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I am proud to present this Grain
Legumes issue dedicated to
Peas. In spite of the recent dliffi-
culties encountered by the AEP
community, the major editing
activity of AEP has been pur-
sued, thanks to the action of
the members of the associa-
tion. | would like to warmly
thank and acknowledge people
who contributed to it: Diego
Rubiales, the president of AEP
has launched this renewed se-
ries of Grain Legume maga-
zines and entrusted me in the
task to prepare this issue, A.
Mikic made useful suggestions,
N. Ellis and R. Thompson
helped for papers’ editing, and
Dominique Millot was in charge
of offset preparation, and last
but not least, many thanks to
the scientists who contributed
by their reports to this issue. |

hope you will enjoy the reading !

Judith BURSTIN
Managing Editor of GLM52
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carte blanche

New challenges
and opportunities for pea

to...

Zs long as_9-10,000 years age, grain legumes played a central role in
agriculture in the Fertile Crescent. Today, legumes still have a central

role to play in sustainable agriculture. New challenges linked to food secu-
ity and environmental preservation are emerging and these may raise public
awareness of the need to introduce more grain legumes into agro-systems. in
his speech on the 23th feb. 2009, M. Barnier, the Fremch minister of agricul-
ture declared that the production of plant proteins should be favoured in the
next Common Agricultural Policy and a new French policy favourable to

grain lequme producers has been launched. New or re-discovered farming

practices such as intercropping are being devised. Novel uses such as green
J%d Lth Burstin chemistry products are arousing industrial interest in the pea crop.

Pea (Pisum sativiom L.) is the most cultivated legume adapted to cool season

areas in Ewropé. Pea is alsp and still an invaluable model plant in physiolo
\_ \_ > P P PIY 9y

and has been the source of major recent breakthroughs in the understanding
of compound leaf development (Hofer et al. 2009), in deciphering the complex
control of flowering (Liew et al. 2009, Wang et al. 2005) and in the discovery
of a new plant hormone (Gomes-Roldan et al. 2008). During the last decade,
more than 2000 recombinant inbred lines and a consensus linkage map of
more than 500 markers (including SSR and SNB, Aubert et al. 200&) were
developed. Researchers have identitied genomic regions involved in the vari-
ability of nwmerous traits of interest (seed quality, frost and disease resis-
tance). BAC libraries have been developed and large mutant populations are
available such as the recently aeveloped 5000 pea cv ‘Cameor” TILLING mi-
tant population (http://www.legumbase.fv).

But molecular tools are lacking to enhance marker-assisted selection and/or
gene cloning in pea. By contrast, numerous genomic resources are available
in the legume model species M. truncatula and the 39 version of the sequence
of the gene-rich regions of the M. truncatula genome has recently been re-
leased (http//medicago.org /genome’). This is a significant opportunity for
pea, since all these resources can be wused through translational gemomics to
enhance gene discovery tn pea. Furthermore, new high-throughput sequencing
technologles provide am opportunity to develop the tools that will enable to fill
the gap between model species and cultivated species.

Aubert et al. 2006 Theor. Appl. Genet. 112: 1024-1041

Hofer et al. 2009 Plant Cell 21: 420-428

Liew et al. 2009 Plant Cell, 21 : 3198-3211

Gomes-Roldan et al. 2008 Nature 455: 189-U22

wang et al. 2008 Proc Nat Acad Scl USA: 105 10414-10419
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A physiological study of weed competition in pead(sum sativum L.)

by Z. MUNAKAMWE

Peas dominate New Zealand grain legume productibibeds are more that of Midichi. In October it gave 87% movéeed spectrum
a major problem. A research program to study weedrol in peas varied over time. In Experiment 3 pea seed yietaldased with pea

was done through three field experiments over twoving sea- population. At 200 plants fpeas gave the highest seed yield (409
sons. Experiment 1 evaluated the effect of cropufadipn on crop g m?) and at 50 plants Aithe lowest (197 g /).

yield, and weed growth of Aragon, Midichi or Pra3B0with and It can be concluded thélly leafed and semi-leafless peas sown at
without cyanazine. Experiment 2 explored the pHgsgip of two similar populations give similar yields under wefegke conditions.

pea genotypes, leafed and semi leafless sownest ttates. A third An increased pea sowing rate can increase yielticpkarly in

experiment investigated the effect of different pad weed popula- weedy environments. Early sowing can also possibhytrol prob-
tion combinations on crop yield and weed growth. lem weeds in peas. Herbicide can enhance pea lyigldan be re-
placed by effective cultural methods such as esolying, appropri-

A significant herbicide by population interactiom Experiment 1 ) : .
ate pea genotype selection and high sowing rates.

showed that herbicide had no effect on seed yieltio@ and 400
plants nf. However, at 50 plants ‘fityanazine treated plots pro-
duced 30% more seed yield than plots without h&teidn Experi-
ment 2 cyanazine treatment gave 19% more seed theld un- ) ) ) ) )
Abstract of a thesis submitted in fulfilment of theguirements for the de-

sprayed pIOté' A significant sqwmg date x genotypeeraction gree of Doctor of Philosophy at Lincoln Universianterbury, New Zea-
showed that in the August sowing genotype had fecebn seed 5,4 gmail - George. Hill@lincoln.ac.nz

yield but in September Pro 7035 seed vyield of 558 gwas 40%

Dissection of the pea seed protein composition:
phenotypic plasticity and genetic determinism

by M. BOURGEOIS

Europe has to face important and increasing nemdsdnt proteins,netic determinism of protein composition. PQRrdtein Quantity
especially for animal nutrition. The pea crop, aigrlegume for Loci) of major seed proteins were detected. This gerdstermin-
which seeds are rich in proteins (ca. 24% of dryteng could fulfil ism appeared complex: 312 PQL were found for 1@issgCommon
these expectations. Nevertheless, seed proteiemiststill insuffi- regulation mechanisms were shown, and most of @ie ttad mod-
cient and unstable. Moreover, seed digestibilitpsely linked to erate effects, explaining less than 20% of theavae. These results
protein composition, needs to be improved to imeeseed nutri-have allowed us to identify key-regulatory regiamsderlying the
tional quality. In this context, the objective big thesis was to promodulation of protein composition. They may consétinteresting
vide a fine dissection of pea seed protein comjoosito study its targets for the improvement of the nutritional dfyabf pea seeds.
phenotypic plasticity and to elucidate its genetatrol. Furthermore, we have proposed candidate genesolomgrseed
By a quantitative proteomics approach, we have ywed a 2-DE protein composition.

reference map of the pea seed proteome (156 psobene identi-
fied, among which a major part were storage prsjeiifhe pro-
teome exhibited a high complexity, probably resgjtirom the ex-
pression of multiple genes, as well as storageeprgprocessing
during seed development. Over three genotypes laee tyears of
cultivation, the seed proteome displayed an elevatkenotypic
plasticity, but the genotype effect was predomindfter having
produced a genetic map focusing on functional nrarkevolved in
seed quality traits (535 markers in total), we hdissected the gePhD thesis, December 2008, University of Burgurizijon.
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Hormone discovery using the model plant Pisum
sativum L

by C. RAMEAU'

he degree of shoot branching is aseedlings to get two similar cotyledonaryrhese studies combined with hormone

important component of plantshoots. When only one cotyledonary shoauantifications led to the model where
architecture and has a major impact on plantas decapitated, the axillary buds on thiRMS1 and RMS5 were acting both in
fithess and on yield of most crops. Duringhoot were inhibited by the apex of theootstock and scion to control the level of a
plant development, axillary buds, located atecond intact shoot. novel graft-transmissible branching
the axils of most leaves either will remairNext to auxin, cytokinin was the other planinhibitor. RMS3 and RMS4 were mainly
dormant or will outgrow to give a newhormone to have a strong influence oacting in the shoot to control the response to
lateral. This outgrowth is tightly regulatedapical dominance as exogenous applicatidghe branching inhibitor.
by environmental factors and endogenousf cytokinin directly to dormant axillary The cloning of these genes from the model
signals. For several decades, it wasuds is able to stimulate their outgrowth. Alant Arabidopsis gave support to this
established that auxin and cytokinin werelecade ago, genetic evidence of a novelodel. RMS1 and RMS5 encoded
the two major hormones controlling axillarylong-distance signal, other than auxin an@arotenoid Cleavage Dioxygenases (CCD8
bud outgrowth. Recently, a novel class ofytokinin came from grafting studiesand CCD7 respectively) which suggested
plant hormones, strigolactones, has bedretween the high branchimgspea mutants that the branching inhibitor was carotenoid

identified which acts as a branchingnd wild-type (WT). derived as the well known hormone abscisic
inhibitor. From the first studies on apical acid. The response gefmMS4encodes an

dominance to the recent discovery orafting experiments with high F-box protein which is consistent with
strigolactones, legumes and in particuldsranching pea mutants: existence of a RMS4 being involved in the transduction
pea, have contributed largely to thesmovel branching inhibitor signaling pathway as TIR1 and COI1,

discoveries (1). In this paper, we presemt mutant-based approach for the study akceptors of auxin and jasmonic acid,
some of the key experiments that have be&manching has been carried out in severetspectively, encode F-box proteins which
performed for branching studies andpecies and mutations in the f@RAMOSUS are typically involved in protein degradation
describe the main advantages of legumes f(RMS loci, the MAX loci in Arabidopsis, via the ubiquitin-proteasome pathway.
such experiments. In a next special issue tife DAD loci in Petunia and th® loci in
Plant Physiol on Legume biology, thisrice give a high branching phenotype wittStrigolactones (SL) as the novel
presentation will be given in more detail (2)relatively few pleiotropic effects. Grafting branching inhibitor

studies permit to locate sites of gene actiofhe information that the branching inhibitor
Decapitation experiments : the classical and to demonstrate the role of long distanagas carotenoid derived was an important
theory of apical dominance signals. In pea, epicotyl wedge graft using €lue to its discovery. In 2005, the group of
Several decades ago, the term apicdlold plants is very easy to perform (Fig. 1)H. Bouwmeester in Wageningen working on
dominance was defined as the inhibitorywhen armsl mutant shoot is grafted on aparasitic plants demonstrated that SLs were
effect of the shoot apex on the outgrowth oNT rootstock, the branching is inhibitedcarotenoid derived. These molecules are
the axillary buds located below. Pea wawhile this branching is not inhibited when groduced by the roots of plants and exuded
one of the first system used to study apicains4 shoot is grafted on a WT rootstockin the rhizosphere where they play major
dominance. During the vegetative phase, roles in both parasitic and symbiotic
most pea cultivars present dormant axillary interactions. They promote arbuscular
buds at most nodes and axillary buds mycorrhizae (AM) symbiosis between more
separated by long internodes make such than 80% of plants and fungus. They also
studies easy. After decapitation, axillary stimulate seed germination of parasitic
buds that were dormant enlarge and some plants belonging to the genera Striga and
start to grow. The application of auxin to the Orobanche which severely reduce the yields
stump of decapitated plants inhibits of economically important crops. To
outgrowth of buds. The classical theory of identify the genes involved in SL
apical dominance was that auxin produced biosynthesis, researchers working on root
in the shoot tip and moving basipetally colonization by AM fungi looked for
down the stem inhibits axillary bud mutants in Carotenoid Cleavage
outgrowth. Dioxygenase (CCD) genes (they are 9 CCD
In the 1930s, experiments on shoot genes in Arabidopsis, 6 being involved in
branching with “two-shoot” plants led Snow ABA Dbiosynthesis). One of the first
to suggest that auxin was acting indirectly important results obtained with tims pea
via a second messenger moving upward. mutants was that root exudates whsl
These “two-shoot” plants were obtained by failed to stimulate proliferation of fungus
decapitation of young pea oficia faba hyphae or Orobanche seed gmination when
compared to WT exudates. Another
essential result was the use of GR24, a
synthetic analog of SL. The direct
application of GR24 on axillary buds of

Ynstitut JP Bourgin, INRA Versailles, UR Stn
Genet & Ameliorat Plantes 254, F-78026 Versail- Figurel : a 7 d old graft in pea
les France
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rmsl mutant inhibited their outgrowth (atroots is induced by low phosphorous and/
concentrations as low as 10 nM) while ndow nitrogen (which may induce the
inhibition was observed on axillary buds oproliferation of AM fungi that will help the
the rms4 response mutant. Here the factplant for its mineral nutrition). One major
that a series of well defined pea branchinguestion is to know if this regulation of SL
mutants were available, that pea is hiosynthesis in roots has an impact on shqg
mycotrophic plant (in contrast tobranching. The discovery of SL as a ne
Arabidopsis) and that axillary buds ardnormone should help to find new solution
easily accessible to exogenous treatmertts fight Orobanche and Striga which are tw
and to precise observations contributed tmajor pests in different parts of the worlg
this discovery. At the same time anothefand in particular for legume#.

group from Japan used a series of high

tillering rice mutants to demonstrate the

implication of SLs i shoot branching (3).

Figure.2. Structure of orobanchyl ace-
A new field of research tate, one of the major strigolactones

SLs belong to the terpenoid family and found in Fabaceae
present a common tetracyclic skeleton

(Fig.2). Many enzymatic steps from the

cleavage of a carotenoid precursor (still

unknown) by CCD to SLs are still to be

identified to have a complete under-standing of

the biosynthesis pathway. Recent findings in

rice have added one enzyme, D27 to the 2

CCD and the cytochrome P450 (MAX1)

already known in the biosynthesis pathway.

Identification of SL insensitive branching

mutants will be essential for the dissection

of the signaling pathways. The recent

cloning of D14 in rice has confirmed that

the SL signaling pathway will have some

similarities with the signaling pathways

characterized for other hormones. Future

studies will have to answer to severall) Gomez-Roldan, \etal Nature, 2008. 455

guestions such as how SLs interact wittv210): p. 189-94.

auxin and cytpkinins to regulate branchingz) Beveridge, C.Aet al. Plant Physiol, 2009.

or how environmental factors regulate
branching. The role of SL in the inductiont51(3): p-985-990.

of AM symbiosis is of particular interest. It(3) Umehara, M.et al.Nature, 2008. 455 (7210):
has been shown that SL biosynthesis im 195-200.
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Genetics of winterhardiness in pea

by I.LEJEUNE-HENAULT" and B. DELBREIL2

N eed forwinter peas and dissection of

the winterhardiness character LG5 LG6
Pisum sativuni. is the main european crof

commonly used as a protein source in ar

mal feeding. An important aim for (north) ;ii A"ng? 408 ADSA
European pea breeders is the increase %60 TFL1a 834\ |/ AA00
yield and the extension of the productio 1009 Y15.200 735/ AD159 z g
Both these ai Id be achieved B2/ NABS 22\H/ e1o1 3 2 @t &
areas. Bo ese aims could be achieve 1087 008 800 - .87‘0\ E16.1630 B 2 TP B &t
the use of winter pea varieties. Autumi 1196 AAQ Y 88.3§~ AD141 " m2 @ig 2 i§
i i 1273 AA4TS5 o 00.1 = AD59 S="W0z 2 o
sowings allow extension of the growth_pe [ ) e DHPSY i% o 022 < N14500 8 io 5~ 8
riod t_)etV\_/een germlne}tlon ar_1d flowering 1457 AGL20a N TS 925/—\M1e_1300 101,600 g
resulting in naturally higher biomasses an 1481 /T\rliws = 1004 604950 a
1540
seed numbers (5). But, when peas are so 1845 AA1B3.2 116 3 Sus3

in autumn, they develop in sub-optima
temperature conditions and, to survive win-
ter, they have to withstand periods of frost
that can vary in length and intensity, de-
pending on the region. The dissection of the
genetic determinism of pea winterhardiness
would facilitate breeding of winter pea va-
rieties. As regards winterhardiness in plants,
three basic adaptation mechanisms can b
distinguished: vernalization response, pho-
toperiod sensitivity and cold acclimation. In
the case of pea, the two last mechanisms ar
involved in winterhardiness and studied in
our team.

Figure 1, adapted from Dumontet al., 2009 (2) Metabolites, physiological and mor-
phological QTL on LG5 and LG6. Field data QTL (black boxes) in Clermont-
Ferrand or Mons are identified by Cle or Mon, respetively. Controlled chamber
TL are represented withwhite boxes. T2 sampling after 10 days of cold acclimation,
1,S2 sampling during cold acclimation in the field,Leak electrolyte leakage Raf
concentration of raffinose,Glc concentration of glucoseRuBisCO activity of RuBis-
go. Black circles, on theleft, indicate the position of winter frost damage QTL de&ec-
ted within the whole population of recombinant inbred lines from field collected da-
ta.(With kind permission of Springer Science+Busings Media).

Photoperiod sensitivity response to the photoperiod. More preciselgold acclimation
Given that frost sensitivity rises after florakthe dominant alleleHR is known to delay Most plants from temperate regions are able
initiation and that the flowering period isfloral initiation of autumn-sown peas until a&o increase their freezing tolerance in re-
also a key developmental stage for yieltbnger daylength is reached in the followingponse to low but non-freezing tempera-
elaboration, the ideal winter pea could bepring, this period also corresponding ttures, a process known as cold acclimation.
defined as follows : it should initiate itsmore favourable temperature conditions. Rhysiological features consistently associ-
flower primordia late enough to escape winguantitative genetics approach has beeated with cold acclimation have been re-
ter frosts and should flower early enough tearried out to check the genetic linkag@orted in many species among which a gen-
escape drought and heat stresses in lajetween thédR locus and frost tolerance ineral up-regulation of primary metabolism,
spring (7). Consequently, we have paid pea. A multi-locayion field evaluation ofsolute accumulation, changes in membrane
particular attention to flowering genes irfrost tolerance was undertaken in a populghysical properties and activation of the
pea, taking advantage of numerous studigien of recombinant inbred lines derivedprotection against oxidative stress (4).
describing the physiological and phenologifrom a cross between the frost tolerant lin&Ve studied the cold acclimation process in
cal effects of the main loci governing theChampagne’, and the frost sensitive lin@pea using the same plant material as for the
transition to flowering in this species (6, forTerese’. Champagne is also known to carrgenetic study of photoperiod sensitivityg.
review). Among these flowering locl.F the dominant alleleHR, conferring a de- the parental lines ‘Champagne’ and ‘Terese’
(Late Flowering) andHR (High Response to layed floral initiation under short days, comand their recombinant inbred offsprings.
the photoperiod) appear to be promisingaratively to ‘Terese’ which carries thePlants were grown in a climatic chamber in
targets, as they are known to control respefecessive allele. The colocalization HR conditions that prevent floral initiation. At
tively the intrinsic earliness for the beginwith the major forst tolerance QTLfirst, plants were exposed to moderately low
ning of flowering and the strength of thgQuantitative Trait Loci) identified within temperature to induce cold acclimation, then
this population allowed us to confirm thathey were submitted to freezing temperature
INRA, UMR 1281 SADV, Estrées-Mons BP this locus plays a prominent part in the corin order to see the impalct of acclimation on
50136, F-80203 Péronne, France isa.lrol of frost tolerance in pea (3). We havdrost tolerance, and finally plants were
belle.lejeune@mons.inra.fr now undertaken a marker-assisted breeditiginsferred at positive temperature for a
2USTL, UMR 1281 SADV, Batiment SN2, F- project aiming at associating the dominamecovery period (Bourioret al. (1). Plants
59655 Villeneuve d'Ascq, France bru- allele at theHR locus with the earliest al- were sampled regularly during the different
no.delbreil@univ-lillel.fr leles known at th&F locus. periods and their proteomic as well as
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physiological and biochemical traits wereslectrolyte leakage measured in field experi

assayed. The response to cold acclimationents were detected on LGVI. Electrolytél) Bourion V.et al. (2003). Eur. J. Agron. 19,
was different between the two parentdeakage is the physical measurement &85-548.

lines: ‘Champagne’ became tolerant to froshembrane damage, which could be used {® Dumont, Eet al (2009). Theor. Appl. Genet.

. . . s [ 18, 1661-1571.
after cold acclimation whereas ‘Teresescreen more quantitatively and objectivel 3) Lejeune-Hénaut, Bt al (2008). Theor. Appl.

remained sensitive. for tolerance to frost damages. Genet. 116. 1105-1116
The genetic study of cold acclimation relied (4) Ruelland, Eet al (2009). Adv. Bot. Res. 49
on complementary experiments in the fieltNeed for Medicago truncatula 35-150.

and in controlled conditions. We established@ihe density of the current genetic map qE) Uzun, A. and Acikgoz, E. (1998). J. Agron.
that aside thélR QTL stated above (3), two pea (one marker every 5.7 cM corresporGrop Sci. 181, 215-222.

other QTL for frost tolerance were consiseing to 16,820 kb: 1 ¢cM = 2,951 kb) and th¢€6) Weller, J-L.et al (1997). Trends Plant Sci. 2,
tently mapped on linkage groups LGV andelatively low number of identified genes#11-418. _

LGVI both for frost damage recorded in thewithin the QTL confidence intervals led ug?) Wenden, Bet al. (2007). Grain Legumes 49,
field and in controlled conditions. Severato carry out a transcriptomic approach in™-

key parameters potentially involved in coldrder to reveal new candidate genes that are

acclimation such as electrolyte leakaggrogressively added to the initial map. To

concentration of sugars, and activity otomplete this strategy, we are starting a

RuBisCO were assessed in our mappingbmbined candidate gene/positional ap-

population. Some physiological QTL deproach that relies on the synteny between

tected based on these mesasurements pea andMedicago truncatulaFor the three

located with QTL of winter frost damagesmost determining winter frost damages

In particular three raffinose QTL on LGVQTL, we are going to use the first markers

and LGVI were observed, one QTL of glualready mapped within the QTL confidence

cose concentration on LGV and one QTL oftervals in pea to identifiMedicago trun-

RuBisCO activity on LGVI (Figure 1). In catula BAC clones that will in turn provide

addition, protein quantitative loci (PQL)new markers chosen in the literature for

were also mapped (data not shownjheir role in cold acclimation and frost tole-

Amongst the 22 PQL co-locating with arance. This should allow us to identify more

QTL of winter frost damagesn LGV, four rapidly candidate genes underlying these

could be attributed to carbohydrate metab@TL.®

lism and co-located with QTL of glucose

and raffinose concentrations. Altogether,

these results suggested that carbohydrate

metabolism might play a major role in cold

acclimation of pea, which is consistent with

results already reported in the literature for

other species. Quantitative trait loci for
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Combining plant genetic, ecophysiological and
microbiological approaches to enhance nitrogen
uptake in legumes

by V. BOURION™, G. LAGUERRES, A.S. VOISIN', G. DEPRETZ, G. DUC" and C. SALON'

L egumes have a major environmentdleen shown to be involved in HOD3 (6), Genetic variability for root and nodule

role to play in sustainable agricultureSYM28and SYM29 (7). Due to defective development is associated with differ-

First of all, the occurrence of symbioticAON, mutations in all thesgenes induced a ences in N uptake

fixation of atmospheric Nreduces inputs of hypernodulated phenotype. Differences in root biomass were observed
N fertilizer, and thus decreases the corGreating hypernodulating genotypes waamong five genotypes studied in the field
sumption of fossil energy and the risk of Nsuspected to enhance SNF through an i(2), with at beginning of seed filling (BSF)
losses in the environment by B&aching crease and prolonged nodule developmenp to two-fold higher values for cv. Austin
and NO-emission. Moreover, their use inand activity. than for cv. Frisson (Figure 1). Highly sig-
intercropping or by diversifying crop rota-Nitrogen (N) nutrition of legumes alsonificant differences in nodule biomass were
tion may allow a lower input of pesticidespartly relies on soil mineral N absorption byalso observed among genotypes, as early as
(1). However, legume seed vyields and praeots. Thus, another strategy to improvat the 10-leaf stage until the BSF. The pro-
tein contents are very variable, mostly beexogenous nitrogen acquisition could bportion of nodule biomass relative to total
cause of their high sensitivity to the frequergelection of lines with increased root systemodulated root biomass was highly variable,
environmental stresses. This review desize. Despite the vital role of roots for botlmanging from 5% for cvs Athos and Austin
scribes combined approaches for improvingater and nutrient uptake and tolerance tap to 13-20% for the hypernodulating mu-
N nutrition in pea (2-5), which will help to root diseases, few experiments have investants of cv. Frisson, P118 and P12¥nj29
define new varieties and cropping systenmated the genetic variation in root establisland nod3 mutation, respectively). The dif-

for sustainable agriculture. ment of pea. Therefore, the N uptake peference in root and nodule repartition ob-
formances of hypernodulating mutants, wilderved between the two mutants might re-
Improvement of legumes N nutrition type and genotypes with high root develofiect differences in regulation of nodulation
requires combined approaches of micro- ment were compared in a field experimertetween theSYM29and NOD3 genes. In-
biology and plant genetics 2). deed,SYM29encodes for a receptor kinase

Symbiotic nitrogen fixation (SNF) is per-
formed by rhizobia inside the nodule &0+

which are the symbiotic organs formed « - mModules

the roots of the host legume. Thus, variak NE &0 - 3 O Roots

ity of nodulation must be explored conside g, -

ing both plant and microbial genetics, al :40_ ab b

the consequences of their interaction on g s

uptake performanceRhizobium legumino- e s

sarum biovar viciae (RIV) is the specific 30

nitrogen-fixing symbiont of the legumes ¢ b= G

the tribe Vicieae including pea. The gene g 207

variability among theRlv strains, especially g

for theirnod gene type, was assessed to fi & 1o

the most performing strains for their symt

otic association with pea (3, 4). The hc o

plant controls nodule number through

systemic negative feedback mechanit @04 B T35

called autoregulation of nodulation (AON RS, i . .

and at least 3 genes in pea have alre sl 130 g Figure 1. Biomass par-
a b @ titioning between nod-
E ] = . 1.s = ules and roots at be-

! INRA, UMRLEG 102, Génétique et Ecophy- = - 12 ¢ — e~ |" B ginning of seed filling

siologie des Légumineuses Protéagineuses, B % ] Bl 5 = (A) and seed yield and

?6510, F-21065 DI]OI.’I Ce(_jex, I_:rance' . E shoot N accumulated

INRA, UMR1229 Microbiologie et Géochimie 4 1 8 at maturity (B), for

des Sols, BP 86510, F-21065 Dijon Cedex, a 15 o f '

France v - ] ve pea genotypes

3USC1242 INRA, Symbioses Tropicales et 110 E experimented in field.

Méditerranéennes, Campus de Baillarguet, TA g Means followed by

A-82/J, F-34398 Montpellier Cedex 5, France 1007 15 £  different letters are

* Corresponding author, i significantly different

E-mail: bourion@dijon.inra.fr o-H ] at the 5% probability

Phone: 33 (0)3 80 69 36 47 Athos Austin  Friszon P18 P12 level.

FAX: 33 (0)3 80 69 32 63 (ym2d)  (nodd
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required for shoot-controlled of AON (8), A

whereasNOD3 acts in the roots, probably 1200 a

before SYM29(9). Interestingly, the differ- -

ences among genotypes in root and nodt "™ 1

development were associated to differenc &

in seed yield and N uptake. In particular, th &

genotypes with higher nodule biomass pr('E

duced lower seed yield and acquired less Z

than the genotypes with higher root biomas a

(Figure 1). = Figure 2. Effect of the
= rhizobial genotype on

Genetic variability of the bacterial part- nodule development

ner and host preference for particular (A) and biomass par-

rhizobial genotypes contributes to the B titioning  between

variability in N uptake e 1500 B M odules nodules, roots and

The genetic background of the host plai= R O Roats shoots (B) at begin-

was found to influence the genetic compos% O Shoots cd ning of flowering of

tion of the symbiotic rhizobial populations=. ™" 7| Ikl mm ed pea plants of cv. Fris-

in nodules (3, 4). The cvs Athos and Austi 21200 od E E son and its three hy-

producing both high root biomass wer— 1o c| [=] pernodulating  mu-

associated with quite similaRlv popula- & 5] o tants. SNO, small

tions, which differed from those interactinc® | E E nodules; BNO, big

with cv. Frisson (Figure 2). Such difference = nodules. Means fol-

of preference for particular rhizobial geno 5 i lowed by different

types were also found between cv. Frissc 290+ letters are signifi-

and its two hypernodulating mutants, witt 0 T T T . T T T » cantly different at the

notably lower occurrence of particulal SNO  BMO SNO  ENO  SNO  BNO  SNO  BNO 5% probability level.

rhizobial genotypes in cv. Frisson. Thes Frisson Frizzon sym 28 sy 28 sym 2% syw 28 mod3 mod 3

results suggest that the effective AON in
wild types could result in a stronger reducaccount its interaction with C metabolism aing N uptake by legumes must be engi-
tion of nodule formation by some rhizobiathe whole plant level (5). The variabilityneered i) considering inter-relationships
genotypes compared to others. Furthermorgmong genotypes in shoot biomass and Bétween C and N metabolisms, ii) consider-
significant effects of the rhizobial genotypeuptake was analysed, considering not oning the diversity of root architectures, iii) in
especially thenod haplotype, were found tothe structures involved in N acquisition irterms of temporal complementarities be-
influence the development of different planterms of nodule and root biomass, but algaeen symbiotic M fixation and NG root
organs (3). Notably, several strains hatheir efficiency in terms of N accumulatedabsorption rather than through direct increase
bouring a particulanod genotype induced through symbiotic fixation or mineral ab-of nodule and/or root biomass and iv) consid-
few but very big nodules (BNO), yieldingsorption per amount of nodule or root bioering the effects of the rhizobial partier.

high nodule biomass, but reduced root anflass, respectively. Especially, nodule effi-

aerial development (Figure 2), as well asiency of the genotypes experimented in the

reduced N uptake and seed yield. No intefield was negatively correlated to nodule

action between rhizobial and plant gendsiomass. Thus, the high C costs induced by

types was observed: the BNO phenotypexcessive nodule formation/growth in hy-

was conserved isym28,sym29and nod3 pernodulating mutants (10) or in all pea

mutants. Moreover, whatever the rhizobiagenotypes inoculated by BNO strains, pre-

genotype, thenod3 mutation induced sig- sumably limited their activity, and it also
nificant higher number of nodules, in agreeimited shoot growth (Figure 2).

ment with Sagan and Duc (7). (1) Munier-Jolain N.G. and Carrouée B. (2003).

The interest of Combining p|ant genetic' Les Cah_|ers de I'Agriculture 12, 111-120.
Using an ecophysiological analysis dem- ecophysiological and microbiological %)BBOUFIOH V.et al.(2007). Ann. Bot. 100, 589-
_onstrates t_hat the regulation of N_uptake approaches tq enhgnce N uptgke 3) Laguerre Get al. (2007). New Phytol. 176,
is closely linked to the C metabolism The ecophysiological analysis of genetigg, =04

Our study in field showed interestingly thavariability for root and nodule developments) pepret G. and Laguerre G. (2008Ew Phy-
the amount of N taken up by the plant didlemonstrated that N uptake only partly dap|. 179: 224-235.

not directly depend on the size of the belowsended on potential N supply, but was undes) Voisin A.S.et al.(2007). Ann. Bot. 100,
ground organs responsible for the underlythe control of plant growth. C uptake may525-1536.

ing function; hypernodulating mutants didespecially be a limiting factor of N uptake ir(6) Postma J.Get al (1988). J. Plant Physiol.
not fix more N than other genotypes, anthe early period of growth, when high com132, 424-430. o
genotypes with the highest root biomass digetition for C with shoot may limit nodu- (/) Sagan M. and Duc G. (1996). Symbiosis 20,
not systematically retrieve the higheslated roots synthesis and/or nodule eﬁi-;gkfjgé” L et al (2002). Nature 420, 422-425
amounts of nitrate (Figure 1). Moreoverciency. Moreover, the rhizobial genotypeég) LiD. et al (20'09). J. Plant Physiol.’ 166. 955-
genotypes with the highest nodule biomasgere shown to influence strongly bothyg7, ’
accumulated the lowest biomass in throdulated root and shoot development. Dygo) Salon Cet al (2001). Agronomie 21, 539-
shoot. A conceptual framework was thereto the high C costs induced by nodule forss2.

fore used to analyse the different abilities ahation and its detrimental effect on shoot

the pea genotypes for N uptake, taking intand root growth, selecting traits for enhanc-
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Manipulating seed quality traits in pea (Pisum
sativum L.) for improved feed and food

by C. DOMONEY **, A. CHARLTONZ, C. CHINOY", H. VIGEOLASS, P. GEIGENBERGER* and A. CLEMENTES

he promotion of legume crops as si

nificant contributors to sustainabli
agriculture is linked to crop value and set
quality. Any definition of seed end-us:
quality traits in pea relates primarily to th
various requirements of feed and food il
dustries. Higher seed protein content is ¢
sired for animal feed use in some, but n
all, EU countries, while the relevance ¢
various anti-nutrients also differs amon
countries. For food use, there are importe
traits that may be either specific or commc
to the use of seeds as immature fre:
canned or mature dried products. It is cle 40 20 30 10 20 30 Mature
that some so-called anti-nutrients, defined

the context of optimising animal feed, mayq re 1: Protein profiles of seeds oév. Birte (B) and BC lines lacking PA2 (arrowed)

act as health-promoting agents for humang-1 5 >0, 30 days after flowering and maturity (ajind amounts of spermidine and

The definition of trait genetics, ideally cougyermine determined for mature seeds aiv. Birte (B), JI 1345 (JI) and BC lines (b).
pled with an understanding of the underly-

ing biochemistry, will provide tools and
resources that may be optimised for a broablat a loss of PA2 did not impact negativelgrease in the C to N ratio in mutant seeds.
range of end-uses by the feed and food ion seed protein content, but rather the PAZhe metabolic changes documented for
dustries. Marker development facilitatesieficient lines showed higher seed proteiRA2-deficient lines are compatible with a
breeding programmes for seed traits in pafi4). Expression analyses using the Ps6k@egulatory role for PA2, consistent with
ticular, where early screening offers savingsl1 microarray have identified genes thastructurally related hemopexin-type mam-
on space and costly seed assays. are more highly expressed in PA2 mutamhalian proteins. The introgression of the
lines. These genes may be associated mé&A2 mutation into breeding material is un-
Optimising seed composition for feed use generally with higher seed protein contentjerway, and field tests will reveal if there is
Several seed proteins have been shown to &@ed warrant further investigation. any phenotype associated with this muta-
poorly digested, or to interfere directly withEarlier work has shown that metabolidion.
digestive processes. The pea seed albumirti2anges in seed sugar content are associalée relevance of Tl to digestibility of feed
(PA2) and the trypsin/chymotrypsin inhibi-with alterations in protein amount, includinchas been shown in studies comparing the
tor (TI) proteins fall into these two respecreduced expression of major legumin genesfects of near-isogenic lines that differ 5-
tive classes. PA2 has been shown to res{@3). Here, the higher sugar content is ®ld in their content of Tl (16, 17). Here the
digestion in piglets and chickens and tdirect consequence of a lesion in a starcoefficient of apparent ileal digestibility was
persist through the digestive tract (9, 1®Giosynthetic gene (2). The elevated seesignificantly higher when near-isolines hav-
12). A variant line, JI 1345, that lacks PAZrotein content in PA2 mutant lines wasng lower Tl activity were included in chick
was identified in the John InneBisum investigated further by metabolite profilingdiets. Novel variants for TI have been isolated
germplasm collection and this null mutatiorof seeds ofcv. Birte and the BC PA2- by TILLING, in collaboration with INRA-
was introgressed into a cultivacv( Birte) deficient lines during development. Signifi-Evry  (http://urgv.evry.inra.fr/UTILLdDb).
through development of recombinant inbredant changes were noted in a number &esides their potential for improving di-
(RI) and associated backcross (BC) linasetabolic pathways, most notably that leadjestibility in animal feed, lines with reduced
(Figure 1a). Studies of these lines showeidg to polyamine compounds (14). Theractivity provide tools for examining the
were clear differences in several individugbhysiological role of seed Tl and for assess-
amino acids: levels of Ala, Phe, Cys, Arging the contribution of such proteins to hu-

b

Spemmiding Spemine

nmoliy seed

* claire.domoney@bbsrc.ac.uk and GIn were increased, while others, notaman health (see below).

John Innes Centre, Colney, Norwich NR4  bly lle, Trp and Glu, decreased in the mu-

7UH, UK tant. A lack of PA2 led to a decrease in th®ptimising seed composition for food use
?The Food and Environment Research level of spermidine (Figure 1b), while thePA2 and the equivalent protein in chickpea

Agency, Sand Hutton, York YO41 1LZ, UK Jeve| of the precursor of spermidine synthe(Cicer arietinun) can behave as potential
';]"E”f"r'amk Institute |°f Molecular Plant sis, Arg, increased. Further analyses of eallergens in humans (15) and so a reduced
Physiology, 14476 Golm, Germany zymatic activities revealed a lower arginineontent of this protein may provide benefit

4 Ludwig-Maximilians-Universitat Miinchen, AT . - - . ]
Department Biologie |, GroRhaderner Str. 2-4, decarboxylase activity in mutant lines (14)in diets for certain groups of people, in addi-

82152 Planegg-Martinsried, Germany Changes in relative amounts of sugars, otion to benefits for improved feed as out-
SEstacion Experimental del Zaidin, Profesor @anic and amino acids were indicative of alined above.
Albareda 1, Granada 18008, Spain increase in the organic N content and a d&he positive contribution that TI may make
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to human health as anti-carcinogenic pro-
teins is being investigated. A clear reduction
in the growth of HT29 colon cancer cells
has been shown when grownvitro in the Plat; 80264 1o 7.8174 PPW; 4390 to 4519 points
presence of pea Tl (6). These observations
gain significance from the demonstration
that soybean TI can retain activity following

exposure to the digestive tract (7, 11). Al-

though earlier work suggested that the chy-

motrypsin inhibitory domain may be more " m” M)‘l W
effective at inhibiting the growth of cancer ok “h M
cells, recent data show that both chymotryp-

sin and trypsin inhibitory domains are sig- Feak Index

nificant in terms of their effects on cell

growth (8). Furthermore, normal fibroblast

cells were unaffected by exposure to TI,

while inactivated T proteins showed little £ig re 2: variation in NMR peak intensity associatel with metabolite content in 22

or no effect on HT29 cells (8). Serine proteqineg of pea, represented by different colours. Sieplicate analyses are shown for
ases that are associated with cell membrang@ery line.

have been identified as candidates involve

in processes associated with cell migratiogient nitrogen use. Some seed attributes
and metastasis. These include the type rélate to pest control, for example damag@) Bhatt, A.-Set al.(2006) Biol. Chem. 384,
transmembrane serine protease, matriptagelivered to pea and bean seeds by bructi87-266

(1), where interaction with legume Tl war-beetle larvae, where progress is being maéf Bhattacharyya, M.ket al. (1990) Cell 60,
rants further investigation. If validated by with the genetic basis of resistance (3, 5g15-122

L

=10zl

2 msplay_lirqinns

zoomon  show nkegraks

Inten sibywarb. units

vivo studies, legumes genotypes with higlAspects of seed colour are being invest-39) BséT-%scz)' Met al.(2008) Aust. J. Agric. Res.
Tl activity may be selected positively forgated and variants used to develop RI “n?ﬁ),Charlton,. AJet al. (2008) Metabolomics 4,
the development of health-promoting foodwith associated maps to define genetic logh2.327.

stuffs. It is already the case that many of thavolved in seed colour determination, it$5) Clement, S.Let al.(2009) Plant Breeding
lines used for marrowfat pea products havstability and degradation (Chinoy, Domoneyioi:10.1111/j.1439-0523.2008.01603.x

a high TI activity but the relationship be-et al., in preparation). Alongside the seled6) Clemente, Aet al.(2005) J. Agric. Food
tween this and the marrowfat trait is as yaton of novel germplasm, the TILLING Chem. 53, 8979-8986 _ _
unknown. platform (see above) is being exploited t§/) Clemente, Aetal.(2008) J. Sci. Food Agric.
Within the current climate of concerns oveidentify mutants in candidate genes. Th 8)’ gﬁiﬁe Aet al. (2009) Mol. Nutr. Food
food security, health issues may recede brtivities of the Pulse Crop Genetic Imy.c 53 1.10 ' -
relative importance. However, the definitiorprovement Network (http:/www.pcgin.org) gy Crévieu, let al.(1997) J. Agric. Food Chem.
of compounds involved in the generation ofunded by Defra, UK, together with the EU45 1295-1300

food that is nutritious, desirable and beneffunded Grain Legumes Integrated Project : (10) Le Gall, M. et al. (2007) J. Anim. Sci. 85,
cial to health is already benefiting from(http://www.eugrainlegumes.org) and it972-2981

metabolomic studies that permit simultaneassociated technology transfer platforrill) Marin-Manzano, M.Cet al. (2009) British J.
ous detection and quantification of manyhttp://www.gl-ttp.com/), are providing aNutr.101,967-971 _ _
small compounds. Linking these studies tmechanism to foster direct links betweeff-2) Salgado,Fetal.(2003) J. Sci. Food Agric.

genetic analyses will unravel biochemicathis research and the relevant indudry. 3, 1571-1580

and genetic determinants of metabolite con- (114:7,)%(%%% S:Ret al.(1990) Plant Mol. Biol.
centration. Metabolite analyses have identi- (14) Vigeolas, Het al. (2008) Plant Physiol. 146,
fied downstream changes to pathways and 74-82

compounds as a consequence of genetic (15) Vioque, Jet al. (1998) J. Agric. Food Chem.
background in pea (14; see above) as well as 46, 3609-3613

changes that can be attributed to the envi- (16) Wiseman, Xt al.(2006) J. Sci. Food Agric.
ronment (4). In the latter study, the environ- 86, 436-444

(17) Wiseman, Xt al. (2003) J. Sci. Food Agric.

ment was shown to have a much greater 83, 644-651

effect on the leaf metabolome, when com-
pared with the effects of transgenes. The
further identification of seed metabolites
linked to food quality will provide a guide
to pathways and markers for improved se-
lection processes. An example of a metabo-
lite that differs in relative concentration
among 22 pea lines is shown in Figure 2.
The shape, colour and general appearance of
vegetables are all economically significant
quality parameters, that influence consumer
choice, price, return to the farmer, and ulti-
mately crop choices for rotations. These are
all particularly relevant to the adoption and
extended use of sustainable crops, and effi-
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Studies on ascochyta blight on pea in France:
Epidemiology and impact of the disease on yield and
yield components

by B. TIVOLI, INRA, UMR 1099 BiO3P, Domaine de la Motte, 35653 Le Rheu, France. E-mail: bernard.tivoli@rennes.inra.fr

scochyta blight is a serious disease dftave been extensively discussed by Roger abetween the mean number of lesions assessed
fecting field peas, with significant effectsTivoli (1996). The epidemiological cycle ofon isolated plants to the mean number of le-
on yield and yield components. A field experiascochyta blight on pea showing the role @ions assessed on plants in canopies, increased
ment involving "healthy" plots, protected byteleomorph and anamorph forms was devith canopy LAI.
fungicide applications and with plots artifi-scribed by Tivoli and Banniza (2007). The . . i . .
cially inoculated with the fungus, investigateghathogen spreads by producing pycniosporE£fect of intercropping on disease epidemics.
the effect of the disease on yield and yielthat serve to establish the fungus on the plamSno€ny et al. (2009) observed that disease
components (Tivoli et al., 1996). Stem numbeand ascospores that are responsible for Feverity on pods and stems was substantially
and height, the number of fruiting nodes anthpid increase in disease levels after flowerifgduced in a pea-cereal intercrop compared to
pods were not affected by ascochyta blight. By pea (Roger and Tivoli, 1996). Diseasd!® Pure pea crop when the epidemic was
contrast, the number of seeds per stem, mesgores measured on different levels of leavd8oderate to severe. Disease reduction was
seed weight and harvest index were all signifinternodes and pods showed that disease sevét@jidlly explained by a modification of the
cantly decreased. The final yield losses olincreases from the base to the top of plants. ~ Microclimate within the intercrop canopy, in

served in diseased plots could be as high as 30 particular, a reduction in leaf wetness duration
to 40% of the yield obtained from plots withEffect of cultivars on disease epidemics. during and after flowering. The effect of inter-

total fungicide protection. Disease development depends on the charampping on splash dispersal of conidia was
Thus, since the early '90s, we have conductigfistics of the cultivars. Onfroy et al (2007)nvestigated under controlled conditions using
in France studies on the three elements of tH&NY the method of point inoculation of stipa rainfall simulator. Total dispersal was re-
peaMycosphaerella pinodegsathosystem: the ules, showed that partially resistant pea genduced by up to 78% in the intercrop compared

plant,” the pathogen and the environmerﬁ.’p_es limited _the coalescence of f_Iecks ans
These elements were considered as essentidflon extension. These observations wg
understand the epidemic development of tH}_i‘ghly correlated with disease severity in see}

disease and the impact of the disease on pl&R@ tests (Onfroy et al,, 1999, 2007). Le Ma ‘
functioning and yield. et al. (2009a) compared the epidemic develg\

ment of ascochyta blight under field cond3ae®
Epidemiology tions of a new type of winter peir( geno- Eot
Onset of ascochyta blight.Schoeny et al type) with the classical winter cultivars
(2007) developed a model to predict ascochyt@heyenne’ and ‘Dove’. TheHr’' genotype
blight onset in field peas based on the calculbad the lowest level of disease and disease
tion of cumulative temperature and moisturkess dependent on sowing date for this acc
indices which were used to define a diseas®n, as compared to Cheyenne and Dove| BB ' \ >
risk forecast window and which relate to airspring pea, the effect of pea canopy structure o o
borne inoculum availability. Moreover, Mous-on ascochyta blight epidemics was investifAscochyta blight symptoms on pea stipules
sart et al. (1998) had shown that when pegted in four spring pea cultivars (Bridge,2nd Pods, under field conditions.
seeds were highly infected . pinodesthe Aladin, Solara, Athos) in two field experi-
pathogen was detected in the embryo amdents (Le May et al., 2009b). These cultival
pycnidia were observed in internal cotyledonsiad similar levels of susceptibility to as:
All seedlings developing from seeds infectedochyta blight and presented different arch
with M. pinodesshowed symptoms at or betectural features (branching, standing ability
low soil level, and low temperatures werestem height). Canopies with different architec
found to increase the frequency of transmisdre differed in disease progression on stipul
sion. and mainly on pods. Three architectural fe

. tures acted on disease development: cum
Disease developmentUnder controlled con- e Al (leaf area index) and large 'Mear

ditions, the onset and development of the digsisiance between Nodes' which favoure
ease are .tightlyl linked to temperature: at Zoogisease development, and large internox
infection is rapid as the fungal spores gerMjanaih which reduced the disease severit
nate within six hours and the first symptomgchOeny et al. (2008) investigated the effect

appear within 24 to 48 hours (Rogefr al, anopy ‘architecture on splash dispersal of
1999a). The effects of interrupted wet periodsqa,al spores of the fungus in controlle

and different temperatures on the developmeginitions, using a rainfall simulator. They
of ascochyta blight were assessed (Roger £l shown that the horizontal dispersal gradi

Symptoms on detached stipules after

At : inoculation by drop deposit, of spore
al., 1999b). The effects of climatic variablegnt qepended on the LAI of the different canos y crop 9ep b

linked to disease development, the formatiofias The barrier rate. calculated as the ratisuspension Wycosphaerella pinodes),
of fruiting bodies and parasite disseminatic?ﬁi ' ' Binder controlled conditions.
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to the pure pea stand at full density. Theshe growth stage at the onset of disease and thgtinct approaches for studying aerial diseases
results suggested that cereal plants providdogation of the disease on the plant. appearing in the field and developing in plant
physical barrier to conidia movement within canopy: epidemiology stricto sensu (the most
the intercrop canopy early in the croppindlant growth stage. The indeterminate frequently used approach) and approaches
season. growth habit of pea plants results in the simufecusing on damage. For ascochyta blight in
This knowledge in epidemiology was used itaneous presence on these plants of organspef, a combination of these two approaches
several programs of genetics for ascochytifferent types and different ages. This progias been used in order to integrate epidemiol-
blight resistance in pea (Prioul et al., 2003 erty is of particular importance because thegical data providing information on the risk
Tivoli et al., 2006a; Onfroy et al., 2007) or inplant response to the disease may differ dactors for the development of an epidemic
the model planiMedicago truncatulaTivoli  cording to the age of the plant organ affectethto a model simulating the effects of the dis-
et al., 2006b ; Moussart et al., 2007). Two stages seem to be particularly importasiase on the growth and development of pea
. . for yield development, the beginning of flow-plants. By taking into account disease severity,
Effects of the pathogen on host physiologi- gring (BF) and the final stage in seed abortiguiant growth stage and the risks of epidemic
cal processes _ . (FSSA) (Garryet al, 1996): i) if the plant is development, this approach should make it
The development of symptoms is assoCiatgkected with M. pinodesat flowering, the possible to improve the efficiency of fungicide
with changes in the physiology of the planfypsered decrease in yield results from a dieeatments by adjusting treatment timing,
particularly photosynthetic activity and carboRyease in seed number. i) if the plant is irthereby reducing the total number of applica-
and nitrogen remobilisation activities. fected after FSSA, the number of seeds is niitns. Furthermore, these observations should
The disease affects the interception of radigfteceq, and the observed yield loss resulsad to a better characterization of cultivars in
tion by causing necrosis and inducing thgom 5 decrease in individual seed weight.  terms of the role of their architecture in the

premature senescence of leaves. It also affects development of disease epidemics and possi-
the conversion of this radiation into dry mattet,ocation of the disease on the plantThe ble their tolerance to the disease, particularly

by reducing net photosynthes_is. Inde_e_d, Garrglative impacts of disease on different Organith respect to the ability to maintain normal
et al (1998a) show_ed that durlr_]g their interamn plant functlonlng’ and yield loss remaifjoyels of photosynthesis following infection.
tion the necrotrophic funguq. plnodesmark- unclear. Howeve_r, Béasse et al. (2000) showeg;g approach, which has rarely been used to
edly reduced photosynthesis in the Ieave_s ofttaat ascochyta blight occurring on leaves at tr&%te’ should make it possible to adapt cropping
pea plant, and that the magnitude of this dbase of the plants after canopy closure did nfétchniques to the farming characteristics of
crease increased with the level qf infestatiocause yield loss. Indeed,_ the_se Ie_aves, Whlﬁgmcmar regions (selection of suitable varie-
They showed that the effect bf. pinodeson are already old and receive little light at thajag sowing densities etam).
photosynthetic activity was twelve times greatgroint, are already beginning to senesce and '
than the necrotic area (Bastiaans' coefficieptay no further role in plant growth. Béaste
b=12.1). Finally, it diverts some of the assimial. (1999) showed that disease on the pods
lates produced by the plant towards the pathogenay cause yield loss, but that this loss ac-
. . : i - 0

Experiments |nvoIV|ng plants_ with _varlousc_ounts for no more _th_an 10 t(_) 15% of totaélgéasse et al 1999, Annals App Biol, 135: 250-367.
levels of ascochyta blight cultivated in greenyield loss. The remaining loss is due t0 & d@gasse et al 2000, Plant Patholology 49 : 187-200.
houses showed that the disease also affects thease in growth due to the decrease in photarry et al. 1996, Plant Pathology, 45, 769-777,
remobilisation of nitrogen from the vegetativesynthesis and, in some cases, poor nitrog€Ary et al.1998a, Plant Pathology, 47 : 473-479.
organs to the seeds (Garry et al., 1996). Iremobilisation. Using and building upon az\l;lésteil'all%%%% ﬁ?;ﬁ'scgpp’li'zls‘:;ih S s
deed, the concentration of nitrogen condisease-coupled crop growth model publishe_a May et al. 2009b, Plant Pathology 58: 332-343
pounds in diseased stipules and pods whg Béasse et al. (2000), Le May et al. (2005} May et al. 2004, Eur. J. Plant Pathology, 11221
higher than that in healthy organs, and thideveloped an improved model to predict thidoussart etal. 1997, Eur. J. Plant Pathology ; 984.02.
difference was particularly marked if the disimpact of ascochyta blight in pea on iel(ﬁOussart o1l 2007, Eur. . Plant Pathology o8

I p rly p C ) peéa on Yi€lhniroy et al. 1999, Plant Pathology, 48: 218-229.
ease was severe: nitrogen seems to bemponents by incorporating a combination @hnfroy et al. 2007, Eur. J. Plant Pathology, 11213
“retained” in the diseased organs and its trardisease progression in the canopy (number $fPrioul et al. 2003, Euphytica 131, 121-130.
fer to the seeds is blocked. This disturbance nbdes affected by the disease) and the str(§29e" &t al- 1996, Plant Pathology 45: 518-528.

. . . g . oger et al. 1999a, Plant Pathology, 48: 1-9.

both photosynthetic activity and nitrogen reture of the canopy (leaf area index profileRoger et al. 19990, Plant Pathology, 48: 10-18.
mobilisation results in decreased number andsing data from four varieties they showed &choeny et al. 2007, Eur. J. Plant Pathology, 87997.

individual dry weight of seeds (Garry et al.good fit between estimated and observed valuegchoeny et al. 2008, Plant Pathology 57: 1073-1085.
1998b: Béasse et al 1999) Schoeny et al. 2009, Eur. J. Plant Pathology, d@edep
! . ’ Combining the knowledge acquired on th‘?voli et al. 1996, Annals App Biol, 129: 207-216.
. X . . ivoli et al. 2006a, Euphytica, 147, issue 1-2: 253.
Effect of plant growth stage and plant or- impact of e}scochyta blight on yield in therivoli et al. 2006b, Annals of Botany., 98: 1117281
gans infected on yield integrated disease management strategies Tivoli and Banniza 2007, Eur. J. Plant Pathologg:11

The impact of the disease on yield depends &tant pathologists generally adopt one of tweP-76-

Mycosphaerella pinodes: colony in Petri dish (a), pycnidia and pseudothéa (b), pycniospores (c), asci and ascospores (d)
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The pea genetic resources of the Balkans, to represent
the first cultivated peas of Europe

by A. MIKIC 1, S. ANGELOVAZ, J. BURSTINS, B. DJURIC#, B. CUPINAS, I. LEJEUNES, M. SABEVAZ M. VISHNYAKOV? and G. DUC?

rain legumes, including pea, had bee(l) non-dehiscent pods and absence of seed

known to humans before they becamdormancy, (2) larger seed size and (3Jhe development of winter pea varieties
cultivated. Together with vetchesVi¢ia smooth seed testa. The Old World, espehich offer the benefit of earlier growth
spp.) and vetchlingsLéthyrus spp.), pea cially Europe, Near East and Northern Afeycle and reduced watering requirements,
was a part of the everyday diet of theica were home to various ethnic groupeepresent a novelty and a potential in crop-
hunter-gatherers at the end of the last I¢hroughout the history. By that reason, conping systems for a durable european agricul-
Age in Europe, as witnessed by the remaimson vocabularies of the words related tture. Genetic traits related to winter hardi-
from the site of Santa Maira, Spain, fronpea and other grain legumes to both lamess (frost and disease resistance) are highly
12,000-9,000 BC. It seems likely that firsguages within one and the languages ofquested and surviving land races are cer-
domestication oPisum sativunoccurred in different families, prove that they have beetainly good sources for genes of interest
eastern Mediterranean, Turkey and the Femell-known to the ancestors of nearly allnvolved in these features. For this reason,
tile crescent (Fourmont 1956, Smart 1990hodern European nations from time immethe collects of this project mostly targeted
before spreading west towards westemmorial (Miki¢-Vragolic et al, 2007) (see winter populations maintained by local farm-
Europe and east towards AsiB. humile encart). ers. 30 landraces from Bulgaria and 35 from
Boiss. et Noé andP. elatiusSteven ex M. Serbia were already collected. In reference to
Bieb. are now considered are wild or semin the Balkans area, still wild growing60 winter pea accessions from INRA-France
wild ancestors oP. sativumL., these three Pisum sativurmsubspelatius were reported and VIR-Russia, they entered in autumn 2009
subspecies constituting a single biologicah botanic books of Serbia and Bulgari@n evaluation of their frost hardiness in a
speciePisum sativurl. separated fron. flora of the 28' century and a traditional mountain location in France and in Serbia
fulvum Sibthorp et Sm. (Smartagriculture has allowed the maintenance afhich will be repeated in 2010.
1990).Among the earliest findings of culti-old landraces by local farmers. For these
vated pea and other grain legumes in tlreasons, the French Ministry of ResearcFhe next step is now to characterize these new
whole world is the site of Tell El-Kerkh, supported ECONET-EGIDE project 2008-accessions gathered in this project with mo-
Syria, from 10th millennium BC (Tanno &2009 in order to initiate exploration andecular markers, in order to evaluate their di-
Willcox, 2006), while in Europe it is worthy evaluation of semi-wild and local landracesersity and to establish their historical relation-
to mention the following sites: of Pisum sativumfrom the Balkans and to ship to wild and cultivated peas. Other traits of
- 5790-5630 BC, Kov#evo, southeast Bulgaria; analyze them in reference to existing nanterest such as their seed protein composition
- 5600-4300 BC, south-western Germany; tional collections of INRA-Dijon-France, and disease resistance will also be evaluated.

- 5470-5260 BC, Aknashen, Armenia; VIR- St Petersbourg-Russia, and Sadovdhe pea genetic resources of the Balkans, is
- 5000-4800 BC until 600 AD, the moderrBulgaria. In total, the pool of these 3 naeclearly a valuable source to represent the first
Paris area, France (Bakels, 1999); tional collections represents more than 1Quiltivated peas of Europe and enlarge the

- 3900 BC, Lake Constance, southern German@00 accessions and each of them is more genetic variability available to breeddis.
- 3400-3300 BC, Lake Biel, Switzerland. less advanced in the definition of a refer-
In all plant species, the process of domestence- or core-collection.
cation led to certain morphological changes
that, in many aspects, strongly resemble the botanical books of Serbid&®. elatiusis
methods of selection used in contemporastated as native to Serbia and the explora-
plant breeding programs. In pea, the majdion for new genetic resources has targeted
criteria to determine the domestication armountain of Homolje, Stara, Planina and
Suva Planina. In Bulgaria, according to the
“Flora Bulgaricae” v. VI (for the taxons of

! Institute of Field and Vegetable Crops Foraggam' Fabaceag - P. elatiusis distributed in Acknowledg_eme_:nts: Thanks (o the F|_fench EGIDE
Crops Department, Maksima Gorkog 30 210087y grassland (and agriculture lands aogram for its financial support to this ECONET

Novi Sad, Serbia (mikic@ifvcns.ns.ac.rs) weed) of all Bulgaria, frequently in thePro/ect
2 Institute of Plant Genetic Resources, Drujpa South of Balkan Mountain such as Easter, . .
str. N2, 4122Sadovo, District Plovdiv, Bugaria Rhodopi Mts., Strandza Mts. and SOuté'rackr?;z()b((:).tan(ylg?3)1_7\;egetat|on History  and
3 . . . .

INRA-UMR LEG, 17 rue de Sully, BP 86510, Black Sea (border region with Greece anflyyrmont R. (1956) Les variétés de pois cultivés
21065 DLION cédex, France _ Turkey). Small groups of 5-10 plants haven France. INRA (Eds), INRA (pbs) 253 pp.

Um\gerlsny OfVB'?‘nJZ Ll;)ka' FSC‘.J“Y of 'i“g”%'éorecently been reported in steppe region ofikié-Vragolié, M., Miki¢, A., Cupina, B.,
ture. Bulevar Vojvode Petra Bojovica 1A, 7800\, By|garia, in “Kaliakra” reserve and inMihailovié V., Vasiljevic S., Krsté B. and Vasi

azgzgl‘g\i‘i%%pumic of Srpska, Bosniaand o Bulgaria near lake “Ivailovgrad”M. (2007) A Periodical of Scientific Research on
5 University of Novi Sad, Faculty of Agriculture (Eastern Rhodopi). All these explorations argield and Vegetable Crops 44:11: 91-96.

o) i h ; artt J., 1990. Grain legumes. Evolution and
Trg Dositeja Obradovica 8, 21000 Novi Sad, under progress. They already yielded ne - - R
Serbia entries which will be confronted to 80 acce! _Zr;eus??gggzources. Cambridge University Press
hU’\ﬂRIIENFNU?ATL 1288'31,5 %,12261;8282 Egne- sions ofP. sativum subsp. humlimd_P. sati- Tanno K. and Willcox G. (2006) Vegetation
aut - estrees-Mons , - vum subsp. elatiualready present in the Na-yistory and Archaeobotany 15: 197-204

RONNE Cédex- France tional collections of the partners of the project.
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Lexical evidence and traces oPisum species through its domestication
Aleksandar Miké
Institute of Field and Vegetable Crops, Forage Cidggartment, Maksima Gorkog 30 21000 Novi Sad, &erbi

The majority of the words related to pea in modetmopean languages belonging to the Indo-Eurofiagnistic family originate
from several Proto-Indo-European roots, with a eghent diversification within each of its branches:

- the LatinPisumproduced the words denoting pea in numerous moderapean languages, such as Albanian, all Celtiguages
and nearly all Italic languages, as well as Eng(ithble 1). This word, denoting the same in Lalias its origin in the Proto-Indo-
European pis-, meaningo thresh
- the Proto-Indo-European roogrsg”(h)-, denoting a kernel of leguminous plant, broughttfmumerous derivations, such the Proto-
Germanic arwait, denoting pea, from which are derived the wordsotiag the same in nearly all modern Germanic |laggs, and
the Latinervum denoting bitter vetch, that gave the words degopiea in a large majority of Iberian Romance lagggasuch as Por
tuguese.

- the words denoting pea in all Slavic languagedpiding neighbouring languages from another brasdi the Indo-European family,
have their origin in the Proto-Slavigdrxi, denoting the same, being itself derived fromRheto-Indo-EuropeanghArs, denoting a
leguminous plant in general,

- modern Baltic languages are derived, through traoFBaltic *Zirn-id4, with the same meaning, from the Proto-Indo-Euaope
*g*r(a)n-, denoting grain and being the ultimate sourcénefltatingranum denoting the same.
The most widely form of the words denoting pea urdpean Uralic languages is, in fact, modified frtira words denoting pea in
Baltic languages of the Indo-European linguisticifgnsuch as Finnish or Estonian.
The modern Basque word denoting piéa,, was derived from the Proto-Basquéhds, where it denoted pea, faba bean, vetch and
heather.

Both archaeological and linguistic evidence witrtessé pea has been surely one of the most ancieps én Europe.

Table 1. Words denoting pea in modern European languges

Family Branch Language Word Family Branch Language Word
Afro-Asiatic Semitic Maltese pizella French pois
Azeri noxud Galician ervelha
Altaic Turkic - - -
Turkish bezelye Italian pisello
Basque ilar ltalic Occitan pois
Caucasian East Ingush gerga g€ Portuguese| ervilha
Albanian bizele Romanian mazire
Armenian olor Sardinian pisu
Latvian Zirpi Spanish guisante
Baltic
Lithuanian Zirnis Belarusian garoh
Indo-
Breton piz European Bulgarian grah
Celtic Irish pis Croatian graSak
Welsh pysen Czech hrach
Danish eert Polish groch
Dutch erwt Slavic Russian gorokh
Indo-
European English pea Serbian graSak
Germanic German erbse Slovak hrach
Icelandic erta Slovenian grah
Norwegian ert Sorbian hroch
Swedish art Ukrainian gorokh
Greek bizéli Kartvelian Georgian Georgian barda
Indo-Iranian Ossetian tymbylgaedur Estonian hernes
N . Finno- .
i Catalan pésol Uralic Ugric Finnish herne
Italic
Corsican pisu Hungarian borsé
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High throughput identification of Pisum sativum mutant
lines by TILLING: a tool for crop improvement using
either forward or reverse genetics approaches

by C. LE SIGNOR', M. DALMAISZ, V. BRUNAUDZ, R. THOMPSON' and A. BENDAHMANE?

S(Saveral methods are available to re4817 M2 families, 1840 were scored with autation rate to be one mutation every 200
earchers or breeders wishing to genevisible phenotype; among which are th&b (Tablel). The mutation rate found in our
ate mutations in a plant genome. Howevepreviously described Mendel's phenotypepopulation is not significantly different from
some of these methods are based on plamtd previously uncharacterised mutantshe rate of one mutation per 300 kb reported
transformation, and many species, includingTILLdb is linked with a high-throughput for Arabidopsis(Greeneet al, 2003), rice
Pisum sativum remain difficult to trans- pea TILLING platform which screens the(Till et al, 2007) andCaenorhabditis ele-
form. Insertional mutagenesis and fast newautant collection for mutations in specificgans(1/293 Kb; Gilchristet al, 2006), and
tron-irradiation techniques have the limitagenes. We performed TILLING on 35 ge2,5-fold higher than the rate of two muta-
tion that they create mainly null mutants ofies, identified an average of 10 mutationsons/megabase for Tilling in maize (Till et
a gene, complicating their use for investigaper kb screened, and estimated the average2004).

ing the roles of essential genes. EMS (Ethyl
Methane Sulphate) mutagenesis, which
creates single base transitions (G>A) has the
double advantage of being suitable for satu-
rating almost all genomes with mutations
and for creating allelic series, including
weak or potentially advantageous alleles of
essential genes. EMS is thus extensively
used in forward genetics studies. A recent
derivative of this approach, the TILLING
technique, has been developed in order to
screen a collection of EMS mutants for
mutations in a specific gene, i.e. as an EMS-
based reverse genetics strategy (Colieert

al., 2001). The completion of the sequen-
cing of several plant genomes has enabled
the development of reverse genetics strate-
gies, where one first chooses a target gene
based on the functional annotation of itgpmm
sequence, then proceeds with the identific 48
tion and phenotypic characterisation of cor;
responding mutant alleles.

Figla : Plant 62577, -

Within the European Grain Legumes Inte
grated Project, we have created a TILLING
collection of 4817Pisum sativuniines mu-

tated with EMS and developed UTILLdb, a
database that gathers phenotypic data
well as sequence data of these mutated lin
(Dalmais et al., 2008). UTILLdb gives ac-
cess to phenotypic data based on visu¥
characterization of M2 plants from young
seedling to fruit maturation stages. A hierar-
chical description containing 107 sub- Figld : Plant630
categories of mutant phenotypes was used to g
describe the mutant plants. Currently, out of

Figlc: Plant 54

Figure 1. Examples of mutant phenotypes representinthe major phenotypic groups.
T ~ (a) Plant 625: stem size : dwarf; leaf shape and engements : up-curling and tendrils
EU”'t(;M'.the de gedl‘_e,mhe.e" Ge”etl'ﬂ;ietl? only; leaf size : narrow; stipule size : narrow; sed size : small, (b) Plant 832: leaf
cophysiologle des Legumineuses, +" color : glossy; stipule color : glossy; stem sizedwarf, (c) Plant 54: cotyledon colour:
rue de Sully, 21000 Dijon, France . . . . . ; )
yellow bright, (d) Plant 630: flowers: cauliflowertype inflorescence; flowers: abnormal

2Unité de Recherche en Génomique Végétal ) .
UMR INRA-CNRS, 2, Rue Gaston Crémieux,all; stem size: dwarf; leaf shape and arrangementsipcurling.

91057 Evry Cedex, France
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Genes and mutations were systematical
integrated in UTILLdb. UTILLdb may be

searched using a sequence, through
BLAST tool, or for a phenotypic feature, by

keyword search. The outcome of the searg

is shown as a table of results that display

the name of each line, with the phenotypeg
and associated pictures, and mutated S

quence if already obtained. UTILLdb is

publicly accessible through a web interfac
(http://urgv.evry.inra.fr/UTILLdD). A link is

implemented to facilitate ordering seed
from UMRLEG-Dijon and making TIL-

LING requests to URGV.

To conclude, we have developed a comple

tool that can be used for both forward (EMY

saturated mutant collection and the assodi

ated phenotypic database) and reverse (Hi

throughput Tilling platform) genetics in pea,

for either basic science or crop improvef

ment, which is now available to the scienf

tific communitym

v Tiled Genes mptcon. | "iged” | Ysqip | Muaton
mutants | families
;S CONSTANS-like aRsCOLg 1012 11 1536 1/141 Kb
Rectin A 971 13 1536 1/115Kb
fSucrose TransporteBUT) 1014 32 4608 1/146Kb
;Cell Wall InvertasedqwINV) 1612 35 4608 1/212Kb
Serine-Threonine proteine kinasy29 2457 8 768 1/236Kb
3Phosphoenolpyruvate carboxylagepQ 1009 25 3072 1/124 Kb
5Lecl-like (L1L) 870 21 4608 1/191Kb
DOF Transcription factor 26DOF2 1200 9 3072 1/410Kb
Subtilisin 978 31 3840 1/121Kb
drypsine inhibitor TI1) 712 13 3840 1/210Kb
P Pea Albumin PA2) 746 9 3072 1/255Kb
,;Anther specific proteinEndl) 851 31 3072 1/84 Kb
TMADS box gene PM10 1302 20 4608 1/300 Kb
MADS box gene PM2) 1390 28 4608 1/229Kb
MADS box gene (PM9) 1072 17 4704 1/297Kb
Transcription factorfL) 1104 28 3072 1/121 Kb
Eukaryotic translation Initiation Factor
(eiF4¢e 1383 36 4608 1/177Kb
Eukaryotic translation Initiation FactcelfE
(is0)4e 772 10 4608 1/356Kb
Methyl transférase IMetl) 3842 96 4704 1/188 Kb
Retinoblastoma relateRBR 2959 72 4608 1/112 Kb
Late embryogenesis abundant protein
(PSLEANM 952 17 4608 1/258Kb
Heat shock protein 2HSP22 622 18 4608 1/159Kb
Mitogen-activated protein kinase 4
(PsMPK4) 1402 37 4704 1/178Kb
Dicer-like 2 (DCL2) 3474 44 4608 1/364Kb|
Dicer-like 3 (DCL3) 3171 64 4608 1/228Kh|
Cup-Shaped Cotyledon 3 (PsCUC3) 1404 26 4704 1/854K
No Apical Meristem3 (PsNAM3) 1216 37 4704 1/155Kb
More Axillary Growth (PsMax1) 1298 18 3072 1/221K]
Teosinte branched (PsTb1) 933 12 4704 1/366Kb
PsFVE 1227 23 4704 1/251Kb
Afila Zinc Finger 1 (PsAFZF1) 468 21 4704 1/104Kb
Afila Zinc Finger 2 (PSAFZF2) 474 17 4704 1/131Kl
LOB 844 18 4704 1/221Kb
Pheophorbide a Oxygenase (PsPAO) 1330 34 4704 K 84
Rubisco small subunit (RbcS-3A) 1288 12 4704 1/395H
TOTAL/MEAN 47359 467 - 1/217Kb

Colbert T.et al.(2001) Plant Physiol, 126:480-4.
Dalmais, M.et al.(2008) Genome Biol., 9, R43.
Gilchrist E.J. et al. (2006) BMC Genomics,
7:262.

Greene E.Aet al.(2003) Genetics, 164:731-740.
Till B.J. et al.(2004) BMC Plant Biol., 28:4

Till B. et al.(2007) BMC Plant Biol., 7:19.b

Table 1 : Tilled genes and mutation density in the Gaeor mutant population.

The entire Cameor mutant population, or part of it, was screened for mutations in
the genes indicated on the left of the table. Thaze of the screened amplicon, the
number of mutants identified and the mutation frequency for each amplicon are
indicated. The average mutation frequency was estiaed to one mutation each 200 kb.
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Challenges for forage pea breeders

by V. MIHAILOVIC!, T. WARKENTIN2, A. MIKIC' and B. CUPINA3

Pea Pisum sativumL.) is one of the The potential of pea for forage production ~ What a forage pea cultivar should look like?
most important legume crops in theThe results of a long-term trial in Novi SadThe main goal of forage pea breeding pro-
world. It is characterized by a wide variabilincluding tens of cultivars of several mosgrams is high quality and stable forage
ity of morphological traits and thus is ablemportant annual forage legumes, showgelds. In most cases, this means green for-
to be used in many diverse ways. Althougthat, on average, forage pea may be consage yield of more than 50 t han winter
this characteristic is present in many othared with a great potential for both foragend more than 45 t Hain spring cultivars,
annual legume crops such as grass pdey matter and forage crude protein produsvith an average forage dry matter propor-
(Lathyrus sativusl.) and other vetchlings tion (Table 1). Similar forage dry mattertion of more than 22%, leading to the forage
(Lathyrus spp.), vetches\(icia spp.), faba yields and crude protein contents have beemy matter yields of about 10 t haAn aver-
bean Vicia fabal.) or lentil (Lens culinaris obtained in spring forage pea cultivar trialage variation of forage yields between years
Medik.), it could be said that it is mostin western Canada over the past five yearsis aimed to be less than 20%. At the same
prominent in pea, greatly progressed and temperate regions, there is a clear diffetime, a modern forage pea cultivar must
accelerated by various breeding proence between winter and spring cultivardiave reliable seed yields in order to survive

grammes. On the other hand, only spring sown cultiin the market.
vars are produced in northern regions with
The forms forage pea is used extremely harsh winters, while winter-sowrRegarding the fact that total yield represents

Among the many ways of utilization of thecultivars are preferred in the Mediterraneathe contribution of all yield components and
pea crop are those related to forage produdimates. A long-term trial in Novi Sadalthough increased plant height is often
tion. Green forage represents the abowhowed that, on average, winter cultivars afssociated with high forage yield, it is the
ground parts of a plant cut at full floweringforage pea has higher yields and better qualumber of internodes that has a more posi-
or at the formation of the first pods, whichity, that is, higher forage protein yields, thative impact on it, since it has a high positive
represents a balance between yield and qusapring cultivars. However, the latter have aorrelation with number of leaves. This trait
ity. Forage dry matter is what remains fronrmuch more prominent ability to form a condis regulated by a number of dominant genes
green forage after a proper drying untisiderable above-ground biomass for a brieind is easy to introgress. At the same time,
more or less constant mass in field condperiod of time in comparison to the former. forage yields can be improved by a moder-
tions, with most part of leaves preserved.
Forage pea may be used in the form of meal,

similar to lucerne or clover forage, as well _ Green forage | 0rage dry | Forage crude
as silage, together with acidifiers, and hay- Species and type yield (t ha'l) ma(ttti;}’ll)ew Pr?;el?];{llgﬂd
lage, as a special way of forage self- 9
conservation. Regardless of the specific way Winter pea 46 9.1 1775
of use, forage pea may be cultivated alone, .

as a pure crop, or in mixtures with cereals, Spring pea 40 82 1542
suqh as barley, oats, triticale, rye or vyheat, Spring grass pea 43 8.5 1827
which represents one of the most traditional :

ways of production in many regions of Winter common vetch 39 7.9 1651
Europe. In the case of the latter, in Serbia it Spring common vetch 34 75 1567

is always necessary to cut a mixture before
the cereal component shoots out its spike, Winter Hungarian vetch 32 7.7 1509
while in western Canada, pea-cereal mix-

tures are typically cut when the cereal crop Wwinter large-flowered vetch 29 64 1350

reaches the soft dough stage. In more recent | \yinter hairy vetch 41 84 1764

times, several attempts have been made in

Novi Sad to cultivate forage pea in mixtures Winter bitter vetch 33 7.9 1659

with other annual legumes such as faba bean .

or white lupin, where pea would play the Spring Narbonne bean 21 57 1362

role of a supported crop, with a main goal of Spring faba bean 48 10.2 2071

increasing the total forage protein yield, : :

with the preliminary results available soon. Spring lentil 21 43 860
Spring white lupin 44 8.3 2241

Nnstitute of Field and Vegetable Crops, Novi Cowpea 36 71 1491

Sad, Serbia Soybean 42 8.3 1909

2University of Saskatchewan, Crop Develop-
ment Centre, Saskatoon, Canada

SUniversity of Novi Sad, Faculty of Agriculture,
Novi Sad, Serbia

mikic@ifvcns.ns.ac.rs

Table 1. Potential of forage pea and some other anallegumes for forage produc-
tion in a long-term trial in Novi Sad
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ately prominent basal branching. The mc
common ideotype of a forage pea cultivar
unlike the one of a grain pea cultivar (Figu
1a).
Forage pea quality is in direct positive cc
relation with the proportion of leaves in tF
total forage yield, since it is leaves that cc
tribute most to forage protein yield. A cla:
sical forage pea cultivar has large stipul
and two or, if possible, three pairs of larg
leaflets. An alternative solution may be ti
introduction of forage pea cultivars wit
acacia leaf type (Figure 1b), with a larg
number of leaflets and without tendrils, wil
an expected increase in leaf proportion ¢
better quality (1). However, these cultiva
are extremely prone to lodging, and thas
may severely suffer either from low seeBigure 1. Various ideotypes of a forage pea cultiva(a) classical (left), in comparison
yields or large seed losses during harves,a typical grain pea cultivar; (b) acacia-leavedg) semi-leafless.
making their commercialization question-
able and leaving them suitable only for mixeoefficient of multiplication, and a less ex-
tures with small grains. pensive sowing for the farmers. A novel

approach to this issue brought forth semi-
Reliable seed yields are requested in dbafless forage pea cultivars (Figure 1c),
modern annual forage legume cultivars, thushere a plant height up to 100 cm and afila
a cultivar, apart from high quality and stabl¢eaf improve standing ability, a greater num
forage yields, is able to produce medium dser of internodes and large stipules providg) Mihailovi¢, V. and Miki, A. (2004) Genetika
high seed yields in order to make its comhigh and quality forage yields, thicker anc6, 1 31-38.
mercialization successful. In our teams, more juicy stems make forage more palaf2) Miki¢, A. et al. (2006) A Periodical of
strong emphasis is put upon smaller seable for ruminants, and pods grouped in tr@'ﬁfgg'i&%eﬁfch on Field and Vegetable Crops
e e vomete . erenaagpe! " of & plant nrease e VS ont, Tt 2009) anadan soura

. of Plant Science 89 (4), 661-663.

number of seeds per plant, and thus higher
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Morphological and molecular relationships in Pisum L.

by P. SMYKAL', G. KENICER?, A.J. FLAVELL3, O. KOSTERIN#, N.T.H. ELLIS® and M.J. AMBROSE?®

lassification of Pisum is wonderfully ¢ Pisum sativuni. cial but functional classification based on
complex and has produced a great [subsp.sativum (includes var.sativum combinations of four simply inherited char-
many names reflecting its importance since and vararvensg acters to give six functional types.

Neolithic times. Early morphological classi- Osubsp. elatius (Bieb.) Aschers. &
fications of Pisumincluded species such as Graebn (includes var.elatius, var. Pisum phylogeny basean molecular

P. maritimum (now Lathyrus japonicus brevipedunculatunand var pumilio) data
and P. formosum(now Vavilovia formos + Pisum fulvunsibth. & Sm With advent of molecular methods, analysis
Improvements in karyology and microscopx Pisum. abyssinicu;A.Br. of seed protein (Waines 1975), chloroplast

refined the view of the genus over the Pafomenclature in the group is complex wittPNA polymorphism (Palmer et al. 1985)
century to give an apparently natural monorhany additional names having been L;sed %tgd nuclear ITS sequence variation (Polans
phyletic group (i.e. one with an exclusives and Saar 2002) led taxonomists to consider

ecies and infraspecific leveBisum hu- . . .
common ancestor). Recent leaps forward ile was described by Boissier and No&- fulvumas a distinct species aid sati-
molecular DNA-based data have helpe

. ; 3 856), a name used earlier by Miller (1768 um to be an aggregatg (ﬁ hgmile, P.
clarify our understanding d?isum phylog- for a form of cultivated pea. Berger (1928 latius and P. sativum Within this aggre-

eny (the study of relationships), but noBowngraded the rank to subspecies and ga%te,P. humileis considered to be the clos-
necessarily made it any simpler. it new name:P. sativumsubsp.syriacum est wild relative and the direct progenitor of
Morphology-based classifications hav Boissier and Noe) Berger. Makasheva%u'tivated pea. Phylogenetic studies based
suggested a genus with five speci 979) classification recognise®. fulvum on retrotransposon markers support the
(Govorov 1937), a monotypic genus,ny ap. sativum complex (with subspp. model of P. elatius as an paraphyletic
(Lamprecht 1966, Marx 1977), and a g9enuSyivum. elatius syriacum, asiaticum abysgrOUp' within which allP. sativumis nested
with two species (Davis 1970), as currentljqicim. transcéucasic@n(llzigure 1). Ben- (Ellis et al. 1998, Pearce et al. 2006).
most commonly accepted. The two speci%'ev a'nd Zohary's (1973) work on crossef’s”vum and P. abyssinicum formed
areP. fulvumSibth. & Sm. andP. sativum uggestedelatius and ‘humile’="syriacum’ neighbouring but separate branches, while
L. The more recent classification of Maxte re ecological morphotypes (tall forms of: elatius was positioned betweeR. ful-
and Ambrose (2000) adopted three SpECies\}voods and maquis versus low forms ofum-P. abyssinicunand cultivatedP. sati-

grasslands and field weeds, respectively) um(Vershinin et al. 2003, Jing et al. 2005).

1 AGRITEC Plant Research Ltd., Zédélska The domestication of cultivated pea fro he extremely low Q|ver5|ty oP. abyssini-
2520/16, CZ-787 01 Sumperk, Czech Republic northern populations d®. humilewas pro- cum could be explaln.ed by passage throggh
? Royal Botanical Garden Edinburgh, 20A Inveposed by Ben-Ze ev and Zohary (1973)_1’? bottleneck, associated with a putative
leith Row, Edinburgh EH3 5LR, UK clear-cut phenotype and karylogical barri ybrld!zatlon”evr(]ent b]?tv;(?eﬁ. fu(lj\(umar;d

Division of Plant Sciences, University of Dunde&) crossing, support the view Bf abyssini- P. sativum.A .t ese findings in icate fre- .
at SCRI, Invergowrie, Dundee DD2 5DA, UK i : uent recombination events between multi-
4 . : .. cumas a distinct species. Lehman (1954)! ) -

Institute of Cytology and Genetics, S'-benaé%nd later Green (2008), proposed an arti Jle ancestral lineages and the impact of
Dep(?ftnljent f;f RUSSIarllOAnggofgﬁ(/) ONf SC'?br,‘C o ' Introgression on pea diversity and evolution,
acad. Lavrentiev. av. 10, oVOsibirsk, as further supported by analysis of 39 gene-

5\L1J§rs1lr[1’jllnnes Centre, Colney, Norwich, NR4 7UH, giggg Z?;;ﬁ;n derived intron fragments (Jingt al 2007).
UK SiEen ciraan A combination of mitochondrial, chloroplast
subsp. asiaticum and nuclear genome markers was used by
SubsD. abyssiniaum Kosterin and Bogdanova (2008) resulting in
subsp. franscaucasicum separation oP. fulvumandP. abyssinicum
Vicia Lathyrus Pisum fulvum Pisum sativim accessions and about half of those of Wild

sativum from the rest of the wild and all

mountaing forms |owland forms

extinct annual ancestar of Pisum
resophyte

extinct perennial ancestor of
Flsum
mesaphyte
]

Vavilovia formosa
extant perennial lithophyte

extinct ancestor Vaviovia

Figure 1: Hypothetical origin of Pisum according to Makasheva (1979).
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cultivated P. sativum(Figure 2). The cap-

ture of mutation transitions in three unr Lineage B Lineage A
lated markers from different genomes hig SCAS rbel- cox1- SCAF SCAF SCA' rbcL+ cox1+
lights the divergence withiR. sativumssp. rbel- rbel+

elatiusthat gave rise to part of wilB. sati- coxl- coxi-

vum and consequently the cultivated one g x
In fact, comparison of results between d P.sativum ssp. sativum
ferent phylogenetic analyses is limited a |
difficult due to differences in studied acce

sions as well as markers. Moreover, iNCO B eativium ssp.
plete information on taxonomic attributio transcaucasic
and origin of wild accessions hinder su

studies.

P. abyssinicum

/ Cultivated
Wild

Pisum within tribe Fabeae

Studies attempting to positioRisum rela-

tive to other genera in triléabeaeare lim-

ited, as most phylogenies in the tribe restr
their sample sets to within genera, maki
assumptions of monophyly, and use only
few species from outside. Based on floi
(stylar) characters and molecular data (I |
and chloroplast genesPisum has been

shown to sit betweewicia and Lathyrus . . ) . .
(Kenicer et. al 2005, Endo et. al 2008). (figure 2: Hypothetical scheme of phylogeny of theemusPisum inferred from plastid,

certainly appears thaisumshould not be mitochondrial and nuclear genome markers, accordig to Kosterin and Bogdanova

thought of in isolation. It is undoubtedly(2008)
nested inVicia, perhaps irLathyrusas well,

and is very closely allied tovavilovia
(Smykal et al. 2009). Much more compre-
hensive sampling of species throughout
tribe Fabeae should provide a far better
understanding of this taxonomically com-

plex groupingm

P.sativum ssp. elatius s. |. !
i P. fulvum
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Disease resistance in pea

by D. RUBIALES' D, E. BARILLI" and S. FONDEVILLAZ

he adaptability and productivity of peaand Pea Enation Mosaic Virus (PEMV),

(Pisum sativumL.) are limited by Some levels of incomplete resistan
major diseases. Breeding for disease resagainstM. pinodesandP. medicaginihave
tance involves diagnosis, development dieen reported and QTLs identified (5, 1
efficient screening methods, availability ofl5, 16). Three genes for resistance to povis
resistance sources, and the development dgry mildew, namearl, er2 andEr3 have X§
effective breeding methodology. Mayoreen described so far. Ongyl gene is in ;
genes conferring resistance to several pgade use in pea breeding programs. E
diseases have been identified but unfortpresssion or2 gene is strongly influenceds.
nately no efficient sources of resistancby temperature and leaf ager3 gene was
have been described to date to the mosicently identified irP. fulvumand has been §7a:
important pea diseases (broomrape, asdccessfully introduced into adapted pea
cochyta blight, Aphanomyces...) or it ismaterial by sexual crossing (4). Only in- . .
scarce and of complex nature, making necomplete levels of resistance not associatégo0mrape: Resistant accession
essary the implementation of other contrakith hypersensitivity have been reported tosurrounded by susceptible ones
measures. Still, significant genetic variatiofoth rust species and preliminary mapping
for these traits exists for pea. studies initiated (1, 17). Race-specific resignissing. Only after significant input to im-
The most important root diseases are fustance is known to downy mildew but thergrove existing knowledge on biology of the
rium root rot Fusarium solanif.sp. pisi), are evidences of breaking down of this rezausal agents and on plant/pathogen interac-
fusarium wilt . oxysporumf.sp. pisi), sistance. Partial resistance is also knowtion, resistance breeding will be efficiently
aphanomyces root (Aphanomycesutei- (14). accelerated.
ched and the parasitic weed broomrap&ingle dominant genes are known for resigffectiveness of MAS might soon increase
(Orobanche crenafa Resistance td-. so- tance toPseudomonas syringagenePpil with the adoption of the new improvements
lani is quantitatively inherited. Three QTLto race 2, 3Ppi3 to race 3 andPpi4 to race in marker technology together with the inte-
associated with resistance and STMS mark- Resistance to all racéscluding race 6, gration of comparative mapping and func-
ers for use in marker assisted breeding hafe which there are no known commerciational genomics. Major progress is likely to
been reported (2). Single dominant genessistant cultivars is available iPisum be made from the use oMedicago
have been reported for the various knowabyssinicum (3). Several recessive resisiruncatulaas models for pea disease studies,
races offF. oxysporumgeneFw to race 1, tance genes to PSbMV have been identifiesince the genomics effort is greater in these
Fwn to race 2 anérwf to race 5. GenBwis (sbml sbm2 sbm3andsbmj (11). Hence species compared to pea, mainly due to a
bred into most cultivars grown currently (7)many commercial varieties of pea remaimuch smaller genomeM. truncatula is
Genetic resistance tA. euteichesn pea is susceptible to the more common strains afffected by many of the pathogens and pest
known to be quantitative and largely influPSbMV. Resistance to PEMV is conferredimiting pea yield. In most cases, screening
enced by interactions with environmentaby a single dominant genéer) and has of germplasm collections dfl. truncatula
conditions. QTLs have been identified assdseen incorporated into recently releaseallows identification of a wide range of
ciated with partial field resistance (9). Onlyarieties (8). differential responses to the pathogen from
incomplete resistance . crenatais avail- Resistance conferred by major genes hawéghly susceptible to resistant. This serves
able in pea germplams (13). Four genomigeen incorporated into pea varieties. Howas base for the characterisation of
regions associated with field resistance areler, for most important diseases, onl
several QTL governing specific mechanismguantitative resistance is available. Al
of resistance “in vitro”, such as low inducthough QTLs controlling quantitative poly-
tion of O. crenataseed germination, lower genic resistance have been identified, t
number of established tubercles per hodistances between the flanking markers a
root length unit, and slower development o®TLs are still too high to allow and efficien
tubercles have been identified (6). marker assisted selection. Also, accuracy
Major aerial diseases are ascochyta bligphenotypic evaluation should be improve
complex Ascochyta pisi Mycosphaerella as it is of the utmost importance for accL._ =

pinodesand Phoma medicaginjs powdery racy of QTL mapping. Dissecting of the = “w_ " € ¢ g

mildew (Erisyphe pisi, downy mildew resistance into specific mechanisms woul _ A‘

(Peronospora viciae f.sp. pisi), rusts improve the accuracy of disease screenii i -

(Uromyces pisandU. viciae-fabag bacte- and could contribute to refine the position ¢ y e ,{

rial blight (Pseudomonas syringg®r. pisi), the QTLs and identify molecular markel R f

Pea Seed-borne Mosaic Virus (PSbMV)mnore closely linked to the resistance gene . ,4\ \
However, available information on ‘ \ ‘, - ‘
responsible mechanisms is still scarce fesss

! Instituto de Agricultura Sostenible, CSIC, Apdo
4084, 14080, Cérdoba, Spain

2Department of Genetics, Univ. Cérdoba, 140
Cérdoba, Spain

'most pea diseases. In addittion, ) )
Aomprenhensive studies on host status arfdowdery mildew: Resistantvs
virulence of the causal agents are ofte§usceptible pea lines
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underlying resistance mechanism at cellular (15) Taran, B. (2003). Theor. Appl. Genet.
and molecular level as well as identifying1) Barilli, E. et al. (2009). Field Crop Res. 114, 107,1482-1491.

defence genes and QTLs responsible f38-203. (16) Timmerman-Vaughan, G.Met al. (2004).
resistance. In parallel, the transcriptomi€) Coyne, C.Jetal.(2004). In: 5th European  Theor. Appl. Genet. 109, 1620-1631.

grain Legume Conference, p. 340. (17) Vijayalakshmi, Set al. (2005). Euphytica

ar!d proteomic approachgs developed f ) Elvira-Recuenco, Met al. (2003). Eur. J. 144, 265-274.
this model legume are being used to unde¥j, . pathol 109. 555-564
stand the molecular components and idefyy Fondevilla, Set al. (2007). Breeding Sci. 57,
tify candidate genes involved M. trunca- 1g1-184.
tula defence against these pathogens (1) Fondevilla, Set al. (2008). Molecular Breed.
13).m 21, 439-454.
(6) Fondevilla, Set al. (2009). Molecular Breed.
DOI 10.1007/s11032-009-9330-7.
(7) Grajal-Martin, M.J. and Muehlbauer, F.J.
(2002). J. Heredity 93, 291-293.
(8) McPhee, K.E. and Muehlbauer, F.J. (2002).
Crop Sci. 42, 1378.
(9) Pilet-Nayel, M.L.et al. (2005). Phytopathol-
ogy 95, 1287-1293.
(10) Prioul, S.et al. (2004). Theor. Appl. Genet.
~4 108, 1322-1334.
' (11) Provvidenti, R. and Alconero, R. (1988). J.
Hered. 79, 76-77.
(12) Rispail, Net al.(2010). Field Crops Res.,
115, 253-269
(13) Rubiales, Det al. (2009). Pest Manag. Sci.
65, 553-559.
(14) sStegmark R. (1994). Agronomie 14, 641-
647.

Rust: partially resistant vs susceptible pea
lines
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Environmental benefits of grain legumes in cropping systems

by M.H. JEUFFROY", G. CORRE-HELLOUZ, A. AVELINEZ B. CARROUEES and A. SCHNEIDER3

I ncreasing agricultural production is generallyotation including pea compared to the referengeain legume crop allows a reduction of the
a desirable goal in the context of an increasirane without pea. amount of N-fertilizer to be applied on the fol-
World human population. The intensification ofAnother benefit of the legumes is linked to thiewing crop (average of 20-40kghaon-going
agricultural practice during the second half of thdiversification of the crop successions and thiesearch). On this topic, some progress can be
XXth century, with more inputs (such as nitroeonsequent effect on weeds, pests and diseasehieved on the farms: farmers are often not
gen, pesticides, irrigation) allowed significanin Europe, successions involve a high proportidaking into consideration all the benefits of pga a
yield improvement in most arable crops. Howef cereals (Mignolet et al., 2004), this proportioa preceding crop. For example, N-fertilizer appli-
ever, at the same time, these types of farmihgs been increasing for 30 years and it has beation on wheat varies very few according to the
systems, together with other human activitieshown that the frequency of occurrence of sojpreceding crop (CERFRANCE data on farmers’
have contributed to many negative envirorBorne diseases, such as eyespot (Colbach etpmhctices).

mental impacts leading to several risks or dari996), is decreased in rotations including pea Binally, the environmental benefits of legumes
ages: oilseed rape as compared to the rotations basedld be enhanced by introducing several inno-
- greenhouse gas emissions: arable crops are wheat and maize: in comparison with @ations in the cropping systems. First, the pea is
responsible of half of the world, @ emissions maize-wheat rotation ploughed each year, theost often grown before a wheat crop, as there
issued from human activities (Smith 2006); ineccurrence of the disease is decreased by 54%aom many advantages for this succession. Yet, it
dustrial nitrogen fertilisers are usually the maja rotation oilseed rape — pea — wheat. The sasgems to be possible to reinforce the preceding
source (70 to 90%) of /D emission linked to an effect has been observed on weeds: when trep effect by growing an oilseed rape after pea.
agricultural product; rotation involves a spring pea, the weed density fact, this crop is able to uptake large amounts
- a consumption of fossil energy, contributing t& decreased from 11 to 0.01 pf.for ploughed of nitrogen during autumn, reducing the risk of
resource scarcity; this is also mainly linked ® thconditions, and from 706 to 3 piffor un- nitrate leaching after pea, and the saving in N
use of more nitrogen fertilizers (fertilisationploughed fields (Chauvel et al., 2001). fertilisers is even more beneficial for these high
represents more than 50% of the energy cdfdrthermore, soil structure under a crop vari®$ consuming rotations. Another interesting inno-
sumption in the farm systems based on araldepending on which was the previous cropation is intercropping, i.e.sowing and harvesting
crops); When the preceding crop is harvested in wiigether a cereal and a legume in the same field.
- the high use of pesticides, leading to contamineenditions in the autumn (maize and sugar bedflymerous studies have shown the advantage of
tion of water, air and soils (Aubertot et al., 2006he compacted zones can represent more thlhese intercrops: higher yields and grain protein
with risks of toxicity, 20% and up to 50% in average, compared ¢ontent, production stability, better nitrogen use
- The use of increasing amounts of water famly 15% in the case of pea which is harvestedéfficiency, reduction of nitrate leaching risk,
irrigation contributes to the depletion of underearly Summer (data from a 8-years experimentlimwer use of pesticides and better energy balance
ground water. Mons, France, Vocanson et al., 2004). (Yvergniaux et al., 2007).

. . . . Finally, water requirements for a pea crop are o .
Since nitrogen use in arable lands is the causg Yler than for soyabean (50% lower) or maizl® conclusion, it is urgent to change cropping

several major environmental problems, and Slngg% lower) (Munier-Jolain & Carrouée, 2003)5YStems in order to achieve the environmental

nitrogen is needed by all arable crops, exce Sulting in a lower irrigation requirement (fronf€duirements of a more durable development.
legumes, these plants are of interest because gy, 1" he in average, compared to 200 digWever, the evolution of cropping systems
fix atmospheric in symbiotic association Wltgi ' S;equires the involvement of all the stakeholders

o 50 mm in soybean and maize respectively; . : ’ .
Rhizobia. A legume crop fixes about 100 to 2 \erage datafro)r/n South-West France).p and actors influencing agricultural practices.

kg N h&". The absence of nitrogen fertilizer on Thus the design new cropping systems requires
the legume crop and the reduction of fertilizexevertheless, the risk of nitrate leaching durirthe involvement of a diversity of actors and the
amount required by the following crop, due tehe winter is often higher after a pea crop thamplementation of participatory methols.

highly efficient nitrogen mineralisation, allows aafter other crops such as barley or wheat (Jensen

S.Igmﬁcant reduction of fossil ef‘er.gy consumpet a|'2004_’ Carrouéet al, 2006)' ThIS. is mainly Aubertotet al. 2005 Expertise scientifique collective Inra-
tion and of greenhouse gas emissions. For exatire to a higher amount of mineral nitrogen avattemagref

ple, in the Barrois region in France or Saxele in the soil (average +30 kg N?hant the Carrouéeet al. 2006. International workshop on the Meth-
Anhalt in Germany, Nemecek et al. (2008eginning of winter, the start of the drainagology for Environmental Assessment of Grain Legsym

- - 0 d s : . Zurich (CHE), 2004/11/18-19
showed a reduction of (i) 50% for energy corperiod. This higher amount of N in the soil durChauvelet al.2001. Crop protection, 19, 127-137.

sumption of a pea crop compared with oilsegflg autumn is linked to a shallower root systemolbachet al. 1996, Crop Protection, 15, 295-305.
rape, wheat or barley crops, leading to an averaged to the dates of sowing/harvest (the short plaisfiective work 2006. AEP workshop, 18-19 Nov 2004,
reduction of 13% for a rotation which includegycle with an earlier stop of mineral nitroge@urlch,_(Ed- AEP) AEP, France, ISBN 2-9509491-8-5.
20% of IegumeS' (ii) 50% for the greenhouse gaBsorpt leadi hiah . N h ollective work 2006 Grain Legume Magazine 45,13-22

70 0 ' ; ption), leading to higher mineral N at hafsayggaard-Nielseet al. 2003 Nutr. Cycl. Agroecosys. 65,
emissions for the pea crop compared with thest. This negative environmental impact cf89-300.

other crops, and of 14% for a rotation including:gumes can be reduced by sowing a catch cfjg//www.grainlegumes.com/aep/environment/curitate,

and_results/gl_pro_environmental_analyses

pea, compared with the rotation without pea, (ii]i"St after pea harvest: this allows a large redu.fe'nseret al. 2004 %' European conference on Grain Legu-

up to 18% for the acidification per hectare of thgon of nitrate leaching risks. Moreover, on-goinghes, 7-11 June 2004, Dijon, France, AEP Ed, pp/63-6
research is targeted to breed cultivars with Mignoletet al.2004. Agronomie, 24, 219-236

: unier-Jolain et al 2003. Cahiers Agricultures,111-120.
deeper and more efficient root system. Intere: - mecelet al. 2008, Eur. J. Agr., 28, 380-393.

YINRA, UMR Agrononomie INRA- ingly, there are some results which show that, thgomseret al. 2001. Soil Use Manage 17, 209-216.
Agropar!STECh: 78850 Th'_VeWal'G”gnor‘: second autumn after cropping, the amount of minecansoret al. 2004, International workshop on the Meth-
France, jeuffroy@grignon.inra.fr eral N in the soil is lower after a legume thareiothedology for Environmental Assessment of Grain Legsim

2 LEVA, ESA, 55 rue Rabelais, BP 30748, 4900 ; . urich (CHE), 2004/11/18-19,
Angers Cedex 01, France ZrOpS (Haugg_aard'Nldsen 2003’ Thomsen 2OO:I'ﬁvergniauxet al. 2007, 8 European conference on Grain
3UNIP, 12 avenue George V, 75008 Paris The high mineral N availability offered by aLegumes, 12-16 Nov. Lisbon (POR)
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Field Pea: a cover crop in establishing perennial
legumes

by B. CUPINA!, A. MIKIC? and D. KRSTIC!

rennial legumes can be sown either inial legumes because the crop can lmiteria are met, then it should be possible to

the summer, autumn or spring. As smaharvested quickly and the canopy structuggroduce a crop that will be high yielding,
seeded legumes are sown shallowly and ase not dense enough to cause suppressivetritious and palatable to most livestoBk.
particularly vulnerable to drought stressshading. In addition field pea may act as an
lucerne and red clover are generally sown @wdditional source of nitrogen for the haless 5. @ g2
spring in Serbia when conditions are morandersown crop. Because of its short gro g (s
favorable for establishment; however, &g season, field pea is suited to be ha
spring-sown crop has a significantly lowewrested when the first (establishment) cut
yield in the year of establishment than aerennial legumes is due, increasing prote
crop sown in the previous autumn. Furthersield significantly in the harvested crop.
more, weeds are a much greater problem Faulkner (1985) found normal-leafed ped
a spring-sown crop (Cupinat al, 2000). cultivars prone to lodging, suppressi
An annual legume forage or grain cromgrowth of the undersown species. Appropri
when sown as the companion can providee field pea cultivars should be chosen wit
an economic yield during establishment ofare for intercropping since this will affectg
the perennial forage crop and produce the risk of lodging, which in turn will affect ™=
return in the seeding year (Tahal, 2004). the likelihood of soil contamination of
Zollinger and Meyer (1996) reported thaharvested herbage or degree of suppression
pure crops of perennial legumes produceaf the undersown crop. Cultivars of field
significantly lower forage yields than inter-pea currently available differ in morphol-
crops and had slower growth during estatmgy, primarily in leaf structure and plant
lishment that increased their vulnerability tdeight. Afila type peas with short stems and
weed invasion. Intercropping with shortreduced laminae, resulting in more devel-
season crops, such as field pea, significantbped, tendrils, are important for intercrop-
reduced incursion of weeds. The proportioping as light penetration is much better,
of the annual yield derived from the first cuproviding better conditions for initial
in intercropping with field pea reaching upgrowth to the undersown crop. According to
to nearly 80% and the annual trends in yiel8immonset al (1995) light intensity at the
followed closely those at the first cut. Furlevel of the perennial legume within the
thermore, undersown crop yields at subssemi-dwarf companion crop canopy was
quent cuts during the establishment yeaonsistently higher than with the conven-
were not reduced by the field pea comparional-stature companion crops.
ion crop, since pea has suitable morphologin addition to selection of a suitable field
cal and biological characteristics, whictpea cultivar as a companion crop, appropri-
tend to balance the negative effects it magte cropping practice also needs to be devel-
have as a cover crop in both the establisbped. To mitigate the effect of competition
ment and first full harvest year. In Serbi@mong the intercropped plants, it is recom-
and its Vojvodina province small grainmended that the normal seeding rate of the
primarily oats and barley are traditionallycompanion crop be reduced (Vough al
intercropped with perennial legumes but995), what requests that the optimum stand
these tend to be too fast-growing and todensity, i.e., the number of plants of the
competitive for the legume (Cupiret al, companion crop per unit area, needs to be
2000). Information on alternative compandetermined (Taret al 2004). Dense and
ion crops is limited. lodged companion crops can interfere with
Success of companion cropping depends time undersown crop, resulting in thin stands.
the capacity of the undersown crop to d€&eompanion crop competition may be
velop in the shade of the companion cromartially reduced by cultural practices, such
because the competition for nutrients, lighas reducing the companion crop seeding ra@@ipina Bet al2000 Periodical of Scientific Re-
and water may reduce the yield and resignd cutting as early as possible beingparch on Field and Vegetable Crops. 33: 91-102.
tance of the nurse crop, especially if plantegenerally recommended. To avoid todaulkner J.S. 1985 Grass Forage Sci. 40: 161-
with_ sma_LII grains. _Field pe:P_(sum_sativum severe _competition to the undersow 1 M.t 212004 Turk. J. Agric. For. 28: 35-41
L.) is suitable for intercropping with peren-legu_me, it has been recommended that t mons S.R. et al 1995 Agron. .87 268-272.
sowing rate of the companion crop shoul ough L.R.et al 1995 In: Forages, Vol. 2: The
IFaculty of Agriculture, Dositeja Obraddei 8, be reduced by up to half (Vough et alScience of Grassland Agriculture (Eds. Barnes
21000 Novi Sad, Serbia 1995). Also, if the cost of pea seed is takeRF., Miller DA., Nelson J.). lowa State Univ.
2Institute of Field and Vegetable Crops, M. INto account, itis reasonable to question tiRress, Ames, lowa, USA, pp. 29-43.
Gorkog 30, 21000 Novi Sad, Serbia use of the highest seeding rafnce these Zollinger and Meyer 1996. Weed Sci. 49: 19-21.
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Wild pea, Vavilovia formosa (Stev.) Fed.(Fabaceae) in-
situ investigation in Armenia

by N.G. SARUKHANYAN", J. A. AKOPIAN?, |. G. GABRIELYANZ and A.G. VANYANS3

the conditions of high alpine and subnival
zones. At the altitude of ca. 3350-3400 m,
the density of plants in the population was
higher than the one identified at the foot of
the slope. Probably as a result of being per-
manently covered by detritus, the over-
i ground offshoots develop roots by means of
numerous extremely thin secondary roots
that not only spread in topsoil (20-30 cm)
but also go down to the soil layer underlying
8 the detritus. It must be mentioned that plant-
Another native habitat of/. formosais lo- § lets with 5-7 leaves, developed rootlets and
cated in Central Armenia, in the Geghal ; : remaining seed coats, have been occurring
Mountains. The species was found in the tgprovinces of Armenia, have been observedporadically (3-4).

area of the volcanic mountain of Sev San both areas/. formosaoccurs on South In the Ukhtasar population (2), plants are
and in the region of crater Lake of Aknalitctfacing slopes of the Upper Quaternary slagom 4 up to 6 cm with 4 — 8 off-shoots,
by Y. Kazaryan in 1929 and 1935, followedtones with slag particle size varying fronleaves and flower-bearing stems are vivid
by D. Sosnovskyi, A. Maghakyan, A. Feseveral mm up to 10 cm and more. In add@reen with violet spots. Both the vegetative
dorov, and more recently by A. Akhverdovtion, these slope areas are situated in thegans ofVavilovia and its flowers are in
N. Mirzoeva, S. Tamamshyan, Y. Mulkijan-neighborhood of elevated lakes. In Syuniklose contact with substratum, and it is in-
yan, and E. Gabrielyan. As Y. Kazaryamupland region,Vavilovia occurs near the teresting to measure air temperature at the
mentioned (quoted from Fedorov, 1936), ahountain of Ukhtasar in the Mountainlevel of plant. The temperaturd)(on the
that time, on the slopes of Sev-Sar MountaiRange of Tskhuk, at the altitude of 3305 slope, and in particular, at the surface of
and in the neighborhood of the lake 08453 m asl. From western, southern teun-warmed scree near the plants, was 30 —
Akna-Litch V. formosaoccurred in vast eastern slopes, the population is spread ov@® C, while, on the same slope fragment,
numbers. The third habitat of this speciean area of about 800 m. The slopes of thibe air temperatureTf in the shade was
located in Syunik upland region (SoutheriTskhuk Mountain Range are coated witlabout 18 C. After 19.00 pm the air tem-
Armenia), in the neighborhood of the mounreddish-yellow and reddish-black slag bodperature went down to 10-22C and the
tains of Mets-Ishkhanasar and Ukhtasaigs (photo 1). On July 17 the expedition surface temperature of the sun-warmed
was identified relatively recently, in 2003reached the top area of the mountain stones was (12) 15 — 1€. It must be men-
and 2006, by H. Kazaryan, and collectetkhtasar and started searching for plants tbned that there was a constant strong wind
again in 2007 by |.Gabrielyan. In 2006-200%avilovia The first plants ofV. formosa blowing at the summit of the mountain. In
Geghama and Syunik upland populations afere found at the altitude of 3305 — 3315 rByunik highland region, in the area of Uk-
V. formosawere studied within the frame-asl on the southeast slope. The seasotdhsar, the average wind speed is about 7.7
work of the UNEP/GEF funded Crop Wilddevelopment phenophase in thiavilovia meters a second, which is the highest index
Relatives projects, some data on the specigspulation was budding / inception of flow-in the country. Winds with speed of 15
distribution in Armenia, population size ancering. Then the expedition found sporadio/second and more occur very often in this
possibilities of ex-situ conservation wergplants with expanded flowersVavilovia region (over 85 days a year).

given by J. Akopian and I. Gabrielyan (1). plants are very beautiful, especially in blos€ones with Upper Quaternary slag deposits
An in — situinvestigation ol. formosawas som (photo 2). are the most clearly visible in the Geghama
carried out _in JuIy-_A_ugu_st 2009 with supyt must be mentioned that on the S|0p£ghland, where the second site observgd is
port and active participation from the Gree'&bserved,Vavilovia is accompanied by located. The watershed of Hrazdan River

Lane NGO (Armenia)V. formosapopula- many other species of alpine plants. Durir] : R A T

I n Armenia, open-environment studies
the wild perennial pe¥avilovia formosa
(Stev.) Fedstarted in late thirties of the pa
century. On the territory of Armenia, for th
first time V. formosawas collected on thg
slopes of Kapujukh Mountain, in the alpi
zone of the Zangezur Mountain Rang.
during the expedition launched by the N
ture and History Museum of Armenia i
1929. After that, in 1937, in the same a
the plant was found by An. Feodorov (2

and Geghama highland region, which berg 0o pm), the slope stayed sunlit and su
long to different geo-morphological subyyarmed. One had the impression that in t
period between 16.30 pm and 17.30 pm t

Yerevan, e-mail: nune@greenlane.am flowering Vavilovia plants started occurring
2Institute of Botany of National Academy of more often on the slope. // ;

Sciences, Republic of Armenia, Yerevan, V. f . ial herb | =
e-mail:akopian_janna@inbox.ru, - lormosals a perennial herbage plan” ——

gabrielyanivan@yahoo.com with creeping rootstock/. formosabelongs |
Ministry of Agriculture of the Republic of to the rubble moving mound vegetation. Th-
Armenia, Yerevan, e-mail: vanyanar- population observed is narrowly adapted 1=
men@yahoo.com
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and Sevan Basin is dominated by about 36rmosa we found the second population
rather large cones. The Mountain of Sev Sdliistributed over an area of about 4 - 4.5 h:
(3258.5 m high), situated 1 km north ofo the north-east of Aknalitch, on the north:
Aknalitch lake is among them. In Sev Sarrn slopes of a big hill at the altitude ot

m long and 100 m wide. On the westerripgged hollow. The angle of slope was 45FSSE8
south-western and southern slopes it starts%&. In that area the plants and flowers wergs
the altitude of 3111 m asl and continues ugiready touched by frost and the expeditiof
to 3203 m. The slopes of Sev Sar are cofeund few flowers and dry pods as at nigh
ered with incoherent slag blanket of twdhe air temperature was -2 3°In contrast
colors: the western part is red and the east the Ukhtasar population, the plants in th
ern part is blackV. formosaoccurs in both region of Aknalitch were a little more in-
areas, though on the slopes coated wittonspicuous and mostly deep green, without
reddish slag the number of plants is far laispots. The number of heart-shaped leaves on
ger. According to the results obtained by theach plant varies from 6 to 22. The exact
expeditions organized within the frameworlsize of the stems as well as the main and
of the UNEP/GEF funded Crop Wild Reladateral roots have not been defined but the
tives projects (A.Danelyan, |. Gabrielyanaverage length of the plants - from the
A. Melikyan) in 2007, in vicinity of flower to the root end was about 90-115 cm.
Aknalitch, on the adret slopes situated ofihere were tubercles (presumably with
the southern bank of the lake, several hutuberous bacteria inside) on all the roots.
dreds ofVavilovia plants were found on theSo, as a result of the summer expedition of
area of 0.5 ha. During our expedition oR009,V. formosapopulations in two differ-
August, 2009, no plant was found in thaént localities of Armenia have been studied,
area now turned into high mountain rang@hich enriched our knowledge of its natural
for hundreds of animals — cattle and shedmmbitat climatic and geomorphologic condi-
(photo 3). tions. Due tovaviloviain-situ observations,

It is noteworthy that the Red Data Book o6ome ecological, phenological and bio-
Armenia (3) identifies th&aviloviapopula- morphological peculiarities of its growth
tion in the region of Aknalitch Lake as be-and development were revealed. The olft) Akopian, J. A., Gabrielyan, I. G. 2008. On
ing extinct. These contradictory data suggestined data can be available for working outigh-mountain pea,Vavilovia formosa (Stev.)
extreme instability of the population thatctive measures for these rare species pfid:- (Fabaceae) in Armenia. CWR SG Newslet-
obviously is in serious danger of extinctiontection.® ter, 6, 26 — 27.

. Lo . (2) Fedorov, An. A. (1939). Wild high-mountain
BesidesVavilovia, in this area other rare pears of Caucasus. Trudy Biologisheskogo Insti-

species under protection occurEunomia tuta 1, 39-79 (In Russian).

rotundifolia, Potentilla porphyrantha P. (3) Gabrielyan E.Ts.(ed.). 199%avilovia for-
seidllitziang Scilla rosenii, etcAfter walk- mosa(Stev.) Fed. In: Red Data Book of Armenia:
ing several tens of kilometers in search/of Plants. (In Russian). Page 123.
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2nd International Symposium on Genomics of Plant Ge  netics Ressources
April 24-27, 2010

Bologna Italy
Registration and Information Website :
http://www.gpgr2.com
The main theme of this 2nd edition will be « harvessing plant biodiversity for food security and nutritional quality ».

Legumes for Global Health
Legume Crops and Products for Food, Feed and Environmenta | Benefits

April 26-30, 2010 - Antalya,
“-.u‘lq'
Aurkey

The coming AEP VII & IFLRC V conference is approaching.
All informations on registration and submission are on the following website http://www.iflrc-ecgl.org/
This event will be a milestone for bringing together experts, to hear the latest progress in research and development related to
legumes, and to shape future R&D activities on legumes in a concerted approach with the stakeholders.
We look forward to welcoming you in Antalya for a scientific and social event.
The AEP Scientific Committee

Vth International Congress on Legume Genetics and G~ enomics (ICLGG)
July 2-8, 2010

Asilomar Conference Grounds, Pacific Grove, California
Registration and Information Website conferences
http://www.cevs.ucdavis.edu/conflist/
The meeting will focus on fundamental discoveries that extend our understanding of the unique traits of legumes.
A special feature of the ICLGG is its mission to bring together people working on fundamental aspects of legume
biology in model species, using genetic and genomic tools, with those working on applied aspects and breeding of
crop and pasture species
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