suso et al. (2008) carried out to illustrateeefieness of different isolation zones on divegseotypes for
the control of pollen mediated gene flow.

Material and MethodsThe study analysed the pollen flow in experimeptats that included four homozygous
marker genotypes. The strategies tested for prienggene flow were (1) an isolation zone devoidedetation,
(2) the same size isolation zone sown Wiihia narbonensisand(3) the same size isolation zone sown with
two trap crops: a male sterile line and a tetrap®notype oW. faba Paternity analysis in conjunction with a
multiple regression approach allowed the deternanadf floral traits that accounted for the largpsbportion

of variation in pollen mediated gene flow acrossheaf the four isolation zones.

Results and Discussioifhere were large variations in the patterns of gém& among the genotypes and
isolation zones. Gene flow was not at random bgedding upon the genotype and isolation zone. $peci
associations between genotype and barriers cag bhiout gene flow, just as high, or even highantthose
produced by a barren zone. The effect of isolatiome on the gene flow might be explained in termtheir
influence on pollinator behaviour. Multivariate regsion models showed that differences in floraitdr
accounted for more than 70% of the variation irrilot gene flow. The relative importance of vagdloral
traits depends on the isolation zone. Given thlieponediated gene flow frequency is influencedlioy triple
interaction between pollinator behaviour, barriensl crop floral traits this interaction should lmnsidered for
decision—making of appropriate diverse populati@ntenance.
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General Conclusion

The use of plant-pollinator related traits in lawput agriculture offers great potential benefitdteeders and
farmers: 1) new levels of crop yield based in thiel@tation of heterosis and diversity, 2) bettasigin
maintenance methodologies for diverse populatios 3) new uses for the crop, environmental seniges
supporting bee pollinator conservation. Howeveg #ffectiveness of this insect-aided technologyetias
breeding strategy is nowadays hampered by nondiabconstraints, related to the assumed time waimg
evaluation and little relevance to breeders.
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Introduction

The grain yield in cereals has increased consiteersince the beginning of industrialisation of aghure,
including introduction of modern plant breeding 118D years ago. Since beginning of this periodntpla
breeding has selected and bred varieties suitatiteetchanging agricultural conditions, and helcmdreasing
extent focused on conventional high input agrigeltas this type of agriculture developed. Most prorted is
probably the plant height, and old high plantsldly to lodge at the nitrogen level normally séermodern
industrial agriculture. Modern varieties are chédsed by a high degree of specific resistanceegemainst
selected pathogens on the expense on a broad elg@lggenic resistance (Robinson 1995). Organiuifay is

a low input agricultural system, with some simiii@s with former agriculture compared with moderdustrial
agriculture. Therefore, heritage varieties seledtedand adapted to the low input agriculture annfier days
could have some advantages compared with moderetiear and/or the advantage of using modern vesiet
could be less pronounced in the low input orgawstesn. On this background, a project in Denmark has
multiplied and studied agronomic and quality traitamainly Danish heritage varieties compared withdern
varieties under organic cropping conditions.

Methods

In spring wheat, 54 varieties no longer in the pesn Common Catalogue of Varieties of Agricultupént
Species were compared with 22 high quality varsetie the current Common Catalogue. Trials weraethout
over three years at the organically managed farmdhipgard at Zealand, and in one year at Gl.Esthugand,
Denmark. Landraces from Nordic Genebank (NordGesrevextracted by Hans Larsson at Swedish University
of Agriculture. Landraces were multiplied, and witlthe landraces, selection lines were developede T
varieties developed by plant breeders in the peti®82 to 1988 were extracted from Nordic Genebark a
multiplied prior to the experiment. This group regent the majority of spring wheat varieties in Nuwrdic
Genebank. As spring wheat has always been a miog io Denmark, most of the varieties including the
landraces are of Swedish origin, and bred fordhés. The modern varieties were delivered by fleegders in
Sweden, Germany, Switzerland and Austria basethein tecommendations for good performing varietigh

high baking quality under organic conditions in Bemk. The varieties did therefore not necessadpresent
the mean of modern varieties.

Protein content was estimated by NIT analysis. Bgkiest assessing loaf volume was done at Darzau
Getreidezlichtung on 20g seed samples in two régdic®ata for loaf volume is only available frone tiial at
Mgrdrupgard 2008.

Two field trial in barley was sown in one year acle of the farms. Varieties included three modenoreved
malting barley varieties, three 2-rowed landratiese 6-rowed landraces and one 6-rowed and sevewet!
varieties from the period 1868 to 1965. The modeaneties were selected as the recommended malting
varieties by the dominating seed companies in Dekinfdie older varieties and landraces were selemseithe
varieties giving the best tasting beer in an expent among beers brewed on malt from 46 old Dabéstey
varieties prior to the start of the experiment.

Experiments were sown in 12°rplots in 4 replicates, except spring wheat at §hip which had only 3
replicates. Three spring wheat varieties, @landdflace), Dacke (released in 1990) and Fiorina dselé in
2001) were included in all blocks and experimentsgring wheat, and the mean of these varieties wsed to
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calculate a relative yield and relative protein temt within each block. The widely grown modern tingj
variety Power was used as standard variety for esisgn between the two barley experiments.
Statistical p-values were developed by F-test itMGL

Results and discussion

Spring wheat

As can be seen in Figure 1, there seem to be @riepdf improved yield during the period of modgtant

breeding. However, this tendency is weak=R17). When looking exclusively within the group heritage
varieties 1882-1988, the tendency of improved yikldng the period seem to disappea=R02). The protein
content seems to be constant over the periéd@R?2).

When the spring wheat varieties were grouped ieetlgroups, landraces, old varieties and moderetiesj a
significant effect of group could be seen on gsaétd (p< 0.001). The modern varieties had a $icgait higher
yield than the old varieties and landraces. Theenodarieties had a relative mean grain yield af.2¢105.6 —
110.2), the old varieties had a relative mean gysid of 88.7 (86.8 — 90.9) and the land races &adlative
mean grain yield of 88.1 (85.2 — 90.9).

180,0
160.0 f(x) = -0,03x + 157,11
R2=0,02
W relative protein
\ Lineeer regression for
relative protein
\ Lineeer regression for
relative protein
@ relative grain yield
\ Lineeer regression for
400 ) rglatlve grain ylgld
\ Lineger regression for
20,0 relative grain yield

140,0
120,0
100,0

800 o—

60,0

Relative grain yield and protein content

00 f(x) = 0,27x - 430,32
1880 1900 1920 1940 1960 1980 2000 2020 R2=(,17

Year of variety release

Figure 1: Grain yield and protein content in sprimdheat varieties released duri
the past century. Results for landraces are nos@néed, as a year of relse
cannot be determined a landrace

This indicates that the increased yield in theentrvarieties compared with the heritage variatiag not be an
effect of plant breeding, but an effect of the origf the seed or the selection of varieties tarlsduded in the
trial. Plant breeding has developed gradually thhotlne century, and if the increased yield had lzeeaffect of
plant breeding, an increased yield would most jikdso have been seen also during the period 1882 888.
The modern varieties were delivered from seed caoimepaand selected based on their recommendations fo
organic production, whereas the heritage varietiese multiplied from genebank material and gives@ader
diversity of the varieties from this period. Thisyrexplain the difference between the varietiethenEuropean
Common Catalogue of Varieties of Agricultural Pl&pecies compared the varieties no longer on i$iis |
Hence, the result does not support the findingtieéioauthors, who concluded a gradual increaséeld though
the past and former centuries (Murphy et al 20@8ryPand D'Antuono 1989). In variety field triabs hegative
correlation between grain yield and protein conigmften observed (Schlehuber and Tucker 1959).
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In three out of the four experiments, a week
tendency of negative correlation between yield
and protein content could be observed for all
groups, landraces, heritage varieties and modern
varieties (except the group of modern varieties
at Mgrdrupgard in 2006), but this tendency was
not significant (Figure 2 a-c). In the field triat
Gl.Estrup 2007, no correlation between vyield
and protein content was seen (Figure 2d). The
soil at Gl.Estrup is a eutrophic peat soll,
whereas the soil type at the tree experiments at
Mgrdrupgard is a more normal middle loam soil
with less nitrogen available in the soil.

There were no correlation between protein or
gluten content and loaf volume in these trials.
Most likely, the gluten content were in all
varieties so high that other factors were limiting
for loaf volume. Under these conditions,
heritage varieties had 9% higher loaf volume
than modern varieties (p>0.99). This result is
surprising, since modern varieties had a higher
gluten index, and a high gluten index is
considered as a quality criteria for wheat
breeding.

Spring barley

As can be seen in Figure 3, the modern varieties
were the highest yielding with a mean relative
yield of 104.2% of Power, and the heritage
varieties had an average lower yield of 75.4%.
Landraces had the lowest yielding with a mean
yield of 46.3% of Power (data not presented in
Figure 3). There was a week but still significant
difference between the groups in yield (p=0.09).
However, only few varieties were included in
each group and therefore individual varieties had
huge impact of mean yield of each group. In the
group of heritage varieties, several varieties
performed a yield not statistically different from
the variety Power, which was the most widely
grown modern malting barley in Northern Europe
at the time of the experiments.
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Barley field trials
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Figure 3: Barley grain yield in two years fieldais. grain
yield in landraces not presented as landraces fmaspecific
year of release

These results indicate that the age of the vargelyss important for a high yield than the yietotemtial of the
specific variety. In general modern varieties perfovell under organic conditions, but so do somehaf
heritage varieties.

Mineral content of the spring wheat varieties iis tetudy was included in a study of grain minerahtent
published by Hussain et al 2010. The study indgae improved mineral content in older varietiesl an
landraces compared with modern varieties, whicHigoa conclusions of Murphy et al 2008. Our stuaymp
on improved baking quality in terms of loaf voluineolder varieties compared with modern wheat visse
The study contradict the general agreement thaemodhrieties are better than older varieties. $h&m not to
be the case for the heritage varieties when growdeuthe organic conditions in this study. Bothhhygelding
and low yielding varieties are found both amongthge and modern varieties.

Modern varieties are bred for high input conditiand under these conditions, the conclusion of avgd yield
as a consequence of plant breeding may be cobrecur study shows that under Danish organic dimmgi
there may be a slightly higher average grain yieldhe modern varieties, but the difference is gaimgly
small, if existing at all. It indicates that orgariarming in Denmark has achieved little, if at #lbm modern
conventional plant breeding, as several very olittias are fully compatible in terms a yield witte normally
grown modern varieties.

The results calls for targeted breeding for lowuinponditions, as breeding for high input conditmomtribute
little to the benefit of organic agriculture anchet low input conditions. Research is needed totifyathe
effect of the different yield components of bregdam grain and straw yield and quality at low inpahditions.
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Session 1 - Posters

@ 1. Opportunities for genetic base broadening of crops
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peter.hoebe@sac.ac.uk

Keywords:genetic base broadening, sustainability, climaenge, barley

Plant breeding often comes with trade-offs; inbinegdver thousands of generations has contributetthé creation of a
stable high quality end product but has also ledh® loss of variation in many other valuable gastich as pathogen
resistance and nutrient uptake abilities. In gaig dilemma is created because of conflicting nekdmogeneity in crops to
obtain a stable product quality and heterogenaitycliops to deal with the wider pressures from theirenment.
Biotechnological solutions, such as introducingwa &pecific genes in food crops to satisfy thessiaenay be a temporarily
solution, but it might be more sustainable to l@lother ways of dealing with environmental factthrat determine crop
success. A sustainable way of dealing with enviremtal crop pressures like diseases, nutrient @eftdés and water
availability, may be to increase the variation Wwitthe crops so that these ‘varietal populatioms’ @ble to deal with these
pressures as in natural populations. By crossinvgrae varieties with each other to increase theatian within a crop
species it is possible to create a composite googsilation. Even for highly inbreeding specieselikost cereals, it is
possible to create more diverse crops also reféorad populations.

A pioneer of composite cross populations was hhaiiaDavis CA in the 1920s, who crossed a dozelepédines with each
other to construct a population that was to be usedely to study local adaptation. After that, casipe cross (CC)
populations have been researched extensively &l \lieading time and pathogen resistance (AllE®88; Goldringer et al,
2006; Harlan, 1921; Ibrahim & Barrett, 1991; Padlaet al, 2000). In terms of yield, Suneson (19f)nd that the first
generations of the CC populations were underpeifarnraompared withcultivar varieties (under low itplbut after 29
generations these populations outperformed modétivars available at that time. Heading time staldby Goldringer et al
(2006), in North-South distributed populations destoated that there was still a lot of maintainediation reflecting
thecomplex underlying genetics of this characteterms of pathogen resistance, extensive worlbbas carried out on the
evolutionary dynamics of rare alleles involved widisistance against different pathogens (IbrahiBa&rett, 1991; Paillard
et al, 2000). Both studies found that the lossané ralleles due to genetic drift and local adaptathfluenced resistance
against powdery mildew. In certain locations whitiere was pathogen pressure, alleles were maidtaihereas they were
lost in places with lower pathogen pressures.

We are creating populations from barley cultivared landraces to study whether these populationsbeaused for
agricultural purposes and as a model for adaptatiggopulations to dynamic environments in relatiorclimate change. In
this study we have been looking at genotypic anehptypic changes of single genotype cultivars amdidaces of barley
which were subsequently hybridized over three gaimrs in the green house. Morphological traitsernstudy include
length of ears, total plant height, leaf surfaceaaand number of seeds. Microsatellite analysisalgb be used to determine
variation within and between populations. Studig @xamine variance for morphological traits beémeintercrossed

populations and single line blends.
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SOLIBAM (Strategies for Organic and Low Input Bragyland Management) is based on “diversity” : giendiversity
within crops, diversity in cropping systems andrianagement practices, and wild biodiversity pregeaigro-ecosystems.
Through the history of agriculture, agronomy, cropnagement and plant breeding have always beeedlir®ur research
hypothesis is that developing diversity at all lsves the best strategy for improving crop adaptatio fluctuating
environmental conditions and for increasing yieddsl yield stability in organic and low-input system

The project is a consortium of 23 organisationsnfrb2 countries in Europe and Africa, which begaMiarch 2010 for a
duration of 4.5 years. We aim to increase our wtdading of the vital role of diversity in agriaual activities, through
plant breeding and crop management, and their itagaam the soil to the market.

The programme is developed around three grouppetfies: cereals (wheat, maize, barley...), leguffeds beans, niébé,
beans) and vegetable (broccoli, tomato).

Plant breeding for resilience begins with the idfaattion of traits important for adaptation to lemput/organic conditions
over a wide range of agro-climatic conditions inrépe. The development of efficient phenotyping aedotyping tools
aims to monitor both heritable variation and gendiversity during the selection processes. Mokecahalysis of functional
polymorphisms will increase accuracy in breedinghodologies and the understanding of adaptive pinena.

Examples will be achieved through the creation ofah diversity within the range of species involviedthe project,
enhancing existing diversity within-crop to copaghnturrent and increasing variation in environmeotaditions faced in
organic and low-input agriculture and to provideeaer buffering potential. The diversity explorettludes landraces
adapted to specific pedo-climatic regions, physioattures of varieties, new crosses between exgjskmmers’ varieties,
new synthetic varieties and composite cross populst

Crop management integrated approaches will hegxpdoit crop diversity for resilience to enhancegperformance in the
different contexts taking into account the perspestof local stakeholders. Specifically, it is exted that inclusion of
legumes in association with arable and vegetalnpscand that diversifying cropping systems willrerasse diversity-driven
agroecological services that have consequenceagimmomically important outcomes such as increaseq yield, yield
stability, weed suppression and soil fertility.

A large part of the methodological development wilolve several kinds of stakeholders and espgciatmers in the
framework of participatory research in relatiorthe diversified management practices, needs, expi@es and traditions of
farmers, end-users and consumers. Participatont Bl@eding and Management (PPBM) strategies attgaps best suited
to meet the specific and original demands of omyamd low-input agriculture, particularly related gmall-scale farms or
farms in marginal areas. Particular attention w#l paid to quantifying the effects and interactiarisbreeding and
management innovations on crop nutritional, orgapiid and end-use quality. Elsewhere, with theatmltation of small
regional seed companies, we aim to compare thetef@mess of different breeding strategies undewventional, low input
and certified organic farming conditions and to etoptimal breeding strategies for the productibrarieties suitable for
organic and low-input farming.

Environmental, economic and social sustainabilily lve assessed at three levels: i) the croppistesy, i) the farm and iii)
the food supply system, from breeder to farmer dosemer (including technical and legal aspects arf-econventional
varieties developed on-farm).

33



Breeding for resilience: a strategy for organic and low-input farming systems?
Session 1: Utilizing and conserving agrobiodiversity in agricultural landscapes

3. Suitability of the emmer wheat land races for the organic farming
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The paper aims to refer to a possibility of setactof suitable genetic resources of emmer wh&atiqum dicoccum
(SCHRANK) SCHUEBL] for the organic farming systerthd varieties being suitable for growing and havandnigh
nutritive value). Morphological characteristics the emmer wheat cultivars indicate their high cotitipeness to weeds.
The length of plant is thought to be a positiveegsphowever it does not contribute to a reductbrihe resistance to
lodging. This one is assured by a combination aftvand length of stalk in the case of the testétivars. The flag leaf is
narrow but long enough to provide a sufficient mdigition surface. The emmer wheat is characterised fast growth of
phytomass in the initial growing stages. It conités to an enhance of the resistance to droughthvderiously damages
the crop stands in the grain filling stages. lpaisclines to the resistance to drought, as it lbagr 3C discrimination
values, compared to the control varieties. Thetplane, therefore, highly resistant to usual whitsg¢ases under a natural
pressure of pathogenes. The emmer wheat providesr,Idut more stable yield level. Particular emmieat cultivars
grown in an absence of nitrogen achieve the sirhatare yield as the wheat control varieties. lhamwest index is a factor
reducing the efficiency of the emmer wheat growihilgey have short very dense spikes and their gvaight per spike is
reduced. The correlation between the number ohgriai spike and weight of spike may serve as atedecriterion of the
above-mentioned characteristics. The emmer whd@tans are more stable from the point of view loé testablishment and
following reduction of the number of grains in sgliét, compared to the soft wheat, grown in the @ of absence of
nitrogen. The emmer wheat cultivars also have & Ipigptein content in grain and they almost do meélk(the crucial
factors of the final use of the production). Theref their grains are not suitable for yeasty potslulrhe quality of proteins,
represented by the proportion of the essential amaids, is similar to the one of the soft whedtivars. Lysine is the first
limiting amino acid. The emmer wheat grains ar¢asle for the production of wholemeal flour. Traalital technologies are
used there - they assure the added value of tliupronade of the emmer wheat flour. Acknowledgemé&hts work was
supported by the research project No. MSM 600766%8Ministry of Education, Youth and Sports of tGeech Republic
and research project No. NAZV QH82272 of the NatloAgency for the Agricultural Research of the Miny of
Agriculture of the Czech Republic.

4. Pluridisciplinary points of view on Resilience: Lessons for breeding?

Desclaux D. Nolot JM?, Prévost B3, Leclerc C# Mezzaroba J, Lorentz B, Lacaze X}
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Physicists consider resilience as synonymous wilerial resistance to shock. Computer scientisssrite resilience as a
system functioning correctly despite some shortogsi For ecologists, it represents the regeneratidity of an organism
or a population, and also, the capacity for an ystesn to return to equilibrium after a disruptiéior instance, it could be
seen as the natural resistance of some fishes badbeir fecundity level.

Economists distinguish resilience that ensuresintegral conservation of an economical state (statly socio-economy)
from those that contributes to a reform (dynamicics@conomy). Psychologists compare resiliencentolnerability i.e the
ability to take act of a traumatic event to oveream

More and more expressions likesilient systemresilient businesand resilienttommunityappear into scientific (or not)
publications related to very diverse disciplinebe¥ characterize a type of homeostasis allowingesys to recover their
initial conditions or to maintain their initial fetions into dynamic and changing environments.

Changing environments are increasingly frequetat agriculture and may be controlled or not. Théhars of this paper
propose to consider this concept of Resiliencei@naksociated notions "Complexity", "EquilibriumTolerance threshold",
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"Resources"”, ... from several multidisciplinary poafitview. The objective is to enlarge the underdiag of this term and
give new ideas for plant breeding oriented to loput cropping systems.

5. Evolution of Maize landraces throughout its conservation

Zanetto Al, Kendal , Chable \@
anne.zanetto@supagro.inra.fr
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2. Kendal J., Agrobiopérigord, 20, rue du Vélodro2w000 Périgueux, France
3. Chable V., INRA, SAD Paysage, 65 rue St Bri@hf)42 Rennes, France

Genetic resources of Maize, conserved in genelinokide populations and inbred lines. Those larelaa@pulations were
cultivated until the appearance of F1 hybrid véeesfter the fifties. Afterwards, they have beeltected either by scientists
either by breeders. Around 1980, under the authaftthe French BRG (Bureau des Ressources GéeétiguFrench
Genetic Board) the organization of French genetources focused around networks of conservation.Maize, this
network involves French institutions (INRA, GEVSTES...) and private breeders (Pro-Mais).

The management of those populations is sharedtinelem partners of the network. INRA is in chargahs animation of
the network and conservation of those populatiartheé genebank. The multiplication is carried outlh partners under the
same rules. A minimum of 400 plants are use totfm@cross controlled pollinations (200 plants adexand 200 as female).
200 ears are harvested; 12 equilibrated mix wikei®iels of each ear are specially dried out to T#itity and conserved
in sealed bags. The rest constitute the bulk. U893, all the populations were multiplied every yigars. Due to
improvement in the conservation conditions, the lgegpveen 2 multiplications should be increased.

Elsewhere, landraces have also been conserved altiglidd in farms, under different conditions adidferent ways of
multiplication. Non Governmental Organisations (Bi#\quitaine...) are also involved in collection aednservation of
those landraces under different conditions. We didikk to compare the different ways the conseovati

The objective of this project is to understand gleaetic evolution of the diversity involved in difent adaptive response,
depending on the way of conservation. Is therenetiedrift in one or the other way of conservatsm multiplication?

Field trials will compare landraces populationshwsme names (for example: “Grand Roux Basque"@sé&ipopulations
will be collected in different genebanks, farms,gamisations of conservation and programs on diyersi
(FarmSeedOpportunities, RESGENO088...). A set of §imal landraces throughout 3 generations of midgpion will be
the start of this trial. Phenotypic characters a#i as molecular markers will be used for this msg We hope to develop a
method to understand the evolution of the diverdé@gending on the way of conservation.

This project is funded by the European Union in 8@LIBAM project (Strategies for Organic and Lowirt Integrated
Breeding and Management: FP7-KBBE 245058, from 2012014).

6. Breeding for resistance to common bunt (Tilletia caries)

Anders Borgen
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Common bunt is one of the most devastating plaseéaties, and a permanent threat to organic whedtgiion. The
diseases can be controlled by the use of resigtaigties, but only few varieties with known rearste are available in the
list of approved varieties in EU. Like any othesahlise resistance, virulence in the pathogen caglageif resistance is
based on a singe gene in a pure line variety. Bngefdr a resilient resistance in organic farmihgrefore should be based
on multiple gene resistance and/or based on diffegenes within a diverse wheat population. Theadhireg program
therefore focuses on screening for resistance bnoad basis of varieties including modern and aedtdge varieties of
bread wheat, spelt and other closely related wéeaties. New resistant lines have been identifigimspecies of species
Triticum aestivum, T.speltdl.macha T.dicoccon and T.timopheevii In the BIOBREED project, DNA markers will be
developed for the resistance found in the scresnikgomposite cross population of bread wheableas established based
on 30 varieties with resistance or low susceptipiio bunt, and selection under field disease presand marker assisted
breeding will be used to improve resistance ingbpulation for long term stability of the resistanc
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@ 7. Growing together - evolution of plant height in wheat composite cross populations
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Conventional breeding relies on active selectiorthef best performing plants from multiple crossehile discarding the
remainder of the offspring.. In evolutionary breggd{Suneson, 1956, Wolfe 2008), on the other htreentire offspring
population is sown in bulk, without active selentidnstead, by using a random sample of the hardegtain as seed for the
next generation, year after year, evolutionary tireg lets natural selection act on these compasites populations (CCPs).
Since the more productive plants will contributereieeed to the next generation than poor perforrtfssprocess can lead
to yield improvement of the populations. Howevarcomparing the better and poorer performing ggred, it is unclear
which plant traits will determine the general evimnary paths taken by the CCPs. One obvious gkffiector is the
competitiveness of the individual plants when grawgether. Our question was therefore how competigss of wheat
plants evolves within the CCPs over generationschipally, we investigated the evolution of pldrgight within the CCPs
as one indicator of competitiveness.

Three composite cross populations of winter wheattewgenerated from various crosses of 20 parerdties. These were
trialled in randomized field trials with 3 repliestin 4 locations (2 organic sites and 2 non-orgaites) in the UK over 6
years. Straw height was measured from the grournidetdvase of the ear each year for 10 plants peulation. We found a
general trend for the average plant height witha populations to increase over time. At the same,tvariability of height
tended to decrease over time. These effects weagerlon the conventional than on the organic,sithich could be related
partly to the use of growth regulators in the cartianal systems.

As plants compete against each other for light iwithe populations, taller plants will tend to cargpete short-strawed
plants. Taller plants may therefore produce moirfepoihg and contribute more to the next year’s seegblaining the
increase of average crop height of the populatiover years. At the same time, however, the tafflein resource
allocation within the plant may cap this developimdrecause, at some point, longer straw will meanef resources
available for grain formation. It is important tbserve the populations further to test this idea sturation effect in plant
height.
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The traditional search of fruits with favourablaits has created a tremendous diversity of apgtevars. In Asturias (NW
Spain) cider has been made for centuries, anddin&ethis tradition there is a high diversity ofpé cultivars. These
ancient resources should be conserved because gbtkntial loss of agronomic and adaptive tréitg tould be used in
future breeding programs and because of they represbiodiversity and historical link. As mosttb&se local cultivars
were poorly represented just in one or a few higiasold orchards, there were problems with in piteservation and
therefore serious risk of extinction of many ofrtheThe aim of this work was to explore, to consgteeevaluate and to
make the most interesting cultivars available fppla growers. An intensive exploration was conddigte Asturian old
apple orchards during 1995-1998. Cultivar selectiais made with the following criteria: good levéldisease resistance,
high and regular yield and/or high level of polypbks (bitter cultivars are demanded by cider makekstotal of 425
accessions were collected and added to the Applm@asm Bank of this region, which currently hasrenthan 800 apple
accessions, 550 of them being local cultivars. BR& collected accessions were planted, conserwetluated and
characterized in three different orchards. As alte$?2 cultivars have been selected for their agmic and technological
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traits and will be available for apple growers sobherefore, this work has contributed to the coresgon and the reuse of
underutilized apple genetic resources.

@ 9. Dry season sorghum: diversity agrarian and diversity cultural
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Dry season sorghum has now become a staple foaudst of the Northern Cameroon populations. The ésccultivated
during the dry season on clay soils characterized ery high water retention capacity (vertisdlgt are unfit for rainy
season agriculture.

Providing a second harvest in the middle of the skgson, it represents an important food surphus &nabling a large
number of families to go through the lean seasorersasily. Moreover, such an off-season activigytiens the very dense
yearly work schedule of the northern Cameroon fasm@ver the past fifty years its culture has iasel exponentially.

Our research program - conducted by a team of mgistef geographers and anthropologists - ambittonsnderstand how
cultural factors and biological ones interact aaikbtpart in the shaping of dry season sorghum'stigediversity.

Dry season sorghum can be subdivided into two mgeonps: 1/ Muskuwaari (in Fulani) is transplantedumtilled vertisol
fields after the last rains of the wet season; @i (in Fulani) is transplanted during the endhaf rainy season on hoed
soils - whose water retention capacity is weakanttihat of the vertisols. For this study we wiltfis on two neighboring
ethnic communities who, despite dwelling in a ligkly restricted area, grow dry season sorghumeiry different ways
(different techniques, tools, and agricultural odirs). The Tupuri mostly grow the Baburi form, dwade been doing so for
a long time. It is supposed that these Baburi Haeen diffused from the southerner Bénoué valley.fagkstheir Wina
neighbors they have adopted the Muskuwaari forntiseaturn of the last century. Our study endeatmrsderstand to what
extent these different ways of cultivating dry seasorghum would be induced by the cultural andietbpecificities of the
studied communities, or the environmental constsagr again the genetic properties of these twaigsoof dry season
sorghum.

The terminology and categorization of the differgtes of sorghum have been established througbubb ethnobotanical
surveys (free- listing, pile-sorting, interview§)he various agricultural techniques (field preparattransplantation) and
uses (transformation, consumption and trading) e described through direct observation andategenterviews.

The genetic analyses of samples from the diffenambed categories of sorghum by microsatellite mdécmarkers will
allow us to characterize the genetic diversity atknin both communities.

The first results indicate a very high culturalualof dry season sorghum for the Wina from theg#él Djongdong. Farmers
named over 15 different types under the Muskuweategory, and most of the farmer (63%) claim toehagquired their
seeds from their fathers. The Tupuri from the gé#leof Bouzar grow two main types of Baburi, whilscagrowing some
types of Muskuwaari whose cultural value seems nlash important than for the Wina: the Tupuri prefeowing wet
season sorghum and groundnuts instead. The reddtietveen the actual genetic diversity of the eait and the diversity
of the types as named by the farmers will be dsedis
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10.1s it possible to associate the resilience of non intensive agro-ecosystems with the
high yield of modern varieties?
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Over the last thirty years, volumes of global agjtieral production have increased significantlyrtkato the specialization
of farming systems and the search for high yieldiagieties. The scientific and technological depetent related to
globalization process has resulted in agro-ecosystainly based on the use of a low number of spemind genetically
uniform varieties with high performance. Nevertlsslghis strong increase in world food productios bhaday many
failures, due to the loss of genetic diversity &me low resilience in agro-ecosystems. In particulae resilience of non
intensive but low productive agro-ecosystems isaliguensured by farmers’ strategies for the managegnof

environmental risks which is usually based on gdgranel of interspecific and infraspecific taxd@se may wonder if it is
possible to associate the resilience of non intenagro-ecosystems with the high yield of modemetias. This question
was recently addressed by several authors.

We achieved a literature review to put evidencesategies that combine both productivity of agtimal systems and
conservation of natural resources. To reach tha ge carried out a critical analysis of measurssduby farmers in
intensive and non-intensive agro-ecosystems, suchha cultivation of different varieties in the sarfield, or the

combination of plant breeding systems and metaJatipn management.

Conservation approaches have been implementedgdingl in situ, on farm or dynamic conservationpider to preserve
biodiversity and evolution process. Several studiasdifferent species showed that the regular gnession of local
varieties by genes from improved material assodiatith mass selection is an efficient mean to cefih environmental

uncertainty and ensure resilience. It has also lEsnonstrated that it is possible to increase ywethile maintaining

resilience in harsh environments. For example VaooBe et al. (2003) investigated the consequencésmkr’s strategies
pertaining to seed management and the choice of péket varieties that are cultivated on the puotion of pearl millet

fields in Rajasthan, a very dry region of India.vReheless, further experiments are needed in dalevaluate whether
maintenance of genetic diversity is compatiblehim lbng term with high production levels.
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Introduction

Two of the current public discussions are firstywho feed the burgeoning and aspirational worldytagion as

it grows towards its 2050 peak, and second, hoglde down, or better, halt the continuing loss widgical
diversity and weakening of the associated ecosyssenvices. Curiously, and depressingly, these two
discussions are usually held separately even thduey are two sides of the same problem. Concertliag
natural world, the most obvious impact is spatiatduse of the spread of both agricultural land ahd
urbanisation, eliminating natural habitats. Butréhare also major negative interactions causednystrial
agriculture, principally large-scale monocultutgttresult in, for example, pollution of air, saild water.
However, because of current and future food shegtagome argue that we need to carry on expanding
agricultural production using industrial methodsatever the cost to the natural environment — expephaps,

for a little tinkering around the edges. Othersuarfpr the 'parks and prairies' divisions — congkstparation of
agricultural and natural areas. However, in ounyithe problems of food production and biodiversiged to

be treated as one: by doing so, we may achievaisability in its most profound sense, in that existence as
well as that of other species can be sustainduaeifiuture. In this paper we show how plant breedig be used

to integrate food production and biodiversity imatually beneficial approach.

The monoculture problem

Large-scale monocultures are convenient in termabafur, input applications and harvesting. Bregdor this
approach has led to spectacular increases in giglthper hectare although the biological and fgiahcosts of
obtaining and maintaining such yields are high, enwleasing. Moreover, the artificiality of the numulture
approach creates problems that are difficult tolues For example, yellow rust (stripe rust) digeawheat is
caused by a fungal pathogd?iccinia striiformis which co-evolved with wheat and its relatives roaelong
period. The pathogen survived by evolving into aregproducing 'factory'. Originally, this was besauof the
difficulty of dissemination of such a small organismong scattered host plants, and of ensuringttiaduld
be able to 'find' a host plant with which it wasmatible (matching virulence).

Disastrously, the introduction of bread wheat amagor crop followed by the massive increase in ameh in
monocultural production, has meant that the suckdssof the spores produced by the pathogen isedehy
several orders of magnitude, leading to large-sepielemics. These have been delayed to some ebyent
breeding resistant varieties and developing fudgii but this has not prevented further evolutibrthe
pathogen in its new global environment. As man $iétpdistribute host and pathogen germplasm woddyvi
Milus et al. (2009) and others have shown thatqmeh lines have now emerged that are more aggeettsan
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previously known. Moreover, the pathogen is ablexpress this aggression over a wider temperatungerthan
ever before.

Unfortunately, similar developments are occurririthwather plant pathogens — and also with pestsvesebls.
For instance, the massive use of glyphosate andtigalty modified plants carrying herbicide tolecanhas
resulted in glyphosate-resistant weeds (targetramdtarget) becoming a major problem (Gaines et2all0).
These are all examples of the effects of loss odlisersity in the host crop: the new straitjackktontrolled
biological and physical environments attempts toydine evolution, on the one hand, of the pathagereed,
and on the other, of the complex community of mieed macro-organisms that are often involved p@sdytin
the nurture and protection of the crop.

In this context, it is interesting to note the alvadions of Jarvis et al. (2008) who found extramady reserves
of crop genetic variation maintained by small farsnfor use either as insurance or for cropping irtumes.
This shows the continuous link in the traditionfafmers relying on diversity as crop breeders far past
10,000 years or so.

Polyculture, functional biodiversity and population breeding

Background to population breeding

The idea and practice of using composite cross lpopos (CCPs) as an alternative to monoculturedirg
was first developed in California for barley antefaformulated by Suneson (1956) as evolutionageting.
Winter wheat CCPs were generated and first tridhetie UK, starting with a DEFRA project (AR 0912D01-
2008; Generating and evaluating a novel genetouree in wheat in diverse environments) and conignin a
DEFRA-LINK project (LK 0999: 2008-2012; Adaptive mier wheat populations: development, genetic
characterisation and application). The initiatigeaiso being continued and expanded in a new Elériiev
Framework programme, Strategies for Organic and -loput Integrated Breeding and Management
(SOLIBAM), which runs from 2010 to 2015. These imitves have benefited from other recent population
projects, particularly in France (Goldringer et 2006), and have also led to a range of othetelprojects in
Europe. The population trials in the first projac¢ analysed by Ddring et al. in this conferenaktarir parents
by Jones et al. (2010).

Developments through these projects will allow gamaxpansion of the principle of evolutionary kdeegy to
include more crops, a greater geographical expasuteperhaps most important, a much wider condideraf
how they might be used to develop more productiwbust and biodiverse farming systems to overcdme t
long-term weaknesses of monoculture.

Performance of the populations

On average, the UK CCPs show only a small yielchathge over the means of their parents. Howevein®o
et al. (this conference) have shown emphatically tloe CCPs are better able to cope with environatent
variation temporally both among and within sitelatige to their parents (the variety mixtures wsimilar but
less so0). Such buffering against all variables agreites and years must be due to the immense tijwarsong
genotypes in the populations and mixtures.

Because of the numbers of parents of notably diffeiorigins and ages used, it is likely that, byde
calculation, the potential number of genotypes ggted in the CCPs would have exceeded the numbsesds
produced by some orders of magnitude. The mixtiversity, on the other hand, was limited to thegioral
numbers of parents physically mixed into each, amtbere was out-crossing in subsequent genergtitrgire
seed was harvested as a bulk each year and re-spmmnic the CCPs). Despite the initial burst dfedsity in
the segregating populations, they were expectegktion to homozygosity within, roughly, ten genenas,
assuming no out-crossing. However, even a smallegegf out-crossing, which is common in wheat, woul
maintain some heterozygosity and segregation pesnlrin the populations and mixtures.

The field trials with the Y (yield), Q (quality) dnYQ (yield and quality parents intercrossed) papahs under
both organic and non-organic conditions showed istar® yield ranking in the expected order of Ygrest
yield) and Q (lowest), which was reversed for proteontent. However, there was a tendency for ti@ Y
population to be closer to Y than to Q for yielddasioser to Q than to Y for protein production. Ils a
potentially valuable difference from the generalbcepted observation among breeders of a negatveation
between yield and quality among homozygous inbedections; it raises the possibility of a dual pag® crop.
For most of the characters assessed during theyldie of the populations, the performance wasastl equal to
that of the means of the parents, the main exaefiigong Hagberg Falling Number. The poor perforneainc
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this aspect was due, presumably, to the variatianaturity of the many different genotypes in tlopylations.
Despite this apparent deficiency, quality testlite populations for both industrial and artisasrelad-making
have been generally positive.

There was also a concern that plant height woultkase to unacceptable levels over the years,phatiits in
the populations evolving towards higher competitegs for light. However, an analysis of plant heigber
several plant generations could not confirm thisaiheight was highly variable and environment-ddpat.
One of the proposed advantages for the CCPs wasotkatial ability to adapt to different sites. Sas been
proved at least at a large scale in that the Y@ seat to Hungary in the early stages of the prsiect (AR
0914) adapted rapidly to cold winter survival amiclly came to yield as much as local varietiethat country
(Kovacs, pers. comm.). However, we do not yet kidvether more localised selection is possible ortidre
such effects might be hidden in the overall envimental variability; this will be investigated fughin the
coming year.

Improving the population approach

Although the YQ CCP is proving effective and adbfgat the European level, this does not meanitisathe
best varietal combination for all purposes. Newadss, provided large seed stocks are maintaioed year-to-
year, this single, 20-parent population might bepaable to a wide range of uses and environmerms. F
example, we are in the process of mass selectidar&fgrains for improved baking quality becaussrgcolour

is associated with protein level. In another twal are selecting the population for performance sgring wheat.
If this is effective, we may then be able to sethetspring population for dark grain.

Populations are relatively easy, inexpensive andkqo generate so that different populations carptoduced
for different needs, either in terms of end-usesnvironmental adaptation. Indeed, the greater dmge of
populations generated and used, the greater thalbdéversity to help constrain the increase andcsssful
evolution of pests, pathogens and weeds.

For some purposes it may not be necessary to denaga populations — the required objective maypéier
achieved simply by adding a specific variety, grimixture or even population to the original padidn. This
approach, using population-variety mixtures willibeestigated for yield performance in SOLIBAM.

On the other hand, there is also an interest irldping populations that may go beyond the scopeuoent
varieties and populations, for example, in dealiith climate change. This approach, which may negpie-
breeding of the required population componentsal$® being tested in SOLIBAM through generation of
synthetic hexaploid and tetraploid wheats which t@putside the evolutionary history of the cr®opulations
based on such novel parents may, for example, @xtea tolerance of the crop to dry/wet/cold/warm
environments and to the variability within eachffBred populations should be more successful thdividual
genotypes or ideotypes.

And we should go further. Different species undexi@ionary breeding should be brought togethetifferent
forms of inter-cropping to ensure selection for naltinter-crop performance. This may provide a dagnd
effective means of dealing with some of the contipetiproblems that have been encountered in eatiempts

at inter-cropping different species. The ultimabgeotive in our view is to use such approachesnprove the
potential and performance of eco-agroforestry systas a way of maximising diversity within and agpanops
S0 as to integrate food production and supporbimdiversity.

These methods of breeding within the crop at theufaion or community level rather than at the lesfethe
single genotype would also provide a more rapid pirattical way of exploiting the wide range of gmpes
available in gene-banks and farmer collectionsagpproach to ecological farming, this should letfher to
reduce or eliminate the need for external inputslevencouraging the maintenance of a wide range of
biodiversity.

What are the possibilities for such a radical apgeb?

An initial hurdle lies in the current breeding dedal framework. The development of pure line bregdh the
context of the industrial agriculture revolutioneovthe last hundred years has led to a system walittough it
may be regarded as highly productive, is also kigbstrictive and expensive in terms of the useilafnd other
resources. One can argue that in its original tiganthe system was set up to protect the farmemfr
unscrupulous breeders and seed merchants. Curréioilyever, it can be regarded as a system to protec
breeders and seed merchants from the farmer amgjehBut, as always with the law, when the needsgh,
changes are needed.
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As the variety laws stand at present, populatidngheat and other self-pollinated crops cannotegally traded.
Ironically, the use and trading of variety mixtuiepermitted in the EU — the seed lot simply regglia label
declaring the varieties used in the mixture. Unfoately, a seed lot of a population, even thougtoitid be
labelled in a similar way, is not permitted.

Ideally, we should encourage a change in the 50¢lddaw. Indeed, the officials involved in adnsirering the
law have agreed that a possible alternative woeldh Isystem of transparency and traceability in oy
farmer buying population seed would be able to kribe parents used in the population and its prasuct
history. The seed would be subjected to seed hesdting as in the current system. The only probhth this
proposal is that, if accepted, it might take teargeor more to become law.

Other alternatives would be to use populations amlgiosed contract deals involving an end-usettparreate
new species from the relatives of wheat used aslatopn parents. Both of these approaches woulduteide
the existing law.

A more radical approach would be to follow the Op@tess system currently used in software developme
(Kloppenburg, 2005). This would eliminate the claggnvolved in the system. Anyone involved in ptaiion
production would have to accept that the matehat they produced would be freely available (othan seed
production costs) to anyone who wanted to expliditrther.

If the population approach and its potential aggians do prove to be biologically sound and désgérén a time
of climate change and resource scarcity, then la ¢dcaction over the law could lead rather quickdyan
anarchical approach, which may not be altogethésfaetory.

Conclusion

As resources become more scarce and climatesriedistable, large-scale monoculture will becoms lasle to
cope and there will be a need for more biodiversitgll levels. We believe that one effective, ghaad readily
applied solution will be the use of high-yieldingneposite cross populations that provide rapid aymhohic

responses to change while limiting the potential égolution in pathogens, pests and weeds. Howehes,
approach will need to be integrated into farmingtems that make greater use generally of plantrsityeand

which thus enhance the importance and maintenahdeodiversity as a whole. This in turn will imprev
ecosystem services and so help to ensure a suseafoture for a wide range of organisms, includmgnans.
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By definition, tradeoffs constrain our ability tehaeve two or more goals simultaneously. How, then a
tradeoff represent an opportunity? Conditions geashifting the balance among conflicting goatal thereby
creating new opportunities. This point will baugitrated using three examples of tradeoffs thastcained past
options, but which may today represent new avefaresrop improvement. These examples are: 1) tffislén
the deployment of limited crop diversity in timedaspace, 2) tradeoffs from conservation of matpplied to
symbiotic nitrogen fixation, and 3) tradeoffs betweandividual-plant fithess (favored by naturalesgion) and
the collective performance of crop communities.

The first set of tradeoffs is directly relevantth@ use of crop diversity in agriculture. Cropetdsity over time,
i.e., crop rotation, can help control weeds andalie. But there can be tradeoffs between thesdiiseaind the
desire to grow the most-profitable crop(s) moremwft There can also be tradeoffs between cropsiiyesver
time and crop diversity in space. Intercroppimgparticular, can quickly use up diversity that Idootherwise
be used for longer crop rotations (Denisziral, 2003). For example, if there are only two crdpst can be
grown profitably in some region, then our choices d) a two-year rotation or 2) growing the same-trop
intercrop year after year. | know of no publisteinparisons between these two different ways ofogiem
crop diversity, over enough years to see whichasensustainable, but would bet on crop rotation.

What opportunities are implied by these tradeoffS@ppose that plant breeders and agronomists gewelo
identify four additional crops that can be grownfjiably in the region just discussed. Then ogienpand to
include a six-year sole-crop rotation, or a threaryrotation among two-crop intercrops, among obp&ons.
Domesticating, improving, or even identifying aitative crops is an expensive undertaking, but sgioleal
trends may help direct more resources towardsgihés. One such trend is increasing public interedbcal
food and in dietary diversity. This may be reimfd by global movement of pests, which should msze
farmer interest in the risk-reduction benefits od diversity. The combination of longer growingasons
(Menzel & Fabian, 1999) and increased atmosphetig iGay create new crop hiches, although other clonmati
changes, like increased drought, may impose newstiints.

A second set of tradeoffs has constrained the Uiegowme crops, forages, and green manures, in thagsnay
also be posed to change. So long as the natusalggd to make nitrogen fertilizer remained inespan
economics tended to favor nitrogen fertilizer oggmbiotic nitrogen fixation, despite environmentaldeoffs.
These environmental tradeoffs include increasirigat@ levels in well water in some areas, even @ses
pesticide levels decreased (Rupert, 2008), andd'deaes" in coastal waters. Increasing prices&ural gas
should stimulate interest in symbiotic nitrogenafion, as a potentially more-profitable alternatigenitrogen
fertilizer.

Some less-understood tradeoffs may have equallpriiapt implications for the increased use of syrtibio
nitrogen fixation. The Law of Conservation of Maftapplied to individual elements, generates &tyaof
tradeoffs in the use of resources by crops. Wblh of the carbon that legumes acquire via photbggis can
be transferred to their symbiotic rhizobia (Mincleinal, 1981). A given carbon atom may be respired t@ 10O
power N fixation, but it may also be used for current giufe rhizobial reproduction. For example, rhizbbi
cells can hoard enough polyhydroxybutyrate to adpce without external carbon resources or to gervi
months of starvation (Ratclifét al, 2008). Differences among rhizobial strains imedsion of plant carbon
from N, fixation to rhizobial reproduction can partly eal the tenfold differences in plant growth with
different rhizobial strains from the same soil (8om et al, 1999). For the rhizobia, conservation of matter
leads to tradeoffs among alternative uses for ptanbon. But this could also be seen as a tradmsiffeen
plant growth and rhizobial reproduction.
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What future opportunities are implied by these eécfts? Some carbon allocation to rhizobial repotidn is
needed, of course, but greater allocation idixation would increase the efficiency of, fixation, raising the
value of legume crops and forages. In regions /tegumes play only minor roles today, increases afs
legumes with enhanced,Nxation would simultaneously reduce the needeiternal nitrogen inputs (synthetic
fertilizer, animal manure, compost, etc.) and iasee crop diversity, with all of its pest-controldarisk-
reduction benefits.

How can we increase the efficiency of fikation? More-efficient rhizobia can be appliad inoculants, but
they rarely out-compete indigenous strains. Ptaeeding is the key, but we need to focus on impgthe
efficiency of N fixation, not just allocating more resources totraodules. Simultaneous measurements of
nitrogenase activity and nodule respiration shoat the same strain of rhizobia can differ at leastfold in
efficiency, depending on the host (Oono & Denis@f10). The most dramatic improvements apparently
involve host-imposed eusociality, with some rhizobi each nodule differentiating into nonreprodegctiN,-
fixing bacteroids analogous to worker bees. THisitp to impose eusociality on rhizobial symbiortss
evolved at least five times in legumes (Oa@tal, 2010), with alfalfa, clover, pea, and peanut hexmamples,
but it is not clear how easily this trait could dveloped in crops like bean or soybean.

As an alternative to increasing the efficiency aéle rhizobial strain, we can increase nodule oautyphy those
strains that are intrinsically most efficient. $egn plants monitor individual nodules and respongays that
reduce the reproduction of rhizobia that fix litbe no N (Kiers et al, 2003). These "host sanctions", if
stringent enough, could enrich the soil with ortig test local strains, improvingHfixation efficiency over
years. There may be considerable room for impr@venn host sanctions through plant breeding, b&zau
existing cultivars often tolerate mediocre perfone® by rhizobia in their nodules (Kiees al, 2006). There
appears to be substantial genetic diversity fort lsasictions; older soybean cultivars suffer lessnfithe
presence of nonfixing rhizobia (Kieet al, 2007). We have unpublished data documenting $ersttions in
alfalfa and pea as well as soybean.

A third category of tradeoff is that between indival-plant competitiveness and the collective perémce of
the plant community (Denisogt al, 2003). This tradeoff was analyzed more than d&ry ago in the famous
"ideotype" paper of Colin Donald (1968). The bestwn example is the poor competitiveness of higihdy
dwarf wheat and rice, which divert resources fraemsgrowth (and competition for light) to grain guztion.
Higher-yielding grain cultivars are often out-cortgzk by lower-yielding ones, with the former disamieg
from mixtures over a few generations (Suneson9,19dnnings & de Jesus, 1968). Donald arguedctbas
with horizontal leaves are more competitive, butttthey use light less efficiently for photosynikesa
conclusion supported by various studies (Pendletat, 1968, Kokubun, 1988). Similarly, we recently sied
that solar tracking by alfalfa also sacrifices gi@otential for competitiveness (Denisenal, 2010). Below
ground, natural selection based on individual cditipeness leads to over-investment in root, asviddal
plants benefit from stealing soil resources froeirtimeighbors, but thereby reduce the productieftyhe plant
community as a whole (Zhareg al, 1999).

Plant breeders focusing on organic farming maythigeee tradeoffs between competitiveness and yield
potential differently, however. Donald advocatedrgicing competitiveness to achieve higher yielssuming
high soil fertility and excellent weed control. have tended to agree (Denisenal, 2003, Denison, 2007,
Denison, 2009), but | recently pointed out thatels increase in yield potential may not justifyig decrease
in competitiveness (Denisat al, 2010). In organic systems, competitiveness agjamreds may often be more
important than yield potential. If so, then it manake sense to breed for taller crops with horiaioletaves (or
solar tracking) and aggressively spreading roots.

Meanwhile, Jacob Weiner and colleagues are lookihgndividual-plant-versus-community tradeoffs in a
exciting new way (Weineet al, 2010). They suggest that weed suppression lpsaan be greatly enhanced
through a combination of new management practioese@ased crop density and uniformity) and plaegbing.
Even with existing cultivars, weed suppressionéases with crop density, especially if spacing betwcrop
plants is similar in both horizontal dimensions (Wég et al, 2001). (Closer spacing within rows, while kegpin
row spacing constant, can be counterproductive.)

How might plant breeding further strengthen weegpsession, in the context of high crop density and
uniformity?  Weiner et al. (2010) note that pastunal selection is unlikely to have maximized plémits
whose only effect is to suppress neighbors, becausengle plant cannot suppress its neighborsipp&ssing
one neighboring competitor would help others, peshandirectly reducing the individual fitness ofeth
suppressing plant. Shade-avoidance responsesdewing taller in response to crowding) might @aome
tendency to shade neighbors, but these resporesesldtely to be optimal in terms of overall weegbpression.
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Can we increase suppression of weeds by cropsoutiihcreasing suppression of crop plants by edlcbr®e
Maybe not, if we grow the crops in widely spacealso But Weiner et al. note that, with uniform sSpgcof
crop plants, crop seedlings would compete with amppress weeds long before they grew large enamugh t
compete with each other. And they would have amathge in that initial competition, resulting frahe larger
size of crop seeds relative to those of weeds. miljht therefore be possible to breed for increased
competitiveness against weeds, while keeping mintedference between crop plants relatively low.

Natural selection is a powerful force, but its kations -- particularly, favoring individual fithesven when it
conflicts with the collective performance of plasdmmunities -- offer many of our best opportunities
improvement by plant breeders (Denison, 2010).leCtive suppression of weeds may be an exampletraiita
that hasn't already been optimized by natural selecleaving opportunities for improvement by lidieg
(Weiner et al, 2010). Similarly, tradeoffs between the fitnedsrhizobia and of their legume hosts imply
opportunities to favor the legumes, in ways that dacrease reliance on off-farm nitrogen sourcésirarease
crop diversity. Increasing crop diversity will, tarn, reduce the severity of tradeoffs betweerhiwiyear
diversity (e.g., intercropping) and crop diversityer years (e.g., rotation).
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Introduction

Resilience, i.e. the ability of a system to remhinctional when under external stress, is a pryptvat is
anticipated to be of increasing desirability inaatfchanging world, especially in the face of distimg non-
renewable resources. Breeding plants for resili@mms to produce crops that can deliver high yald quality
under changing, and more marginal, resource camditiA promising breeding approach to increase crop
resilience is evolutionary breeding, as introdubgdSuneson (1956). A key component of this appraacthe
introduction and maintenance of high genetic diters the field through the creation of compostmss
populations (CCPs). The diversity of genotypes witthe plant population means that genetically edéht
plants can complement each other, e.g. by usiightbfi different resource niches, thereby increagingrall
resource use efficiency. Moreover, high within-cohyersity offers the advantage that the failursafe plants
under certain environmental conditions (e.g. droughn be compensated by plants with different ertigs
(drought tolerance). This idea leads to the hymishéhat the advantage of using crop diversity avs&ng
monocultures may increase along a gradient of asing environmental variability. Here we confirmisth
hypothesis for winter wheat CCPs (high diversity)iath were compared with their parents (low divgjsias
well as with the physical seed mixtures of the peréintermediate level of diversity). We furthéwosv that the
yield advantage of diverse populations over mortaces is particularly prevalent under stress caomast i.e.
when the environment affects yields negatively.

Materials and Methods

Selection of parents

Six composite cross populations of winter wheatewereated in 2002. The twenty parental cultivarsewe
selected from data of both published and unpuldisgttadies, and from experience of the consortiunnpes.
Key criteria for selection included a diverse genbhse and the potential for robust performanageumow
input agronomic conditions. The parent cultivarseveelected in summer 2002 in two categories: higlling
(Bezostaya, Buchan, Claire, Deben, High Tilleririgd, Norman, Option, Tanker, Wembley) ‘Yield' vaiess,
and high bread-making quality (Bezostaya, Cadehesmeward, Maris Widgeon, Mercia, Monopol, Pastiche,
Renan, Renesansa, Soissons, Spark, Thatcher) t@Qwaliieties. Bezostaya was included in both cates as

it was known as both high yielding and high qualityRussia, where it was grown successfully ovenyngears.

Creation of CCPs and mixtures

All 20 parents were crossed together in a completé-diallel to produce all individual 190,Fcross
combinations. The JFseed was harvested, germinated and grown to maiaria glasshouse. All ears were
bagged to ensure self-pollination, and thesBed from each of the individual plants of each cross was
harvested and bulked for each cross. From thedeulks three separate ‘foundation’ CCPs were stabie
bulking F, seed from the individual crosses. The first waglsssized from the 66 crosses between varietids wit
good milling potential (Q), the second synthesifieen the 36 crosses for varieties identified asifguhigh
yield potential (Y) and a third synthesized frore 80 crosses between Y and Q parents (YQ). Iniaddinale
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sterile CCP populations (CCPms) were generated thicially hybridizing all the above parents to
characterized genetic male sterile lines (as feshalbtained from two sources (RAGT and CIMMYT). The

of these crosses were bulked as above to creat@E€CYCCPms and YQCCPms, which together with QCCP,
YCCP and YQCCP, gave six CCPs available as stantaigrial for field evaluation.

In order to compare the performance of mixtureharhozygous lines with that of heterozygous popoites)
parental seed of equal proportions was also mingblé same categories as those used to createph&afions

to provide a Yield, Quality and Yield-Quality Mixte. Unfortunately the Norman seed that was useithen
mixtures subsequently turned out to have been pongded. Therefore the Yield and the Yield-Quality
Mixtures contained a small amount of an unknowrotyge.

The CCPs, mixtures and all parental varieties afram Norman) were drilled in single replicate tsloof
varying size at four locations in October 2003. fBhevas enough seed available in autumn 2004 tonbegi
replicated field trials.

Field trial site description

Trial sites consisted of two organic sites (Wakslygroforestry (WAF), in Suffolk (539'N, 1°17'E);
Sheepdrove Organic Farm in Berkshire (SOFJ45N, -1°52’E)) and two non-organic sites (Metfield Hall Far
(MET), continuous wheat, adjacent to WAF in Suffd41'N, 1°29'E); and Morley Farm (MOR), an
experimental farm in Norfolk managed by The AraBleup (TAG) (5256'N, 1°10'E)). Experiments took place
over three years (2004/5 to 2006/07) in differecation within each farm. This set up resulted2rfigld trials
or environments (3 years x 4 sites).

Soil type (clay content 13-40 %) was medium to yeavMetfield, Morley and Wakelyns and light to med
at Sheepdrove. The preceding crop was always glagsr or grass-vetch-clover ley at Wakelyns; gideser
at Sheepdrove; winter wheat at Metfield; and winiéseed rape at Morley.

Data analysis

Here we report results for the categories Q analy, since the overlap of parents between YQ orotiehand
and Y and Q on the other means that the resul€oére not sufficiently independent from the resait Y and
Q, respectively. The programme R was used to amalyslata.

We used four steps to test our hypothesis thatrsiverheat might show a stronger yield increase owterat
monocultures in variable environments.

(1) For each of the 12 field trials (environmeptih j = 1...12), we first calculated the relativielg difference
D(Ej)cce between the CCPs and the average of the monoesi|twith

D(E)ccr = [Y(E)ccr— Y(B)el/Y(E;)s*100 (egn. 1)
Accordingly, D(E)mix is the relative yield difference between the migtiand the average of the monocultures:
D(Ewmix= [Y(E)wmix — Y(E)el/Y(E;)s*100 (eqn. 2)

where y(Bcce and y(Bwix are the yields of the CCPs and the mixtures, atiyedy, averaged for each
environment E and y(E) is the average yield of all respective parent®(Q) for each environment.
(2) We then determined theithin-environment variability W(f of each of the 12 trials by calculating their
coefficients of variation:

W(E) = [1/(n - DI[E(yi- Y(E)) Ty (E)s*100 (eqn. 3)
where y are yields of parents of individual plots i, y¢Eare again the trial averages as above, aiglthe
number of plots in each environment.
This measure of variability contains all sourcesariation within the environment (block, variegxperimental
error). It measures how predictable the yield pemtnces of individual plots are when the overadirage of the
environment is known.
(3) Finally, we performed an analysis of covariabcedetermine the relationship between the relayiedd
differences D(E) and the variabilities W(E).
(4) In a complementary analysis, we investigatedréationship between the yield effect of diverdeat and
betweerenvironment variation B(E). For this purpose wécakated the relative yield increase or decrease fo
each environment compared to the system average:

B(E)ors = [Y(E)r — Y(Sorg)e/y(Sorgd*100 and (eqn. 5)

B(E)con = [Y(E)p — Y(Son)rl/Y(Scop*100; (eqn. 6)
Where y(Sigris the overall yield average of the parents from six organic trials and y{§)rthe respective
average for the conventional trials.
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Here, we were particularly interested in negatiadugs of (B((<0), i.e. when the yield of ;Bs below the
average of the system across the 2 sites and 3.y@df) was then subjected to a covariance anahgamst
D(E)cce and D(Eyix.

Results

The differences D(E) between populations and moiho@s are plotted against the measure of within-
environment variability W(E) as determined in s(&p (Figure 1). This shows a significant associatietween
high variability and the difference between popols and monocultures (slope = 0.71+0.17, adjusted
0.477, p = 0.0001, df = 22). There were no sigaiftdnteractions between this effect and the sygtgganic vs.
conventional). For the mixtures, the relationshgmeen D(E)x and variability W(E) was also significant but
slightly weaker than for the CCPs (slope = 0.54&0aljusted R= 0.131, p = 0.0462, df = 22).
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Figure 1: Relationship between yield variabilityoéfficient of variation W(E), x-axes) and relatiyesld
difference D(E) of composite cross populationg)(lef variety mixtures (right) compared to monoavéts (y-
axes).
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Figure 2: Relationship between a measure of betveeetronment variability (B(E), x-axes) and relatiyield
difference D(E) of composite cross populationg)(lehd variety mixtures (right) compared to montards (y-
axes). Open symbols for negative values of B(E)d fsymbols for positive values of B(E).

When the average yield of an environment wakw the system’s average (B(E)<0), the yield effectiaf
populations was negatively correlated with B(E)g(Fe 2), i.e. the lower the yield of the environmeras
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below the expectation, the higher was the advardgagee populations (adjusted R 0.844, p = 0.0001, df = 8).
For the mixtures, this relationship was non-sigaifit but pointed in the same direction (adjustéd B.268, p =
0.072, df = 8). For positive values of B, i.e. ab@verage yielding environments, neither the CG#stime
mixtures showed any significant correlations wiEB(p = 0.501 and p = 0.163, respectively).

Discussion

Traditional plant breeding programmes rely on selgcgenotypes in optimal conditions: in the absent
weeds, diseases and pests and with peak nutriaiglaity. This breeding approach has produced ynan
successful pedigree line bred varieties for higiutnproduction systems. However, low input agriodthas
suffered from a lack of varieties adapted to thdrenmental variability on low input farms (Philgand Wolfe,
2005). Furthermore, there is a need to reduceycagbuts in high input agriculture and to prepace the
impacts of climate change. In low input conditiotiee variability of the environment has a far geeanfluence
on yield than the choice of variety. This can lead lack of stability in performance that has bdemonstrated
in many studies (e.g. Soliman & Allard, 1991). Rbgbk mixtures of complementary varieties provide an
improved ability of a crop to buffer variation inik climate and disease and weed pressures (\2df&l). The
advantage of diversity in cereal variety mixturess Hbeen well demonstrated (Finckh and Wolfe, 2006).
However, there are practical limits to the numbiegenotypes that can be used, usually no more ttivae or
four, which limits the potential for buffering agat environmental variability. This project was ideed to
overcome the problem of limited genetic variabillly developing crop material directly from segréugt
populations in the form of evolutionary breedingii8son, 1956).

The populations, mixtures and monocultures, whilecantaining the same genetic material, exhibitdely
different degrees of genetic diversity in spacer @sults show that in more variable environmetig,
advantage of highly diverse populations over moliooes was greater than in less variable envirorigen
While the variety mixtures showed the same relatign it was weaker than in the populations, intlcathat
the level of diversity determines the degree ailiegxe. Furthermore, we found that high within{rdiversity

is particularly effective under stressful condipwhen environmental effects push yields beloweetations.

We conclude that both theory and empirical evidesuggest that, even for different farming systerhggh
levels of within-crop diversity offers the possityil of improving crop performance and reliability highly
unpredictable environments.
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Introduction

The evolutionary processes in pathogen populatiteeding to resistance breakdown are mutation,
recombination, adaptation, and selection. All theseesses, in particular adaptation and selegtiooesses are
critically influenced by environmental conditionegting the pathogen population directly or via tmost and
the genetic structure of the host population. Theeficial effects of diversity for resistance irasp and time,
reducing diseases are well known and a multitudene€hanisms has been identified contributing tsehe
effects (see Finckh and Wolfe, 2006 for review)siR&nce gene management on the population leltddevan
important component of future sustainable agricaltaystems as well under organic as conventiamaditions.
For long-term sustainability it will be crucial t@introduce diversity for resistance into modermietges to
prevent resistance breakdown.

Alternative approaches to pure line breeding haaentdeveloped by using composite crosses, topesessd
population breeding (e.g. Murphy et al., 2005; Waift al, 2008). The “modern landrace” or “evoludion
breeding” approach aims at combining the advantaféise breeding success of the last century aedisle of
genetic variation producing high yielding and higlnality but genetically diverse crop populationatthan be
adapted to local conditions by the farmers. Theall/aim is to provide materials for the developtnehlocally
adapted populations and varieties (Murphy et 8052.

Although wheat is an inbreeding crop observatiamsvbeat landraces indicate that outcrossing caasliegh as
11% (Dreisigacker et al., 2005). A French studywshahat overall genetic diversity was conservechiwit
subpopulations (Goldringer et al., 2006). In addifiit was found that the mutation rate in thesesath
populations were exceptionally high possibly du¢hi initial large crossing design and thus conteb to the
continuous production of new genetic variation (Raget al., 2008). In the sFof wheat composite crosses
grown in Germany in 2005-2006 diversity for regsig® to brown rust Ruccinia recondita was still
exceptionally high. We tested individual plantsnfrgingle seed progenies for their resistance tethlifferent
rust races. The progenies segregated in 22 ou? oh&es into two to eight resistance phenotypexKRiet al.,
2009).

The purpose of this paper is to present some s=galh three wheat CC populations that were maisthsince
the F without conscious selection at the University ofsk&l under organic and conventional growing
conditions and one population grown without weexlticd under organic conditions since the F

Materials and methods

Three winter wheat CC populations were createdDildn the UK with the aim to produce materialsdse in
the development of highly adaptable modern wheptiations and possibly modern landraces. The CGs we
produced either by intercrossing 12 high qualityepés (Q) (Bezostaya, Cadenza, Hereward, Maris ¥didg
Mercia, Monopol, Pastiche, Renan, Renesansa, $nisSpark, Thatcher), 9 high yielding parents (Y)
(Bezostaya, Buchan, Claire, Deben, High Tiller LihNorman, Option, Tanker, Wembley), or all 20 maoder
wheat parents (called A Population).

Since the F (2005-2006) the populations have been grown atUhwersity of Kassel under organic and
conventional conditions in well separated larged@rtf) plots in two parallel sets (12 populations totaithout
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conscious selection applied. In the conventionatesy no fungicides or insecticides are used to ®xybe
populations to natural pest and disease pressever& popular winter wheat varieties grown in $hene fields
next to the populations were included as referenacieties since thegforganic) and since the; Fconventional)

to compare the yields of the CC populations todsgpyields attained in the given environment. Cuotlge in
2010/2011, the f generation is being grown.

In addition to the 12 populations described, in&R009 (k) a sample of the A population was broadcast sown
and grown without additional mechanical weed cdnmader organic conditions and resown under theesam
conditions in the & The purpose is to determine if a population agapd growing without mechanical weed
control can be created. This population is curyeintthe second year of adaptation.

Yields were taken from predetermined plots of 1845Since the Ftwo replicate samples are taken per CC
population to determine the variability. In additjoesources permitting, leaf and foot diseasest pieights and
other morphological parameters were assessed & 30Agle haulms or stems of the CCs and 10-20esing
haulms of reference varieties in pure stands. 8ipignt harvests from the Bnd k are presented in a separate
poster (Weedon et al. this conference).

In 2009 and 2010 the parental varieties were griovan organic field adjacent to the organic CCg (hifierent
rotation) in single plots to increase the seedudture experiments. In 2010 the lines were alsessed for their
foliar and foot diseases.
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Fig. 1. (left) Diversity in size, angle, awns, amgght in the wheat CCA population in the(E010)
under organic conditions. (right) Mean height oé t8C populations and reference varieties in
2010. The bars indicate the range of heights therewneasured. For the CC populations n=50, for
pure stands n=20. The CC populations are codedksns: C: conventional, O: organic, A, Q, Y:
all, quality, or yield parents, respectively, I, first and second parallel population, respectivel
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Results and discussion

Morphological diversity

The morphological diversity is still very high ihe K with large variations in leaf angles, height, eplead
shape and awns, among others (Fig. 1).

The Q populations were consistently taller thanhgopulations, an effect still visible in 2010. Né&tions in
height were still huge in the CCs compared to te gtand references.

Yields E— K

Especially in the year 2007 yields were generally bt our site. The different yield levels in theyanic and
conventional fields reflect site differences andoarrall lower yield potential of the conventiorsdte (Fig. 2).
Overall, yields of the CC populations were comphlrab the yields of the reference varieties inghen years.
However, the range of yields of the reference ti@gewas often much greater than that observetdenCCs.
While it appeared that yields of the Y populatienginating from the high yield parents were somatuigher

in the first two years under organic conditiongithize yields of the other populations, this pattisappeared in
later years.

The A population sown broadcast and grown withoatimanical weed control performed equally well as th
population sown in rows and managed with harrow &oé in both years (Fig. 2a). It was especially
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conspicuous that no more weeds were visible irbtbadcast sown plots than in the plots with meatsnveed
control (Fig. 3).
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Fig. 2. Yields of the CC populations and referevageties 2006-2010. Plots of 12-15mere harvested.
Since 2009 replicate plots in CC populations. Thmber of reference varieties (white bars) is giwen
parentheses. Error bars represent the range (mirjroéyields measured. For population codes see Eig
In addition, in(a) the yields of the CC that were broadcast (OAB)manad to thereference variety Capo in
the same system are shown

Fig. 3. (left) CC grown with 30sm row distance withrrowing and hoeing for weed control and (rigi@L
grown broadcast without mechanical weed controbkeeharvest 2009.
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Diseases
Disease pressure in the area varied considerabbnan
years but was generally low as well under orgasic
conventional conditons. In 2009, brown ruBu¢cinia
reconditg severity on the flag leaf of a susceptible pu
line was 14% diseased leaf area while in the
populations mean severity did not exceed 5% diske
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leaf area. In 2010, leaf disease pressure agaimowas HHEEIIE HHEEIE

In contrast to foliar diseases, in 2009 and 2016 fi 2le(e|s|2|e glelela|e |

disease pressure was moderate to high dependittieo 2009 2010

field. The reference varieties were grown adjaterthe .

CCs in fields with the same rotation. In contrabe 60 Teonventional ——

parent varieties of the CCs were grown in an oi@a , 50 & Fusarium

field with another rotation. Therefore, it is natssible to | € 0 ] - 2 Tor

compare them in detail. The variation in disease gy & 30

was considerably higher in the reference variet %zof

compared to the CCs. Among the parental lines tirania 10

was also high (Fig. 4). 0 ., L
Rleleg| 2|2 2lgle|d|e

Conclusions
Overall, the yield performance of the CCs is coraplr | _. o _ _
to standard varieties albeit less variable. The ggod | Fi9: 4. Severity of foot diseases at harvest (index
performance of the broadcast population in two gégr| ffom 0-100) in CCs, means of reference varieties
encouraging as it suggests that it should be pestib| and of parents. Bars indicate range of total _
adapt the population to lower inputs than common dlsc_ease se\_/erlty observed. Parents were growh in
organic farming with respect to weed control. a different field from CCs and references.
The high morphological variation observed in thg F

suggests that overall diversity is still high. Raygeof the tests for heterogeneity as in théHmnckh et al. 2009)
in single seed progenies would be highly intergsitnone of the next generations.
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Introduction

Tropical soils are considered to be particularlynevable to fertility losses because of their loapacity to
retain organic matter and mineral nutrients. Thismpts the development of “new” agricultural ptizes to
manage mineral nutrients and organic matter in eersostainable way while relying less on inputsedtilizer.
Two methods pertaining to ecosystem engineeringagnoecology have already been tested with sonaessc
The first is based on the addition of biochar ® gbil and has led to the creation of long-lastertlity spots by
pre-Columbian populations (Marris 2006). The secisdased on the maintenance of higher earthworm
densities (Lavelle et al. 1989). Earthworms haweéd been shown to increase crop production by éfffeicts
on plant growth (Scheu 2003). However, crops haveetadapted to agricultural practices and pagibuto the
soil conditions they lead to and common cultivaightinot be adapted to new practices. In particutaydern
cultivars have been selected in soils deprivedadhar and with usually low earthworm biomass (Extisaand
Lofty 1982, Mader et al. 2002). Using rice as a siqaant, we thus compared in a greenhouse expetithe
responsiveness to biochar and earthworms of fae cultivars. These rice cultivars were choserefmasent a
wide gradient of origins, between a very local kg to common modern cultivars.

Material and methods

Experimental desigrilhe experiment was conducted at CIAT (Internali@enter for Tropical Agriculture) in
Cali, Colombia. Plants were submitted to the foasgible combinations of two factors: with (five &duof
Pontoscolex corethrurfiand without earthworm (respectively noted E, MEY with (25 g of biochar per kg of
dry soil) and without biochar (respectively B, NByll treatments combinations were implemented foz t
African rice Oryza glaberrima,IRGC 103544) and four Asian rice cultivar®ryza sativq cv. Line 30
(accession CIRAD 409K zucena(accession IR64)Nipponbare(accession IRGC 12731) ambnde lo tiren
For each combination of treatments (E x B x ric#tivar), two fertilization treatments were implentea:
without or with mineral fertilization. Five replitegs were implemented for each treatment, resulting00
microcosms containing each 1500 g of an inceptisee Supplementary Method 1). Rice was grown in a
greenhouse for four months (relative humidity 6849%emperature 27-29°C, light intensity 600 mmof st
and a 12 h photoperiod).

Measurementgifter sixteen weeks of growth, plants were hanasted separated into leaves, grains and stems.
Roots were collected by wet sieving. Subsamplesaoh plant material were analyzed for total carbon, total
nitrogen using a ThermoFinnigan Flash EA 1112 efgaienalyzer (ThermoFinnigan, Milan, Italy).

Statistical analysed/NVe base the analysis of our results on the effees of the different treatments (Nakagawa
and Cuthill 2007). This approach allows focussimgtioee magnitude of the effects of the differenatneents
comparing the magnitude of these effects relatitelyhe control treatment, in different cases: héee rice
cultivar and the fertilization treatment. We usestandardized statistics, Cohed!sEffect sizes were calculated
separately for each rice cultivar and for eachlization treatment (with and without).
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Results

The full statistical model (four-way ANOVA with “edoworm”, “biochar”, “fertilization” and “rice culvar” as

factors and all the interactions between these flaetors) showed that for most output variablega(tbiomass,
root biomass, grain biomass, shoot/root ratio, &#f) there were significant interactions betweiee cultivar
and biochar, and between rice cultivar and eartmsoiThis proves that different rice cultivars halifferent

responsiveness to biochar, earthworms and the caids of both. Overall, the positive effect of mial

fertilization was of the same amplitude as earttnwand biochar effects. Hereafter, we base the ig¢iser of

our results on the calculation of the effect sigeS, see Materials and methods) that denote teagitr of the
effects relatively to the control treatment (withdnfertilization treatment). The effect sizes aineen together
with relative percentage changes.

In all cases, i.e. all cultivars and with or withdertilization, treatments increased the totakric
biomass (Fig .1, positive ES). This biomass tentledespond more to earthworms and biochar without
fertilization than with fertilization. With fertiiation, the strongest effect size was obtained titth biochar
and earthworms irNipponbare (+128%, ES about 5) an@. glaberrima (+44%, ES about 5). Without
fertilization, the strongest effect was obtainedhwearthworms irD. sativacv Azucena(+233%, ES about 7)
andDonde lo tiren(+119%, ES about 7) and with both biochar andheaitms inDonde lo tiren(+171%, ES
about 9). Effects of earthworms and biochar onsti@ot/root ratio were different with and withouttiiezation.
The other documented variables displayed diffepatterns but in all cases the responses of therdiit
cultivars were different and varied with the feraltion treatment.

The complete mechanistic interpretation of the olexk effects on rice growth and resource allocation
goes beyond the objective of the present articietiler experiment (Noguera et al. 2010) focussmgrte rice
cultivar (ine 30 but comparing different soil treatments, suggkdtet earthworms and biochar mainly act
through their positive effect on the availabilityraineral nutrients. However the earthworm effemtild not be
fully understood without assuming that they leadh® release of plant growth factors in the saibtigh the
stimulation of particular bacterial groups (Muscetaal. 1999, Blouin et al. 2006). Here, the keinps that the
pattern of response of rice cultivars is complée: tesponsiveness to biochar, earthworms and tibination
of the two generally depended on the cultivar, wad often different with and without fertilizatioBeyond this
complexity it is noteworthy that: (1) The same nmaxm total biomass could be obtained with@inglaberrimg
or without fertilization {n Donde lo tirei but with both earthworms and biochar; (2) Thehbigt absolute grain
biomasses were obtained with the combination dflization, earthworms and biochar (@. glaberrimaand
Line 30; (3) With fertilization, choosing the best combtion of cultivar and treatment allowed a 353%treda
increase in the total grain biomass (biochar amthearms inNipponbare; (4) Without fertilization, choosing
the best combination of cultivar and treatmentvedld a 437% relative increase in the total graimiaiss
(biochar earthworms irAzuceng (5) Overall, choosing the best combination afatments and cultivar
multiplied by more than four the mean relative @ase in grain production calculated over all thmlwoations
of treatments and cultivars (with and without fezétion).

56



Breeding for resilience: a strategy for organic and low-input farming systems?

Session 2: Global change and adaptability

With mineral fertilization

Without mineral fertilization

14 1a
-$ 12 124
O © 104 10
Eg 8- 8-
o ° el
£3 2| | =iunn |
A
wa 2 l 2'1 } :
|9°HHH]11 o_{ I H
-z NFOom NFoOmMO NFOm -z NFOm NFoOmMO NFOoOm
45828 0828 %5823 X5828 Y5828 Y5828
Biochar Earthworm Biochar and Biochar Earthworm Biochar and
Earthworm Earthworm
o a8 8
31 &
Q o
» o 4 a
- O
8’5 2 2-
£8 of| 1] (1] 1] |
Bl 1o |
U)_Z NFQMm NFOOMO NFQm -= NHFQ@Mm NFOOMO NFOD
<5'228 <5'220 <5'228 <5'228 <5'ﬁzo <t—'<°28
Biochar Earthworm Biochar and Biochar Earthworm Biochar and
Earthworm Earthworm
s E F
3 8 8
§5 o o
5 Q
g.g 7 7 l
S !t
= o
52 ] | 1
© ©Of ] | ] [{ o- l 1
5 I
'9_2 NFom®O NFomO Nom® —-= NFoOom® NFom® Nom®
<a'gzo <a‘gzo <a‘gzo <a'gzo <a’gzo <(a'gzo
Biochar Earthworm Biochar and Biochar Earthworm Biochar and
Earthworm Earthworm

Fig. 1 Effect sizes of the different treatmentsdbar, earthworm, and combination of biochar andtteaorm)
on the total biomass (A-B), the shoot/root ratiel¥and the total biomass of grains (E-F). In eactse, effect
sizes are displayed for the mineral fertilizatioratment (left-hand column of panels) and the rastilized
treatment (right-hand column of panels), and focre&sian rice cultivafAZ, AzucenaDLT, Donde lo tiren
L30, Line 30 NB, Nipponbarg and the African rice (OGJryza glaberrimg

Discussion

Why focus on cultivar responsiveness to biocharearthworms? For biochar, the answer is very clear:
if we want to develop new agricultural practice® also need to develop the suitable cultivars tigtly
benefit from these practices. For earthworms, tisavar is threefold. First, modern agricultural piaEs such as
tilage and the subsequent negative effect of tipeaetices on soil organic matter content havenoft@egative
impact on earthworm populations (Fragoso et al7198onversely, alternative agricultural practie@sing at
increasing sustainability often have a positiveaetpon soil fauna and earthworms (Mader et al. p0®2cond,
practices are proposed to directly increase eariwimomass to restore soil fertility (Lavelle et 48689). All
these practices would particularly benefit from tis® of responsive cultivars. Third, soil organisams more
and more thought to play an essential role in tstasnability of soil capacity to support vegetabguction
because of their involvement in positive feedbapk between soil properties and plant produclienédlle et
al. 1989, Wardle et al. 2004). It might thus begilale to foster further these positive effects aatainability
through the selection of new responsive cultiv8ugch an approach is currently in development fotomhizae
(Sawers et al. 2008). They are an obvious placstad because of their symbiotic association witnis.
However, most soil organisms interact directly mdiiectly with plants (Wardle et al. 2004). Therefothis
approach might be extended to many other organiShis.would be a way to green the green revoludiod to
favour the ecological intensification of crop pretlan (Cassman 1999).
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The next key issue is to find genotypes having gh iesponsiveness to the desired organisms. It is
probable that intensively selected modern cultivaase lost some of the traits allowing natural sgedo
interact efficiently with soil organisms and fineage sources of soil heterogeneity (such as bidchadeed
agricultural practices tend to be unfavourable smyngroups of soil organisms and modern cultivargetoeen
developed to grow efficiently when provided withasundant mineral fertilization that tends to hoeige soil
fertility (at all scales). Consequently, subtle m&gisms allowing plants to access mineral nutriémtsugh
complex rhizospheric interactions (involving intetrans with soil organisms, see for example Bonko\#604),
might have been selected against or might have bemhastically lost during the selection of higélging
cultivars. A solution might thus be to find losaits in local landraces or non-domesticated anceghtdcCouch
2004). Our results support these views in the sémseDonde lo tirenis the more rustic rice cultivar of our
experiment and responds well to earthworms in tevhietal biomass without mineral fertilization (¥#9%, ES
about 6, Fig. 1). However, due to interactions wifte resource allocation strated@yonde lo tirendoes not
respond well to earthworms in terms of grain bicsn&3n the contrary, a modern cultivar suciNggonbare
increases very significantly its grain biomass nesgnce of earthworms, even without mineral fegtion
(+93%, ES about 2).
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@ 11. Evolutionary dynamics of cycle duration in pearl millet: the role of farmer’s
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One of the major preoccupations today is to undatsthe effect of environmental modifications oadversity and how
human societies are going to face these changes.e®earch aims to study the consequences of emvéntal and social
changes on the genetic diversity of Pearl milRgr{(nisetum glaucuma major low-input crop for human consumption in
the Sahelian region. In this region Pearl milletgemts many varieties based on candle’s shapezmdsed color and size,
and taste. Sahelian farmers use to grow early atedlbwering varieties in order to face rainfadiriation. Two main types
can be distinguished. The early type : 75 to 95dapwing-maturation) ; the late type : 120 to @ads of cycle length.
Usually both varieties are sown at the same datsouth-west Niger, because the two types of vaseire adapted on
different type of soils, they were used to be grawnwell isolated pieces of land. However, recantimnmental (the
important drought from 70’s and 80’s) and sociamdes (especially the very strong demographic aseehave modified
these practices. The lack of available soils forsesetimes farmers to cultivate early and late éiomg pearl millet
varieties in adjacent parcels. Moreover, it hapgéas farmers sow lately in the season (mid-july® do irregular rains at
the beginning of the season, which modifies theyléletween sowing and flowering, especially for tpperiodic late
flowering varieties. All these changes open thestjoa of a possible overlapping flowering periodidrence gene flow
between the two types of varieties.
In order to evaluate the possibility of gene floatween early and late flowering pearl millet foultages in south west
Niger were chosen. The first two villages SNK andNKrepresent the case where pearl millet varieiess grown in
parapatric parcels; while in the other two TSZ &@B parcels of late and early varieties are sidtaht in most cases.
Firstly we observed flowering periods of the twpeyg of varieties in several pearl millet fielddwo villages (SNK, TSZ)
showing contrasting parcel/variety management s@tns. Secondly, we assess the level of genetferdifitiation between
24 late and early populations sampled from thelldges, using 15 microsatellite loci fairly distuded on the genetic map
of this species.
Results of the field study show large flowering d&pping between early and late varieties in SNK KAN villages while
in the two other villages flowering are well segadhin time, although observations suggest thatasstrical gene flow
(mainly from early to late) could occur.
Genetic data support strongly our field’s obseprai
- The genetic differentiation between early ane hadrieties (Fst levels) is low between the cowflgarieties in
SNK and KAN in comparison with those of TSZ and BOB
- Admixture levels assessed by Bayesian analyscs support our hypothesis of asymmetric gene fimmfearly
to late variety.
Altogether, the results suggest that an evolutashortening) of the cycle duration of late vaestof pearl millet could
occur because of recent changes in farmer’s pesctic
Additional experiment is ongoing in order to evatuthe level of genetic differentiation between tve types of varieties
at the phenotypic level (Qst).
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Alternative approaches to pure line breeding haentdeveloped by using composite crosses, topes@sw population
breeding. The “modern landrace” or “evolutionargdxting” approach aims at combining the advantaféiseobreeding
success of the last century and the use of gewatiation producing high yielding and high qualiityt genetically diverse
crop populations that can be adapted to local ¢immdi by the farmers. The overall aim is to providaterials for the
development of locally adapted populations andetizs.

An important question when allowing populationsafdapt in response to natural selection is to mairda appropriate
population size. This is determined based on tlecefe population size, a function of the numbérgenotypes in a
population, the breeding structure and the vamationumber of offspring produced per individuum.

Three winter wheat composite cross (CC) populativase created in 2001 in the UK consisting eitHfe2@modern wheat
parents (called A Population), a subset of 12 kjighlity parents (Q), or a subset of 9 high yieldiagents (Y). Since thesF
the populations are grown at the University of Khssder organic and conventional conditions inlwseparated large
(>100nf) plots in two parallel sets (12 populations totaithout conscious selection applied. In the coticeral system no
fungicides or insecticides are used to expose dipeilptions to natural pest and disease pressueelafge plot size is used
to avoid genetic drift due to uneven contributiohslifferent genotypes in an inbreeding populatthe next generation.
From the F (2008) to the §(2010) between 50 and 100 single plants were hesgdrom each of the 12 populations by
digging them up and separating them carefully leeforeshing. Plants were threshed separately andetad number and
seed size per plant determined.

Overall, the number of seeds contributed to the& gereration by single plants varies hugely witmsglants contributing
only a few seeds while others contribute severathed seeds. Seed sizes varied greatly among thgdars with overall
seed weights considerably higher in 2007 (F6) tima@008 (F7). Also, in the F7, but not in the F8msoplants with
exceptionally big seeds (TGW 74g) were found. Thtador 2010 are in the process of being colleetedl more details
about the results will be added to the abstraSeiptember.

13.0vercome drought in chickpea (Cicer arietinum L.) imitating natural life cycle of
progenitor

Cengiz TokerNisa Ertoy Inci, Fatma Oncii Ceylatoker@akdeniz.edu.tr

Keywords:Chickpea, Cicer arietinum, cold, drought, ascoclight, Ascochyta rabiei, large seed size, mutakiceeding.
Considerable yield loss in chickpe@ider arietinumL.) occurs when it is subjected to drought accosfytig heat (Canci
and Toker 2009). The most efficient practical andm®mical solution to overcome drought in West Abiarth Africa and
south Europe including Mediterranean region isatail natural life cycle of progenit@:. reticulatumLadiz. This is
through the utilization of cold tolerance duringyegative period and ascochyta blighsfochyta rabie{Pass.) Labr.]
resistance when sowing time is shifted from sptangutumn (Toker et al. 2007, Toker and Yadav 20A0hs of the study
are to pyramid of cold tolerance during early stageochyta blight resistance and to improve laegsl size characteristics
in eight chickpea genotypes. Air dried seeds wesaliated with 200, 300 and 400 Gy gamma rays (Tekal. 2005). A
single seed descent set of two sets pgkheration was used. Mutated populations sowry aatbmn were screened for
cold tolerance under natural freezing and ascodbiligat resistance under artificial epidemic coiudis from M; to Mg
generations at highland of Anatolia. The same nasewere sieved prior to sowing to improve seeé sind over 9 mm
sieve was selected for large seed size. In thgévieration, desirable mutants were selected &ddutesistance to
ascochyta blight, cold tolerance and large seelfsian a single seed descent set. Considerablaiggain was obtained
for mentioned three characteristics when mutantamepared to checks and parents. One of theseeadytapulations is

selected via farmer participating breeding and grawy farmers at the highland of west Mediterranemion of Anatolia.
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The Dutch Ministry of Agriculture, Nature and FoQuiality has launched a new Research Program ‘GBeeeding’ to
support plant breeding for sustainable, low-inpgtiulture with 1 million euro per year. As breeglirs a long lasting
activity, the Programme is intended for a periodtesf years. This program aims to support clasgitait breeding as
requested by a motion of the Dutch parliament anthe same time aims to bridge the gab betweenergional and
organic agriculture. The focus of Green Breedingiis breeding research to develop selection toots gemitors for
improved pest and disease resistance with emplassimsect resistance and for improved adaptatiofoweer input
conditions for food crops. Results of the projestould be applicable in and serve both organic emaventional
agriculture.

More and more the Dutch Ministry of Agriculture, tNee and Food Quality is requiring active partitipa of the breeding
companies as one of the preconditions, includirip 88kind and/or in-cash contribution. For the ffiphase of four years,
four research projects have been granted, focusmgorganic potato breeding (late blight resistafiebytophthora
infestans) and low-input), spinach (horizontal semice to downey mildew (Peronospora farinose) mantlient-use
efficiency), leek (resistance to thrips (Thripsaal)) and tomato root-stock improvement for nutriese efficiency.

In this program several research centres parteipBtant Research International, Wageningen Uniyerkouis Bolk
Institute, Centre for Genetic Resources and Unityef3roningen. In total six potato breeding comgsniseven spinach
breeding companies, six leek breeding companieswmdomato breeding companies are involved. Thatpdreeding is
set up as a participatory breeding program inclyidarmer breeders. The program is coordinated lga@cholten and
Edith Lammerts van Bueren.
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Einkorn wheat Triticum monococcumsp.monococcumis one of the most valuable source of resistayaees for cereal
breeding. Its excellent resistance for fungal dissabecomes more important at organic or low icputitions. Several
organically selected einkorn populations and gegmegyhave good agronomic performance and some of gteow
excellent frost resistance, allelopathy and straength. The high tocol and carotenoid contenthef best einkorn lines
make them promising sources of functional food potidn. Nevertheless their uses in wheat breedingrams are highly
limited, because they are hardly crossable wittivaikd cereals.

We have examined the crossability of several eimkgene bank accessions and breeding lines withndufuiticum
turgidum ssp.durum) and emmer wheafT (iticum turgidumssp.dicoccor). According to the recent results, the original
einkorn accessions are completely incompatible wfth tetraploid genotypes tested; meanwhile some selected
semidwarf einkorn lines are showing a relativelghhicrossability with all the other parental lindster the genome
duplication of the cytologically identified tripldiseeds, highly fertile synthetic hexaploids wezealoped. In their progeny
the genome structure (ABA) were cytologically comiéd using molecular cytogenetic methods (multic6ksH).

Out of the different combinations the progenieshef durum x einkorn and emmer x einkorn crosse® werdied for their
agronomic performance, resistance character anetigerariability under organic management condgioamcomparison of
the conventional low input management conditionscokding to the results obtained, practically ladl tleveloped lines and
genotypes showed excellent resistance against vdiezdses, except the fusarium, and showed verg gdaptability to
both management conditions. Comparing the two sfitthhexaploid combinations, the durum x einkorigioated lines
(SH lines) had better straw strength and earli@ding than that of the emmer based SHs. Studyieqwétwly generated
diversity of the SHs, we had found, that the duhased SHs are showing a very high level of gemitersity, which were
confirmed both at phenotypic and cytogenetic levatcording to the phenotypic performance high Maliy were
identified in case of plant height, in floweringn, ear structure and form, and also in plant gndvetbit. On the contrary,
in the case of emmer based SHs, no visible pheiotsgriability was observable. The molecular cytogic analysis
confirmed the data obtained in phenotypic studs@gwing high instability of chromosome pair fornoati and the
irregularities are suggesting the high level obraebination between the genomes of different origin.

Selected SH lines are recently using in the devety of new interspecific composite cross poputetiand also in bread

wheat improvement.
Acknowledgement: The recent research was finangetidresearch founds of the ALKOBEER project @& Mational Science and Technology Office,
Hungary and by the European Commision FP7—-KBBE2456058 "SOLIBAM"projects.
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The genetic diversity of a species is necessarthfodevelopment of local adaptation and the piatieetolution in case of
changing of environmental conditions. In dynamicnagement (DM) of cultivated populations, plantstlé initial
composite population are grown for successive @gdiogrs in several contrasting environment. Thisaapeipulation is
submitted to evolutionary pressures such as nasetattion and drift. This conservation permitshbiite maintenance of
gene combinations adapted to the local environmantsthe creation of new variation by mutation aeadombination
(Goldringer et al. 2001).

The meta-population studied is an association af fwheat varieties cultivated in a farmer netwofkiuselle Anone,
Touselle Blanche Barbue, Touselle Blanche de Paesand Touselle Sans Barbe. With 26 samples ofid@®iduals from
different farms and years and 32 individuals ofheadginal variety, this population was used todstihe influences of
environment and farmers’ practices on the genetiersity and phenotypic evolution of the meta-papioin with a special
focus on earliness traits evolution, as their avelived in climatic adaptation.

Interviews with the farmers allowed to charactegseh sample by its origin and year of receptibe,ytear of harvesting,
the farm location and farm management practicesn®yping was done on the populations grown in lgtponel at the
research station. Plant height, heading date, aadility were measured. Genotyping was done with rutral
microsatellite markers and with 4 markers of majenes involved in flowering time: VRN1A promoterRM1A exon 7,
VRN1D and VRN3A. Flowering time is a major adaptitvait for wheat and has been shown to evolve dyickder
dynamic management (Goldringer et al. 2006). Therasatelite markers were used to study the evalubib neutral
diversity and the markers within earliness genesewesed to study evolution of traits hypothesizedbe subject to
selection pressure.

The objectives are to study the correlation betwg®motypic and genotypic diversity, and to anabatial and temporal
evolution of these populations at the genetic dmehptypic level in order to identify possible linkstween environments
or management parctices on diversity evolution.
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Introduction

There is a long running controversy in ecology {@a2007; Grime 2007; Tilman 2007) surrounding the
relationship between diversity and productivity.eTebate has primarily focused on biomass produgtio
improved versus unimproved grasslands. The disagreeis so fundamental that it includes the preoetere
of this relationship, with some researchers repgré positive relationship (Tilman et al. 1996; tdecl999;
Loreau and Hector 2001a,b) while others claim thathighest levels of biomass production are aasstiwith
high fertility, low diversity grasslands (Rusch a@dsterheld 1997; Grime 1998). Of these contrasipigions
the first has received most attention perhaps lsecau offers the attractive if theoretical possibilfor
simultaneously enhancing agricultural productionlesupporting biodiversity and reducing inputsveDthe
last 30 years the majority of dramatic increasesise agricultural yields have been attributedhte genetic
improvement of crops (Mackay et al. 2010). Gaingngetter understanding of the yield-diversity lielaghip
may allow ecology the opportunity to contributeftture increasing yields. Theoretically as morecsge are
added to a system, niche complementarity shouldrerthat the efficiency of resources exploitatinareases,
effectively increasing the fertility of the systeby increasing the amount of resources utilized, #nd
facilitating greater biomass production. Much o tifficulty in understanding the relationship beem yield
and diversity arises because it is typically stddiean agricultural context by comparing grasstaticht differ
in their solil fertility, evolutionary history andanagement. To avoid the complications that arism fthese
confounding factors we used an evolutionary ecchiginodel of plant interactions to investigate tia¢ure of
the yield-diversity relationship. Specifically wavestigated the potential for increasing yieldsl gmeld-
resilience in reduced input farming systems by @iply more diverse agricultural systems.

Materials and Methods
Model
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To investigate the yield-diversity relationship wsed Evolve - an agent based modelling systemwibaiave
applied successfully in several earlier studiesrf@ra& Topping 1999, 2001, 2004). The model sinedgilants
interactions in a temporally and spatially explaiéna. Individual plants are defined by life-higttvaits that are
analogous to genes. Seventeen such parametersteegach plant's ability to grow tall, wide, repuod,
allocate resources to defence etc. The individiattp interact indirectly by modifying their envinment, by
extracting nutrients and occupying space and timisiig the growth of surrounding plants. The eomwment is
defined by another set of 14 parameters, whicmdetiow the vegetation is cut or grazed, soil lfigrievels,
disturbance etc. (see Topping 2010 for full docutiakon). A key feature of the Evolve model is tlifa-history
traits can be allowed to mutate. If the simulatiars run for long enough, ecological and evolutigiaocesses
can both be observed as emergent properties (Warf@pping 1999, 2001, 2004).

Simulations

The Evolve model was used to perform two sets wiukitions. These were carried out to investigate th
relationship between soil fertility and speciesedsity and the relationship between diversity areddy free
from the historic constraints of confounding in Iregricultural grasslands. The simulations wereetdagn
grazed grasslands of varying soil nutrient statushe first set of simulations the effect of th&ment status of
the soil on the ability of diversity to evolve wasvestigated. The simulations comprised of 10 difife
environments, which varied in fertility status, gamg very low fertility and limiting to growth thrmh to
saturation levels (N=15 to 225 in arbitrary unifssoil fertility). These were designed to mimic éw in real
grassland types from pioneer sand dunes througmpooved agricultural grasslands. Each simulaticas w
replicated 10 times. All simulations were run f@&,d00 simulated years and all started with 100 ggaofes of
each of the same six species of plant based owmalygrassland species (two grasses, two forbs and t
legumes). Mutations in life-history traits parametalues were allowed to occur in 1 in every 50@pagules. In
simulation 1, diversity was allowed to evolve unifeéense grazing. At the end of the simulations,ritbmber of
species that had evolved was plotted against thesmient status (Fig 1.). In addition, the mesystem vyield
estimated as above ground biomass production i@ ias plotted against mean species richness avdi0tsoil
fertility treatments (Fig 2).

In simulation 2, the community of species that badlved at the end of each of the first set of &itions were
transplanted into a fertile environment (N=225)clkaf these communities was then allowed to intei@ca
further 100 years, but this time with no mutatioesurring. In the final year of the simulation, tigove ground
biomass of the grassland was recorded on a montmdith basis. The sward yield estimated as biomass
production in June was plotted against the spetibsess of the community (Fig. 3). In additionproass
production over the entire year was plotted fort@sting sampled communities with high and low sgec
richness (Fig. 4).

Results

At the end of the first set of simulations, moree@ps diversity was seen to evolve in the highesilify
grasslands (Fig 1). Almost three times as manyisp&volved in the most fertile grasslands tharevedaserved
in the low fertility ones. These high fertility amigh diversity grasslands were observed to prodhigle levels
of biomass (Fig. 2), while the low diversity, loerfility grasslands produced almost no biomasglyiel
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Figure 1. At the end of simulation 1 specidagure 2. At the end of simulation 1 yield was
richness was observed to be positively correlatetiserved to be positively correlated with species
with soil fertility status richness

After the 100 years plant competition in the secsedof simulations June biomass production waaddo be
weakly negatively correlated with species richn&sg. 3). However, when total annual biomass prtidnovas
considered, highest yields were observed to beceded with the most diverse grasslands (Fig. 4)esé
diversity communities were seen to be more condistgproductive across the entire year than wemg lo
diversity grasslands.
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Figure 3. At the end of simulation 2 June biomaBgyure 4. Total biomass production over the

production appeared to be inversely correlateghtire year at the end of simulation 2, is higher i

with system species richness more diverse systems, although peak production
is highest in low diversity grasslands

Discussion

At the heart of the long running controversy sunaing the relationship between biomass, diversity fertility
is the uncertainty surrounding the low levels ofedsity associated with high fertility. Is speciahness limited
by the lack of opportunity for it to evolve or iggh diversity incompatible with high nutrient statand high
biomass production (Smits et al. 2008)? Our preyvgtudies (Warren et al 2009) have shown thatpbssible
to generate the humped back relationship betweangiy and fertility by transplanting some comniigs into
high fertility conditions. However, the first sdtsimulation results presented here suggestsftkafficient time
is available then diversity may evolve under hightility conditions and that such systems are Jikel be high
yielding. These high yields associated with aiitifly high fertility (Figs. 1 & 2) are of little iterest to organic
or low input agricultural systems, whereas the Itesaf the second set of simulations are more tlireelevant.
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When fertility levels are kept constant, figurear®l 4 show that while low diversity grasslands rhaymore
productive at peak productivity, higher diversiysst®ms are more productive over the entire yeas fids clear
implications for yield resilience. High diversitgrcultural systems are likely to remain more prcicie, if one
or two species fail because of disease or becdube predicted increasing vagaries of the climate.

These predictions point the way to a new agricaltene which will be scientifically difficult to ¢elop and
currently only existing as computer simulationsvelt so new developments in gene expression aredprgv

better insights into ecological interactions sushcampetition and the vision gets closer to becgmaality
every day.
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Abstract

Arbuscular mycorrhizal fungi (AMF) play an importaole in the uptake of nutrients and water frorih. Some
crops, as for example onioAllium cepal., have a poorly developed root system. As altesnion plants need

a lot of fertiliser for growth, and they are sensitto drought. The aim of this project was to gttite beneficial
effects of mycorrhizal fungi on the growth and depenent of Allium species and to determine whethés
possible to improve onions for better mycorrhizabponsiveness by breeding. In two subsequent years
experiments were carried out with plantsfofcepal., A. roylei A. fistulosumand the interspecific hybrid.
fistulosumx A. roylei The tri-hybrid population oA. cepax (A. roylei x A. fistulosurh was used to study the
genetic basis for response to AMF. Plant respoosmycorrhizal symbiosis was expressed as mycotirhiza
responsiveness, which is the difference in plangkteof non-mycorrhizal and mycorrhizal plants died by the
weight of non-mycorrhizal plants. As the plantsvgreery poorly under non-mycorrhizal conditions,esion of
plants with high mycorrhizal responsiveness wowsutt in selection of plants with poor growth unden-
mycorrhizal conditions. To improve the beneficie$ponse of onions to AMF, mycorrhizal responsivevess
considered not to be a useful trait in breedingowosifor low input agriculture. Two other variablegre
considered, absolute responsiveness and averagiepgidormance. These variables were positivelyetated
with biomass of non-mycorrhizal and mycorrhizalga QTLs contributing to mycorrhizal response were
located on a linkage map of tie roylei x A. fistulosumparental genotype and coincided with QTLs for plan
biomass. As onion breeding focuses on improvemeplant yield, these findings suggest that breediitgnot
select against the response to AMF. In additiopgsitive correlation was found between high numidfeoots,
biomass and large response to AMF for close r@atiof onion opens, indicating possibilities for datimg
onions for low input agriculture to obtain more wsbcultivars.

Introduction

Arbuscular mycorrhizal fungi (AMF) are plant assded microorganisms that occur naturally in sdiley play
an important role in plant growth since they cdnite to the uptake of nutrients and water fromss@tyan and
Graham, 2002). OnionA{lium cepal.) is an important vegetable crop worldwide, lmte of the major
challenges in onion cultivation is to provide tHarps with sufficient nutrients (Brewster, 1994arge amounts
of fertiliser are needed, but, because of the godeleloped root system (Portas, 1973), much ofafygied
nutrient is not used. For low-input systems, pldrage to be good nutrient scavengers. Therefooslugativity
and stability of onion production in such systemas be particularly problematic (Greenwood et a82)9

From earlier studies, it is known that onion plaagsociate with AMF (Hayman and Mosse 1971; Styid€90;
Charron et al., 2001; De Melo, 2003). The aim @& gresent research was to study the beneficiattefiaf
arbuscular mycorrhizal fungi on the growth and dgwament ofAllium species, and to determine whether it is
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possible to improve onions for mycorrhizal respeesess by means of breeding. Related species @ osuich
asA. royleiandA. fistulosumL. are known to posses interesting traits to brebdst onion cultivars (Kik 2002).
Genes fromA. fistulosumcan be introgressed into onion germplasm via agbricross withA. roylei
(Khrustaleva & Kik 2000).

Materials and methods

A tri-hybrid population, thé\. cepa x (A. roylei x A. fistulosumas developed as described by Khrustaleva and
Kik (1998) by crossing an onion with one plant alea from a cross betweén roylei andA. fistulosumRF
hybrid). Experiments were carried out in 2006 a@@72in a climate-controlled greenhouse (day/nigit2 °C),
and comprised the population, the parental spetidsthe RF-hybrid. The experiment comprised 7nykrid
genotypes in 2006 and 83 in 2007. Each genotypenwidtiplied vegetatively, and transferred to indiwval pots
containing a mixture of sterilized clay soil, saaad perlite (6:1:1, v/viv). AMF speci€slomus intraradices
kindly provided by Dr. Y. Kapulnik, Volcani Centrisrael, was added to the plant hole just bef@esgplanting.
Per genotype, six replications were inoculated wiMF (treated plants, AM) and six with sterilizedWk
(control plants, NM). Of eight tri-hybrid genotypegarental species and the RF-hybrid extra plargsew
transplanted to evaluate whether genotypes diffaretlonization rates. Three replicates were eatald seven
weeks after inoculation. Root colonization wasreated for each individual plant, applying the mégdi
intersection method, after staining with trypanebléor each sample, 100 observation points werkiateal
(McGonigle et al. 1990).

Plants were harvested thirteen weeks after trantgilan. During growth, and at harvest, several
characteristics of the plants were measured, ingutbtal fresh and dry weight, and their partitian into
leaves, bulb or stem, and roots. Numbers of leatess, and roots was also recorded, as well as péght.
Mycorrhizal responsiveness was calculated as tbeedse in plant weight compared to the non-mycoarhi
treatment (Baon, 1993). Responsiveness was coadidgignificant when AM and NM treatments were
statistically different (p<0.05). In addition, albg® mycorrhizal responsiveness (R), the differemceveight
between mycorrhizal and non-mycorrhizal plants (&avet al., 2010), and the average plant perforenander
both treatments were calculated. AFLP® markers vodtained as described by Vos et al. (1995). Adgek
map was calculated using JoinMap 3.0 (Van Ooijeth ¥aorrips, 2001). Quantitative trait loci (QTLs)eve
obtained using MapQTL® 4.0 (Van Ooijen et al., 2002

Results and Discussion

In both years, AMF had a strong significant effestplant dry weight of the tri-hybrid population.ybbrrhizal
responsiveness was strongly determined by the wefgblants under non-mycorrhizal conditions. Biiegdor
improved mycorrhizal responsiveness leads to bngefdir plants that have poor weights under non-mmpizal
conditions, irrespective of the effect that mycarah fungi may have on plant growth and crop yieltiis is
illustrated in Fig. 1, which shows the hypothetis#tuation in which mycorrhizal fungi have a positi a
negative or no effect on plant weight under mydaahconditions compared to non-mycorrhizal comdit and
the resulting calculation of mycorrhizal responsi@gs.

Absolute mycorrhizal responsiveness and averagd pkerformance were regarded as better traits for
breeding. Both traits were highly correlated wiibrbass of AM plants (resp. r=0.91 and r=0.97). T@bLs
from A. roylei were detected on chromosomes 2 and 3 for abswiyterrhizal responsiveness, average plant
performance and biomass of mycorrhizal plants. A @®m A. fistulosumwvas detected on linkage group 9 for
average plant performance, biomass of mycorrhizdlreon-mycorrhizal plants, and number of stem-boomgs.
Coincident QTL regions for plant biomass, absotaeorrhizal responsiveness and average plant peafoce
indicate that selection for plant biomass may akdect for enhanced beneficial effects of AMF.

With absolute mycorrhizal responsiveness a breledés at the beneficial effect obtained directignfr
the mycorrhizal fungi. In this case, it is still ggible that plants will be selected that grow pooder non-
mycorrhizal conditions. The advantage to look @saverage plant performance is that plants wilkélected
that grow well under all conditions, even for exdenjm years or areas, when amounts of mycorrhizagif
present in the soil are low. For breeding onioneannidw-input conditions there is no reason to cary
experiments under non-mycorrhizal conditions, @silte of the beneficial effect of AMF are highlyroslated
with results obtained under mycorrhizal conditionsese results can only be explained by the fattdhions
are highly mycorrhizal dependant.
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Figure 1 Hypothetical effect of mycorrhizal fungi on plargight, expressed as a positive or negative or fexefleft) and
the mycorrhizal responsiveness, calculated as fifference in plant weight between the mycorrhizadl ahe non-
mycorrhizal condition divided by the weight undemsmycorrhizal conditions. This figure illustrat@ghy mycorrhizal
responsiveness is not a good trait to be usedeeding.

Tri-hybrid genotypes differed in early colonizatjowith values ranging from 33 to 73% (REML analysis
p<0.05). Genotypes with high levels of colonizatlad larger absolute responsiveness for total dright in
2006 and 2007. Results suggest that differencearily colonisation could be translated into diffei@ growth
performance. Further research is needed to estabksimportance of early colonizationAfiium.

As a follow-up of this research, the populati@s Ibeen transplanted into the field under highlend
phosphorus conditions, to study whether genotyfféaridg in response to mycorrhizal fungi also diffin their
ability to grow under low and high P.
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Introduction

Conservation tillage (no-till and reduced tillagmeings many benefits with respect to soil fertilityd energy use,
but it also has drawbacks regarding the need fothsic fertilizers and herbicides. To promote @waation
tillage in organic farming systems, crop rotatifastilization and weed control have to be optimiziedaddition,
crop varieties are needed with improved nutrieré¢ afficiency (NUE) and high weed competitiveness or
tolerance. As soil temperature rises slowly in cedltillage systems in early spring, nitrogen mafisation is
often delayed resulting in temporary shortage ¢fogen (N) supply. Symbiosis with arbuscular mybazal
fungi (AMF) play an important role for nutrient adsgition of many crop plants, especially for indak
elements like phosphorus (P) and zinc (Zn). Cromagament that favours native AMF populations or
inoculation of selected AMF strains might thus e&se crop nutrient uptake. In the scope of an Eamop
project for improving nutrient use efficiency in jmaEuropean crops (NUE-Crops) we studied the eftdc
different agronomic practices on the NUE and plaitrobe interaction of maiz&Zéa mayd..) as well as the
effect of AMF inoculations on maize yield.

The objectives of the first study were (i) to quiynthe NUE of maize genotypes under differenttige regimes
and fertilization levels, (ii) to compare the effet slow releasing organicersuseasily soluble mineral fertilizer
on dry matter yield and weed coverage, and (iiijpssess the correlation of root colonization byuschlar
mycorrhizal fungi (AMF-RC) and NUE. The main objeetof the second study was (iv) to quantify thieef of
AMF seed inoculation on grain yield and nitrogee efficiency of maize elite lines under differeattflization
levels.

Material and Methods

In order to determine the genotype x crop manageimésraction, we tested in 2009 six maize vargetigth
different NUE under conventional (CT) and reducdddge (RT), applying five different fertilizationegimes
(unfertilized, slurry with either 85 or 170 kg/hatal N, mineral NPK fertilizer with either 85 or @' kg/ha total

N) with four replications. The field trial was cid out on an organically managed arable field \witmy soil

in Muri, canton Aargau, Switzerland. Weed pressorale and female flowering time, plant height, cbjphyll
content and corn borer infestation was assessadgdthie vegetation period. At silage harvest, drgtter
content and dry matter biomass of maize was deteanas well as silage quality parameters includietjo
energy lactation (NEL) and N and P concentratiarafb240 plots. In addition, root capacitance nueasents,
shoot and root biomass, N and P concentration enstioots as well as AMF symbiosis was determined at
flowering stage for selected plots. The percent@igdMF-RC was assessed on fine roots derived fromm t
different soil layers (0-10 cm and 10-20 cm) bydgintersect method after bleaching and staining the
mycorrhizal structures with Trypan-blue. The preseand quantity of different AMF speci€dldmus mosseae
Glomus claroideumGlomus intraradices Gigaspora margarita,Scutellospora pellucidaand Diversispora
celatg was determined after DNA extraction by real-tiguantitative polymerase chain reaction (RT-PCR).
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In order to assess the effect of mycorrhizal seedulation on nutrient uptake and grain yield ofizeatwo
different sets of maize genotypes were testedl $ensisted of 100 testcrosses of doubled-hapioes Iderived
from old flint landraces including elite checks, ilghset 2 consisted of 100 testcrosses of eliteenmnes. Seed
inoculation was performed by the company AMYKOR @any, usingn-vitro produced AMF spores. The 200
testcrosses were examined in 2009 with and withdiftcial inoculation at two locations in Germa(Bernburg,
Grucking) applying mineral N at two levels (0 ar@DXkg N/ha).

Results

The six different maize varieties tested in Murdandifferent tillage and fertilization regimes hadignificant
effect on almost all traits except for weed coveragearly vegetation period. Dry matter yield (DIMf silage
averaged across management techniques ranged §@nal18.6 t/ha for the tested genotypes. Theywed
energy for animal feed (NEL) per acreage rangeoh f8c5 to 11.3 MJ/f Although no significant genotype x
tillage interaction were detected for these tréits, differentiation of the 6 varieties was muchrenpronounced
under RT. Significant genotypic and fertilizatioffeets were found for nitrogen use efficiency (NIE)
measured as dry matter yield per kg.oie (fertilizer + Nyin in soil). Nit_ UE ranged from 188 up to 232 kg
DMY/kg N for the tested varieties. Mineral fertéizresulted in significantly higher DMY (18.4 t/far both 85
und 170 kg N input/ha) than realized with slurrtifeer (16.3 and 16.9 t/ha for 85 and 170 kg kdtanput/ha,
respectively), which was significantly higher thdre unfertilized control (14.0 t/ha). Tillage reginhad no
significant effect on DMY (16.5 t/ha for RT vs. 1#/ha for CT), but strongly affected weed presstipening,
chlorophyll and N contents. Reduced tillage resuite 50% increase in weed scores and higher dryemat
content and reduced chlorophyll and protein costelmicreasing fertilization level resulted in sleorsilking
anthesis interval, higher chlorophyll content, @ased plant height, delayed ripening, higher N raxddced P
content, and reduced Nit_UE. Significant genotypiélage x fertilization interaction were found fptant height,
weed scoring and Nit_UE.

Tillage and fertilization regime had also a sigrafit effect on AMF root colonisation. Higher AMF-R@as
found under RT compared to CT and also in the titiked control plots compared to the mineral fexér
treatment (Fig. 1). In addition, significant gerfmyx tillage interaction was detected for AMF-RC. Simil
results were obtained by the DNA quantificationttod different AMF species by real-time quantitatRER.
Focusing on single AMF species, significant genmtygffects were identified. Whil&. mosseaeand G.
claroideumwere more frequently found on roots of varietytBdn on roots of S3, the opposite was trueSor
pellucidaandD. celata AMF-RC was negatively correlated with K and Natamt and DMY. A weak positive
correlation was found between AMF-RC and N uptake [dit UE, but not with the P content. Insteadrarsj
positive correlation was found for AMF-RC and te ugar content of the plant at flowering sugggsdirmore
parasitic plant microbe interaction.
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Fig. 1. AMF-RC of two different maize varieties Fig. 2: Correlation of root capacitance measure
(S3 and S4) cultivated under different tillage with root fresh weight and dry weight during
regime (CT and RT) and fertilization levels (No flowering in Muri 2009

fertilizer and NPK fertilizer) in Muri during
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flowering time (21.07.2009)

The measurement of root capacitance in water datursoils was proposed as a non-destructive method
indicative for the active root surface. In ordectdibrate this method, the plant-soil system wassared for its
capacitance in the field first and afterwards gawere uprooted to determine root fresh and dryghteat
flowering stage. Significant correlations were fdubetween the measured root capacitance and resh fr
weight per plant, but only weak correlation witloradry weight (Fig. 2).

The effect of artificial mycorrhizal seed inocutation grain dry matter yield (GDY) relative to thetreated
seed varied according to the N level, the testex g@ol and individual genotypes. On average th& @bder
low N conditions (no N fertilizer since several y®awas reduced by 60% compared to the high N Jlevel
indicating severe N deficiency. Testcrosses of2sderived from elite breeding lines had under Hoth and
high N level a higher yield potential than testsesof set 1 derived from old flint landraces.
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Fig. 3: Relative grain dry matter yield (GDY) oft <e maize genotypes with (y axis) and without AMEds
inoculation (x axis) tested under low N conditiatswo locations in 2009

The AMF seed inoculation of set 1 resulted in aerage yield increase (GDY relative to the untreaimutrol)

of 2.9% under low N and of 1.1% under high N cdpndg. In contrast, set 2 showed an average yielgase of
4.9% under low N, but an average yield decreasd.8% under high N conditions due to artificial seed
inoculation. However, the response to artificial Rlgeed inoculation of individual genotypes variddtavithin
each material set (Fig. 3), indicating a strongoggme x AMF inoculation interaction.

Discussion

Although reduced tillage resulted in higher weeelspure during the whole vegetation period than eotmnal
tillage, not significant reduction in DMY was obged. The N supply was reduced under RT which wearll
visible by the reduced chlorophyll content of thdautilized plots. This resulted in a stronger tigsiresponse
in plant height and DMY with increasing fertilizenput compared to CT. Under CT, no yield increaseld be
obtained by doubling the amount of mineral fergifior doubling the amount of slurry application eféfore,
the dosage of applied fertilizer needs to be adiut the respective tillage system to avoid NHhear For the
optimal choice of variety, not only the genotypiteets on DMY needs to be considered but also idpafecant
genotype x tillage x fertilizer interactions fortNUE.

There was significant variation for AMF-maize syodiks, measured by AMF-RC and DNA-based
quantification of commonly occurring AMF specieshi RT and no fertilization increased AMF-RC, difént
varieties promoted different AMF species and sigaiit genotype x tillage interaction were encowsder
Averaged across all treatments we found a negatiwelation of AMF abundance with DMY of maize unde
the Muri growing conditions. This is in line withd yield reduction observed in the elite breediragemal after
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AMF seed inoculation under high N conditions. Hoewnder stress conditions, like the severe Ncifty

at the two locations in Germany, the AMF inoculatwith selected strains were on average beneficighe
maize plants resulting in GDY improvement. This esgg well with the hypothesis that the maize-AMF
symbiosis is of special benefit for the plant unggess conditions (mutualism), while under optimadwing
conditions plant growth might be reduced due topdwasitic behaviour of the fungi.

However, these results are based on one year ndtaeged to be verified in further field experimetitat were
set up in 2010.
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Abstract

When cabbage is cultivated for storage in the N&thds, it is usually harvested around mid-Octobhrs type

of cabbage crop may be severely damaged by thFipdps tabad). The thrips population on the plants and the
more severe symptoms develop mostly during Septembe October. Also during cold storage symptoms
continue to develop. The damage caused by thridaaesto the symptoms that develop after feedingchvare
small callus-like growths that will turn brownislitex some time and which may cover substantial artsoof
leaf area.

Large differences exist between cabbage variatiéiseir susceptibility to thrips damage. Based eresal years

of field trials with more than 40 commercial vaigst and gene bank accessions it was established thege
proportion of the variation for thrips damage cobtexplained by a few plant traits: the amourieaf surface
wax, earliness and Brix (Voorrips et al, 2008).

Using an F3-line population derived from a crossveen a high-damage, low-wax, high-Brix, earlieadieg
and a low-damage, high-wax, low-Brix, later headatgession we determine whether the relations leetwe
plant traits and thrips damage can be confirmed.

Introduction

Cabbage Brassica oleraceaar capitatg is an important field crop in the Netherlandslticated by
conventional as well as organic growers. Cabbativated for storage is usually harvested around-@ctober.
This type of cabbage crop may be severely damagehtrips (Thrips tabacj. The damage caused by thrips is
due to the symptoms that develop after feedingchviaire small callus-like growths (intumescenceaj thill
turn brownish after some time. These symptoms fgroevers to remove the outer leaf layers beforekatary,
leading to increased labor costs and yield losses.

Among red and white cabbage varieties, large diffees have been reported in the amount of thrips
damage (Shelton et al. 1983; Stoner and Shelto;108il and Penzes, 2001; Van de Steene et al.; 2003
Voorrips et al. 2008) and in the numbers of thigpserved on the plants (Stoner and Shelton 1986;déa
Steene et al. 2003; Voorrips et al. 2008). Howethar ,genetic background of tolerance or resistamdbrips is
not clear, and breeding for resistance or tolerawc¢hrips is difficult. One of the problems is the&rge
variability between years and locations in the sgwand timing of thrips infestation. Also withigenotypes in
the same experiment, large plant to plant variatican occur in damage or thrips population sizeoAl is not
easy to have all the accessions in a comparabkiapeaental stage throughout the evaluation peviddch is a
requirement for reliable comparisons.

Indirect selection might help to overcome theseblamms. One possibility is to identify plant traiteat
are associated with the level of thrips damag@révious work we have explored this approach, andd that
a combination of earliness, the amount of leafaugrfiwax and Brix could explain about 75% of theallity in
thrips damage among cultivars of white cabbad&g@rrips et al. 2008). A problem with this analygias that
among the varieties studied we observed a significagative correlation between earliness and itinguat of
leaf surface wax. Here we describe a validatiortheke results based on a larger set of cultivadijafly
selected to reduce this correlation, and on a et560 F3 lines derived from a cross of two accessio
contrasting for these traits.
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Materials & methods

Field experiments

In 2009 field experiments with a collection of 3érieties were conducted at two locations in thehBigands.
Small cabbage plants were planted in the fielchin last week of May. The experimental fields weikéded
into two blocks, with one plot per accession perckl At three harvest dates between mid-August rartd
October three plants were harvested from each Hlatvested plants were scored for several traithigiing
developmental stage, circumference of the head, (lga) thickness (mm), wax layer, compactness arixl B
One half of each head was peeled and assesséulifisrdamage and the number of thrips adults andda

In 2010 one field experiment with a set of 150 K4 and a few standard accessions was conductie in
Netherlands. The field was planted in the third kveeMay. The experiment was divided into threeckln with
one plot per F3 line and two plots per standarcession in each block. At four harvest dates betwgen
September and 2 November plants were harvestethsesas possible to commercial harvest stage; Veviiee
data for the last harvest were not available yet tfos presentation. Harvested plants were scooed f
developmental stage, circumference of the head, (e} layer and compactness. One half of each tead
peeled and assessed for thrips damage.

In the 2010 experiment the thrips population wagdased by interplanting shallot plants that hagnbgre-
infested with thrips for one month.

Plant Material

The plant material of the 2009 experiment consiste86 medium to late white cabbage varieties,udiclg
mostly F1-hybrid varieties and a few classical epelinated varieties, as well as one glossy mulialet The
material of the 2010 experiment consisted of 150ikS, all derived from one F1 plant of a croseMeen the
OP varieties Bewama (relatively early maturing, lamount of leaf wax, high Brix, sensitive to thriggmage)
and Langendijker Bewaar (late maturing, high leakwow Brix, tolerant to thrips damage). Also indéd were
six standards: the two parents, the F1 and threeybfid cultivars (Bartolo, Galaxy and Zerlina).

Results

Varieties experiment, 2009

In 2009 the amount of thrips in both fields wastglow, resulting in relatively low levels of theglamage and
therefore also in relatively low correlations betnwehe amount of thrips damage and the differeantgraits.
Taking the date with the most severe damage at leaalion as reference, 11 varieties were not Bigmitly
different from the most resistant one with resgeaiamage, and five were not significantly diffar&éom the
most susceptible. The set of 11 most resistanetiasi included the reference variety Galaxy andréséstant
parent of the F3-line population: Langendijker Bawalhe set of 5 most susceptible varieties inauthe
reference variety Bartolo and the susceptible garktine population: Bewama.

The correlations between thrips damage and lediceiwax varied between harvests and locations #hf9
to -0.45, which is lower than the values observedlievious experiments (Voorrips et al. 2008) hilt s
significant. The same was the case for the coroelatbetween damage and earliness. Most corretaietween
damage and Brix were not significant.

In spite of our attempt to select varieties withcambinations of wax layer and earliness we stilserved a
correlation between these traits. Part of the tatiom is caused by the early maturing glossy mutidowever,
there was also still a lack of late accessions litith surface wax (Figure 1).
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Figure 1. Scatterplot of earliness vs wax layer 36rwhite cabbage varieties and accessions in @89 Zield
experiment. The one accession with a 0 score farlsyger is a glossy mutant line.

F3 lines experiment, 2010

The thrips damage in 2010 was considerably highem tn 2009. No transgression was observed in 3inE
population, i.e. the parents were not significamélys resp. more damaged than the least resp.daosiged
line. The same was true for the amount of leafamgrfvax. However the parents were intermediateddiness,
in contrast to what was observed in earlier expeniis

We observed significant correlations of thrips dgenavith the amount of wax (R=-0.68) and with eadis
(R=0.66), comparable with what was observed edrligariety tests but higher than in the 2009 eixpent.
Among the F3 lines we also observed a correlatetivéen the amount of leaf surface wax and earljresss
the variety panel of the 2009 experiment the comtimn of lateness and low wax amounts was lacking.

Conclusions

Both among a set of varieties and in a cross prpgenobserved a relation between the amount ofdedfce
wax and earliness: in both cases the combinatidatehess and little wax was lacking. This sugg#sis the
generally thick wax layer of late varieties is naty the result of selection, but may have a bimalcause.
The experiments in 2009 suffered from a low amafirthrips in the field, and therefore correlatidretween
plant traits and thrips damage were low. Howevethm experiment of 2010 with 150 F3 lines from assr
progeny the thrips damage was high, perhaps beeadise thrips were brought into the field by infarging
infested shallots. In this experiment the previptdisund relations of high thrips damage with littkax and with
earliness were confirmed.
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Introduction

Historically winter wheat breeding programmes havainly focused on developing varieties for hightihp
conventional production systems which have improyiett, yield stability and protein content. Foetlast 50
years herbicides have been the way to suppressswies relative competitiveness of varieties agjaiveeds
was studied nearly exclusively in organic farmifgséleet al 1997, Drewset al. 2002). Indeed, in organic
farming, prevention methods are used to controldwefestation, by enhancing agro-ecological pritespOne
mean is to optimize competition by cultivating sipsavith a strong ability to cover the soil. Amosggcies, the
choice of competitive varieties is also importdrédomteet al2000). The programme presented here associates
organic and low input systems in order to enhaxohanges between researchers and stakeholdersbbtim
types of agriculture.

Materials and methods

Two types of complementary trials were conductedhf2007 to 2009 in a multi-site experiment in Fearithe
objectives were to develop a method for assessiagcompetitive potential of bread wheat varietigairst
weeds and to encourage the adoption of this aiten selection programmes.

First and second year, 4 trials using Italian rgsgr(to simulate weed) were set up to identify rist
explanatory characteristics of the competitive ptéd of wheat, in conventional experimental stagipin lle-de-
France (La Miniere — Boigneville) and Bourgognejd). Second and third year of the programme, &stri
were run in organic farming (table 1), to test e#igs in various conditions with natural infestatian order to
screen their ability to compete with weeds. Asstsegieties (table Il) were selected in order tweha wide
range of earliness and height. One triticale waeddas a control with a high potential of compairss against
weeds. According to field heterogeneity, experireenere designed in randomised complete block wkh s
replicates per environment in organic farming ctods. Organic trials were selected to have as lysmeous
as possible natural weed infestation. Floras wiéfferent but dominated by monocotyledons in mostcpk
(table 1).

Plots were assessed for growing stages, groundr,cadeat biomass, crop canopy height, leaf indiamat
lodging and grain yield. Measures on weed (to asae®d suppression) consisted in (i) determinaifoneed
density by visual estimation, (ii) measure of weedsity, (iiil) measure of weed biomass (on 1m?}diAdnnaly,
we also compared yield of varieties with or withetgeds in competition. In organic trials, weedsewveulled
out by hand only in Renan (high/medium competitegs) and Caphorn (low competitiveness).
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Table I: Summary of the 8 field tests in organitrfimg (years 2 and 3)

Trial  year location Sowing Sowing Inter row N Major flora
date density (cm) fertiliz.
ABPC 2008 Mignaloux-B.  09-nov 350 17 90U  A. myosuroides
(86) Avena fatua
ABPC 2009 LesOrmes (86) 27-nov 350 17 Avena fatua
Arvalis 2008 Josnes (41) 25-oct 400 17 0 A. myosuroides
Arvalis 2009 La Chapelle St M.04-nov 400 17 70U  Galium aparine
(41) Papaver rhoeas
CREAB 2008 Auch (32) 14-nov 350 17 0  Sinapis arvensis
CREAB 2009 Auch (32) 08-janv 400 17 0  Sinapis arvensis
INRA 2008 Sermaise (91) 05-nov 350 20 0 A. myosuroided..
perenne
INRA 2009 Sermaise (91) 06-nov 350 20 0 Agrodtis,
perenne
Table II: List of the varieties used in organiddieests
height
short medium-sized high
Caphorn Cézanne Grandval (triticale)
, Early (Sumo), SUR. 233
Earliness _ |
(Z55) middle (Boisseau) Quebon, CF99102, Saturnus
Renan
late LD269 PegassogAtaro)

This article presents main results from organialdrand a comparison to results obtained the puewear in
experimental non organic stations.

Results

Impact of weeds on yield

Statistical analysis on controls Renan and Capli@ioleau Ill) shows a significant effect of manwated
removal on yield, with a significant interactiontiveen location and weeding. Yield losses are mumigoitant
on Caphorn, a short cultivar with low ground coability.

Tableau lll:  Yield lossesttha) due to weeds for the varieties Renan and Qaphahe organic field tests
Renan Caphorn
Trial with weed$without weedslosses (f.ha)with weedswithout weed$losses (fha)

Arvalis 08 49,1 52,4 -3,3 50,3 52,0 -1,7
Arvalis 09 44,9 49,1 -4,3 34,2 41,4 -7,2
CREAB 08 35,7 38,0 -2,3 35,9 38,9 -3,0
CREAB 09 21,5 23,2 -1,7 17,6 22,2 -4,6
INRA 08 60,2 56,8 3,4 58,3 59,0 -0,7
ABPC 08 20,8 23,0 -2,2 21,2 24,0 -2,8
ABPC 09 24,6 23,5 1,1 18,9 19,7 -0,8

Average -1,1 -3,0
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Ranking of varieties according to impact on weeaahizss

We demonstrated a variety effect on weed biomasseftheless, the heterogeneity in weed repartigdnto
end with non precise trials. We selected trialdsignificant biomass data (in g/m?). Trials frolREAB had to
be withdrawn (lack of precision in 2008, lack ofriety Pegassos in 2009), so we finally pooled &ldrfor 5
common varieties: Caphorn, Renan, Cézanne, Pegasso&randval (triticale). We notice a strong dffet
varieties on weed biomass when the triticale Grahdkigh ground cover control) is included (tabW\):|
Grandval is the most competitive cultivar whereapl@rn is confirmed as the less competitive ore3tlother
varieties are not statistically different. Howevtre effect of variety on weed biomass is low whkendon't
consider Grandval (probability = 0.25). Moreovére teffect of location is significant due to hetexoeity in
weed infestation. The interaction variety x locatig also significant due to diversity of trialest

Tableau IV: Ranking of the varieties according fi@e on weed biomass (5 trials pooled)

\{veeds Newman&Keuls 5 %
biomass
CAPHORN 148 A
PEGASSOS 115 A B
CEZANNE 110 A B
RENAN 106 A B
GRANDVAL 63 B

Comparison to results obtained in 2007 in experitalestations

Then we compared theeed suppressioability of varieties, assessed in organic trial®tigh measures of weed
biomass, to theveed toleranceof varieties, assessed the previous year in aodlyals in experimental non
organic stations (impact of weed on yield).

For the 5 common varieties, we have the same fitadgin (figure 1): Grandval >> Cézanne > Renan >>
Caphorn. Pegassos, initially identified for itsosty ability to cover the soil, is not as well noiadhe organic
field tests as in the analytic trial.

R?=0,8215

* PEGASSOS
EZANNE

80 1

¢ GRANDVAL

IS @
3 3

biomasse d'adenvtices dans les essais AB
3
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pertes de rendement en présence d'adventices dans 4
milieux analytiques 2007

Weed biomass (g/m?) — 5 organic field tests

Yield losses due to weed — 4 analytical field tests

Figure 1:  Comparison of the competitiveness ofetass between the analytical field tests performe2D07 (4
trials) and the 5 organic field tests performe@008 and 2009

Phenotype traits to explain weed competitiveness

In analytic trials performed in 2007, we found thfa@ more important wheat traits influencing shgdafility
and thus weed growth were the plant height andytbhend cover (Fontainet al, 2008). In additional trials in
organic conditions performed in 2008 and 2009, lteig predictive of differences of competitivenestween
varieties only in 3 trials out of 7. Leaf inclinatti at early stem elongation and ground cover exgartially the
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differences between varieties. This confirms thapccanopy height and wheat ground cover at GS84 ar
interesting to approach weed competitiveness stemgdardized variables.

Conclusions

Experiments with simulated weed made it possibladentify the most explanatory characteristics loé t
competitive ability of wheat varieties: height firfollowed by ground cover and leaf habit, for ttanditions of
the experiments. In organic conditions, these facteere nevertheless not adequate for totally ptedi the
competitive potential of all wheat varieties: wesdaignificant results for extreme varieties, bt gan’t draw
clear conclusions for intermediate varieties forichhwide variations were observed from one situatio
another in our experiments, certainly linked tddfibeterogeneities due to natural infestations arganic
conditions. Yet, methodologies to assess competdivility of varieties have been specified andifidat, as
weed biomass measure. New experiments are plarmeambliect additional results, in order to improve
assessment of all varieties with different weedutaions, in particular the intermediate ones.
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Introduction

Epigenetics refers to the study of any inheritakdgation in the phenotype that does not involvgeaetic
explanationj.e. that is not due to a change in DNA sequence.

Epigenetic variation is well known for its role oell programming and tissue differentiation, buisth

variation is generally considered as short lived @set in germ cells at each generation. Undesdalyp to now,
the inheritance of epigenetic variation, and it¢e@f on phenotypic variation in organisms, ecolabic
interactions and selection remains largely undeplaegd (Rapp & Wendel 2005). Recent progress in the
understanding of the molecular basis of epigenaitation is revealing the importance of such nenagic
variations. Epigenetic variation can result in strofitness differences, as demonstrated by exariple
monozygotic twins subjected to selection (Fragaalet2005). Several examples of stable inheritante o
epigenetic modifications across generations haes lvecently demonstrated, and they affect key plypitwo
characters such as floral shape, vegetative amtiggmentation, pathogen resistance and generalamwent
in angiosperms (Richards 2006). Jablonka & Raz 9p0tave reviewed more than 100 cases of inherited
epigenetic variations in a wide range of organi$ms prokaryotes to eukaryotes and from plantsnionals.
Among them, three examples illustrate how transegaiional epigenetic inheritance can act on indifitrzess:
i) epigenetic modifications atl1 andpc loci induce an increase of spike and seed sizdsiticum aestivum
stable over 59 generations (Jablonka & Raz 20Q93imilarly dwarfism and resistance to pathogeduiced in
Oryza sativacan persist over 9 generations, iii) epi-modifmatof fwa gene delay flowering idrabidopsis
thaliana This last example points out a particular inte@sinherited epigenetic variation: being moresgia
than mutation, it provides a flexible way to allthe transmission of adaptation to local climabaditions to
the progeny of an individual.

Heading time is a character which is associateH fhtal transition timing in cereals and is crudi@a plant
breeders as it influences the adaptability of dereadifferent environmental conditions (Shimadaale 2009).
Variation in heading time among cultivars and laegs is a main explanation to the worldwide culibraof
wheat in very contrasted agro-climatic conditioRsevious studies revealed that three main pathveags
involved in the genetic control of flowering timphotoperiod, vernalization and earlingsx se(Shape &
Worland 2001). Vernalization is the acquisitiortloé competence to flower in spring following exp@sto the
long cold of winter. In wheat, some varieties né@d cold period to perform the transition from g&aive to
reproductive stage.e. winter type varieties. Other varieties, referredas “spring types”, do not need this cold
period for their transition. This vernalization pesse is mediated by the stable induction of \fel gene,
which encodes a FRUITFULL-like MADS-box transcrgpti factor involved in the reproductive developménta
initiation at the shoot apex (Murai et al. 2003;itSkawa et al. 2007), and which expression induoes
flowering (Danyluk et al. 2003; Trevaskis et al03).

Winter type wheat varieties, normally sown in Igtenmer or autumn, are vernalized during winter and
flower in spring. These plants “remember” the pngled cold period (vernalization) and flower in sgrivhen
exposed to the long days (Sung & Amasino 2005).\fof, a vital gene in vernalization pathway (Murai et al.
2003; Shitsukawa et al. 2007), expression is indusg vernalization, and is maintained posteriorthie
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vernalization period, while its initial expressil@vel is reset in the next generation. These fac$avouring the
hypothesis of an epigenetic mechanism controllimig snemorization in the plant. Several epigenetataoular
modifications can alterate gene expression, suthase involving DNA methylation, histone modifiats and
regulatory noncoding RNAs. In DNA methylation, angthyl group is attached to the Cytosine nucleadtige
methyltransferase enzymes. In plants, presenchiobtmethyl group in promoters sometimes correlatéh
repression of gene expression, while methylatiahinithe gene body correlates with gene expres#erfor
histones, main modifications rely on protein medlfigh and acetylation. Histone methylation and DNA
methylation are interlinked with each other (Staweh2005 ; Henckel et al. 2009; Tariq et al. 20883tone
methylation ofVrnl gene has been reported to respond to vernalizadioh subsequently contreknl gene
expression in barley (Oliver et al. 2009). Since Ahethylation is becoming a common tool in popwati
studies (populational epigenetics), and t{atl DNA methylation has never been studied, we focusaed
study on the description of gene methylation pagtef he main aim of this study is therefore toigsights into
the variation of DNA methylation patterns withurnl between different wheat haplotypes and to explore
which extent these patterns are affected by thednte of vernalization treatment.

Material and Methods

On the basis of earliness and winter/spring typeyes wheat Triticum aestivunL.) lines of a Dynamic
Management Program presenting 6 different allebngositions for the thre¥ RN1 genes (A-B-D) were
selected, in order to compare the effect of veratihn treatments between and among the differgpibkypes.
Five of these 6 genotypes are “Spring types”, vdiffierent earliness explained both by th&im1 allelic
combinations and variation at other QTLs.

To assess the effect of temperature on the meihrylpaittern ofVrnl, four sets of plants, each composed of
the 11 selected genotypes, were produced, corrdspto two vegetative stages (2 and 4 leaves) gteziror
not to a vernalization treatment (couple of vem®dinon vernalized sets). Three sets were sowheasdme
time and kept in glasshouse, and the forth setsoam afterwards.

Sampling from Sets 1 and 2 was done at 2 leavge,stath or without vernalization treatment respagy
(45 days in a vernalization room at 5°C and 8-16fHlight for set 2).

Sampling for Sets 3 and 4 was done at 5-6 leaag® stvith or without vernalization treatment. Vdized
set (Set 3, treated as Set 2 by 45 days incubati@nvernalization room at 5°C and 8-10 hr of ljghtas
transferred to the glasshouse at 2-3 leaves stdigaying the growth of the fourth leave in non \&inng
conditions. As vernalizing signals are maintainedpite this increase in temperature, this treatrmows us to
differentiate cold induced patterns from the omaxc#ic to vernalization.

DNA was extracted and sodium bisulfite treatmens warformed using the EZ DNA Methylation-Gold Kit.
This treatment converts non-methylated cytosinés thymines but does not affect the methylated siptes,
thus enabling the identification of methylated sibeé sequencing chromatogram.

Primers were designed using the Methyl Primer Esgreorftware, which integrates the bisulfite-trdate
DNA constraints to efficiently design primers. Coonmwheat is hexaploid (AABBDD) so specificity ofeth
designed primers to one of the three homeologsalsasbeen carefully checked.

Three regions (Figure 1) have been studied upwo appromoter, b) initial part of intron 1 ander)d of the
intron 1. As shown in the figure 3, th&n-1A gene has a very large intron 1. Review of previesature
shows that either the promoter or intron 1 is respale for the behavioral change of the gene itelaso these
regions were selected for initial methylation pling.
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Figure 1: Structure of thern-1A gene. Small green boxes represent exons posititinei gene and the other
regions with light green lines represents introfise pink lines represent the CpG sites. The broaxed
represent the regions studied for methylation

Results and Discussion
DNA was successfully extracted from the differeehgtypes and Non-venalized

treated with bisulfite. Three different primers parget sequence were A H/'. f

ordered and tested, allowing the identificatiormgdrimer combination TTT OO
per area giving good PCR amplifications. To getrst overview of =
epigenetic variation, we performed a direct sequenof PCR

products, without cloning.

In the promoter region, designed primer pairs dimoli non Vernalized —> A ,f“ {\ '
specifically all the three genomes. Sequence aisalgesveals no AL
methylation, but few double peaks correspondingdilymorphic site = 2

between A/B/D homeologs where observed, as expedtes to
absence of _speC|f|C|ty o_f the designed primers. _ _ Figure 2: Chromatogram showing the

In the first part of intron 1 (near exon 1), thesigeed primers| ciyiation site (underlined) of vernalized
specifically amplified th&/rn1-Ahomeolog. Different haplotypes with and non-vernalized plant of winter
and without vernalization treatment were sequer@ed analyzed.| haplotype.in initial part of intron 1 ofrn-1A
Only one site (Figure 2, methylated site underljnecs found to
show some methylation variation (i.e., presencdanible C/T peaks).
Comparing the data available for both vernalized aan vernalized , , o
plants, the results show that this methylation aiigre variation is Non-Venalized— w\/\/L_« Y\

more often observed (3 times over 5) in non veredli winter [T.CO- TTTTTAGTTTT
haplotypes as compared to the spring haplotypeghwshow non- 0 10
methylated pattern (5 times over 8) for both vemeal and non- ¢

vernalized plants. These preliminary results ghe impression that,

at this site, the non-vernalized plants show maetih signals while

the vernalized winter type plants exhibit non-méhign pattern, as

well spring genotypes.

The third region under consideration is the last p& intron 1

(near exon 2). With 18 CpG sites, this sequenceagdo be globally  Vealized
highly methylated in both spring and winter happatyirrespective of
vernalization treatment. Interestingly, two sitelsich are not located

in CpGs, display some variation in methylation msi¢y in response t
vernalization treatment. At the first methylatiores(Figure 3) non lation s . :

. . . ation sites (underlined) of vernalized and non}
vernalized winter types give two peaks (C/T) as parad 10| \emalized plant of winter haplotype in intron1
vernalized one which shows higher C compared tétTthe second| near exon 2 cVrn-1A.
site the non vernalized plant show only T as coepdo the double
peaks (C/T) in vernalized plant.

1 Akl ARKO3pARK.F2_008 042

Figure 3: Chromatogram showing the methy-
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In conclusion of these preliminary results, pateoh methylation seem to be variable along the ptem
and intron 1 oVrnl-Agene, the beginning of the gene presenting verynwthylation, at the opposite of the
end of the intron 1 (also corresponding to the ehnthe gene). Few sites were present variationethgtation
according to vernalizing treatments, and furthexdyses need to confirm the reliability of the silgndetected so
far. Study of other parts of the gene will confitime gradient in methylation that seems to exidtriml-A Some
slight variation in the DNA methylation profile wadso detected between different genotypes. Thesifp
variation might be the trace of the presence afjexpitic regulation of the expressionwhl between lines. If
confirmed, the presence of stable inheritable eptie variation inVrnl gene among varieties could explain
part of the variation observed in wheat earlingssts, epigenetic variation could provide an addaicsource of
variation that may be triggered by selection jusDiNA variation is. Being more flexible than DNAartges,
DNA methylation changes may be particularly intérggsfor local adaptation to climatic conditions.
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17.Searching for crop characteristics correlated with nitrogen use efficiency in potato
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In organic farming, nitrogen fertilizer rates aosvlas part of a farming strategy in which crops steulated to rely on
their own resource capture. In future, nitrogenliappon will also be reduced in conventional fangiisystems because of
the restrictions in nitrogen use to avoid nitrataching. Therefore, breeding for nitrogen efficigatieties is necessary.
This is especially true for potato which has a eathigh nitrogen demand and a low capacity to aapthis resource.
However, breeders lack knowledge about geneticatian in nitrogen response of potato under low ingrowing
conditions, about relevant crop traits associatétth wariation in nitrogen response and the physgjwal mechanisms
behind such variation. The objective of our reseddo identify plant traits that are correlateidhvthe ability to deal with
low availability of nitrogen. These traits will irnsformed into selection criteria which can beduby potato breeders to
develop nitrogen efficient potato varieties.

Four field trials (on an organic site and a conigerdl site, in 2008 and 2009) were conducted wiitie 12008) or six (2009)
varieties and three nitrogen input levels in atg@bt design with four replicates. Several plaaits were assessed. The soil
cover was assessed twice a week, and leaf area, ldutking and nitrogen accumulation were measatédo intermediate
harvests and at the final harvest.

We found genetic variation for nitrogen responsdenriow input conditions. This variation seemedsely related to the
maturity type of the variety. Late varieties seemaate efficient in nitrogen uptake and early vagietmore efficient in
nitrogen use (i.e. produced more tuber dry mattergmount of nitrogen taken up). Also for otheitérauch as yield, dry
matter production, harvest index (HI), leaf aredeix (LAI) and soil cover we found genetic variatidreliminary results
showed that the level of maximum soil cover, theatlan of maximum soil cover and LAl could be catate traits
correlated with nitrogen use efficiency. In the dogntwo years these traits will be validated insedpent field trials at two
organic locations with 18 varieties.

@ 18.Analysis of the relationship between root development, field performance and
resource capture of 4 contrasting lettuce cultivars under transplant stress

P. Kerbirioy E. Lammerts van Bueren, P. Struik, P. van deeRuf. Rhebergen
pauline.kerbiriou@wur.nl

In conventional agriculture, breeding of modertuet cultivars l(actuca sativelL.) has been focusing mainly on types with
high shoot:root ratios, providing high yields, ith minor demands on the roots as conventionahifag systems are able
to supply a constant flow of water and nutrientsgadic agriculture aims at optimizing the produetgystem rather than
the individual crop, and thus has fewer means trobgrowing conditions. Improving the root systefriettuce is thought
to provide varieties better adapted to the fluctggiowing conditions of organic/low input systeriis study was
undertaken to investigate the effect of transpdargss on the relationship between root developmérdte and water
uptake, and product quality of 4 contrasting lettgenotypes at 3 transplant ages (i. e. 3 shootatios). Three field trials
were performed at 2 locations (Wageningen, NLpiring 2009 and 2010, and Voorst, NL, in spring 2009
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In sweet corn it is quite expectable that, in ppastharvest condition of ear storage, a smallerlarger part of the kernel
nitrates be converted into nitrites. The consunmptib3-4 freshly boiled ears/day adds up to an ADNO, -N which
should be seriously taken into consideration. Biweet corn hybrids were tested in field trials ouarflevels of mineral N
fertilization (0 kg N/ha; 50 kg N/ha, specific toganic and low-input agricultural practices, an@® k@ N/ha; 150 kg N/ha
customary with conventional agricultural techno&sjiapplied to soil as NNO; on a general organic fertilization of 30
t/ha manure applied once in three years. The tal® organized in three locations with obviougedént soil and climatic
conditions and in two years (2007 and 2008). Ahhézal maturity, ten ears were harvested at ranilom each
experimental plot and kernel samples of 20 g oheaciant were taken on the day of harvest andyaedlfor nitrates and
nitrites. Both the cultivar and the level of mindxafertilization have significantly influenced tmtrate content of kernels.
The average value of nitrate (34.41 mg/kg prodait) nitrite (1.18 mg/kg product) contents are ravihigh and are far
from being alarming as compared to ADI (AdmissiDiEly Ingestion) values recommended by the UE Sifien
Committee for Food in 2007 (0 — 3.7 mg/kg b.w. @JN-N and 0 — 0.1 mg/kg b.w. of NO-N). The registered values of
nitrite content in sweet corn kernels are, nevégs alarming since they were found following thea proper handling
and storage of harvested ears and kernel samples.

@ 20.Phenotyping of an extensive potato germplasm set for nitrogen use efficiency:
nitrogen effect on physiological model parameters for canopy development.

C.A. Ospind? E.T. Lammerts van Buerers. Allefs; P. van der PutténG. van der Lindehand P.C. Struik
cesarandres.ospinanieto@wur.nl
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Nitrogen (N) is an essential nutrient for crop gtiovand its use has great economical and envirorah@npact. Proper
nitrogen management is especially essential intpgaduction because of the high demands of tbp and its small and
shallow root system. Moreover, the EU nitrate dikec (91/767/EEC) makes nitrogen use efficiency Bla very
important trait and will force to reduce N-supptiius affecting the physiological and agronomicaifgrenance of the
potato crop. The challenge is to know which vaeietare performing well under low input and to ustid the genetics of
high NUE under low N. We used an eco-physiologioaldel to analyze canopy cover as a tool to idergifg quantify
genetic variation among potato varieties. A divesseof 200 potato genotypes was planted in 20@9gamwn under two
levels of available nitrogen (75 and 180 N kg/hajha breeding station of Agrico Research (Bantofdoostpolder, The
Netherlands) on a light clay soil. To apply the siblogical model for canopy devolvement, the petage of soil covered
by green potato leaves (soil coverage, SC) wasssasdeweekly throughout the growing season. Usireg Hburly
temperature, obtained from a nearby meteorologitation, days after emergence were converted heortal days to
describe crop development as a function of tempegatising the beta function and the three cardisaperatures for
potato. Relevant curve fit parameters estimatedftbe model for each individual genotype showeddadifferences
between nitrogen levels, with lower values for it level of N input. Especially the maximum valoeSC and the period
over which this maximum was maintained were strprdfected by nitrogen. These effects resultecargé differences in
light interception, yield, tuber size distributiamd nitrogen uptake. Differences between genotymase large and partly
associated with maturity type. The results willdoafirmed in a second trial in 2010. An associatizapping analysis will
follow in the second phase of the project to idgrdandidate genes related with NUE in potato.
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Improving drought tolerance is a key breeding tafge many agricultural regions of the world andiiely to become a
main challenge for agronomy under global changeeRling the physiological basis of drought tolemit plants can
result in more targeted crop improvement stratefpesvater limiting conditions. Plant responsesdtought in terms of
drought avoidance can be roughly grouped into migation of losses and maximization of uptake acemydo Levitt's
(1980) classical scheme. While the first strategyainly linked to leaf parameters, the lattertesddo the root system.

The present research evaluates the usability afrabphysiological and agronomic measurement metiimdthe purpose
of screening crop traits of potential interestifoproved water stress tolerance in breeding tridisasured parameters were
initial soil coverage, root capacitance, stomatadectance, chlorophyll concentration, leaf areseidime to heading,
plant height and harvest index.

A core set of 50 durum wheat cultivars was usedrier to reveal the existing variability in the &bground and root
parameters. Furthermore the most appropriate Empetal design is evaluated in terms of time-edficy and
representativity of data for characterizing anccidisinating among the cultivars. The physiologiparameters are then
analysed for their predictive relation to biomassvgh and yield. The results should provide andaton on advantages

and problems of methodological approaches for fegpdistinct physiological plant strategies foodght avoidance.
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22.Effects of genotype, environment and crop management on biotic and abiotic stress
responses of potato

Heinrich GrausgrubérKatja Sengthalér Erich Kronberger Johann Glauningér
heinrich.grausgruber@boku.ac; @hann.glauninger@boku.ac.at

1BOKU-University of Natural Resources and AppliefelSciences, Department of Applied Plant ScieaoesPlant Biotechnology, Gregor Mendel Str.
33, 1180 Vienna, Austria
2LAPRO Ges.m.b.H., Grafendorferstr. 18, 2000 StamkgeAustria

Keywords:Genotype by environment interaction, organic fagnjpotato tuber diseases, Solanum tuberosum

A database on tuber diseases of table potdtafium tuberosupnwhich were delivered to LAPRO for conditioningdan
packaging was established from 2002 onwards inetudil information concerning producer, productamea and variety.
The potato lots were scored for bacterial disedasedyacterial soft rotHrwinia carotovord, bacterial brown rotRalstonia
solanacearury fungal diseases, i.e. common sc8bréptomycespp.), silver scurfelminthosporium solapi black scurf
(Rhizoctonia solanj viral diseases, i.e. potato virus Y, damageswingworms (Elateridae larvae) and miscellaneous
diseases and disorders, i.e. stem-end browningrniait brown spot, elephant hide, hollow heart, eondjg grub and
percentage of over- and undersized potatoes.

From the huge dataset relevant information wasaeted to enlighten the influence of variety, enmim@nt (producer, area
of production, year) and crop management (orgamioyentional) on the most important diseases asardiers in the main
potato growing areas of north-eastern Austria. @G&lye organic potato lots showed a higher peragataf deficits. This
higher percentage was mainly due to biotic disegsfr®worm, common scab, black scurf) and to a éigamount of
undersized potatoes. In contrast conventionallydpeced potatoes exhibited significantly higher pblggical disorders
(deformed and oversized potatoes, elephant hidlvihbeart). Despite this general trends significateractions between
varieties, environments and/or crop management disoevered.
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Abstract

Evolutionary Participatory Breeding (EPB) is a lieg method designed to maximize genetic diversity
elastic self-pollinating crop populations developgkeobugh farmer-breeder collaborative selection.e&ample
of EPB in wheat is discussed to illustrate the eph@nd potential of this breeding strategy. Rdgento

alternative grain crops (buckwheat and quinoa) wagtified by organic farmers in Washington St&at8A, as
unique in their potential to diversify and improseisting small to mid-scale farming systems. Bulckat and
guinoa have the potential, to differing extents digersify cropping systems with under-represerngedn crops
destined for local markets; function as valuablghthiomass cover crops; provide locally grown apgidor

nutritious food for humans, particularly those wghuten intolerance or wheat allergies; and, seawe high
protein, nutritious animal feed. Farmers acrosshiaton State are interested in growing thesescfop
different reasons and their respective environmeitdtate that different traits be targets of setect EPB

methodology will differ for these two crops basedtbeir pollination strategies as quinoa is prea@mily an
inbreeding species, while buckwheat is a crossfadihg species. Diversification of crops subjextfarmer-

breeder breeding collaboration will increase omAafayenetic diversity and encourage greater markedrsity

options to be utilized by farmers.

Evolutionary Participatory Plant Breeding: A Brief Overview

A farmer-breeder collaborative approach to orgavtieat breeding combines the well-established mattodd
participatory plant breeding with the selectionatgies for fithess traits that have proved suéckswer
decades of evolutionary breeding. This methodfexymed to as evolutionary participatory breedin&@ B within
the context of this paper. EPB optimizes the powfenatural selection in farmers’ fields to selgehotypes
with specific adaptation to their local environmemd farming systems. EPB promotes the developmknt
modern landraces or variable, genetically diverseutations which are adapted through natural sele¢o a
very specific local ecosystem.

Farmers generally choose the parental cultivarbetacross-fertilized based on their intimate knogkeaf
varietal performance over time on their farm. hlitrosses between parent lines are often condattex$earch
facilities (either by breeders or farmers) to hefyisure reproductive success. Seed is then incréase the k
to the b, after which k& seed is distributed to the grower for several gggtigns of natural and farmer-assisted
selection. Examples of farmer-based selection declegative selection, such as roguing of pooropeers or
elimination of disease susceptible genotypes, asttipe selection, including screening of grain famger seed
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size and higher test weight. Depending on end-usditg needs, market opportunities, and the impnoset of
specific value-added traits, breeders or farmerspsriodically isolate potentially high-performimiants and
conduct cultivar trials and generate pure lines smhesize varietal blends. However, farmers lshcontinue
on-farm EPB to continue to improve upon and devéleigrogeneous, high-performing populations.

The need for breeding and selection within orgagitems is clear. There is abundant evidence ir attops,
ranging from wheat to lentil to maize, emphasizthg importance of direct, system-specific selection
optimization of yield, disease resistance and @udh organic farming systems. EPB methodology is
particularly suited to organic agriculture, becaiisgecentralizes the selection process and conapesigor the
heightened inter-farm environmental variances wieisterge with decreased inputs. When using EPB rdstho
plant breeders are aware that the same naturasftinat present the greatest challenge to orgattieation can
also offer a natural means of selecting plants ldapaf handling these biotic and abiotic pressures.

A Case Study for EPB in wheat: Lexi's Project

The most advanced example of EPB in Washingtore $&atolves around a traditional wheat farming faisil
search for a variety of winter wheat that woulddgapted to their harsh environmental conditions Eodide
yield stability over their 4000ha farm and acroksatic changes over the years. The farmer, Jinofdpand
his twelve year-old granddaughter Lexi Roach, datithat breeding their own wheat variety would be a
worthwhile project for Lexi's class project. Lexdmtacted Dr. Stephen Jones at Washington Statesksitiy to
assist with this effort. She then selected pareiitis promising traits for her family’s farm and deinitial
crosses for three distinct populations. Within argeLexi and Jim were cultivating the F3 populadiam the
family farm. Choosing emergence as one key selectiiberion, Lexi planted the seed very deep, @38 mm.
Only the plants with the appropriate genetics faresging from these challenging conditions grew and
flourished each year. Additionally, Lexi and hemfly removed lines that were severely infected vsgiifipe rust
(Puccinia striiformig annually, harvested in bulk and planted a randample of the next generation. She
maintained three populations from the three sepamaisses on approximately 1 hectare each yearagveriod

of 6 years (Figure 1). In 2010, one of Lexi’'s blitkes, WA0008094, was the highest yielding wheathie
official Washington State University wheat yieldats for St. Andrews, WA in Douglas County (abo@01
kilometers from their farm). WA0008094 topped 5SBestlines from 11 public and private breeding paogs in
the US. WAO0008094 performed well at several otbeations and was statistically equivalent to b# top
yielding varieties except for ‘Xerpha’ across tlwsvirainfall precipitation zone (<300mm/yr) in Wasgion
State. This project, carried out by a grade-sclstuddent and her grandfather, has so far delivenpdessive
results and illustrates the potential of utilizikPB methods for optimizing specific adaptation imique
environments.

Quinoa and Buckwheat: Mixed and cross pollination sategies

Quinoa Chenopodium quingaand buckwheatHagopyrum esculentynare ancient grains that have been grown
for thousands of years in their native regionseyrhave served well as highly nutritious stapledfeources but
have been largely neglected by research univessitighe US, where research overwhelming focusethen
major cereal and legume crops. Both buckwheatanba are in high demand from consumers, can tergr

in Washington State, are currently predominantlponted from abroad or other regions of the US, andld

fill an under-represented niche in local and regidarming and marketing systems.

Quinoa (Figure 2) is predominantly an autogamoe#-f®llinating) species, with outcrossing ratepicglly
ranging from ~0.5 to 10%. However, extreme casesomplete self-pollination and obligate outcrogshy
self-incompatibility and male sterility have be@ported. Most quinoa varieties are drought resistalerant to
light frost and require short daylengths and ceohgeratures for good vegetative growth and highl-seée
Identifying genotypes with lygus bu@ygusspp.) and aphid resistance, early maturity anetarchinant growth
habit will be among the most important selectidteda in the northwest region of the US.

Buckwheat is a short season crop that thrives dirdretined soil, and typically does well on low-fiéity or
acidic soils. Challenges in buckwheat agronomy initlude identifying early maturing cultivars theén set
uniform seed prior to the first frost in the falBuckwheat cultivars currently grown in Washingtdtate are
primarily adapted to regions of North America wilgnificantly more heat units per year, especiallyen
compared to the climate in western Washington. e&l@s, developing buckwheat varieties through mass
selection is fairly straightforward (T. Bjorkmarens. comm.) and an example of low-hanging fruit treeds to
be exploited to benefit regional farmers.
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Based on our 2010 variety trials for quinoa andkidmeat across different agro-ecological zones imttNo
Dakota and Washington State, diverse base popusatice currently being developed through wide aardow
crossing schemes. Training in EPB methods fordicdéed group of farmers is occurring simultanepdsiring
the off-season, and populations will be distributedarmers in contrasting sites of each targetoreg The
choices of parental cultivars are dependent upape@ting farmer preference, and populations aregbe
formulated from two-parent straight crosses, thesix-parent poly-crosses, and 10 to 30 parentposite
crosses.

Marketing Opportunities in the US: Enhanced Nutritional Value and Gluten-Free

Apart from agronomic considerations, alternativaimgg can be more profitable to farmers through the
exploitation of value-added traits. For exampldyitional value is a primary reason many consuncbmse to
buy organic food. A 1999 Organic Farming Resedfolindation survey reported that 56% of respondents
ranked determining the relationship between orgéamaing practices and the nutritional value ofdaas the
highest research priority for organic field crops.

Almost two million North Americans suffer from gt intolerance. Both quinoa and buckwheat aregiree
and often purchased by health-conscious consunigrs. gluten-free food market was worth almost $126ib
year and had an annual growth rate of 28% ovetat$tefour years. Replacing standard gluten-freerfiavith
guinoa improves intakes of protein, iron, calciund dibre. Quinoa is a highly nutritious food wigétxcellent
protein quality and quantity, very high lysine antlalanced amino acid content. Quinoa also has $iemvn to
be higher in calcium, phosphorus, magnesium, piot&ssron, copper, manganese, and zinc than whealey
or corn. Buckwheat contains high concentrationsalbfessential amino acids, especially lysine, dhiee,
tryptophan, and the sulphur-containing amino aciddditionally, buckwheat is rich in iron (60-10Qpp, zinc
(20-30ppm) and selenium (20-50ppm). These traitsheaenhanced by plant breeders and used to adketingr
value to particular varieties/populations of theseps. Because EPB is especially well-suited tweiasing
values of fitness-related characteristics, parehtssen for crossing schemes should exhibit exdellatue-
added quality and nutritional traits that will héyléy remain with the population over years of stien.

Expanding the scope of EPB beyond wheat

Quinoa and buckwheat are the choice of many orgi@miners in Washington State and other regiondén t
northern US to be the focus of an expanded EPBraneg Expansion beyond wheat despite fewer funding
sources is appropriate due to the relative ease@oabmy of this breeding method. The developroéatcrop
non-specific breeding program based on assortditipatory breeding methods will encourage improeem
and farmer adoption of a greater diversity of n@ulitional crop species. Through this processh vathin-
crop and on-farm genetic diversity will increasel gmovide greater access to and opportunities ¥peamding
local markets and food and farm stability.
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Introduction

A major issue for breeding programmes is whethkerctiag material that is widely adapted to enviremts of
the target region, or breeding distinct varieti@sdpecific mega-environments (alias subregionsgpeesented
by different geographic areas, farming systems,(erganic or conventional) or crop managements,(pure

or mixed cropping). Crucial aspects for choosinberiadaptation strategy are the size of the sefeghins that
they can offer for same overall selection costd, the market size for specifically-adapted vargtieor a given
level of phenotypic variance, the selection gairprisportional to the heritabilitynf, in the broad sense for
inbred lines and the narrow sense for open-po#hgtopulations: Simmonds, 1979). Indicatings,‘t,fysge2 and
s> the genetic, genotype x environment (GE) intesactand experimental error variances, respectively,
breeding widely-adapted inbred lines or clones ireguo minimizesge2 over the target environments:

W = &/ (S + S+ Serr )

Breeding for specific adaptation can capitalizetioa portion of GE interaction accounted for by tikerent
mega-environments subjected to specific breedimngsaoverall selection gain is maximized by maximg the
genotype x mega-environment interaction variarﬂg.é)(and minimizing the GE interaction variance within
mega-environmentSmy):

W = (32 + Sgn) / (& + Synt + Sgeqny + Serr” )-

The same conceptual framework also applies to ppdimated populations, btﬂgf and sgm2 at the numerator
relate to the additive genetic variance in thissg@snicchiarico, 2009).

Only the adaptive responses to factors that carob&olled or predicted prior to sowing can be eipH by
selecting and growing specifically-adapted cultgvarhis is not the case for the time factor, asdimaatic
conditions that generate year-to-year environmerdahtion are not known in advance. This variatoam be
dealt with in terms of genotype yield stability.e®ding for resilience equals to increasing Type Type 4
stability (Lin and Binns, 1988; Annicchiarico, 2008y exploiting GE effects associated with strederaince
which lead to relatively better cultivar responseinfavourable years or cropping conditions.

GE interaction may arise from several reasonsudioly the genetically based trade-off between yield
potential and tolerance to major stresses (e.gdloku and Muchow, 1990). It also affects marker-stesi
selection, which can conveniently be embedded ialspecific-adaptation strategies by exploiting pussibly
large portion of useful QTLs and markers which areironment-specific (e.g., Messmer et al., 20
effects of practical importance are of cross-oypet implying different genotype ranking acrossigmments.

This work aims to summarize the main findings on iGi€raction patterns and adaptation strategiesds
by research work carried out on forage and grajartees at CRA-FLC.

Forage legumes
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The results of different experiments reported bge®eet al. (2009) and Annicchiarico and Pec&@1Q) are
jointly analyzed in Fig. 1, to compare the relatesg¢ent of GE interaction across different croppsggtems and
geographic areas. Cultivar responses were sulatgraonsistent across conditions of high and atmdsveed
competition (reproducing organic and conventioyatems, respectively), suggesting no need to bspedific
varieties for organic farming. Conversely, large ®Eeraction of cross-over type occurred acrossyggahic
areas because of specific adaptation of varietjaodrace germplasm to its area of selection orutiom,
suggesting to breed distinct material for each ggguiyc area.

35 T Cuore Verde
Marchigiana
30 - Lodi Ig:lrggse(?nenti
Cremonese ICOdi
< ; remonese
£ 251 ProseCnPaeSnStle La Diana
bt Verbena Verbena
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§ 10 - ® landrace from Lombardy
O landrace from Central Italy
5 1 . .
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0 I I | | /\ semi-prostrate variety
Lombardy Lombardy Umbria
Conventional Organic Organic
v v
GE interaction NS P<0.01
Correlation 0.96 (P<0.01) =-0.09 NS

Figure 1. Forage yield of eight lucerne cultivargrass conditions reproducing organic or conventiona
cropping systems in two geographic areas, and ggeotx environment (GE) interaction and phenotypic
correlation for entry yield across environments

Competitive success of genotypes belonging to emggbrous forage species in relatively favourable
environments relies on their scale foraging abdisydetermined by greater relative growth rate (&=t et al.,
1991). This feature also implies greater DM yielotgmtial in the absence of competition, justifyitite
consistent response of lucerne cultivars across aigl almost nil weed competition in Fig. 1. Fog #ame
reason, consistent genotype responses were obsark@ss pure and mixed cropping in lucerne and @test,
vigorous forages (Rotili, 1985; Piano and Anniccicia, 1995), implying no need to breed specificietaes for
legume-grass associations of this species. Corlyesseeable GE interaction across pure stand awddrstand
with vigorous associated species was found irtla fiigorous, subordinate species such as whiteeclavhose
genotype competitive ability mainly relied on pston foraging (i.e., the ability to make fine-scabgloitation
of light and nutrients from undepleted zones by photogical plasticity) (Annicchiarico and Piano,949.
Selecting white clover in the target mixed-standiiremment provided distinctly greater yield gairsan
selecting in pure stand both on the basis of ptedigains (Annicchiarico, 2003) and in practiser{isohiarico
and Proietti, 2010), allowing to reach the miniroklver content of 30% on the annual dry matter Wwhwas
required for sufficient N fixation and forage qugli

Large cross-over genotype x location interactionftmage yield of lucerne cultivars occurred notyon
between Lombardy and Umbria (Fig. 1) but also a&rvgo geographic areas of northern Italy featuring,
respectively, sandy-loam soil with limited drougitess mainly due to irrigated cropping (north-wastPo
valley), and silty-clay soil with severe summer whbt due to rainfed cropping (south-eastern Poeyhll
(Annicchiarico, 1992). Four artificial environmentseated by the factorial combination of droughest
(almost nil or high) and soil type (sandy-loam dtysclay) successfully reproduced the adaptivepoeses
across agricultural sites of a set of referencéetias (Annicchiarico and Piano, 2005). They alseenled the
close relationship between drought tolerance aondght-stress level in the evolution environmentiadet of
farm landraces. Specific breeding for each meg&@mwent provided distinctly greater forage yieklrgs than
breeding for wide adaptation, both in the artifi@avironments (Annicchiarico, 2007a) and in agdtimal sites
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(unpublished data). Other work unveiled adaptiedtdrrelated to specific-adaptation patterns (Acimirico,
2007b). The EU-funded project PERMED revealed la@f€ interaction for yield of lucerne varieties or
landraces also across sites of the western Medlitean basin, suggesting to breed distinct varidtesi)
rainfed or irrigated environments with limited sgrisummer water (< 350 mm) and nil/low soil sajinii) salt-
stress environments; iii) fairly favourable envinoents with high number of harvests (Annicchiarid¢oak,
2011).

Cross-over GE interaction emerged also for respomsexploitation mode of contrasting morphological
types of lucerne, suggesting to select: i) matewigth rhizomatous, prostrate habit, for continugmazing; ii)
semi-erect material, for rotational grazing; angl @rect material, for the conventional exploitatithrough
mowing (Annicchiarico et al., 2010b).

Large GE interaction is likely to occur in lucerared other forage legumes because of long-standitegy,
specific selection pressures that acted on landraceatural populations and the large use of soaterial for
variety selection. Major objectives of our futuresearch work are the identification of molecularrkass
associated with lucerne adaptation to specific grgveonditions, and the evaluation of the impactsemi-
hybrid variety type and wide genetic diversity andrne yield potential, adaptability, and resilienc

Grain legumes

Specific breeding for organic systems may offeatgescope for grain crops, whose traits potegtigllated to
competitive ability against weeds (e.qg., tall stayumay differ from those related to high yieldtine absence of
competition (Donald and Hambling, 1983). This wasfemed indirectly by the usefulness of a pea igpe
devised theoretically for organic systems of narHealy (Annicchiarico and Filippi, 2007). An indef variety
suitability for organic farming was defined as theerage entry rank for seven traits related to titie ability,
grain yield and stress tolerance assessed undeemtional farming. Attika, which ranked first fandex value
(seventh for grain yield) among 50 recent varietgperformed Metaxa (a recent variety marketeBlhfor
organic farming, eleventh for index value) for grafield and competitive ability against weeds inrfo
organically-managed environments.

Large cross-over GE interaction emerged for graidyof faba bean cultivars (Annicchiarico and laoai,
2008) and white lupin breeding lines (unpublishedall across Italian subcontinental- and Mediteaane
climate areas, mainly because of subregion-spemffienal earliness of cycle and its impact on esdapm the
locally-prevalent stress (winter cold or terminabught). Especially for white lupin, its modest gping area
may nevertheless justify its selection for wide @dton. At the larger regional scale of south-wastEurope,
the extent of GE interaction in a global collectimiwhite lupin landraces definitely supported tireeding of
distinct varieties, especially for cold-prone autusown areas on the one hand and spring-sown areése
other (Annicchiarico et al., 2010a).

Major targets for our future research are the ifieation of markers associated with pea adaptatimn
specific environments, the definition of a pea igpe for mixed cropping with cereals, and the stoéypulk
breeding schemes allowing natural selection footabstresses.
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Introduction

Maize is used for making bread and several dermeeipes that are made traditionally with wholetfinaize
kernels in Spain and PortugRlevilla et al., 2008; Vaz Patto et al., 2007)tHa northwest of Spain traditionally
maize was stored in a special type of drier call&iireo” in order to protect the ears from animatel to dry
gradually. That traditional drying method allowe tattack of insects that reduce grain safety. Euantbre, the
grain is usually harvested with high moisture thaiduces pericarp fissures and subsequent funfgadtions
that could be dangerous for human health (D'Metlale 1999). Although bakery quality has not beefined
for maize flour, some criteria could be kernel wejguniformity, density, and undamaged and headffains
(Alonso-Ferro et al., 2008; Watson, 1988).

In previous projects we evaluated a collection atioehthonous varieties under organic farming and
choose some varieties with higher yield and balerglity (Revilla et al., 2008). Those varieties limted
Sarreaus, with yellow kernels and early maturiteind, with black kernels and late maturity, and &elanes,
with white kernels and medium-early maturity. Thesaditional varieties have been improved througib t
cycles of $ intra-population recurrent selection for yield andling test and were used for checking genotypic
and environmental effects as well as genotype ¥@mwent interactions on grain quality.

Materials and methods

A breeding program for yield and quality was catr@ut from the local populations Rebordanes, Maind
Sarreaus. Their first cycles of selection were @at@ld in 2008 and 2009 in four environments caingjsif two-
year trials in two locations under organic condiioField trials followed a randomized completeckldesign
with 3 replications and harvest was made in thi@esd early, normal and late. The traits recordetevgrain
yield, grain moisture, milling test, kernel weighgvere and slight pericarp damage and germindliata were
analyzed using the procedure GLM of the softwammgmam SAS 9.1 (SAS Institute 2005). Means of main
effects were compared with the Fisher's protect&® lat P=0.05 and those of the interactions by ukagt
square mean comparisons.

Results

Differences among environments were significant yald and slight pericarp damage. Harvests differe
significantly for moisture, slight pericarp damaayed germination. Populations were significanthyfediént for
moisture, milling test, and severe pericarp damaddee population x environment interaction was gigant
only for slight pericarp damage. The interactionsimnments x harvests, and populations x envirarime
harvests were significant for milling test. Graiendity was not significantly different between s@ms of
variation or interactions and none of the inte@awiwas significant for 100-kernel weight. The gapian x
environment interaction for milling test, the pagtidn x harvest interaction for germination, anel plopulations

X environments x harvests interaction for grairid/i@nd milling test were mainly of magnitude rattiean of
rank.

Early harvest had higher grain moisture, higheghslipericarp damage and reduced germination thamaio
harvest (Table 1). Although differences were nghi§icant for other traits, as harvest time advahitere was a
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reduction in milling test values and on severeqagd damage. Differences among populations were imiben
significant than among harvest times. Differenaesrg populations were generally consistent withntiagurity
rating, i.e. populations with longer maturity hadter grain moisture, milling test, severe pericdamage, and
grain yield (although differences were not sigmfitfor yield) as well as lower grain density ardmgination.

Discussion

In previous projects, we have identified autochthen populations with the best performance undearocy
conditions and adequate quality for bakery, incigdBarreaus (yellow kernel and early maturity), fdéblack
kernel and late maturity), and Rebordanes (whiteedeand medium-early maturity). These varietiesembe
base material for breeding programs for increagialgl and quality (Revilla et al. 2008). The ladks@nificant
differences for several traits among the improvedutations can be explained by the reduction ofatslity
due to the selection program, because the origioplilations were significantly different for yieild previous
evaluations (Revilla et al., 2008). However, diéfieces were significant for moisture because thestrperiod

of these populations has not been modified thraghbction and were quite diverse originally. Thewation x
environment interactions was as rare as in theiquevreport. Obviously, the variability detected canp
populations and the importance of environments paoulation x environment interactions depends an th
germplasm and the environments used for each saglghown by the discrepancies among several author
(Duarte et al., 2005; LeFord and Russell, 1985 vsiaét al., 2008).

Among quality traits, purity of color is a majosige for international standards (Serna-Saldivat.e2001) and
the white flint corn populations from this regioa dot fulfill this requirement, on the contrary ithendosperm

is creamy rather than pure white. Moreover, yellovange, and black kernels are preferred in soegsaFrom
the nutritive perspective, yellow and orange endosg are healthier because they are sources oixalants
(Kean et al., 2008; Perichart-Pereira et al., 200@yer, 1999). Nevertheless, from a hedonic petspe
colored maize is less appreciated due to the datjioadof pigments during baking or frying that casistrong
aromas and flavors (Poneleit, 2001). Grain hardrdessends on the relation between horny and floury
endosperms and secondarily on the structure angacing of cell components and thickness of thécagy.
Hardness is highly correlated with other qualigitt, especially with density. Genotypic effectgavienportant
only for yield, while moisture was more affected bgrvest time, which subsequently influenced pepica
damage and germination. Other environmental effesse minor as were the genotype x environment
interaction.

The practical conclusions from these results aaettie key points for producing high quality tramlial maize is
to choose the appropriate population for each dased on adaptation, yield and quality. Harvesukhbe
made when grain moisture reaches the standard ghiadh is above 20% for the humid Spain.

Table 1. Means of three maize populations evaluistddenvironments under organic conditions and
harvested early, on time, and late.
Sources Grain Grain Grain Milling | 100-kernel | Severe Slight Germinati
of variation | Yield moisture| density | test weight pericarp | pericarp | on
damage | damage
Mgha' | gkg® | Gem® g g % % %
Harvests
Early 5.36 23.7a 1.18 76.8 35.1 6.67 24.0a 61.5b
On time 5.36 21.9b 1.17 72.6 35.1 4.97 18.1b 75.8a
Late 5.10 20.2c 1.17 68.2 35.7 3.26 19.0b 84.4a
Populations
Meiro 5.87 24.3a 1.16 75.58 35.1 6.97a 164 68.4
Rebordanes 5.04 21.3h 1.17 71.0b 36.0 4.71b 23.6 .8 76
Sarreaus 4.91 20.3c 1.18 71.3b 34.8 3.36b 21.1 76.6
LSD (0.05) 0.61 1.33 141 2.53 9.3
Means followed by the same letter, for each soafeariation, are not significantly different. Lets are
only shown when there were significant differenimes trait in the analysis of variance.
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Introduction

Over the last decades the percentage of hybritiseimssortment of all important vegetable cropsdtiangly
increased and today for many varieties only hybaidsavailable (Tay 2002, Maggioni 2004, Stadtlar2i®5).
As hybrids are not stable the possibility of comagon as well as developing and adapting varietiest only
under organic farming conditions - are increasirglyited. Even worth, many new hybrids especiafiythe
Brassicafamily are so called CMS-hybrids that are not efetile.

In very general terms popularity of hybrids is €lge to their vigour, uniformity, earliness andhigelds. From
the breeders’ point of view hybrid breeding helpscontrol intellectual property rights through cmhtand
protection of the parental lines. However hybritisarequests either extreme inbreeding or sterifittors to
allow homozygous parental lines and maximum degeeross-pollination. Therefore hybrid breeding is
considered inappropriate with biodynamic breed8&iace Chinese cabbage has been listed in the Common
catalogue of vegetable species in the late 19803ta90 % of the registered varieties are hybrids 1).
Within Brassicaceaenany “successful” interspecific and intergenetisiéns are known (Navratilova 2004), but
information about commercially available Chinesbhzsge CMS-hybrids made by cell fusion technidissare.

80 - EHEH hybrids
[ | | OP varieties
70F

60F
50F
a0f

T

30

LN AR

20

10F

Number of listed varieties

12,5 ‘ 15,6 % 7,1 % 8,6 %
1987 1990 1995 1999 2005 2010

0:

Figure 1:
Development of open pollinating (OP) varieties ¢etbars) and hybrids (dark bars) of Chinese cabblésied

in the Common catalogue of vegetable species, sdtldc(several volumes 1987 to 2010)

On this background the ‘Atsuko’ breeding programwess Kultursaat association’s effort to develop d@ O
variety especially for quality oriented organic diddynamic cropping.

1 Such CMS-hybrids derived from cell fusion are lethby several organic farming associations andRB&M decided at
its General Assembly 2008 in Vignola/ltaly, thall éesion techniques do not comply with the pridegpof Organic
Farming (IFOAM 2008).
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TIME BREEDING PROCESS
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Materials and Methods

‘Atsuko”s origin is the open
pollinating variety ‘Asko’ from the
Quedlinburger Saatzucht which is
no longer listed in the Common
catalogue. Starting point of then-
farm breeding programme was a
screening of ovate heads building
accessions from the German gene
bank (Gatersleben) under
biodynamic conditions in autumn
1998. Despite significant
inhomogeneities and a harvesting
rate of just 20 % ‘Asko’ displayed
the highest potential for commercial
use. 20 elite plants were selected
from a total of 250 plants using
criteria such as

firmness, size, shape, weight (1.0 to
15 kg) and organoleptic
quality.75 % of these elite plants
died during the subsequent winter
illustrating the risky hibernation of
Chinese cabbage which is related to
the high water content of the
cabbage head. Of the five flowering
elite plants only one produced seeds
which formed the base for all further
breeding work (fig. 2).

Seeds were sown for seed
multiplication in spring 2001 to
secure sufficient breeding material.
In the following work the remnant
seed procedure was used. Very early
sowing of Chinese cabbage during
the end of January/early February
allows seed production in time for
summer sowing. This technique
allows for seed production from
individual plants and offspring
selection already in autumn of the
same year. Seeds from plants
displaying the best morphological
characteristics were selected, mixed
to a bulk and used for early sowing
in the following year. This
procedure was used continuously up
until 2008 (fig. 2). With early
sowing the plants do not form heads
and selection has to be limited to the
stage of rosette growth (up to BBCH
19) using following criteria:

FiguroPn B gsrudity soh tzee @fCateukp'shap s@eehtexiorggfivas gisteradinhiralthiness and vigour. In spripgta 100
the National List (2009). Dashed lines mark setetsteps by Ohimethod, encircle

blossoms and seeds symbolize single plants’ pregeni
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plants were used from which in the rosette staggo230 were selected for progenies’ assessmentn Ope
pollination between all plants was allowed duritmaering. In autumn head shapes were criticallylated
based on early timing, firmness and homogeneitywel as plant affinity for inflorescence emergerared
tolerance againsAlternaria. Criteria for evaluation oAlternaria infestation were based on intensity of both,
outer leaves and head inner part. For continuatidyg such progenies were used that performed b#tter
average on all criteria. At the beginning the numifdoreeding lines used for seed production wdg timee to
five, later up to 14 lines were used annually.

Sensory quality was determined using a tasting wét an ordinal scale based on a procedure ofligina
developed for carrots (Fleck 2009). Criteria empbbywvere aroma and sweetness on mature leavesatat h
achieved good to very good texture. Visual evatumatby picture forming methods (here Rising pictures
(“Steigbild”)) unveiled the good forming charactend ripeness of ‘Atsuko’ when compared to ‘Askodan
hybrid varieties (fig. 3).

Kazumi F1 CK-A4 (‘Asko’) one step of CK-A4-18-4 (‘Atsuko’) bulk of
(common hybrid) organic seed productiofr1) best progenied)

[ ] . o " q -
F ) i . § ’ )

L = :

» little pronounced drips‘ line average drips’ line» most expanded drips line
(, Tropfengirlande®), (> indication of ripeness),
» average form intensity, » uneven forms, » superior form intensity,
» some indication of roughneasslight deterioration. » smooth, ,moved®, leaf-typical,
and deterioration. “vegetatively vital” characteristi¢

without any indication o
deterioration.

Figure 3: Rising pictures (“Steigbild according to Wala”) dnmportent patterns of ‘Kazumi F1’ (commonly used
hybrid as reference), ‘Asko’ (one-time biodynamjcérm saved seeds (F1) from the original OP \gjiend
‘Atsuko’ (F8 generation’s selection of ‘Asko’ (bdéeg progress by Ohio-method)); samples from grgvgieason
autumn 2007, qualitative assessment: 2010-11-13 b5.

Using tests with mid-scale organic growers durif§2and 2008 a 70-90% harvesting rate was obtaiiedh
is a high level and sufficient for commercial pusps. In autumn 2009 DUS test resulted in the wariet
recognition through Bundessortenamt (Federal Offifcelant Varieties) on the denomination ‘AtsukGH| 45).

Results & Discussion

Starting with an inhomogeneous cultivar with a higkad shape variation and a poor harvesting ratewa
commercially viable variety using individual seieat was successfully developed. Compared to hykhds
new variety displays an ample homogeneity, excelleeads’ firmness and a sufficient harvesting rate.
Compared to the initial variety the field resistans increased markedly although it is not reststarfungal
decay or bacterial rot. Following the UPQV varidBscription ‘Atsuko’ displays following characteits: Low

to medium plant height with egg shaped (ovategrinediately wide, and short heads of yellow-grden@our
and whitish inner colour; medium number of blistesmall in size on upper side of outer leaf, exadlheads’
firmness and early harvesting time. Resistancedssubsition to inflorescence emergence were nad us¢he
variety accreditation.
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During production and storage of Chinese cabbafgetion with Alternaria ssp. forms a major problem: early
infection during production leads to low returnsldrigh storing losses occur Afiternaria invested harvest is
stored. Compared to hybrids, ‘Atsuko”s sensitivitgainstAlternaria is comparable (ranges in the middle). In
addition, infested plants can easily be cleanetherfield so that only healthy plants are usedsforage. So far,
storage life was successfully tested up to Decenthéended storage tests are still ongoing.

For ‘Atsuko”s maintenance breeding the Ohio-meth®aontinuously used. The number of individualngga
should exceed 30 to circumvent genetic restridiiat could cause inbreeding depression. Breedipgrarents
will continue to optimiseAlternaria tolerance and disposition to inflorescence emergeidentification of
tolerant lines is enabled as the breeding arelasacterised by a high risk Afternaria infection.

Compared to usual hybrids ‘Atsuko’ has a smallexdhe fact this is often seen positively for marigeto the
end consumer. The increased disposition to inftmese emergence might present a problem. It ogoors
frequently with early sowing, at more northern sitand with increased drought stress. So far, cogialdests
evaluated the new variety mainly positively.
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Introduction

The desired traits for potato breeding for orgdaiming are adaptability to organic fertilizaticahility
to give yield in a short growing period (Tiemensktiheret al, 2003), resistance to pests and compliance to
marketing. More detailed: varieties for organicnfarg should be nutrient efficient, able to build lgaf
coverage (canopy) comparatively fast and to sedrtubarly and to complete acceptable yield shficdynmerts
van Buereret al, 2008). A part of traits are included in conven#ibpotato breeding programmes, but some of
the characteristics are particularly significant fixganic growing conditions. As conventional angamic
growing conditions are different, requirements twieties are different, too. Breeding for organigieulture
could take an advantage that the expression of maity is highly correlated between conventiomad arganic
agriculture (Loschenberger, 2007). The correlabietween starch content and tuber yield assessineoitganic
and conventional growing conditions were detecteprévious research (Skrabule, 2008). One of thesgato
start breeding for organic farming in a conventlomagramme, using so called indirect selectiorg ah a
defined generation evaluate potentially acceptaliees in organic conditions. Because of the exuktdrge
plant — environment — management interactions umdganic conditions the most efficient way is tarst
selection in organic field as early in the selettjsrocess as possible (Lammerts van Bueren, 2008).
collaborative breeding strategy, where breedingpamies, organic farmers and breeding scientistsyactved,
started to work in the Netherlands. The experieace breeding material from conventional breeding
programmes has been tested and selection of mosptable genotypes has been done in organic farms
(Lammerts van Bueren, 2010).

The aim of the study was to compare evaluation sgldction of selected clones from conventional
breeding programme in conventional and organic grgwonditions, with a purpose to estimate the ipdig
of carrying out part of the breeding programme doganic farming in a conventional breeding progranm
including selection in conventional growing conglits. The correlation between assessments in both
environments was evaluated.

Materials and methods

Potato clones from conventional breeding programmeee evaluated in organic and conventional
growing conditions for four years (2006-2009). Toenes were selected from existing potato breeding
programme according assessmeifitleaf coverage, foliage resistance to late bligind maturity under
conventional growing conditions. Nine potato clomese evaluated in 2006 and 2007, 12 clones in 200815
clones in 2009. The evaluation of potato clones d@ase during growing period and after harvestinge T
medium late variety ‘Brasla’ was used as standarikty. The leaf resistance to pests was assessally (%
of damaged leaves area) during disease develogmém field. The length of growing period was detmed
counting days from emergence (80 % of planted sihawe sprouted) to the end of vegetation. Aftevesting
yield and tuber size distribution were measurede $tarch content in tubers was determined indiredtd
specific gravity as percentage of fresh weight. Bhéed tuber taste was assessed by expert paimg a9
point scale (9 — very tasty, 1- very nasty). Thaults of trait assessment in both environments wenapared.
The main stress was on selection of clones suitalieganic growing conditions.
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The obtained data were analysed using descriptatstics and Pearson correlation coefficient. The
significance of differences between means of sasnpbes assessed using T-test.

The soil type in organic and conventional fieldsswaostly sandy loam. The soil acidity (i) in
organic field was in range from 5.6 — 6.5, but oneentional fields — 5.3-6.2. The amount of orgamiater
(humuss) in organic fields varied from 1.9- 2.7%t im conventional fields — 1.2-2.5%. The estimaaeabunt
of nitrogen content in organic fields before potptanting was from 38 mg Kgto 60 mg kg depending on
fields used each trial year. The potato crop pragiavith nitrogen was low in organic field, but cuy growing
period it could be improved due to decompositioro@fanic mater in soil. The coverage of phosphaincs
potassium was satisfactory in organic fields (P634mg kg', K 61-121 mg kg). There was not detected
nitrogen content in conventional fields, so onlyled nitrogen with fertiliser was taken in accourdrtilisation
provided high availability of nitrogen (N 55-65 rkg™), phosphorus (including soil composition P 107-17§
kg?) and potassium (including soil composition K 15121mg kg") in conventional fields. The winter cereals
were used as pre-crop in each field.

Comparing rainfall during growing period of triadgrs, the lowest amount of precipitation was in6200
(total precipitation from May to August - 141 mnThe weather was dry and warm, average day temperatu
during growing period was 16@. Next year was quite warm as well (average daypezature 15€), but
after dry beginning heavy rainfall followed at thecond part of growing period (total precipitatioom May to
August — 381.2 mm), what was favourable for laigHtldistribution in this particular year. The aage day
temperatures were mostly similar during growingqukof 2008 and 2009 (14@ and 14.8C respectively), but
comparatively high rainfall level was observed inglist in 2008 (total precipitation from May to Asg2008 -
295 mm) and in period of June and first decadeubf ih 2009 (total precipitation from May to Auguad09 -
351 mm).

The potato clones were planted in plots 0im¥ replications in both environments. The seedenial
planted in organic field was pre-sprouted with msgto shorten time of crop being in field conaioPotatoes
were planted in the second decade of May and hawlés last decade of August of decade of September.
The spraying with fungicide was used 2-3 timesanwentional field after potato flowering for foliagliseases
limiting in trial years.

Results and discussions

Resistance to diseas@$e foliage resistance to early bligitternaria solaniSorauer) was assessed in
2006 as late blight did not appear in the fielde Bvaluation of damages on leaves was started gasAlf,
when early blight spots covered 0-5% of leaf arggetiding on genotype. After a week damages diéxueed
10% in both environments. Spraying with fungicidasanot effective in conventional field, maybe doenhot
and dry weather conditions and only genotype @st& protected crop in both environments. But Baamt
correlation was not found between assessmentslngoowing environments (r = 0.21 ok 10= 0.63).

Potato clones resistance to late blight causeBHhytophthora infestanéMont.) de Bary was assessed
next three years. The first diseases damages ganir fields were observed 7-10 days earlier than i
conventional fields in 2007 and 2008. Late bliggh#icantly destroyed foliage (30-100%) in orgafield 10 to
14 days before it happened in conventional fielde first diseases spots on potato leaves weraazsa the
same time on both environments in 2009, but sicguifi foliage damages (5-100%) were assessed &ftdayis
in organic field and only after 24 days in convenél field. The application of fungicide delayedeldlight
development in conventional field and saved crogetation for longer time. The late blight developtneas
faster in both years - 2007 and 2008 than in 2008 td more favourable weather conditions (morefadin
during August) in 2007 and 2008. The precipitafiorAugust 2009 was approximately two times less tima
two previous years. The significant correlation fiornts between clone’s resistance assessmentsotim
environments during the diseases epidemic developstage were not found (2007 - r=0.42; 2008 —390.
2009 - r=-0.01). It means that genotype assessmeonventional field with fungicide application&®not tell
us about genotype resistance to late blight inroogeonditions where fungicide was not applied. €keluation
to disease resistance has to be done in orgatidctéieget reliable data. The late blight damagesiaportant
factor for yield limiting in organic field. The ingotance of fast tuber bulking turns important fengtype with
low resistance to disease.

Growing period.The potato plants emerged 2-3 days earlier in acg#ld than in conventional each year
due to seed tuber pre-sprouting. But growing pefiodrganic field was shorter for about ten dayanthin
conventional field. The late blight damages werasom for shorter growing period in organic fieldsed
fungicides protected potato plants from infectiond o prolonged growing period. Differences of tangf
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growing period between clones in particular envinent depended on maturity and resistance to disebise
average growing period varied from 48.8 days t@ @fays in organic field and from 75.6 days to &¥a9s in
conventional field depending on year. The diffeebetween average data of both environments in &th
year was significant (Table 1.). Correlation wag mound between lengths of growing period in both
environments (Table 2.). The growing period in oigaenvironment was more affected by weather candit
and late blight distribution than in conventionalviegonment. The estimation of this trait preferallguld be
done in organic growing conditions.

Table 1. The significance level (T-test) betweeamteait assessments in organic and conventionalvgng
conditions (2006-2009).

tact DEIWEEN means in organic and conventional fields
Trait 2006 2007 2008 2009
Growing period 2.62* 3.02 10.69 23.13
Tuber yield 6.22 6.97 2.58 5.97
Percentage of tubers larger than 50mm ms** 4.13 3.85 2.49
yield
Starch content 2.88 2.72 ns 5.93
Boiled tuber taste ns ns ns ns

*- significant, confidence level 95%, ** - not sificant

Yield. The averageuber yield varied from 16.1 to 31.8 tha organic growing conditions and from
24.6 to 44.8 t HAin conventional growing conditions. Tuber yiefd drganic growing conditions was lower
than in conventional growing conditions each tyrdir. The growing period in conventional growirgditions
was longer and nutrition supply was better thaorganic growing conditions. It was the reason af¢a yield
formation in conventional field. Comparing averadpta of potato yield in organic and conventionaldfia
significant difference was found in each trial y§¢aable 1.). Correlation between yield assessmintsoth
environments was significant in two trial years avak not significant in two following tears (Tal#lg. Some
potato clones exceeded standard variety ‘Brasld’aamerage yield level in the same year in bothrenvhents,
so those clones could be acceptable for seledionhothers were outstanding only in one environmetst of
them only in conventional growing conditions. Thadenes had acceptable yield in conventional fighdi
comparatively low yield in organic field. If seleamt was done only in conventional field, those el®rould be
accepted as suitable for organic farming. But gaaic growing conditions part of them turned outuitable. It
means that genotype yield was significantly difféle in different environments. Few clones yield swa
acceptable for selection only in organic field.o$& clones possibly had some features better atiapteganic
growing conditions, which were not tested in thaltfor example, a better root system that is ntofterant to
changeable moisture and nutrient uptake. If seleatias done in conventional fields, those cloneddcoot be
selected. The selection of potentially high yietdpotato clones for organic growing conditions ddog¢ done in
conventional breeding field, but promising clonbsidd be tested in organic field because predistidm not
always turn out to be true. Beside that, some psimmiclones would be lost, because genotypes ware n
outstanding in conventional field.

Table 2. Correlation between trait assessment ganic and conventional growing conditions, 2006200

Correlation coefficient (r)
Trait 2006 2007 2008 2009
Growing period ns** ns ns ns
Tuber yield 0.72* 0.65 ns ns
Percentage of tubers larger than 50mm 66 ns 0.65 ns
yield
Starch content 0.89 0.96 0.73 0.79
Boiled tuber taste 0.72 ns ns ns

*- significant, confidence level 95%, ** - not siicant

Amount of large tubers (> 50 mm) in the yielthe genotype’s ability to form bigger size tuberas
assessed evaluating the percentage of large t(h&@ mm) in yield. Quantity of large tubers in Idievaried
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from 20% to 41% in organic growing conditions arahi 25% to 62% in conventional growing conditiori$e
significant difference between means of both emvitents was detected in three trial years. The subiee in
different farming systems is mostly determined byetic factor (Sawickat al, 2007). Although the significant
impact of growing environment was observed in penfed trial. The significant correlation betweenit§a
expression in different growing environments waedid only in two trial years (Table 2). The amoeiarge
tubers mostly depends on genotype environmentaictien in particular growing conditions. The alilibf
genotype — very fast tuber bulking — would be madfte.

Starch content.The starch content in tubers of potato clones waheh in organic field than
conventional in 2006. The late blight did not degtfoliage this year. The starch content was loiwesrganic
growing conditions in 2007 and 2009; the differebe¢éween means was significant during all threesyebhe
average starch content was similar in both enviems only in 2008. Starch content in tubers wasiymna
determined by genotype. The restrictions of stawtumulation could be caused by late blight damaddse
extra week with green foliage in conventional figlds a chance to accumulate more starch in tultidissng
sun energy for a longer time. The development loétyield was continuing simultaneously, so sta@ftent in
tubers did not increase relatively so greatly. Shgmificant correlation was found between resuitglifferent
environments each trial year (Table 2). The geregyfeature to accumulate comparatively higher arhad
starch could be assessed in any environment betiaipotato clones ability to accumulate starctubers was
relatively similar in different growing conditiorad environments.

Taste of boiled tuberd’he assessmemtf the taste of boiled tubers did not differ a dt®pending on
growing environment in trial years. There was rmmirfd a significant difference between taste assstsm
average of clones in both environments during foal years (Table 1). The average assessmentviide 6.8
points to 7.3 points. Probably the impact of yeamditions was more relevant than growing environm&he
significant correlation between assessments iremdifft growing conditions was detected only one .y&his
trait depends mostly on genotype expression irudifft growing conditions including the weather. Shiction
for taste of boiled tubers successfully could beedim any environment.
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Abstract

Due to its perennial statute, fruit sector is tinst fconsumer of plant protection products per dwectThis may
also be a direct consequence of a historical @ultselection that neglected the tree rusticity yiears, and
mostly encouraged high yield, common quality andtlatical properties. The ecological footprint afitf
cultivation is therefore very high, and not susthie. Many fungicides and insecticides shall bedusgen in
organic farming, to face sanitary problems. Considethe time necessary to create new cultivarsurgent
change of paradigm is needed. The French Minisitgmtly launched a mission involving many sciesitattive
in this field, to start integrating environmentalrposes into the vegetal selection devices. Disouss ongoing,
and may lead to major changes in the current orgtion of the French system. Some experiment afread
started in Belgium, Spain or France to provide nsuigable cultivars, meanwhile decreasing the uiduction
cost, as cultivars should require less attentiothénorchard. It appears that evaluation of thévauk shall be
made at the basin scale, and not for a whole cpusitice their behaviour is variable, and charisties (such
as adaptation to climate change) may not be saitalerywhere. Fruit growers could also be parthef t
selection process as they better know the key-pamkeep or reject a new hybrid. One could thihla core
group of growers and technicians, skilled in hylzation, for a first screening of seedlings inraited number
of orchards, and a second wider group, active $e@nd step on a shorter screening but in moresifies
places.

Are the current grown commercial cultivars well suted for low-input agriculture ?

Due firstly to its perennial status, secondly ®rmtonoculture and high density orchard design astlyl to the
very high disease susceptibility - especially sealf the currently grown commercial cultivars (cvapple
growing sector is one of the most intensive uselafit protection products per hectare (Sauphanat. 2009).
It is probably the consequence of the golden pesiothe modern phytopharmacy and mineral fertiszerat
cultivar selection has neglected, for years, tidesdurable disease resistance, tree rusticityaataptability, for
mainly to concentrate efforts on high yield andtfagesthetical properties. The ecological footpdhtntensive
commercial fruit growing is therefore very high,damot sustainable; in such context, even in orggnieving
systems, very intensive spray schemes still nedeetapplied to face sanitary problems (Jaetaal. 2010).
Considering the period of time necessary to createcvs, an urgent change of paradigm is needed.
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Need of new breeding methods for selecting cultivarbetter adapted to low-input growing systems.

Like all responsible of an economic enterpriseit fypowers have the tendency to grow cvs that egaired by
the market, that reach the highest prices and ist wiothe cases, even if such cvs are highly degr@nah high
inputs of plant protection products, fertilizerse.d. ‘Cripps Pink’). Therefore, even if new cvs mdéee
requirement to be adapted to new low-input fruiiduction systems; they will have to be adaptedh¢onbarket
demand and to satisfy to high fruit quality.

Considering that low-input fruit growing productisgstems based on new resilient agro ecosystenosngec
the new rule, some key requisites of new breediathods developed to obtain adapted cvs care kstddllow:

» Pay attention to more durable disease resistakes,l@eeding for diseaseleranceis a new features;

» Adapted screening methods for selecting cvs vaittel and more durable production inputs: easy tree
training — adapted tree architecture - low tendetacypiennial yield, good yield, a plant physiology
adapted for a good efficiency to low fertilizer éveasy and long conservation capacity,...

» Better adaptation to abiotic stresses induced Qy @dimatic changes : e.g. better drought tolerance
better local adaptation, frost tolerance,...

Such changes firstly bring about the need to ealdhg genetic bases of our breeding programmes by
making better use of original parents and/or |@galetic resources that are well evaluated and clesised.
This is applicable even for the diversification swiurces of disease resistance that express diffdefance
pathways for a more durable partial resistanceoadrée architecture, high physiological efficienapiotic
resilience. At the level of scab resistance ithsious that new strategies are under developpefoerst more
durable resistance than it was the case witlvflgene (Dapena & Blazquez, 2004, Gesstal. 2006, Lateuet
al. 2009).

Secondly, our selection methods need to be initie the fixed objectives e.g. by application ofraxow-
input growing methods inside our experimental plbystesting breeding lines in a diversity of cudtion basins
or in contrary in specified local place insteachbhational or even world-wide scale and thirdlg &inally, by
promoting the participative breeding method with tivated fruit growers that are involved as expert
stakeholders.

Further cvs evaluation and final selection trialsuld be organized in organic orchards with new giesi
that integrate a larger functional biodiversity.

Some examples of fruit breeding methods to obtainrpper cultivars for low-input agriculture

Currently, some original breeding programmes — ndistked with the use of local fruit genetic resoeis as
parents - already started in Belgium, Spain or égamith the aim to provide more suitable cvs adhpoelow
input that meanwhile helps to decrease the fraitipction costs.

The Belgian example

Since the early 90started at Gembloux an apple breeding programdbesethe use as parents of local old
‘landrace’ cvs (Lateur & Populer, 1994) with thejaatiive to enlarge de genetic diversity of the camm
breeding work especially focused on quantitatiaégrlinked with scab tolerance, long natural kegmbility,
flesh firmness and good flavours. As landraces viemmerly grown in high stem standard pastured ards
without both any plant protection scheme and minkerdilizing mass selection were applied that soed for
disease tolerance, hardiness and low dependenéertitrzing. All these factors are positively inftnced by the
former use of vigorous rootstocks.

Concomitantly research inside this breeding prognasideveloped adapted selection methods thatifits
the objectives of firstly quantitative scab and devy mildew tolerance (Lateet al 1999; Lateuet al. 2000;
Lefrancqget al. 2004; Lefrancq & Lateur , 2006) and secondly, witv-input organic production (Lateur &
Doucet, 2006; Lateust al. 2009). Specific attention is given on the easdlestion procedures such as to pay
attention on the inoculum diversity, the appliecsel inside the resistance screening tests andseheofu
guantitative assessment scales that allow selegémptypes with a good level of disease tolerakcether
studies indicated that there was a satisfactorselaion between the early greenhouse scab sealegtaredure
on seedlings and their further behaviour unded febnditions. It is illustrated by the results ob¢al on a
population of 1200 selected genotypes where, afterast four years of selection pressures, 87 #erh were
still ranked inside the first four classes — on@dcale - of low scab susceptibility (Lefranetgal. 2006, Lateur
et al. 2009). A complementary selection pressure isiegph the selection plots in both stages of on ovots
and grafted plants where plants are selected withoy plant protection spray, nor with mineral ifesation
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Such hard conditions help to select the few moleiso plants that aim to be better adapted to Igwtiragro
ecosystems.. The first 65 better performing seleatumbers are currently under evaluation inswie plots,
one in IPM and the other in Organic Production. @&wnPOMINNO project is currently focused on the
enhancement of dietetic compounds in apple andhenidentification of new minor scab resistance gene
present in old cvs emerging from our breeding paogr

Inside a cross-border INTERREG IV BIODIMESTICA peof in collaboration with northern France, a
cooperative apple and pear breeding program stérgduret al. 2007) with two common structured organic
evaluation orchards that are planted in both regjighich allow testing the capacity of adaptatiora aelection
of old cvs and breeding selections. One of theabjoncerns the comparison of cvs on differentstooks
(M9 and Supporter 4) in comparison with trees oairttown roots. In 2009 started a new participative
cooperative breeding program in collaboration waithorganic grower. Four crosses with Belgian padpplied
on French old cvs have already been done. Seed®mbected, they will be sown in Gembloux for fat being
submitted to the early scab selection. The nexdctieh steps will be organised by the grower hifasglich
collaborative projects are very creating a goodesyy between the partners that leads to positiairgip
strategic ideas, potential good parents and finsitigring the tasks. The last steps of selectionrale@sing
material with the management of the breeder’s sigfidit need still to be fair solved.

The Spanish example

Asturias, in the North coast of Spain, has a higltivar diversity linked to the traditional cideraking (Dapena
et al., this volume). Along with the evaluation a&dection of local cvs of the Germplasm Bank (Depe.996),

a breeding apple programme was initiated in 1989Satvicio Regional de Investigacion y Desarrollo
Agroalimentario (SERIDA) (Dapena & Blazquez, 2004pcal old ‘landrace’ cider-apple cvs with valuable
agronomic and technological parameters were crosgidcvs of interesting characteristics in ordeirhprove
the resistance to diseases and pests and to dirtimsbiennial bearing which affect most of Astarievs.
Crossings of local dessert apple cvs were als@peed.

The breeding programme has four different lines:

1. Improvement of the resistance of local cider-apple against scab, rosy apple aphid and fire blftie
latest is not present yet in Asturias but do orgimedur regions) by crossings with resistant cvéh sas
‘Florina’ or ‘Priscilla’ (Dapena & Blazquez, 200Minarro & Dapena, 2009).

2. Obtaining of scab-resistant cider-apple cvs of laghearing by crossings of local cvs with the gbr
(kindly supplied by the INRA of Bordeaux and Angdevghich apart from having th¥f system, are of
regular bearing.

3. Improvement of the technological and agronomicalrabteristics of local cider-apple cvs, such as the
phenol content, the resistance level, the rapid amddant production or the ripening period by siras
Asturian cvs among them.

4. Improvement of the resistance, regular productioth storage of local dessert-apple cvs by crossivitis
the hybrid H2310, resistant to scab and of requiaduction.

In this program attention has especially been paithie features of the parent cvs: locally adaptedwith
partial polygenic resistance have been crossed gutiam or with other foreign cvs which showed higbels
of resistance or regular bearing. The evaluatiah setection of the cvs has being done with treethem own
roots in orchards without fungicides treatmentdhwiery low input level, similar to those in whidhetcvs will
be used. Finally, some of the crossings performegtwlone attending the demand of the cider-makeosnged
cvs with high level of polyphenols. Therefore, thieding program was conducted following many haf t
requirements proposed for new breeding programs.

Three cultivars resistant to scab, rosy apple aplid fire blight have already been selected. Of@%er
obtentions have been pre-selected.

The French example

French public fruit breeding has been strongly cedufor the last 30 years, and remains active snéstlapple.
Breeding in other fruit species is either privaiejs neglected. Dozens of hybrids have been abdabut not
further developed because they did not fulfil cortianal standards, whereas they may be very pragiand
suitable in low-input devices. Some of them wembsesistant (monogenic) but have been overcome.
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These hybrids (see table 1), not selected for messlopment, have been planted in four differeohards
in 2000, among other old cvs, and observed duriggaBs to collect information about their behaviouvery
specific conditions.

Table 1:: List of hybrids proposed by INRA Angerg] planted in the national network

Number | Parents Number | Parents

X3425 (Chantecler x Baujade) x X6807 X4355 x X4638
Chantecler

X3460 X3318 x (Idared x Prima) X7368 Liberty x (tdd x Prima)

X6412 Gala x Prima X7523 Red Winter x Liberty

X6688 Granny x X4638

Three consecutive programs between 1999 and 20%@ baen supported by French Ministry of
Agriculture, and permitted the creation of a netwof extensive orchards (apple, pear, apricot), Hrel
collection of useful data on cvs behaviour undev-loput cultivation, for recommendations to fruitogers
(Parveaucet al, 2010).

A second research program is being carried outéstwef France (Conservatoire d’Aquitaine) through
seedlings of old regional cultivars, and graftimgene orchard without any treatment, and one IRthard.

The Inter-reg program Transbiofruit conducted wW@RA-W in Belgium, and CRRG in France also
permitted to launch participative selection of mats in northern organic orchards, by motivatedwgrs
themselves, such as Jean-Yves Fillatre.

As a consequence of a new environmental contektedcBcophyto 2018), the French Ministry launched i
2009 a brainstorming involving most active peopidhis field (scientists, nurserers, breedersprtipose an
updated breeding system in different vegetal sectoonsidering the environmental patterns into ptant
breeding devices, to reduce ecological footprirtheffruit sector.

Conclusions

As explained here, some experiences and positstdtsehave already been gathered, and will be wseful to
develop other initiatives on all fruit species. ¢éed, most of these works concern apple, whereas sfiecies
are also heavily concerned : peach is for examplspecies with a very high cultivar turn-over, but
simultaneously the most difficult species to culta/organically...

A strong commitment of fruit nurserers is neededdntribute to this ambitious goal. By proposingide
range of cultivars and parents, and by financiallpport this long-term and hazardous research, wayd
significantly help the organic fruit sector.

Last but not least, is the methodology to be seinugrder to assess the behaviour of this materdier
low-input: what kind of plantation (blocks, randaaiion...), how many trees per cultivar, how manyhards
in different regions, which level of plant protextifor each disease/pest...?
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Winter wheat cultivars for organic farming havebm adapted to highly variable environments. Yield gield stability, the
nutritional value and the bread making quality heee of major importance. Particularly, seed quatitlering capacity,
regeneration ability after harrowing, weed suppoesability, resistance or tolerance against diseasd improved nutrient
use efficiency (NUE) under limited nutrient condits need to be improved by specific breeding efftitunz et al., 2006;
Ldschenberger et al., 2008).

Ten winter wheat cultivars were grown in 2007 imtarganic systems of the DOK long-term experimantCH-Therwil.
Eight of these cultivars were tested in 2008 adlorganic farms in different pedo-climatic envirants in Switzerland to
observe genotype x environment interactions undérent organic conditions. In contrast to the D@Ke on a fertile
loess soil, the on-farm sites were located on samdsandy-loamy sites with lower inherent yield grdtal. We assessed
grain yield, yield components and parameters reélatdaking quality and NUE.

Grain yield at the on-farm sites ranged betweert 22" and 2.8 t haand was much lower than at the DOK sites ( 3.7 t
ha' to 4.2 t hd) (Hildermann et al., 2009). Cultivars and sitegnificantly affected grain yield. Genotype x envinent
interactions were significant across the three armfsites; however they were not significant aciabgive organically
managed sites. Calculated across the on-farm sitese was a tendency towards higher yields ofafganically bred
cultivars. This effect was statistically signifi¢aat the lowest yielding site, where yield of thrganically bred cultivars was
14% higher than yields of the conventionally bretticars. However, at the DOK sites and averagedszcall five organic
sites, the organically bred cultivars could notpauform the conventionally bred cultivars.

Similar to the grain yield, the total gluten corntércreased from the on-farm sites to the DOK sitesspective of the site,
the gluten index of the cultivars Scaro, Antoniugl &aphorn was stable. In contrast, the glutenxirafethe cultivars
Sandomir, CCP and Titlis highly varied between tégted environments. Yield was significantly caatetl with grain N
yield (r = 0.93) and nitrogen (N) utilization efigmcy (NUtE) (r = 0.72). Genotype x environmentenaictions were not
significant for grain N yield, however strongly sificant for NUtE (p < 0.01). The conventionallyelor cultivars strongly
responded to environmental conditions and showlewaUtE under at low N supply. In contrast, NUtEtloe organically
bred cultivars Scaro and Sandomir was stable aalbtesst environments.

Beside high yields, cultivars suitable for orgafacming should achieve high baking quality and ieutr use efficiency
under nutrient limited conditions. Among the testedltivars, the organically bred cultivar Scaro eaked such a
performance across all tested sites.
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While breeding for organic farming it is necesserydentify the most appropriate growing conditionsvhich to perform
the selection process. Soil fertility, crop managamyield level and other factors may vary verycmibetween each
organic farm, and between organic farms and rebeastitutions where the selection is usually perfed. Since plant
breeding requires considerable input of resouroelstae market for organic varieties is limitedisitessential to find the
most appropriate selection conditions that willyide acceptable varieties for organic farms.

Spring barley breeding lines selected from two €r@smbinations (Primus/ldumeja and Anni/Dziugidi}veo distinctive
organic and two conventional locations were usettiénstudy. The organic location 1 was situated iasearch field of the
plant breeding institute (with green manure asilitegt), the organic location 2 included an orgafacmer’s field (with
stable manure as fertilizer), the conventional fioral was located in a barley breeding field (witbdium level of mineral
fertilizer input) and the conventional locationr2a seed production field of the institute (witlglhimineral fertilizer input).
Selection of the breeding lines was done underréspective growing conditions starting fromy §eneration. Most
appropriate lines for growing in organic farmingrevselected at all 4 environments. Selected brgdufias were evaluated
in Fs (n=20-23 per cross combination, without replicasipand k generations (n=10 per cross combination, 3 rejpdics).
Correlations between barley traits and the enviremihand cross combinations will be compared irptesentation.

The analysis of the correlation between grain yatd observed plant traits of knes indicated that tendencies between
the lines obtained from both cross combinations@l as between the environments were dissimilanast of the cases.
Soil shading (evaluated at early stem elongatiagejtcorrelated positively with grain yield in edises; the correlation was
always significant for lines from the cross Prinkdsmeja, but only at the conventional location 2 Amni/Dziugiai lines
(p<0.05). A significant positive correlation betwegrain yield and plant development speed at itiiteistage as well as
between yield and plant height at the beginningtem elongation was found for Primus/Idumeja liné$oth organic
locations and at the conventional location 1 (pSP.®lant height before harvest did not correlégeiicantly with yield
under organic conditions which is in contradictioith some other studies. There was a tendency l&rophyle growth
habit to correlate positively with yield under ongmand conventional conditions for lines from batless combinations.
The analysis of correlation of the lnes will be included in the presentation.

This study was performed with financial suppor&&fA grant EEZ08AP-27and European Social Fund canfied project
2009/0218/1DP/1.1.1.2.0/09/APIA/VIAA/099.

25.Triticale breeding for organic farming in Latvia

Arta Kronberga
artakron@navigator.lv

State Priekuli Plant Breeding Institute, ZinatnegsXa, Priekuli, Cesis distr., Latvia, LV-4126,qute +371 4130162

Keywords triticale, organic breeding
For creating winter triticale varieties suitable @ganic farming a special breeding programmebleses started in Priekuli
Plant Breeding Institute. The evaluation of tritcgenotypes in organic farming was done in Priettuting 2005 - 2009.
The aims of research are:

1. Estimating possibility for selecting genotypes dasie for organic farming in conventional fields.

2. to find desired traits for the organic triticaleriesies breeding programme.
There were included different winter triticaleTgiticosecale Wittn) breeding lines in our trials, selected from the
conventional breeding programme. The differentidraiere tested for each genotype. The influenceiftdrent traits on
yield and grain quality was analyzed and besttié genotypes for organic and conventional cooti
The results showed that it is possible to seldiitdte genotypes suitable for organic conditiomghie conventional field.
However the testing of selected breeding lines havbe done in organic growing conditions. Genosypéth better
stability traits must be selected (especially ia tlears with unfavorable weather conditions). Fayanic farming only
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genotypes with good winterhardiness and resisttamamow mould should be selected. Triticale gepegywith different
plant heights, growth habits, leaf size would bigasle for organic growing conditions.

26.Value for Cultivation and Use testing under organic conditions: experience in winter
wheat in France

Laurence Fontairle B. Rolland2, F.X. Oury3, A. Mailliard4
laurence.fontaine @itab.asso.fr

1. ITAB, 9 Rue André Brouard — BP70510 — 49105 Asdeedex 02
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%: INRA ASP (Amélioration et Santé des Plantes® & Crouél - 63039 Clermont Ferrand
4. GEVES - CTPS, rue Georges Morel - 49071 Beaut@leriex

Keywords:Breeding, registration, VCU, organic farming, winteheat

In France the organic farming has increased sinedate 1990’s and is currently booming. Bread avintheat, as one of
the most important cash crop, is the most culttvatereal in organic farming and covers more thaO@1ha. Nevertheless,
most of varieties used and available on the maskeé bred for conventional farming systems (withhhinputs of mineral
fertilizers and chemicals for crop protection). Rbe last ten years, the request has been risingliftinct breeding
programmes and special adapted varieties for thenor conditions. Registration on national catatogtisuch varieties is
important to encourage breeding programmes formcgarming.

Before registration on the national catalogue amuhroercialisation of seeds, a new variety of wheastnsubmit official
trials for DUS (Distinctness, Uniformity, Stabiljtand VCU (Value for Cultivation and Use). The axatlon criteria for the
VCU-tests are based on the most important quanttaind qualitative characteristics, while new eaeis are compared to
standard varieties (the most important varietieshenmarket). Currently, VCU tests in France am uader two types of
conditions: intensive conventional conditions arithwo fungicide protection. To register a specdiganic cultivar, the
breeder has actually to ask for special experimenthow the added value. As these special expetarare technically
and financially awkward to implement, an explorgtsystem has been set up for two years (yields 20802011) to assess
the technical and economic feasibility of VCU tegtunder organic conditions.

In 2009-2010, height trials run under organic ctinds form the official organic VCU-testing networkwo lines bred by
INRA for organic farming and low input are assess@inpared to two standard organic varieties (RemahSaturnus) and
to two standard conventional varieties (Apache @aghorn, in order to relate to conventional tria)ecial attention is
given to response to low level of nutrients andh competitive ability against weeds. This offiaaganic VCU testing,
for which the costs are shared, results from apeagent between the breeder (INRA), the nationatdinator of variety
screening for organic cereals (ITAB), the officidfice for registration (GEVES), the height expeeimers (mainly farm
advisory services).

Traditional VCU-tests are run in parallel, as trag officially required for registration. Neverthss, both data from
traditional and organic VCU testing will be takero account to evaluate the candidate lines. Fasilts will be discussed
in early 2011 (agronomic and technological datafsgeld 2010). Recommendation for registrationr{orregistration) will
be known in October 2011, based upon results oftweyears experiments. Yet, most important resuli$ be the
conclusions about the implementation of officiadessment for organic varieties of cereal for thst fime in France.

27.Spring spelt varieties tested in organic farming system

Zderek Stehnd, Petr Konvaling Ivana Capouchova
stehno@vurv.cz

Crop Research Institute, Drnovska 507, 161 06 P8aRazyré, Czech Republic;
ZUniversity of South Bohemia, BraniSovska 31, 37@@5ké Budjovice, Czech Republic;
®CzechUniversity of Life Sciences, Kamycka 129, 26%raha 6 — Suchdol, Czech Republic

Keywords:Organic farming, spelt wheat, morphological ancbagmical characters, grain quality

With the aim to compare spring spelt wheat witheottvheat species, there were evaluated 7 spring \sréeties on the
fields certified for organic farming. Testing wasamnged similarly (3 [exceptionally 2] replicationslots & 4.5 ) row
spacing 12.5 cm) in three localities (Prague-Reizyffinéves andCeské Budjovice). Evaluated characters were clustered
into three groups (morphological, agronomical ansbpct quality). Particular attention was paidhe tharacters valuable
for organic growing system.

Nearly horizontal position of flag leaves was tygpicharacteristic of tested spelt varieties. Tlatesponded with lower
stand density measured by number of spikes perwarigaHigh plants of spelt wheat were slightly mausceptible to
logging in comparison to other wheat species. Twleded spelt varieties showed very good resistaaocisarium
infection Fusarium culmorum, F. gramineargrdetected by PCR. Bread making quality paramediges gluten content,
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gluten index and Zeleny sedimentation) were inaiertvheat species mainly einkorn and emmer very Ow the other
hand some spring spelt varieties had these paresnagey similar to bread wheat check varieties.

28.Association of methods to control apple scab: Partial resistance, sanitation and soft
chemical control

Frédérigue Dideldt, Valérie Caffierl, Gilles Orain2, Arnaud Lemarqda, Luciana Parisi3
didelot@angers.inra.fr

1 INRA Centre d’Angers, UMR77 PaVé, 42, rue Georgesel, BP60057, 49071 BEAUCOUZE cedex, France
2 INRA Centre d’Angers, UE horticole, 42, rue Gezzdviorel, BP60057, 49071 BEAUCOUZE cedex, France
3: INRA-UERI — Domaine de Gotheron — 26320 SAINT-RBEL-LES-VALENCE, France

Keywords:Partial resistance, apple scab, methods of dissaseol, sanitation

Today, the control of scab is mainly based on rggkaprayings of fungicides, due to the high lesfesusceptibility of

current apple cultivars. Many negative impacts li#se intensive treatments are, like the decreasmuxfiary fauna,

environmental pollution and the atmospheric carleomssion. Moreover, in populations denturia inaequalissome

resistances to fungicides have appeared. It imgak& improve the disease control with reducihg quantity of inputs.
For this aim, partial resistant cultivars couldareefficient alternative. However to reduce th& o control failure, which
can have a great economic impact for the growsufficient level of resistance must be associateét ether methods of
control. The strategy of control must be easy aglthlsle. The thresholds for fungicide applicatiomsinbe validated
according to the level of resistance and the sémitaTo define this strategy, we studied the aisgion of the high level of
partial resistance of "Reine des Reinettes", wathitation (removing of foliar litter) and a chenmlicantrol which prevents
the most important risks of contamination. In thierk carried out from 2006 to 2009, we observedadikty of the

efficiency of disease control (less than 2% of beabfruits at harvest) despite the weather conttiavhich were very
favourable to scab. The number of sprayings wasced by 50% in comparison with a susceptible othaanaged in
Fruit Integrated Pest Management, in the same weatinditions.

@ 29.5pring barley grain quality changes in conventional and organic growing conditions

A.Kokarée', L. Legzdind and E.T. Lammerts van Buefen
aina.kokare@gmail.com

IState Priekuli Plant Breeding Institute, Zinatneset 1a, Priekuli LV-4126, Latvia
AWageningen University, the Netherlands

Keywords breeding for organic farming, grain quality, coat&ns, growing environments

In Latvia traditionally barley grain is used forofb in the preparation barley groats and peeledepaillhe main quality
parameters which processors take into account wleérmining the price of grain are volume weightl @nude protein
content. Processing enterprises have establiskechitimum volume weight at 640 g.IFor the grain production for food
and animal feed varieties with high protein contmet more valuable; starch content is also es$datiase in animal feed.
Data summarized from 18 conventional and 6 orgkamims in the project “Technological solutions imeads production in
Latvia” in 2008 showed that on conventional farthe volume weight ranged from 578 to 712*cahd on organic farms
from — 613 to 667 gt the crude protein content on conventional farewsed between 9.7 — 15.2% and on organic farms
between 10.4 - 14.0%, and the starch content fréré%to 63.3% on conventional and from 61.5% td82on organic
farms. In organic farming it is important to choasgieties which produce high grain quality at reghli levels of nitrogen
supply. The aim of our study was to investigatddyagrain quality differences between conventicerad organic farming
systems and to clarify which conditions are moriable for the selection of genotypes appropriatedrganic farming.
Ten diverse barley varieties were included in @ehyear trial at two organic and two conventior@wgng sites. The
following grain quality parameters were evaluatdtbusand grain weight (TWG), volume weight, proteontent and
starch content. Results of the investigation shothed grain quality significantly depended on butriety and growing
conditions. The organic growing site O2 showedgaificantly lower TGW and volume weight than theyanic growing
site O1 and both conventional sites. The highestepr content was obtained in the conventionallyhagged trial field C2
with high mineral fertilization level (120kg/N/haht the organic site O2 the protein content was@igcompared to O1.
This may be explained by the use of manure andd#feilences. Assessing the correlations of graalityuparameters and
the different environments, it was found that iderto improve the barley's grain quality genotyplesuld be selected for
TGW, volume weight, and protein content under tiganic growing conditions.

This study was performed with financial suppor&&fA grant EEZ08AP-27 and European Social Fund rarited project
2009/0218/1DP/1.1.1.2.0/09/APIA/VIAA/099.
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30.Assessment of some agri-products through organic farming management of crop
cultivars evolved by ‘A’ and ‘R’ lines breeding programme
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Bengal, India

Key words CMS Breeding technology, yield components, wdtegvy metal ions, AAS, metrical characters.

The discovery of Cytoplasmic Male Sterile (CMSXkliim crop plant has no doubt indicated a new fesrftir maximum and
quality production from the crop cultivars. The CM&eding research programme was undertaken in-1998 for multi-
location trial in 6 (six) locations for the studie$ location effect for raising hybrid,;Fice during winter-summer-boro
season in this laboratory in collaboration with YM@engal State Seed Corporation Limited (WBSSCR}. A and ‘Ajaya’
were allowed for the trial programme as CMS andores line respectively which were procured frone tBtate Rice
Research Station, Chinsurah, Hooghly, West Bemggdia.

‘CR-1010", ‘PUSA-221" and ‘AJAYA rice cultivars we selected as restorer lines considering theietieharacteristics
of best production capabilities in low, high anddiuen condition of land respectively where the eipent was conducted
prevailing various seasons and environment of ®vblizer regimes. The yield attributes were stddie each location and
all recorded data were computerized for the analyfeG x E interaction following Comstock and Raimn’s model
(1952a and 1952b) and regression of stability fathg Finlay and Wilkinson'’s model (1963) for biomieal evaluation. It
has been observed that the suitability of each awatibn for the desired agronomic factors. The nwnoses of getting
comparatively better yield was nothing but duehe factors of the environmental and genetic charitics of parental
lines. More remarkable observations have been gitéuds context.

Our observations were concentrated towards yittiibates of some agri-horticultural crops to fildit the suitable
environment based on its stability efficiency ofuheevolved k rice hybrid seeds by selected restorer line epecific
‘Al line utilization for CMS technology. The simitaeffects were also expected from other vegetatdp plant cultivars.
Random samples of soil and water were collectenh femach sub-division and a few metrical charactérgacous agri-
horticultural crops were studied. The water sasipleere analyzed and estimated its mineral contkkessodium,
potassium, copper, calcium, manganese, magneshnmmnam, iron, copper, zinc, lead, calcium, mercang arsenic by
atomic absorption spectrometry (AAS). In water sE®mphough metals like sodium, calcium, copperd |gaotassium,
mercury and cadmium are below their permissiblétlibut it has been found that the presence of msigm, manganese,
iron, zinc and arsenic have been exhibited abogi thaximum admissible concentration (OAC) or glirdevalue (GV)
of WHO (1984) in a few samples.

The aims and objects of this experiment were td fimt the effect of organic farming management ifeént crop
cultivars involving CMS breeding technology diffet sources of agro-climate condition in the experital field and to
explore strategy of quality food production in thantext.

118



Breeding for resilience: a strategy for organic and low-input farming systems?
Session 4: Breeding for diverse environments and products

Session 5
Regional participatory plant breeding
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Farmer-led participatory plant breeding. Methods and impacts. The MASIPAG
farmers Network in the Philippines

Dr. Lorenz Bachmann
L.Bachmann@gmx.de

MASIPAG, Germany

Short history of MASIPAG

The MASIPAG network is a partnership of people’gastizations, NGOs, and scientists working towalds t
sustainable use and management of biodiversityugtrdarmer’s control of genetic and biological neses,
agricultural production and associated knowledge.

MASIPAG was founded shortly after an internationahference in 1985 that focused on the consequerices
the green revolution for farmers. Analysing the seming socio-economic conditions of smallholdemizns
using high vyielding rice varieties and high inpaickages, a researcher started up a breeding pnogramith
traditional rice varieties for low-input farming. &k began with 4 farmer groups and a first collactof 47
traditional varieties. Today, 25 years later, teenork has 635 farmer groups with about 35000 fammembers,
a collection of 1090 traditional local rice varegtiand a breeding output of 1085 MASIPAC new rigéeties or
lines. The Network is supported by several NGO denA national secretariat and 3 three regionatesfhold
40 staff that manage various support servicesdonérs: training, breeding, seed exchange and adyamn
many aspects of farmer’s rights and food sovergignt

Participatory plant breeding

Breeding is generally done by specialized scientigirking for large institutions or private compasi Within
MASIPAG the actual breeding work is done by farmditsese breeders also provide initial trainingyfoung
apprentice rice breeders to further expand the ertwCurrently there are 65 active farmer breedsckiding
many women breeders all across the Philippines.

The breeding process starts with the discussidradding criteria. MASIPAG use many criteria foeithseed.
Farmers rank the criteria according to their neadd problems. That generates ideas for new innavati
varieties. MASIPAG farmers actively use diversity farms and do not always try to combine all cigento
one variety. They keep many varieties for manyedéht purposes and different growing conditionse Th
following criteria are among the most frequenthedrshigh yield without chemical fertilizer, earlyataring,
resistance to pest and diseases, resistance tghiyoesistance to excessive flooding, medium Heiginong
stalk, non-lodging, high tillering capacity, longrpcles, more grains per panicle, long grains, ksesld embryo
(=high milling recovery), no unfilled grains andagbeating quality.

The different steps of the participatory breedingcpss are shown in comparison with conventionstding in
the following chart. For the selection of paremtadterials Masipag farmer breeders rely on the CIMME
(collection, identification, maintenance, multi@teon and evaluation programme. The organizatioimtams a
big national backup farm with more that 2000 ricarieties, 2 regional farms with 1200 varieties #&nhd
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provincial backup farms with about 300 varietiesheal hese backup farms hold MASIPAG’s own colletsio
and the newly bred varieties and selections witbudwentation. The backup farms are in direct contattt
currently 223 village based trial farms. Thesd faans are the cornerstone of training and bregdiark. Each
trial farm contains at least 50 locally adaptedietges. Before becoming MASIPAG members, farmers go
through a “farmers field school” in the trial farin. an intensive 2 year training farmers learnahlbut organic
farming and rice production. A strong focus lies seed management, seed purification and breedimgs T
breeding work takes place in very diverse enviramsat many different sites.

Conventional Rice MASIPAG Participatory
Breeding Program Rice Breeding
Collection CIMME
Parental selection Back Up Research Farm
Hybridization Trial Farm,
Farmer breeding
Selection in segregating l
generations Selection (Bulk method)
Performance tests l
Verification
Seed increase / l
purification
Distribution to
Varietal recommendation interested farmers
and release

For selection, MASIPAG breeders use the “modifietkbmethod”. For busy farmer breeders, this mettsod
simpler, more convenient and practical. It tendsrétain many variable traits within the a given

population. Bulk samples may be considered as gfpwally uniform but genetically diverse. Promigin
selection are verified by the breeder and othealldarmers. This process also provides the firgtidyi
information. After 2-3 planting seasons in verifioa, MASIPAG selections are released to more éestsd
farmers locally. The parent material for most cessso far have been 2 traditional varieties. The parpose
was the improvement of traditional varieties. Blgoaan increasing number of crosses are made betwee
traditional varieties and MASIPAG lines or elitedis from a local university (UPLB). Unlike convemtal
varieties, MASIPAG rice do not undergo seed inageasd purification prior to distribution to farmefBhis
makes the process much faster compared to the wtiowal process. Due to the less strict selectimtgss
MASIPAG rice are not standardized and highly honmizged. More genetic diversity is intended. Lookaighe
system as a whole, the trial farm approach endhtegers to view a large number of rice varietied aelection
under his/her local conditions. A farmer can take most promising varieties from the collection arydout
how they work under his/her very own farming coiudis. This gives the farmer the chance for findimg best
mix of varieties for his/her conditions. MASIPAGcemmends for farmers to grow at least 3 differeateties
under mass production on farms. The following talistrates the performance of a number of sedestiand
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the study in which geographic areas the selectwoefed successful and thus became what MASIPAG cal
locally adapted selections (LAS).

Table 1: Performance of cross M5 bulked lines

Variety: ElonElon (F) Variety: Abrigo (M) Obj: Reduce height of ElonElon;

(tall, prone to lodging, long (short, long panicles) resistant to lodging; retain long|,

panicles, drought tolerant) dense panicle

Selection Feedback on Performance Where it was Locally Adapted

(LAS)

M5-A-1 Not selected

M5-A-2 Not selected

M5-AS 80 cm tall, 11 productive tillers| 1) Negros Occidental; 2)
resistant to lodging, resistant to Laguna; 3) Aklan; 4) Bohol; 5)
tungro; tough grains Agusan del Norte; 6) Cotabato

M5-B-1 Not selected

M5-B-2 75 cm tall, 11 productive tillers| 1) Camarines Sur 2) Laguna
erect flag leaf

M5-B-3 Not selected

M5-BD-1 90 cm tall, 15 productive tillers| 1) Negros Occ.; 2) Agusan del
elongate grain; resistant to blackorte; 3) Lanao del Norte; 4)
bug Cotabato

Seed multiplication and marketing

It is a key principle of MASIPAG that rice seednist sold commercially. MASIPAG rice can only be essed
by becoming a MASIPAG member. Among MASIPAG farmetse seed is shared for free. Again, the trial
farm training plays a major role in the succesthief system. As farmers are trained to selectait maintain
seed quality, very small amounts of seeds arecseffiti (a few hundred grams) to share varietieshEagcner is
able to produce the necessary bigger seed volumeirgrowing seasons. The development of this febar
culture”, as enabled farmers to become very divarseonly in rice, but also for many other crops.

Socio-economic impacts of MASIPAG

In 2007 and 2008 an evaluation study reviewed tlc@seconomic situation of MASIPAG farmers compated
conventional Philippino farmers. The study was cmteld in three regions with a total sample of 840
households (Bachmann et al. 2009). More than S€areb questions were used in the study and for ofdse
parameters the MASIPAG system proofed superior qurakto the conventional farming system. A short
selection of parameters is highlighted here.

Cropping yields were characterized by a considerabtiation, however, average yields for organic SIRPAG
farmers and the conventional group did not difigniicantly. Yields varied according to region®iin about
2,6 t/ha to 4.1 t/ha. The differences between #mmnihg systems were below 200 kg/ha and not statilst
significant. Reaching parity in yields can certgisken as a remarkable achievement for the orggsiem in
particular considering the fact that conventiorsaihfers in the Philippines apply high levels of itsp{e.g. 100-
150 kg N/ha). The results can probably be explaimgdhe fact that MASIPAG farmers use a wide ranfje
organic practices (composting, mulching, agrofeygdtut the good result is probably also strongiffuienced
by the quality of the MASIPAG rice selections.

The MASIPAG farmers have a much more diverse fagnsiystem. On average, they cultivated 45 cropseer t
crops, while the conventional farmers only culte30. Thus, the organic group was 50% more divdisis
finding was in particular also true for diversity the number of rice varieties grown on farms (@@anic
versus 1.4 conventional). These findings confirninaortant increase in biodiversity.
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Rice Paddy Yields in 2007/8 in kg/ha

Region and yield in kg/ha Full organic Conversion efdkence
Mean Mindanao 3767 3864° 4131°
STD Mindanao 1586 2016 1453
Mean Luzon 37438 3436° 3828°
STD Luzon 1464 1216 1216
Mean Visayas 2683 2470° 2626°
STD Visayas 1570 1406 1356

"Differences not found statistically significant

Food security in the Philippines is a serious topiegarding the question of having enough foodato88% of
MASIPAG farmers stated that food security improwedhe past years and only a small group of 2% saw
worsening. For the conventional farmers only 39%dat improving, while 18% considered it worsening
Besides having more food for home consumption,attganic farmers also stated a better diet. 68%eae
vegetables, 56% more fruit, 55% more protein riapas and 40% more meat compared to before. Tdnsane
is between 2 to 3.7 times higher than for the cotigaal farmer group. Probably as a consequenoeooé and
better food, organic farmers also experienced bagalth. In the MASIPAG group, 85% of farmers datkeat
there health today is better than before in the 20880. In the reference group only 32% rated hgadsitively,
while 56% saw no change and 13% reported worsd¢hheal

The farming systems were also compared by lookig iotal income, cropping income, subsistence o
household expenditure and investment in farming flitdings showed a big difference between theesyst In
particular on rice, conventional farmers were @agninore gross income, but less net income duedditjh
production cost. The study calculated that themegime from agriculture for the MASIPAG farmers waghly
significant 17 % higher than that of the refereguaup.

Net agricultural income and income per ha

Full organic Conversion Reference
Net agricultural income (Pesos) 36,003 37,216° 30,819°
Net agricultural income per ha 23,599*** 17,457*** 15,64 3***

Particular noteworthy is the fact that MASIPAG mged to increase the incomes of the poorer farnides.
agricultural income of the lowest 25% income grewgs 47% higher in the full organic group comparethe

reference group.
These results indicate an outstanding contributisvards poverty reduction. Organic farming couldiace
better incomes and reduce the risk of farmers ébtsisignificantly.
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Introduction

In recent years there has been increasing attetiamm-farm management and informal plant breeding
developed countries as sustainable and organicefarimve been using and regenerating some of theige
diversity that was historically present in plantigties because they see the practical benefitaase types of
varieties in their fields. On-farm breeding anah®ervation of crop populations gives value to gerdiversity
by maintaining diversity within and among populasoand by selecting for local adaptation and prooac
stability due to the resilience of heterogeneoysufadions. In many cases, farmer selection has bheewn to
be just as effective as breeder selection at isgrgaagronomic traits such as yield in difficultveonmental
conditions, for example the program of barley s@decat ICARDA (Ceccarelli et al. 2000), and of mmi
selection in Honduras (Smith et al 2001). Stutiege also shown significant effects of naturaleda on crop
populations allowed to evolve in an agriculturahiext (Suneson 1956, Goldringer et al 2001). Haexevery
few studies have analyzed the combined effectatfral selection and farmer management (includingcted
selection and exchanges) within heterogeneous mopplations in an agricultural context. This stigdeks to
address the need for more information on how omfaelection and management affects the diversity of
cultivated species and how these practices canplimiged for both the conservation of important efém
resources and the development of population vasetdapted to organic farming systems. The reswdtsented
in this paper look at the response of existing &ashvarieties to mass selection, and are in theest of a
larger project of participatory breeding which unbgs selection in diverse segregating populatiesslting
from crosses of many different farmers’ varieties.

Materials and Methods

In a collaborative project with the farmers’ netwdRéseau Semences Paysannes (RSP) in France dnd wit
farmers in Holland and ltaly, eight farmers’ vaiest and two modern varieties of bread whegitiCum
aestivumL.) were studied as part of the European Farm &jgubrtunities Project (FSO, 2007-2010). These
varieties were grown at seven organic farms fadhrears to study on-farm evolution. In additfmoy farmers
selected individual spikes from plots of four farsievarieties and Renan, a modern variety, on tfems
(Figure 1). Morphological traits including plargight (PH), spike length (SL), the distance betwtgenleaf
and the spike (LLSD), the number of kernels pekespkN), grain weight per spike (GW) and thousaednlel
weight (TKW) were measured for individual selecatd unselected plants of each variety. In 2008201
progeny head-rows of selected and non-selecte@smikall four farmers’ varieties and Renan wemagr at
the research farm of INRA le Moulon. Plots of seédel and non-selected progeny of Rouge de Bord@=iB)
Blés de Redon (RD) and Renan (RN) were grown orpaniicipating farm to analyze the response toctiele.
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Results
Significant selection differentials were found i00® for most 2005-2006 Vj  region of origin
farmers, varieties and traits. Farmers chose plamish were

taller than average and had higher numbers of leper spike, 4 ’

grain weight per spike and thousand kernel weight.

Figure 2 shows selection differentials in 2009t (pefnels) for RB,
RD, and RN selected by FM and HF, and the selectsponse
for the same populations grown in 2010 at FM (righnhels).
Selection differentials were positive for all thnegrieties for plant |2007-2008
height, kernel number per spike and grain weightgpeke, but
only RB showed significant positive responses tedi®n, for
selections by both HF and FM, except in the case®fselected
by HF for plant height, where height decreased iteesppositive
selection differential. This is in contrast to résuat Moulon,
where plant height always showed a positive seerateésponse. random spikes selected spikes
Results from the experiment at le Moulon 2010 deci®n in the “unselected” sselected”

4 farmers varieties and Renan are still being mee&, but an

analysis of vegetative traits show significant eliffnces due to
selection (Table 1).

2009-2010: le Moulon + one farm

Discussion \_ )

The results of studying the response to selectionthe
generation following farmer selection show that @oryg
selection differential translated to a real respotasselection in
many cases. Plant height is one character whemefagelection
increased mean values across all varieties whéadt@s a common garden experiment at le MoulonikeSp
length and LLSD are more difficult to evaluate retfield, and may be only partially correlated witant
height, so a strong response to selection in pleight may affect the response to selection foseteits.

Farmi
2006-2007

2008-2009

Figure 1: project design for each farm
i, Vj=variety j

Table 1: Tests for significant differences duedosion (selected vs unselected) for all farmerstoed within
each variety. PH = Plant height from the groundtke top of the spike not including the awns; LLSD
distance between the base of the spike and thddédgSL = length of the spike from the base t® tip not
including the awns; significance values given as:px0.1, * : p<0.05, ** : p<0.01, *** : p<0.001 drection of
change: +: selected>unselected, -- selected<urmsetke

Variety PH direction | SL | direction | LLSD | direction
Pl: Piave * + + + ok -
(Northern Italy)
RB: Rouge de Bordeaux * + ns ns
(SW France)
RD: Blés de Redon bk + ns kk -
(Brittany)
RN: Renan ook + ns ns
(modern variety)
ZH:Zonnehoeve Hokok + Horok + * +
(Netherlands)
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Figure 2: selection differentials (left panels) anebponse to selection (right panels) for RougeBdedeaux
(RB), Blés de Redon (RD) and Renan (RN) grown @ 20 the farms of FM and HF and in 2010 on thenfar
of FM. For tests of significant selection diffetiais, + : p<0.1, * : p<0.05, ** : p<0.01, *** : p<0.001. For
tests of significant response to selection, vessianthin the same variety with the same letter act
significantly different at alpha=0.05.

In the on-farm evaluation of the response to sellectone historic variety, Rouge de Bordeaux, reded
positively to selection for almost all traits megesly while a landrace population, the Blés de Redod the
modern variety Renan did not, despite significatection differentials in 2009. This is in agreemeith what
farmers observed as Rouge de Bordeaux was one o@atieties that performed very well outside itgioa of
origin, indicating greater adaptablity than lanéssuch as the Blés de Redon. It also corresgondslecular
genetics findings of high levels of internal divigrof farmer-managed populations of Rouge de Baude In
addition, the particular sample of the landracesBlé Redon was composed by a farmer starting fremadl
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number of spikes, possibly inducing a genetic bo#tk and a reduction of adaptive potential. Thaitant
decrease in PH for Redon selected by HF measurddronand significant increase for the same sealaotif
RD on-station highlight the potential differencesdaproblems of evaluating selection outside thegetar
environment, even though precise observations angarisons of many selections among different fasraee
only possible on the research station. The diffezdn the comparison between Moulon and on-farnidcalso
be because the selected versions are comparetbahly unselected version of FM on-farm, while eselected
version is compared to the unselected version af thrmer at le Moulon, however the two non-selécte
versions are very similar. The lack of responsesdtection in Renan is not surprising as we expetted
observed selection differential to be due primatily micro-environmental factors, however, there veas
significant response in plant height at le Moulsa,there is likely some genetic variation evenhis tnodern
variety. Molecular genetic studies are in progressthe base populations to determine the levelgeoktic
variation and the on-farm evolution of both neutratiation and variation linked to hypothesizedile traits
such as earliness.

Conclusions

One of the main themes that emerges in discussiomeng farmers and scientists is the different
approaches of farmers and scientists to the sefeqiiocess. Scientists have a more analytical, tqatwve
approach, while farmers have an appreciation ofrttezactions of the plant with its environment @hd overall
performance of plant populations in their fields. this case of participatory selection, the goatoisring
together the strengths of both these methods toowepthe on-farm selection of populations that oespto the
needs of organic farmers. Significant response® i@ind for many traits after only one cycle ofeséibn in
farmers’ varieties, but this is dependent on theetsa and sufficient genetic diversity needs togdresent for
selection to have an effect. Preliminary resutsmf selection in segregating populations also srpibis
conclusion. On-farm selection is thus complementaron-farm conservation, using the diversity witlan
existing farmer network to maintain and enhancelladaptation and crop performance. While on-farm
selection requires a significant commitment fronmfars and researchers to be successful, a rejativedll
group of dedicated farmers and researchers cae sebroader public interest in co nserving genditrersity
for important agricultural species through selegtiiverse populations across a wide range of enwiemts.
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Introduction

Organic agriculture now comprises 5% of overali@agdtural production in the U.S. with an acreagevgh rate

of 15% in 2009. Consumer preference for more susitdy produced foods, combined with the perceptian
organically produced food is more nutritious, dre primary drivers behind the growth in demand.cBoti is a
significant crop for organic agriculture due to ketrdemand as well as its nutritional contributiorthe U.S.
diet. The main broccoli production areas for coniagral agriculture in the U.S. are in Californiare@on and
Maine. However, organic broccoli production occargoss the country in diverse agro ecosystems and f
diverse market segments. Organic growers needvartgtibetter adapted to organic and low externalitinp
growing conditions, but demands on specific charatics can differ by crop. The commercial seatlsgiry is
challenged to satisfy the demands of organic aljuie) and often does not understand the spedajainements

of organic production systems that are charactrmediverse quality and adaptability criteria. G&irorganic
farming is comprised of diverse types of organiowgrs, and since organic farmers have fewer taothesr
disposal to influence their production environmémfit their crops, the assumption is that theiedseultivar
needs and markets differ from their conventionaldprction counterparts. Organic farmers want impdove
cultivars that display production stability undedvarse environmental conditions, rather than catsvthat
promise higher yields but largely lose that yiettyantage because of inability to perform under @@rs of
organic production. An integrated study to undemdteorganic growers’ requirements and to evaluate
performance of broccoli cultivars was conducteg@ars of the senior author’s dissertation researohdefine an
organic broccoli cultivar ideotype, stakeholderseds in the organic broccoli production chain wstuglied. In
order to determine the adaptation of conventionatd broccoli cultivars to organic systems, figldls were
conducted to evaluate cultivars under conventigraiid organically managed conditions in two maiocboli
production regions in the U.S. Since broccoli isredatively abundant source of phytochemicals, e.g.
glucosinolates, tocopherols and carotenoids (Kalrikt al., 1999), that have been associated withanuand
plant health promotion, both horticultural traitsd. yield, head size and overall plant vigor) awdkitional
composition have been evaluated. The results dficatiural trait and phytochemical content perforoa
combined with farmer and breeder surveys and igerywill be used to generate strategies for theld@ment

of superior broccoli cultivars for the organic metrk

Materials & Methods

The extent to which organic agriculture can utiligermplasm generated from conventional breeding
programmes was explored through surveys, semitated interviews and field day participation wittobcoli
breeders (n=5) and conventional (n=18) and orgém#38) farmers. Field days were held in two conseeu
years in Oregon (2007-2008), at which organic andventional growers were asked through field trial
observation to identify the top 5 performing cudtis for their production system. Organic and cotiveal

127



Breeding for resilience: a strategy for organic and low-input farming systems?
Session 5: Regional participatory plant breeding

growers completed preliminary surveys identifyihgit priority broccoli traits and standard cultisahey used,
while breeders ranked the primary trait objectigésheir commercial breeding programmes. The hoittical
and nutritional performance of 23 broccoli cultivavas compared between organic and conventionalingo
conditions through field trials with three replicats conducted in the spring and fall between 28@% 2008 in
Oregon and Maine. Data was taken on thirteen diffiehorticultural traits of value and phytochemidata on
glucosinolates, carotenoids and tocopherols weatuated from the broccoli samples derived from fibl
trials. The Oregon cultivar trial location was caonted at the same location that the farmer fielgsdeere held
and the participatory data collected.

Results and Discussion

Grower and Breeder Surveys for Broccoli Trait andt@ar Preferences

The surveys indicated that the size of the prodacticres and the market outlets of organic growerg more
diversified, with a mix of fresh market and proa@sgroduct growers, and conventional growers reptes) a
higher percentage of processed product growerst dfdhe conventional growers had an acreage rgnigam
80 to 300 acres and aimed at mechanical harveslihg.acreage of organic growers ranged from 2@aktres,
and they tended to focus on fresh market productiott seeked broccoli cultivars that provided a arim
harvest and a continued harvest with side-shoatldpment. Results of the survey are summarizedbierl.

Table 1: Grower and Breeder Broccoli Trait Rankitig5 scale)
Brooooli Trait OrgRanking Conv Ranking Breeder Priori ties Breeder Ranking for Org

Head Shape & Size?
Yield

Disease Resistance®

* *

[N
N

Insect Resistance®

Abiotic Stress Resistance®
Sem & Head Color
Weed Suppression
Uniformity in Maturing
Bead Sze

Flavor

Plant Uniformity

Leaf Mass Coverage
Nutrition®

Mechanical Harvesting
Placement of Crown

oo OO BBDMOWWWNDNDDN P
PR O A WOAONEOONND O WDN
*

! Ranking Scale (1-5): 1 as highest; * indicates top priorities for breeders

2Rat or domed: overall preference dome shaped

% black rot; club root; downy mildew; head rot; other diseases

4 aphids; cabbage looper; symphylan; flea beetle; cabbage maggot

® heat tolerance; drought tolerance

® minerals; vitamins; phytochemicals (glucosinolates, carotenoids, tochopherols)

While both groups prioritized ‘head size, weightlaverall yield’, conventional growers ranked ‘wmifity in
maturing’ and ‘capacity to harvest mechanicallygher than their organic counterparts. The growevesu
results indicated that the organic grower prioetizabiotic stress resistance’ and ‘disease registanigher than
their conventional counterparts. Factors more ingmrto organic producers than to conventional grew
included broccoli cultivars with vigorous growth $nils with potentially low or fluctuating mineratition rates
of nutrients, or the ability to tolerate weed comitpm.

The breeder interviews indicated that the priesitfor conventional breeding were traits such aschmanical
harvesting capacity’, ‘head shape and size’, ‘b&ad’, ‘plant uniformity’ and ‘uniformity in matung’. These
breeding objectives outlined by the breeders direadigned with the traits prioritized with the oentional
growers. When the breeders were posed the quebtienwould these priorities change if they wereebiag
for an organic system, the breeders reprioritizesl lireeding objectives to ‘nutrient use efficiencgbiotic
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stress resistance’, ‘insect resistance’, ‘diseasestance’ and ‘weed competition’. These prioriaégned more
closely with those priorities identified by the argc growers.

In the preliminary surveys both the organic andveoional growers identified ‘Arcadia’ as a starttlaultivar
that they use regularly. In addition to ‘Arcadiaganic growers listed an assortment of cultivaesu® support
their production systems, whereas the conventignalers listed only one other cultivar (‘Emeralddet)
suitable for broccoli production. When the orgaaiti conventional growers selected their top 5vansi in the
field trial, both chose ‘Arcadia’ and ‘Gypsy’, btite other three cultivars in the top 5 were notgame. Both
the organic and conventional growers wex@rprised’by the performance of select cultivars they hade&n or
considered previously including ‘Green Magic’, ‘Gypand ‘Maximo’ and discussed adopting variougicats
into their production systems in the future. In tpest-field evaluation discussions, the organicwgns
expressed interest in knowing the cultivars withhier levels of nutritional traits with the intehiat they could
translate this information to their customer base iacorporate these cultivars into their produtsgstems.

Genotype by Environment Interaction Field Studies:

Results of the genotype by environment field trial<Oregon in the fall of 2006 and 2007 demonstratp
performance for head weight, size and overall pf@rformance in the cultivars ‘Green Magic’ (68GxHl;
overall ranking 7.6 out of 9) and ‘Maximo’ (655gé#tk overall ranking 6.2) and Gypsy (overall rankimgy). All
three cultivars performed significantly better hetorganic trials than the conventionally pairddl,trwhich
could be explained by the higher levels of avadatitrogen in organically managed soils duringwiaemer fall
months and the longer growing period. These culivare classified as mid-late maturing cultivarghwi
estimated maturity days ranging from 78-88 dayscaflia’ was not a top performer in yield or heazk dn
Oregon over the seasons; it ranked 5 on a scdlglofvest) and 9 (highest) in overall varietal peniance and
had an average yield of 399g/head. The results wanérary to the grower cultivar selections thanitified
‘Arcadia’ as the number 1 ranked cultivar. In thaiie fall trials of 2006 and 2007 all cultivars en@rganic
conditions outperformed those grown under conveaticconditions in head weight except one cultivar,
‘Everest’. Top ranking cultivars in the organic t&ya for fall were ‘Packman’, ‘Green Goliath’ andeBtar’ all
cultivars categorized as early or mid-early culdvevith maturity days ranging from 55-70 days. Soragetal
performance overlap occurs between Oregon and Magenic and conventional in the fall trials, b @bove
mentioned cultivars distinctly outperformed all ethcultivars. The open pollinated cultivar ‘Greeoli@th’
demonstrated the most flexibility in overall perfance for head weight, size and overall performaatiag
over all sites, all seasons and all treatments.spneg 2007 and 2008 field trials in both locasaemonstrated
few significant differences in cultivar performancader organic and conventional conditions. Thet bes
performing cultivars for spring trials in Oregon nee'Green Goliath’ and ‘B1 10’, both early-to-midsty
season cultivars, while the best performing cutévim Maine were ‘Fiesta’ and SBC 2519’ both midate
season cultivars. Early season cultivars perforpzaly in the spring trials in Maine producing véoyv overall
yields (‘Early Green’, ‘OSU OP’, ‘Packman’).

Overall yield performance by season was distindilyerent with average fall yields across both kmas
ranging from 250 to 780g/head compared to averpgegyields of 80 to 450g/head. Greater numbedegfree
days was observed in Oregon compared to Maine @l¢é®npared to 1,600). In contrast, Oregon had fewer
degree days in the spring compared to Maine (1¢e®8pared to 2,600). It is apparent that mid-to-kEgason
cultivars are more productive in Oregon in the, falhile early-to-mid season cultivars are betteapted to
spring environments. Conversely, for greatest prtdity, Maine requires early-to-mid season cults/éor the

fall and mid-to-late season cultivars for the sgriihe best performing early-to-mid season and tovidte
season cultivars for Oregon were not necessamyo#st performers for Maine.

Genotype by Environment Interaction Glucosinolates:

The literature has demonstrated that concentratbrigealth-promoting nutrients in Brassicas depeomighe
cultivar, the season and the management systerhichwhey are grown, including organic versus coriemal
conditions (Farnham et al., 2003; Charron et 8052 Meyer & Adams, 2008). Broccoli florets haveebdound

to be particularly abundant in the glucosinolatdacgraphanin, glucobrassicin, and neoglucobrassicin
Glucosinolate concentrations in broccoli florestis have shown dramatic variation among differentotypes
(Kushad et al., 1999). Evaluation of 10 broccohgigpes over two years at the University of llliemaidicated
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that this variation in concentration for glucorapimawas primarily due to genetic variation, whiiferences in
neoglucobrassicin was due to environmental vanasiod genotype-by-environment interaction (Browralet
2002).

Glucoraphanin content in the broccoli cultivarsiviea from the field trials did not demonstrate sea®r

location effect which is supported by the literatuHowever, genotypic variation was shown. Theiaus

‘Arcadia’, ‘B1 10’ and ‘Gypsy’ were the best penfioers consistently across locations, seasons aatinets.
The glucobrassicin content showed a consistentgmduseason effect with higher levels in the fathpared to
spring, and higher levels in fall 2006 compare@®07. One aspect that characterized the seasddOh \Ras
that the year was warmer and dryer. Best performanptypes were ‘Nutribud’, ‘USVL 093’, ‘USVL 04&nd

‘OSU OP'. For this trait, ‘Arcadia’ is in the bottogroup. From the literature it is known that newgbrassicin
is very responsive to biotic stress. Our data slioilvat there was a consistent treatment effecthictiwevels of
neoglucobrassin from broccoli cultivars derivednfr@rganic trials on average outperformed those grow
conventional trials. Neoglucobrassicin content leven contrast to glucobrassicin, showed an oVéngher
level in spring than broccoli cultivars from thdl faials. Best performing genotypes were ‘USVL Q93SVL

048', ‘Beaumont’, ‘Gypsy’ and ‘Diplomat’. For thigait, ‘Arcadia’ was a mid performer.

Conclusions

The genotype by environment interaction study otboli, amongst others (e.g. Murphy et al., 2007Afbeat),
demonstrates that traits of a cultivar are sometinamked differently when grown in an organic piciohn
system compared to a conventional system. Thisstraag implications for breeding strategies. Theeders
interviewed acknowledged that more attention orotabiand biotic stress resistance in a broccoliedirg
programme is needed which is in accordance withfahmers’ varietal requirements. The first findingfsthe
field trials show that cultivar performance is ughced by season and region, and differences atrriest
(organic versus conventional management). The fiedts showed that there are cultivars with braddptation
such as ‘Green Goliath’. These cultivars perforraerbss locations, seasons and treatments withisubeop
group, however, organic farmers would benefit mivoen cultivars specifically adapted to their regiand
season. The trial results showed a wide range wfoginolate levels. Glucoraphanin was very genotype
dependent, while glucobrassicin and neoglucobriassiwwere more influenced by abiotic and biotic
environmental factors. Therefore, there are oppities for nutritional performance enhancement urmlganic
conditions which would provide an added value ® phoduct quality with respect to human and plaed#li.
Further elaboration of the dataset will contribtiethe design of regional breeding strategies foproved
broccoli cultivars for the organic market.
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Introduction

Maize has more than five century’s evolution intBgal. Its influence is transversal to agriculture,
landscape and socioeconomics (e.g. “Portuguesec#lggnial Revolution” in the XVII/XVIII). During ths
period, farmer selection, within the diversifiedmher of microclimates according to the sequencaléys and
mountains took place mainly oriented to human congion (e.g. maize bread - “Broa”).

After 2nd World War, American success in maize dieg had a tremendous impact in Europe due to the
availability of the new hybrid seeds. Portugal veee of the first countries where American hybridsrev
introduced. The FAO programmes for hybrid productio Europe had excellent adaptation to Portugdl an
Breeding stations were established along the cpdrdm North to South, but only NUMI at Braga (NUMI
Maize breeding station) survived for long term. NUMas succeed, creating hybrids for grain quatityHfuman
use as bread and early-maturing varieties adaptehly intensified cropping systems until earBo0’s.

The perception of genetic resources and participgitant breeding importance for hybrids programme
led Silas Pego at NUMI to praxis. First, he staited975 the collection missions for maize; whichere the
embryo of the first cold storages that where sujggoby FAO and the precursor of BPGV. Second, 8419
Pégo started, with the CIMMYT support, a particgggtmaize breeding (PMB) programme at Sousa Valley
(VASO), based on: a) an integrant philosophy, imended to answer the problems of small farmed a
increasing Yyield without loosing the parametersrgef by the farmer for bread making quality, patdnfior
polycropping systems, and use in sustainable dgriey b) the concepts of quantitative geneticpapulation
improvement. Mass selection was applied both talrces (e.g. ‘Pigarro’) and to ‘Fandango’, a sytithe
population. Recurrent selection by S2 lines was aked for ‘Pigarro’. On both, the yield componant pest
and diseases evaluations were performed and itplitie quality for Broa (maize bread) (Vaz Pattoak
2009) was analysed in the case of ‘Pigarro’. Seatptes were kept in cold storage from each selectyole.

To start this program, three main choices had taken: 1) the location that better representeddbimn
- a traditional maize area, were previous agrogdogic/economics data existed. In addition, thepsupof a
local elite farmers’ association (CGAVS) that whemmmitted to test the efficiency of an alternatpreject
supposed to improve the local germplasm versudds/production, at least in certain specific circtamces; 2)
the farmers to work with - side by side, to whone tihecision power will be allowed, and which initial
acceptance and enthusiasm were crucial; 3) thepghasm source to start from: ‘Pigarro’ (Moreira &t2008)
and ‘Fandango’ (Pégo & Antunes, 1997; Moreira 2@06). These tacit choices imply a careful respar the
local traditional agriculture. While the breeder uld apply his breeding methodologies, the farmecailds
continue a parallel programme with their own massction criteria. With this agreement, the bredusmt to
accept low input and intercropping characteristcssyvell as accept and respect the local farméreadecision
maker. On the other hand, the farmer was able topace the effectiveness of the two breeding systems
(phenotypic recurrent selection and S2 lines reeuirselection). This allowed the farmer to baselkigsions on
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solid grounds. Finally, due to the choice of loadbpted germplasm, diversity and quality were acmrsd as
the priority traits.

The aim of this work is to present the main coriolus obtained from the evaluation of the yield gl
plant performance after 20 years of a participatplgnt breeding approach for: ‘Pigarro’ (two brewgi
methodologies) and ‘Fandango’ (different cyclesnafss selection initiated by the breeder and coetiry the
farmer). Based on the collected data and applyiddRB, a determination of the best explanatory véemlfor
yield was performed. Future perspectives are adlin

Material and Methods

Depending on selection method and population, gefes were chosen for mass selection on ‘Fandango’
and ‘Pigarro’ and 3 cycles of S2 recurrent selectigcles only on “Pigarro”. Trials started in 208bd they
were performed at four locations at lowa, USA dgrone year and in Portugal, in 2 to 3 locations3 ito 4
years. Yield evaluation was done for lowa and R@ttuhence for Portugal morphological data (e.g.leagth
and fasciation level) were also obtained.

Data analyses included ANOVA and regression analyl8é\RS was used instead of regression analyses
when assumption of normality was not fulfilled.

Both regression analyses and MARS allowed the atialy of response to selection of the traits sulidie

To better understand what influences the yieldeghmethods for analysis have been used: MARS,
Classification and Regression Trees (CART) and BanHorests (RF). More detailed information for ‘&g’
and ‘Fandango’ can be found in Mendes-Moreira (2Q089b respectively).

Results and Discussion
From these more than 20 years of on farm partioiggblant breeding some results and considerations
should be registered:

| — Morphological analyses
1 - For ‘Pigarro’ selection for bigger ears (larged wider ears):
= After 20 cycles of mass selection: Ear length desed and simultaneously, ear, cob, medulla and
raquis diameters, kernel and cob weight and fdsoiatignificantly increased. Thousand kernel
weight decreased significantly and kernel weighteéased.
= After 3 cycles of recurrent selection: convulsioacitased significantly, while row number
decreased so as the fasciation.

2 — In the case of ‘Fandango’ during the mass teleprocess there were two phases: a) The breeder
phase from cycle 1 to cycle 5 and b) The farmesehafter cycle 5. Both have different goals, beeddr yield
maximization and farmer for big ear size maximiaatiThe results from response to mass selectiétoitugal
revealed that ear length significantly decreasetisémultaneously plant and ear height, ear diamkéznel row
number and fasciation significantly increased soamsrulsion. Nevertheless, for breeder cycles tlivadés were
maintained. This selection also led to significaetreases of days-to-silk and anthesis. Identioedames were
observed in long-term divergent selection for eargth in maize (Hallauer, 1992). According with MR
(R2=8.9%) conversely to the breeder (cycle 5),fthener contributed to grain moisture increase, @idada
(R2=80.5%). This tendency occurred also with daysik and days-to-anthesis. The lack of signifiganogress
in yield for both ‘Pigarro’ and ‘Fandango’ (aftel5Ccan be explained by low selection intensity timehe
exclusion of stalk lodged plants in the basic uniftselection. Specifically for ‘Fandango’ seleatiglant and
ear height significantly increased, which could méess area availableg., competition in trials was more
severe in advanced cycles and some plants didradupe ears. Probably for this reason significaarease in
yield was observed at lowa locations. In the cdseaurrent selection by S2 lines, yield decreasdd: have
been due to a decreasing of fasciation expressi@van to the selection procedures for stalk amd laxlging
improvement. In order to better clarify this siioat more cycles of recurrent selection would bedeel.

3 - The fasciation evaluation, indicates that @uenier explored fasciation for increase diameter ramd
number. This fact is significantly interesting abusada for: a) Pigarro (R2=88.7) with 3.32% of gper
cycle/year and b) Fandango (R2=78.8) with 4.66%amh per cycle/year.

4 — The RF, CART and MARS analyses were used trohine the best variables that explain yield.

» For mass selection for ‘Pigarro’ and for ‘Fandangieé most distinct traits for all methods in both
populations were: kernel weight and ear weight. Beeondarily distinct traits were: rows
numbers, number of kernels per row, ear lengtheandliameter;
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= For recurrent selection in ‘Pigarro’, the most idist traits for all methods were: plant and ear
height, flowering date and kernel number.

5 - Both selection methods used in ‘Pigarro’ dfedéences in selection for ‘Fandango’, suggested th
Mass Selection is better than S2 Recurrent Setediie to the following reasons: (a) mass seledti@ancheaper
methodology, technically more accessible to farmshsch is a great advantage in the establishmiean-darm
conservation programs; (b) one cycle of selectiam ©e completed each summer, and in situ/on-farm
conservation of the genetic diversity is effectfaz Patto et al, 2008). This, highlight its role @ backup
system (complementary with ex-situ) and a moniwprjgrocess for an effective on-farm conservation of
diversity.

[I-Molecular analyses

Molecular data from Vaz Patto et al. (2008) usiBgSER on 3 mass selection cycles (C0-84, C9-93; C20
04) of Pigarro revealed that no effective loss efigtic diversity had occurred during the selectigiaptation to
the farmer’'s needs and to the regional growing itimmg. Variation among selection cycles represgraely
7% of the total molecular variation indicating tleagreat proportion of the genetic diversity wasntaned in
each selection cycle. Genetic diversity has nonhbeeluced from the ‘Pigarro’ breed before 1984 hosé
improved after 2004, but the genetic diversity rtaimed is not exactly the same. Mass selection séerbe an
effective way to conserve diversity on farm.

IlI-Socioeconomics and anthropology
The VASO project throughout its praxis:

= Allowed the farmer and the breeder to compare lbngeohethodologies in loco, i.e., decisions
based on knowledge (Pégo & Antunes, 1997).

= Allowed local initiatives, such as “Sousa ValleysdB&ar Annual Contest” (selection for big ears)
by the local Farmers’ Cooperative Association (Gafiva Agricola de Paredes). Thereupon has
contributed for the recognition of the farmer bg tommunity, but also has attracted new farmers
and new germplasm to this program that in this e@yld be identified and preserved on-farm by
the same approach (Moreira, et al. 2008).

= The anthropological and sociological objective opaticipatory plant breeding suggests that
more attention should be given to: (a) learning anabout how plant breeding itself has been
influencing farm changes and agricultural systefimsgxample, is on-farm plant breeding simply
conventional plant breeding on farms, or is it eolehdifferent kind of plant breeding approach
for the future? (Powell, 2000); (b) how on-farm servation is managed to ensure genetic
diversity and breeding success. (c) the definitadn"yield" needs to be re-considered and
broadened to include the total yield of the polypgiag system and not just the yield of a single
crop per se(Pégo & Antunes, 1997; Powell, 2000); (d) it ipontant for breeders to work with
other people involved in the food production "cHdike traditional grain millers and also bakers
(Powell, 2002);

= Highlight the problem of successive agriculturaligies pursued by the European Community,
i.e., the disappearing of smallholder farming as a abay of life in Portugal and the socio-
economic "pull" factors that remove younger genenatfrom the farm (Powell, 2000; Vaz Patto
et al., 2007).

Future perspectives

The success of on-farm conservation programmessreeetiister. A cluster where farmers’ activitiegsts
as food production, genetic resources conservatemjironmental sustainability (e.g. soil and water
management), forest protection (e.g. cleaning trest) and landscape management could be rewarged b
stakeholders. Some of these stakeholders can ceameimdustry (e.g. milling industry), plant breegdisector
(e.g. supporting reserves conservation — that agppast coevolutionary process and organic or logutmiche
markets), and tourism industry (e.g. rural tourisirere specialties and traditional food are the majdput).
The multifunctional agriculture, so as green caré social agriculture could be also an interesgirgmoter of
on-farm conservation, because in many of thesesfgiatd is not the main goal.

Hybrid populations’ development could also conttébto yield progress and to avoid the collapseooies
interesting germplasm. This approach can be apyéicim a rural development strategy if economicdfign
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between associations for specialties (e.g., maimad) and farmers could be achieved. This scenario
supported by hybrid populations’ results from 20@@ere yield was in average higher than 11 Mg/havkar
locations (data not publish). This could be of giggortance to define heterotic groups that cartlance the
breeding efforts (Tracy and Chandler, 2006).

The participatory plant breeding approach (PPB)lmamssociated witim situ conservation of landraces
contributing to their economically sustained preseat the farmer’s fields. Besides, it can alsotrilaute to
define in sitWon-farm strategies that could help to design besynthetic hybrid populations for a new
generation of low input and organic farming adagteenvironmental changes and marginal areas.

Current intellectual property rights do not protéimers developing their own varieties, and tliald
also be a way to recognize the farmer conservatifomts.

Finally, lessons from the VASO project could hafpdesign new on-farm conservation projects not onl
for the Portuguese reality but also for develogingntries were adaptation to small farmers needs, (@aize
guality for food, traditions) are out of the scagemultinational seed companies.
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Introduction

The ongoing participatory plant breeding (PPB) @cbjhas been carried out since 2000 in Guangxthemst
China as the first PPB project in China. This atitie built on an impact study carried out from 498 1998 by
the International Maize and Wheat Improvement Ge(@MMYT) to assess the impact of CIMMYT's maize
germplasm on poor farmers in Southwest China (Seingl., 2006). The key findings of the impact study
included the systematic separation between thedinational seed systems and local farmers' sestgrag,
and the lack of incentives for formal breeders évedop varieties adapted to the karst landscapelaoad
livelihoods and seed markets. PPB has been adaptadneans for bridging the gap between profedsiomae
breeders and farmers, in order to develop localgpted varieties and enhance sustainable crop apweht
andin-siti/on-farm management of plant genetic resources @GRe project set out to identify technological
and institutional options for PPB efforts. It isocdinated by the Centre for Chinese Agriculturaidyo(CCAP)
with the financial and technical support from timetnational Development Research Centre (IDRC)thad
Ford Foundation.

Methods

Organizational arrangement

The project is implemented by a group of peoplenfk@rious organizations/institutes, with differergciplinary
and professional backgrounds and operating atrdiifeadministrative levels.

- Farmer-plant breeding villageand farmer groupsfrom these villages collaborate with formal-segbiaint
breeders, extensionists and other stakeholderginesearch activities. The project started withtril villages
and expanded to thirteen in 2010.

- Guangxi Maize Research Institu(€MRI), a provincial breeding institute, collabtes in the formal plant
breeding work, with direct involvement of selectaéithges and local extension stations;

- The Institute of Crop Sciencender the Chinese Academy of Agricultural Scien(E8AS) works on
technological and related policy issues on maizaravement and genetic biodiversity management;

- CCAP is the host institute of the project, conating project activities and providing policy aysé and
suggestions.

Genetic Resources and Trials

The field experiments target on four types of gienetsources (mainly open pollinated varieties (GP&nhd
landraces), i.e. 1) exotic populations and genetsources, from CIMMYT, other Asian countries aritieo

regions in China, 2) locally adapted varieties, alihare originally delivered by formal breeders daigr on

improved and adapted by farmers, 3) farmer maiathlandraces and 4) formally conserved landracesg&

al., 2006).

With different genetic resources, the project ceverange of parallel activities both in farmeisid and on-
station, to identify parental genetic resourceskaniaproved populations and further selection teaade the
populations into varieties.

Trials in the villages and on-station (at the GMRIglude both participatory plant breeding and iparatory

variety selection experiments. The trials allow éomparison in terms of locality, approach, objexgiand the
types of varieties tested (Song et al., 2006)itlristled and farmer-led approaches are combindil aifferent

breeding objectives. Both the exotic populationd genetic resources and the formally conserveddaed are
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usually introduced by the breeding institutes, kel on selected in farmers’ field. The locallyapted varieties
and farmer maintained landraces are continuallgdeis farmer-led PVS and PPB trials.

The project relies on farmers’ experiences and miggeon maize breeding developed over many yeard,
involves the knowledge and expertise of formalyrted plant breeders at the same time. Farmersiadstused
in the experiments include use of detasseling, alestion, and line selection by farmers withghpport from
breeders.

Results of PPB breeding, 2000-2010

The participating farmers (most of whom are womieain the trial villages are encouraged to take parm
range of PPB research activities, including pgtitory seed selection, adaptation experiments anadl-scale
seed production. The research already accompliskedhown that, in addition to productivity and keaiprice,
farmers’ preferences in seed selection also foousste, colour, short time to maturity, drougltistance and
anti-lodging. These trait preferences are closefpeiated with the specific ecological and culteaitext. The
modern varieties selected by farmers have beenrshovwave adequate adaptation to the local envieorah
diversity, especially in relation to drought andeatstresses. After ten years of collaboratiorrgetiaee more than
100 newly bred genotypes tested for selectionerttials on-station and in farmers’ fields. Fivenfi@r-preferred
maize varieties have been selected and releagbd tnal villages, i.eNew Mexico 1, Guinuo 2006, Zhongmo 1,
Zhongmo ZAandGuisuzongTheir breeding and registration information iswh in table 1.

Table 1. Breeding and registration information é?Bvarieties in Guangxi

Variety Year of | Character] Genetic resources Registration Status
release
XinMo 1 | 2002 OPV locally adapted variefynot registered, failed the
(Tuxpeiio 1 from | regional VCU testing ir]

CIMMYT), and farmer| 2003
maintained landraces
Zhong Mo| 2004 OPV Xin Mo 1 and exotic| notregistered

1 populations

Zhong Mo| 2006 OoPV Xin Mo 1 and exotic| not registered

2 populations

Guinuo 2001 Hybrid | waxy maize landracesofficially released and

2006 Waxy collected from local registered by GMR
villages 20 years ago breeders in 2003, farmefs

participate small scale on
farm seed production
Guisuzong| 2007 OoPV farmer conserved landracesot registered

exotic populations
Source: project database (2009).

The first PPB varietXinmo 1 an open pollinated variety, failed at the VCUiteg stage in 2003 because it did
not perform well in all the six regions demandedtiy VCU protocols. AfteXinmo 1denied by formal seed
release system, the OPVs are only tested and at@thin local communities without official relea3ée hybrid
variety Guinuo 2006has been officially released, registered and lareicommercialized by GMRI breeders
since 2003. Among the five PPB varieties, it idle favourite among farmers and local communities only
because of its exceptional taste, but also beaafuse market potential. To share the benefits WABB farmers,
in 2006 one of the trial villages started localds@eoduction ofGuinuo 2006 At first, the main difficulty for
farmers was the lack of knowledge of hybrid seeadpction, but with the help and technical suppooirf
GMRI breeders, they have obtained the basic skiltknowledge and contributed to the local seeglgup
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Institutional challenges
However, there are several challenges for PPBitieswvithin the existing institutions.

Barriers from seed regulations

The existing seed regulations can only recogniz# mhease varieties passing the VCU and DUS testing
Varieties derived from PPB process are unlikelgdmply with the variety release criteria (Louwa&@07) and
can therefore not be marketed. Because varietiéendraces selected by farmers, as the resulteobtihgoing
genetic adaptation of the variety to the agro-esi@sy, generally have four distinct features: 1y thiee adapted
to the local circumstances; 2) they often exhilibasiderable degree of genetic heterogeneity laeréfore are
more flexible and reactive to changing natural doos; 3) they are inherently not stable; andh®yt may or
may not be regarded distinct from each other (Vjs3@02). Farmer selected variety from low-inpubditions
is difficult to be measured under favorable cowndit, and cannot meet the VCU/DUS requirementsginatrn
current seed regulations. Aftetinmo 1failed the VCU testing in 2003, the OPVs improwbdough PPB
experimentations are mainly produced and distribuighin the trial villages without official releasIn recent
years, with the increasing reflections on the éxgswariety testing systems, experiences and pestfrom
other countries have shown the options for PPBetiaE.

Option 1: to get VCU out of the registration precesd leave quality judgements as a localized psy@es the
fail of VCU testing always prevents their entryamharket. VCU testing as a non-obligatory systemaiao be
used for variety information, instead of restrictedistration of new varieties. USA has develoged model
for seed quality control, and the seed quality aitored by market and consumers (Louwaars, 2007).
Option 2: to integrate environmental and other @gichl conditions into the testing system, this bagn
practiced by European organic sectors. Some cegritave experimented with different testing progcsuch
like Austria has adopted a specific VCU system doganic, other countries, like Germany, are culyent
elaborating a new policy, while in some countriessistill difficult to put this issue on the agen@Rey et
al.,2008).

Such options have provided opportunities on furteaeptance and recognition of varieties adaptémittonput
agriculture.

Addressing farmers’ rights and their benefit shgrin

Since China entered into the WTO in 2001, it isarnatessure to sign UPOV 1991, which restrictsefesally
removes entirely) farmers’ rights as seed entreprenand breeders i.e. to sell their seeds andttapsseed
businesses. There are increasing barriers to farmghts to use, exchange and sell their on-faawved seeds,
chiefly in the form of trade pressures and the psgju of the scope of plant breeders’ rights. Mdalayat the
national level, the farmers’ rights-oriented legigin lags behind and there is no regulation otituisnal
arrangement in place to guide how farmers mighelbgvtheir own seed markets and share the beweiitged
from their varieties (such as PPB varieties) witheo stakeholders, the breeding institutes take'liteeders’
rights’ on the registration and commercializatidthe protected variety for granted.

In the case of PPB, even if the variety passesDli& and VCU testing, the issues on the ‘ownershmd
‘benefit sharing’ will emerge afterward among farsiand breeders.

To address farmers’ benefit on PPB products, tbgegt is exploring the mechanisms on benefit sigasinthe
project level and undertaking an institutional expentation onGuinuo 2006 through supporting small-scale
seed production in the trial villages. The breedimgiitute and the seed company supply the comalemtarket
of Guinuo 2006 while allowing PPB farmers supply the seed faalmiche market. As local experimentation,
such community-based seed production is protectad the plant breeders’ right (PBR) and markettegla
issues, in relation to the PBR transferring agregred payment on protected varieties, the ‘comraklioe’
restriction for non-commercial seed production, srelquality control of farmer produced seed.

The ownership and benefit sharing issues can adsadaressed through access and benefit sharing)(ABS
mechanisms (such like the contract). To support fiile access and benefit sharing of PPB varietigs,
agreement has been established among farmers aid Reders at the project level in 2010. The agesd
recognizes the contribution of both PPB farmers #ralr genetic resources during breeding procesd, a
regulates the way to share the benefit, in termth@fright on naming, sharing ownership (via jdd8R) and
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royalties, obtaining subsidies on landrace consienvand experiment risks, and etc. This agreernasicreated
a platform to discuss and negotiate ABS issuewveldifrom PPB processes.

Conclusions

In the past ten years, the PPB project in the seeghChina has been dedicated to on-farm varigbydrement
and local seed provision, through bridging formeddaling institutes and farming communities. Howetee
conventional crop research system with the ceptiddifined seed regulations on variety release aarkeh
control, has limited the recognition of PPB vasgstiand as a result restricted farmers’ partiaypain crop
improvement. The further development of PPB calidlfie reflection and innovation on current seeplilaions,
and as well the institutional arrangements on A&sieés among its stakeholders.
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Introduction

In Germany tomato is the most important vegetdble= in many other regions of the world (Foolackt2008)
late blight caused by the fung®hytophthora infestanseverely impairs organic outdoor cropping as tlstm
resource efficient production method. Since 2003haee developed a participatory screening and brged
method on a national scale to improve the cooperdietween safeguard, selection, and dissemingign 1).
Market gardeners, seed savers, advisors, and istéemtork together to ensure that the best useeoktic
resources is made in a well targeted program td theedemand in horticulture. Future genetic resesineed
to be developed.

Safequard
) Dynamic
Conservation development
ex situ on farm

Dissemination

Special
knowledge

Selection

Targeted
crosses

New
Genotypes

Figure 1: Cooperation between safeguard, selectom, dissemination

Results and discussion

Interesting genotypes were donated from complemgsiaurces ex situ (genebanks) and on farm / idegar
NGO and private seed savers contributed to therlatftproach. Dynamic development in practical holtire

has the potential to select recombinant and adaggadtypes. The outcrossing rate in garden wasrdieted
(Fig. 2, Fischer 2008); depending on year and ggeothe range covered O to more than 4%. Tomato
production in Germany is based on app. 10 mio plemtommercial cropping and app. 30 mio plan@nateur
gardening (Siebold 2006). An average outcrossitg s 1% would lead to 400,000 recombinant planss ib
exclusively garden saved seeds were used. To awuigsired genotypes, however, isolation distances o
roguing need to be used.
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Figure 2: Outcrossing in outdoor tomatoes in Scldigdgn 2005 and 2006

Screening and breeding program were carried outhige major locations in organic market gardens.
Additionally a smaller number of genotypes wase@sit up to 34 locations per year in amateur-, etariand
botanical gardens as well as in research institatid\fter three years of evaluation, 88% of the ppesforming

33 varieties had been provided by non-commerciafces, i.e. genebanks, NGO and private seed savers.
than 60% were originally maintained and recommengedeed savers and NGO within organic horticulture
(Fig. 3, Horneburg and Becker 2008). The best opeltinated varieties were made availale to amateur
gardeners.

33 top ranking varieties 2005
12,1 %

O Seed trade
(conventional)

B Genebanks
(conventional)

BONGO and seed
savers (organic)

Figure 3 : Origin of the best performing genotygesed on 3,500 accessions after 3 years of scrgextil3
locations

In the breeding program we could demonstrate thenpial of regional selection. Site specific adéiptafor
yield was observed for one cross selected for teregations at three locations (Tab. 1, HornebudyEeacker
2008). The selections Schénhagen and Ellingerceldad best at their site of selection. Relativégrarance of
the selection Rhauderfehn was improved at Rhaudgrfaut was outyielded by the selection Ellingerode
Selection in the breeding program was a collabomatif market gardeners selling tomato fruits, meienals
producing young plants, advisors, seed traders,pdauot breeders. Important traits and their werghtvas
discussed. Traits include field resistance, eadgn@ositive sensory attributes, easy pruning, eamnpoung
plants, and other special customers demands. Beledftadvanced breeding lines was carried outttage The
results have been promising. Presently the firgtetlopen pollinated breeding lines are testeddistration and
will probably be released in 2011.
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Table 1: Influence of the selection site on thddy{g) of Golden Currant x Matina in three marketrdens in
the F; generation

Selection site

Test site 2006  Schonhagen Ellingerode Rhauderfehn Mean
Schonhagen _ 1697 1571 1225 1498
Ellingerode 2475 2920 1884 2426
Rhauderfehn 1019 1095 _1037 1050
Mean 1730 1862 1382

Selected varieties of so called wild tomatoes, ggres with very small fruits and many side shootsnbine a
high level of field resistance with good fruit gival Special production methods with multiple stwoetere
developed to increase yield. Compared to plantsqatuo one shoot the content of soluble solidsnipaugars,
was increased, too (Fig. 4).

Dissemination of special knowledge for productiowl anarketing, heritage varieties identified in fueeening,
and new varieties deriving from the breeding progrsgranted by the persons and organizations wedol
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Figure 4: Influence of the production system omltsbluble solids content (°Brix) of two varietiefs‘wild”
tomatoes 2009 and 2010 at Gottingen.

Up to this point it has been demonstrated how gemesources that were donated to the Organic @utdo
Tomato Project could benefit organic and low infarticulture. To serve future needs the continuous
conservation and dynamic development of geneticuregs needs to be fostered. Ideally advanceseiedbrg
are kept available by i) thex situconservation of varieties removed from the comroatalog of registered
varieties and ii) dynamic management on farm /ardgn. Both processes are severely impaired t&idl.the
advent of hybrid breeding the draining of the geépvas accellerated.,varieties are only in exceptional
cases stored in genebanks or taken into dynamielgf@went on farm, because of the segregation irFthe
generation. The agreement Bundessortenamt — Genealfathe IPK Gatersleben states: “Once a year the
Bundessortenamt passes the seed samples of \sedeteted from the national list on to the genebénk This
agreement covers all field crops and vegetablespéxmtatoes, hybrid varieties, and inbred lin€granslation
BH). The genebank of the Centre for Genetic Ressyrihe Netherlands, does not hold hybrid varietiethe
Netherlands all fruit vegetables produced by theeting companies since the early eighties are thybAs a
result we have to face a situation that in croge liomato for two to three decades the publiclyilalbe
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genepool has not been replenished. Advances inlibgeare increasingly privatized and inbred lines lzehind

lock and key in breeding companies. Patenting éuntaduces the use of important traits in the lumg

The relevance of genetic resources from non-comalesources has been demonstrated above. To further
illustrate the potential of garden saved seedsdigugives the results of an inquiry among custsnoéa small
organic seed trader in Germany who exclusivelyreftgen pollinated varieties (Allmendinger 2001),38% of

the responding gardeners (758 out of 1179) did saees of one or more varieties of cultivated glamttheir
garden. Numbers were much higher than expectedtedbp fact that the target group was more conaahitt
than the average gardener.

Questionnaires total | 2204

Response | 1179

Gardens with seed

production | 758

0 500 1000 1500 2000 2500

Figure 5: Inquiry among customers of a small orgaseed trader

Thanks
to all colleagues involved in this long term prajexspecially I. Smit for quality analysis, and&oBdrner, A. Diederichsen,
and W. van Dooijeweert who gave background inforomatromex situcollections.
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Session 5 - posters

@ 31.Building a regional participatory research programme for wheat breeding and crop
management in Brittany, France - example of the PaysBlé project

Serpolay Estelle, Schermann Nicolas, Chable Vérmniq
serpolay@rennes.inra.chermann@rennes.inraghable @rennes.inra.fr

INRA, SAD Paysage, 65 rue de Saint Brieuc, 35042nRe — France,

Key-words:participatory research, organic agriculture, whealtural practices, traditional baking

Population varieties of local wheat, abandonedsforeral decades, may become of great value for ¢émeironmental,
economic and cultural aspects. PaysBIé is a rebjomgect which takes this into account with theemll objective of
developing farmers’ varieties of wheat from traatitl landraces by breeding, crop management aniddbakperiments
on-farm for local markets.

The project is primarily funded by the Regional woiliof Brittany, France. It extends over 3 yeansiolves science and
society and aims to promote exchanges and dialdmte/een researchers, socio-economic actors arnzercdti for
sustainable development in the region. The diffepartners are the seed associations TriptolemeKad kozh (from
participatory plant breeding (PPB) activities), tigyanic sector (represented by IBB - Inter BiotBgee), INRA (The
National Institute for Agricultural Research) artk tUniversity of Rennes. The project works withnfars practicing
several types of organic farming in the regionpaiging participatory plant breeding with agronoatiimprovements to
determine the best technical conditions for théivation and development of farmers’ wheat vargtie

PaysBIé is divided in 3 steps, first building thgerimental design to answer both the practicastjoes of the farmers and
to stimulate scientific knowledge for the conseivatof cultivated biodiversity. One year was neededrganize the
participatory experiments which will:

- take into account the crop management innowatwished by the farmers

- enable the breeding activities of two kindispecies: wheat and associated species (leguaiss,flax)

- evaluate breeding and cultural impacts onavheality through baking trials.

Three kinds of trials are organized in the framdwafrthe farms, according to the ability of thenfers to manage trials on
farm:

- Experimentation of diverse types of bread atharieties (one modern variety, one mixture afliional population
varieties, one variety from this mixture) and onigtare of durum wheat, in contrasted environmenith warious
crop management practices (different tillage pcastj with or without association with legumes )e®im of these
trials is to explore the effects of diversity fr@rain to bread (plot sizes of about 200 m?)

- Participatory plant breeding experimentsesgbn among and within varieties, creation of migs (small plots)

- Co-breeding experimentation: small plots dieat and different associated species in ordeiint ihteresting
combinations.

This type of project aims to enhance the coherehoeganic agriculture by increasing biodiversityproving the technical
performance of varieties on organic farms, suppgrthe evolution of the farming systems, promotowal marketing and
the supply of high quality food, and increasingrfass in the seed supply system.
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@ 32.How to implement organoleptic quality assessment in participatory plant breeding
programmes ?

Camille VINDRAS, Frédéric REY, Bruno TAUPIER-LETAGE
camille.vindras@itab.asso fiFrederic.Rey@itab.assqg.Bruno.taupier-letage @wanadoo.fr

ITAB, 149 rue de Bercy 75595 Paris Cedex 12

Sensory quality is a great expectation from conssra@d more specifically from the new organic comsu (post food
crisis), more interested in the nutritional asglen the environmental one (Zanoli et al.). Yeis triterion is rarely taken
into account in the breeding process because ohttezent difficulty of the human perception analys

Whereas some objectives quality criteria can besorea by instrument (firmness, maturity, acidity.s@nsory quality
measurement need to analyze human perception ocfamsumer’s expectation. Those criteria are hacdlgintifiable,

linked to the consumer subjectivity in case of eoner study and in constant evolution (season gff&aynaud, E., 2010).
In the context of the European project SOLIBAM,earmethodology is experimented to integrate gustatoterion in the
breeding process and particularly in participatptant breeding programmes. This methodology caltadering test”

involves a panel of semi-naive (consumer initiated sensory analyses), who have to compare sevewugis
simultaneously by ordering them according to thec@eed intensity of a given sensory characterigacidity,

fibrousness...).

For example, knowing that the consumer shows twedepences profile on tomatoes’ texture, those wiefepred the
meltiness and those who preferred the firmness §&aet al., 2009), a panel composed of 7 judgesclaadified four
tomatoes’ variety (ABCD) on the “texture” attribute

The results analyses using a Friedman test on adaw the settle of varieties classification: thariety A is the more
melting, then come the variety B. Nevertheless, caanot conclude on the varieties C and D, the stlbijamber is
probably insufficient (the 1ISO 85 87 norm recommég&dsubjects). Then, it is possible to choose #reeties which best fit
consumer’s expectations.

varietiesubject | A | B C D At the end of the breeding process, once varidita® been selected, the
methodology will be validated, on one hand by etgeén order to

1 1 7 3 4 highlight the existence of a breeding effect onami@eptic quality, on
other hand, by consumers to define whether theetiasi are better

2 2 1 3|4 accepted by the consumer or not. Those steps aadledein technical

3 Y 1 3 3 guides who will be soon published by ITAB and itdisam Partners.
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33.Participatory Plant Breeding to Improve Sweet Corn for Organic Farmers

Adrienne Sheltoh Jared Zyskowsk?, Martin Diffley® , John Navazio’, David Perkins, William F. Tracy

University of Wisconsin, Madison, WI
Organic Seed Alliance, Port Townsend, WA
®Organic Farming Works, Farmington, MN
“Washington State University, Pullman, WA
SVermont Valley Farm, Blue Mounds, WI

Keywords participatory breeding, organic, sweet corn, regmnt selection

This project is a collaboration among farmersyversity researchers, and experts at non-profit riegéions to develop
high quality sweet corn germplasm for organic agtizal systems. Organic growers face unique ehgks when raising
sweet corn, and benefit from varieties that exhsbijperior cold germination, early vigor, and digeasd insect resistance.
We are working with experienced organic farmerdteed supersweet and sugary-enhancer sweet coutafiops that
meet their particular needs. Using a recurrergcsi®in program, the populations are being growvwamorganic farms as
single row plots. The selection of rows within legmpulation is made based on the farmer’s evanatf the traits of
interest. Remnant seed from the same ears thaegléme selected rows are planted in a winter myr@ed inter-mated to
form the next cycle of selection. Selection bega®008 for the sugary-enhancer population, andi0Zor the supersweet
population. The cycles of selection will continue three years. We hypothesize that breeding faittner input during
every cycle of selection results in varieties taeg specifically adapted to the farmer’s needsaddition, varieties that
have been selected under organic conditions wiitaia traits that benefit organic systems, suchad@ soil germination,
early vigor and pest resistance. Our objective develop high quality sweet corn varieties thattthe specific needs of
each participating farmer.

@ 34.Conservation and development by participatory plant breeding and dynamic on-farm
management of adapted resources of bread wheat for low-input and organic
agriculture.

RIVIERE Pierré* - BERTHELLOT Jean Fran¢dis GALIC Nathali¢ - PIN Sophié - DAWSON Julié - De KOCHKO
Patrick - GOLDRINGER Isabelie

UMR Génétique Végétale, CNRS — INRA — UPS - Agris¥ach, Ferme du Moulon, 91190 Gif sur Yvette, Egan
’Réseau Semences Paysannes, Cazalens, 81600 Bagts, F
*corresponding authopierre.riviere@moulon.inra.fr

Key words:bread wheat, participatory plant breeding, biodiitgrconservation, organic agriculture

Development of varieties for organic agriculturel @onservation of biodiversity are two major obijges in the context of
environmental degradation due to intensive aguicaltpractices and predicted impact of climate geaon agricultural
systems. In this context, the research team warksntlerstand how human selection and the othewugonary forces
shape population genetic variability. The desireélgs to understand these effects and to devefupnal strategies
for preserving genetic diversity through on-fargmamic management and plant breeding. Our teanoikimg on bread
wheat with participatory approches in order to gtuldoses issues and look for a methodology to erefiom the
collaboration of farmers and researchers, varighias are adapted to organic farming conditions whith conserve the
biodiversity present in cultivated species. We agmbetter understand : (i) variation of trait exqmien in contrasted
environments under organic management, by takitgganocount the interactions with the environment] éi) impacts of
exchange, selection, agronomic techniques relatex/dlutionary forces on important traits in orderselect populations
adapted to a specific local environment and stabés time.

Populations from crosses of landraces were créat2805 on a farm in southwestern France. Selegtiithin these new
populations were made by a farmer in the F2 geioeraite. while the segregation is not complete. hdee shown that
some traits responded to selection even in thiy g&neration, including vegetative traits visiliethe field such as plant
height and spike traits such as grain weight péespnd thousand kernel weight for example. Inatmdration with the
farmers’ network “Réseau Semences Paysannes” 3faadr F4 generations of these populations weregatson in several
farms in France from 2008-2010, under unique agrorenmental conditions and farmer management. Weta analyse
the adaptation of those populations and the effeictarmer selection as well as the other evoluforees (drift, migration,
natural selection and mutation), taking into acd¢antra-population variability and interactions Ween these populations
and the specific on-farm environments.
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@ 35.PPBINGO: A user-friendly database for Participatory Plant Breeding programs

Simon Rosenfeldl » Heiko Parziesl « Stefania Grand®alvatore Ceccarelli2
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70593 Stuttgart, Germany

2International Centre for Agricultural Researchhia Dry Areas (ICARDA), P.O. Box 5466,
Aleppo, Syrian Arab Republic

Keywords:PPB ¢ Database ¢ Statistical analyses * Open seubs&

In a decentralized and participatory plant breedigB) program, in contrast to conventional plaegeling, farmers select
from a large number of genotypes over a numberycfes in several locations. As selection is foralkian-specific
adaptation a PPB program based on, for example, dages of selection, generates large, unbaladatal sets. With
common spreadsheet software it is not possibld,israt least very cumbersome to extract all tiferimation, particularly
the one that is related to genotype x environm@)(interactions. Therefore, there is a need fanfrmation system that
makes it as easy as possible to retrieve and cejzaa over all given

factors in the PPB-program. Due to a lack of edanatnd financial resources in developing countrike use of existing
databases was not an option because of their caityplend/or price. We have built a simple, free amkr-friendly
database that allows to store, retrieve and anaghgelant breeding data. The database is impleedarging the Java based
HyperSQL Database Engine (HSQLDB) in the packag®©pén Office with links to the input formats of Geat and
GGEDbiPlot. The proposed database is capable of gimagnéhe following data in a PPBprogram for barl@y:trial data for
any trial or field design (Il) field data for anyivgn trait (lll) results from statistical analys€d/) farmers selection
individually or in groups.

36.Sustainable farming in cross-border region of Czech Republic and Austria (SUFA) -
Growing and using of hulled wheats

Petr Konvalind Sandra BergérHeinrich Grausgrub&rElisabeth Zechnér
heinrich.grausgruber@boku.ac.at

University of South Bohemia, Faculty of Agricultui2epartment of Crop Production and Agroecologyd8htska 13, 370 05eské Budjovice, Czech
Republic
E-mail: konvalina@zf.jcu.cz
2Landwirtschaftliche Fachschule Edelhof, Edelna3310 Zwettl, Austria
E-mail: elisabeth.zechner@edelhof.at; sandra.b@gdelhof.at
3BOKU-University of Natural Resources and AppliedelSciences, Department of Applied Plant ScienoesRiant Biotechnology, Gregor Mendel Str.
33, 1180 Vienna, Austria

Keywords:Agronomy, genetic resources, quality, organic faigniTriticum dicoccum, T. monococcum, T. spelta

The Czech-Austrian project SUFA is coordinated ty tUniversity of South Bohemigeské Budjovice, that cooperates
with the Association of Organic Farming Consultaff®0S), Brno, and the Vocational School for Agltiete Edelhof,
Zwettl. The projectis aim is to support the development of sustaintstaing on arable land on both sides of the Czech-
Austrian border via a mutual exchange of informatmd experience in farming, processing and mametf underutilized
wheat species, i.e. einkorn wheat, emmer wheatspell wheat. The target groups of the project armérs, consultants,
processors and consumers of hulled wheat. Growiethods are elaborated and adapted genotypes a&teskland
multiplied. Moreover, seminars and field excursi@re organised during the period of the project.idformation and
events concerning the project are published optbct's webpage (http://sufa.zf.jcu.cz).

Whilst some experience was gained in the last deeath autumn sown hulled wheats, almost no infdiomais available
on hulled wheats of spring growth habit. In Czecb-pials genebank accessions of einkorn, emmerspalt wheat with
spring growth habit were selected for the proj@ttese genotypes are grown along with old commonawharieties of
alternative growth habit and modern spring wheaietias in organic field trials at four locationsthe Czech Republic and
Austria. A multitude of morphological, agronomicdaguality traits will be determined and first reasukill be presented.
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37.Participatory plant breeding in Denmark

A. Borgen® and R.Anderseh
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2The Danish Organic Farmers Association, Silkebgrge, 8230 Abyhg, Denmark

Keywords:participatory plant breeding

Plant breeding gets more and more concentratedomule of multinational companies, and financitanp breeding via
the traditional royalty founded certification systexclusive for the specific needs in organic faxgnis not profitable in
most field crops. The seed certification systeny@ahlows pure line varieties, and the royalty fuddeeeding system tend
to focus on monogenic resistance with s short diiabn the marked. To develop new plant genetitenial for organic
farmers with durable stability and resistance, Blamish Organic Farmers Association has initiatgubdicipatory plant
breeding program with the aim to develop varietiad diverse populations for the organic farmerse ploject is based
within the advisory service in the organisationcooperation with plant breeding research projdectghis way, it is the
hope to overcome the economic and legal barrierifgglementation of crop diversity and targeted ctide for the
different needs in the diverse organic sector.
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