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Legumes in the Mediterral
culture

egumesrecropswith extraordinaryistoricalmportance
L theMediterraneabasin Theyare proteiarichand integral

part of theMediterraneadiet, alreadyusedincerehistory

Grownin rotationwith cerealgheyimprovesignificanthysoil
fertility and minimise the use of inorganic nitrogen fertilizers,
contributingo a sustainabland environmentall§riendlyagriculture
in the region This wasalreadynotedby ancientGreekand Roman
authorsuchasTheophrastu§;ato,Columellar Pliny.

Despiteheir importancethe productiorof foodlegumess
decreasingn mostof the Mediterraneariarming systemsA major
causefor this is the low and irregularyield as a consequencd
insufficienbreedingffortsAdditionally,therecensocieeconomiand
political contextdiscouragethrmersto grow thesecrops Increasing
importationss thegeneratulein theMediterraneanountriedn spite
of this regressivaattern,producergnanufactureand consumerare
demandingnorefoodandfeedegumesViediterraneanonsumeisve
theirlegumedeinga majorcomponerdf manytraditionaldishesnd
an integralpart of theirculture Therefords not that legumearenot
demandedyut that they cannotbe producedh sufficienguantity at
therightprice

Returninglegumecropgo Mediterraneanotationscanonly
beachievethroughan integrativeapproacteadingto theadjustment
of croppingpractisesand breedingmore adapted,attractive and
productiveultivars <=-

CSIC, Institute for Sustainable Agriculture,
Cérdoba, Spain (diego.rubiales@ias.csic.es)
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Chickpea production in Mediterranean Basin

by Eva MADRI®, MariemBOUHADIDAF. Sara DOLARMohamed KHARRAThafikaHOUASLEI

and JosefaRUBI®

Abstract Chickpea has an especial
significance in the agriculture of the

MediterraneamBasin Kabuli type is mainly
cultivated and essentiallyused for human
food. In this region, chickpearanks first

between grain legumeswith 656373 ha
cultivatedanda productionof 692448t, but

the progressionin the last 30 yearsis

decreasing Nowadays, the countries
dedicatingmore hectaresto this crop are
Turkey,followed by SyrianArab Republic,
Morocco, Spain, Algeria and Tunisia In

MediterraneaBasinchickpeas traditionally
sowedin springcausinga low yielding The

introductionof wintersowingusingvarieties
resistantto Ascochytablight has allowed
significantincreasein yield In addition,
Fusariumwilt and drought are the main
constraintin the MediterraneaBasin

Key words: chickpeagconstraintscultivated
areaproductionyield

General aspect of chickpea
crop

ChickpeaCicemrietinurh.) is one of the
earliesgrainlegumedo be domesticatetly
manin the Old World The Mediterranean
originof thecropimpartsspeciasignificance
to chickpeain the agriculture of the
Mediterraneamasin,whereit hasmultiple

functionsin the traditionalfarming system
(Fig 1). C. arietinuns dividedinto two main
cultivargroupsor breedingurposes)desd
(purple flower with smaller,angular and
darkcolored seeds)and okabuld (white
flower with largeand crearrcoloredseeds)
types Thelastoneis mainlycultivatedn the
Mediterraneamasinand is essentiallysed
for humanfood (homusHenha falafetadjines
karentikaocidtablahghraiha
Nowadayschickpeds grown all over the
five continentdn around50 countrieswith
90% of its cultivatedarea(aroundl3 1 ha)
in developingcountries India ranksfirst in
the world in respectof cultivated area
(685%) followedby Pakistar(8.7%). In the
Mediterraneamasin,in termsof cultivated
area chickpea ranks first among grain
legumesvith 656373ha (4.8% of the global

in thelast30yearsit is remarkabléhat both
parametergreincreasingn the world, but
decreasing the Mediterraneaffrig 2).

At the presentiime, Turkeyis the leading
countrygrowing423557 ha (64.5%) andits
productionwas estimatedo be 506000 t
(73%). Other production areasare Syrian
Arab Republic (84500 ha and 57,500 t),
Morocco (57,019 ha and 25003 t), Spain
(35000haand22000t), Algeria(31,000ha
and 29000 t) and Tunisia (8,050 ha and
7,700) (Fig 3). Chickpeaproduction has
increasedvorldwideover the past30 years
from 6.1 1 t to around13 1 t andfrom
05tto 0.7t in theMediterraneaBasin(Fig
2) (3). Thisincreaseanbe explainedy (i)
the developmentof new high yielding
varietiestolerant/resistanto main diseases,
pestsandabioticstresseand(ii) a successful

value), followed of lentil (Lens culinaris integrateccrop managemenpracticesThe

Medik), with 514381 ha, and dry peas
(PisumsativunilL.), with 214242 ha (3).
Chickpeatogethemwith soybearGlycinmax
(L.) Merr) andlentilin termsof production
(691748 t, 682700 t and 620329 t,
respectivelypre the most important grain
legumesn this region(3). If the globaland
the MediterraneaBasinprogressiof both
cultivatedreandproductiorniscomparedn

differencein yield betweenworld and the

MediterraneanBasin (968 kg ha' and

1,431kg hal, respectivelyouldbe because
in somecountrieghe cropis mainlygrowing

under irrigated conditions or the

introduction of winter sowing in some
countries In fact the countrieswith the

higheryield (Israeland Egypt) irrigate the

crop(Fig 3).

1CSIC, Institute for Sustainable Agriculture,
Cérdoba, Spain (madrid@mpipz.mpg.de)
2National Institute for Agricultural Research of
Tunisia, University of Carthage, Field Crop
Laboratory, Carthage, Tunisia

3Ankara University, Faculty of Agriculture,

Department of Plant Protection, Ankara, Turkeyf

4INRA Morocco, Region&enterof Agricultural

Research, Plant Breeding and Biotechnology U

SettatMorocco

SInstituto Andaluzde Investigaciéry Formacion
AgrariaPesquerdlimentariay de laProduccion
EcoldgicaAreadeMejoray Biotecnologia
Cérdoba, Spain

Legume Perspectives

s e

Figure 1. Kabuli chickpea in field
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Oneof themajorlimitingfactorinthearea | 1 bd lines and
affecting the vyield is that chickpeais 2
traditionallya springcrop (February mid- 14
April) and, consequentlyplants develop
poor biomassduring their growing period 12
This showingdateis dueto the susceptibility /4
of chickpeao blight (Ascochytabie{Pas$ 10 4
Labroussea destructivefoliar diseasethat /\'//\
could causetotal loss of the crop in the 8 A A A
winter sowing (December) Experimental ‘__/\ /‘\/\_(1 -\/ Y
results suggestthat shifting of chickpea | & Y
acreagefrom traditional spring to winter

seasoncould give twice more vyield (6).
Other important diseases Fusariumwilt f—.\

causedby the soitborne fungus Fusarium| 1 =

oxysporuimsp ciceridlatuo& K. Sat§ and V \//\A\

widespreadn almostall countriesgrowing [ | /\.,_

this legume Both diseasestogetherwith | / X("J ‘ﬁ ::
terminal drought and unfavorable

distribution of the rainfall, are the main | o 7

constraintsaffectingchickpeayieldsin the
MediterraneaBasin

1,2

0,4

Turkey

Turkey has 15620000 ha land of field |2
crops in which food legumes with
800000 ha share 5.2%. Chickpeais the o .
predominantcrop amongpulsein Turkey, &
being the first major pulsesin areaand >
production It is cultivatedover an areaof —m—World (Mha) =—i—World (MTons) —@—Mediterranean basin (Mha) =—i— Mediterranean basin (MTons)
423557hawith productionof 506000t (3),
accounting 426 of the food legumes
production According to the records of
2013 chickpeaconsumptionper personis
reportedo be5.5 kgyeat (7). Avea (ha)

Chickpeds grownalmostin all regionsin = Production (Tonnes)
the country but the major chickpea

6 B S o o D D o & & o
IS S SR S I R I '\?Pb & F S

Figure 2. Comparison of the chickpea area (millidhg)rend production (millions tons,
MTonkevolution in the Mediterranean Basin (down) and world (up)

mYield (Kg/ha)

production areasare in Central Anatolia, 600000 7000
South East, Mediterraneanand Aegean

regions In recentyearsU L akk-, &dnya, | seo00 | [ 6000
Karamanand Antalyaprovincesare located

in the upper row in chickpeaproduction [ 5000
value (25000 t). Over the period 2003to | *9%°

2013 the areaunder cultivationin Turkey L 4000
graduallydecreasedrom 630000 ha to | oo

423557 ha and also production decreased L 3000

about 100000 t. Nevertheless, yield
increasedby 26% (from 960 kg hat to |’®*
1,210kg ha?) (7). Although Turkeyis the
fifth biggesthickpegroduceiin the world, | 100000 4——n———— |
the averaggieldof the crop is muchlower

F 2000

r 1000

than other producercountriesin the world T r

(Fig 3). The main limiting factors for 0 . "0
. : T I L A

chickpea production are the lack of F & @ & A AR S R

improvedvarietiesfor all ecologicalegions 1 « o

and cultivarswith high resistancdevel to {3;\"5

diseasegspeciallpscochytdlight Thereis &

aneedto increas¢heyieldto makechickpea

pricecompetitiven theinternationaiarket Figure 3. Chickpea cultivated area, production and yield in the Mediterranean Basin countries
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Syrian Arab Republic

SyrianArab Republicis the secondmost
importantcountryin termsof cultivatecarea
(84500 ha) and production(57,500t). The
patterns of variation in both, area and
production, are remarkablysimilar to the
countriesin the MediterranearBasin,with
large fluctuations betweendifferent years
Although there has been a noticeable
increasein areaplantedto chickpea,the
trendin increasegroductionis lessnotice
able due to the downward in Yyield
(680 kg hat). With increasingoressureon
landin Syriaprofitability of springchickpea
isdecliningelativeo othercrops

Morocco

Chickpeais the secondmost important
food legumecrop in Morocco, after faba
bean(Viciafabal.). The chickpeaultivated
areaduring the pasttwo decadess around
67,854haandannualproductionis 37,883t
(2). In 1994 Morocco produced70000 t,
however,in 2013the productionhasgone
down to 25000t. This declineof around
65% has been due to biotic and abiotic
stressesand low investmentin production
techniques (improved varieties, certified
seedsweedmanagementnechanizatian).
Most of the chickpeacultivated land is
locatedn the north andwestregionsof the
country which includesthe provinces of
TazaAlhoucimaTaounate (2726), Meknes
Tafilalet (16%), FesBoulemang126) and
GharbChrardaBenihssen (22%6). Nearly
8% of the total chickpegroductioncomes
fromtheseegions

The chickpeabreedingprogramat INRA
Morocco aims to develop and release
varietiesthat are well adaptedto different
agreecologicalareas processingigh yield
potential,resistanto Ascochyteblight and
other diseasesnd pests prevalentin the
target areas Toleranceto drought and
making the new varieties suitable for
mechanized harvesting are also other
importantobjectivesOther traits relatedto
seedquality suchaslargesize,cookingtime
and high nutritional value, are also being
introducedin the breedingprogram Since
1994 sevenwinter chickpeavarietieswere
releasedand registeredby the breeding
program Thosenew high yieldingvarieties
are resistant to blight However, seed
increasandcommercializatiois still needed
to makethosevarietiesvailabléo farmers

Legume Perspectives

Spain

Chickpeahas been a traditional crop in
Spain for centuries Today, traditional
landracessusceptibléo blight and wilt, are
still the most cultivated Currently,it ranks
fourthin harveste@rea36830ha,9.72%6in
2014 after other legumedike pea,vetches
(Vicia spp) and bitter vetch (V. erviliaL.)
Willd) (5). In the last 30 years,Spainhas
sufferedgreatfluctuationin both cultivated
areaand production,with around64% each
(3). The occurrenceof Ascochytablight
coupled with imports of cheap chickpea
from Mexico adverselyaffected chickpea
cultivationin Spain Fortunatelyin 2014the
cultivatedareahasincreasedo 12100 ha,
explainedpartly by the EuropeanUnion
Common Agricultural Policy and the high
marketpricedor first-qualityseeds

Spainis the major producer(428% of the
total Europearproductionjandconsumenf
chickpeain Europe (around 76051 t),
therefore needsto import approximately
doublethanits chickpegroduction,jn 2010
around53800t, beingthe fifth countryin
termsof worldimports

Seedsizeis akeyqualitydeterminanin the
Spanishmarket In the Andalusiaregion
(southerrSpain}he farmerspreferchickpea
a Bl a hechwsd type with big seed
(around0.6 g) becausét fetcheshreetimes
higher pricesthan other chickpeacultivars
(aroundl.5 EURkg'a B 1 a.aechosoand
0.50 EUR kg! medianor smallseedgype)
Today the developmenof resistantinesto
both diseases(Fusarium and Ascochyta
blight) and big seedssize is the main
objectiveof chickpedoreedingn Spain

Algeria

The implementatiorof the programfor
decreasinfallow areasindintensifyindood
legumeproductionduring 1983to 1988in
Algeriacausecdan increasen the cultivated
areglmorethan50000ha)(3, 4). Nowadays,
the areaunder cultivation of chickpeais
around 31,000 ha, ranking the fifth most
important country in the Mediterranean
Basin(Fig 3). The mainreasorfor decrease
in areaunder cultivationis that it hasto
competewith wheat (Triticumaestivurh.),
which, yield is about five times that of
chickpeaAlthoughthe chickpegroduction
sufferedfluctuationsin the last30 yearsijt
hasbeenincreasingince201Q with 29000t
in 2013 During the last 30 years,yield
increaseftfom 262 kg ha' to 936 kg hal.
Asmentionedefore theyieldistoo low to

RESEARC

competewith othercropslike wheatandits
domestic production, as well as with
imported chickpea Algeria imports more
than200% of its production(66,000t).

Tunisia

Food legumesin Tunisiarepresentonly
5% of the harvestedreasof field cropsor
around90000ha (1). Chickpeds the third
legumen termsof cultivatedareasfterfaba
beanandpea It is grownon about8,050ha
with ayieldof 956kg ha' anda production
of roughly7,700t (3). Until the early198®,
chickpeacrop coveredmorethan35000ha,
mainlyasa springcrop In thelast10 years
the areaundercultivationhasdecreasetbr
78%. This tremendousdecreasés due to
several socieeconomic and technical
constraints Successivespring droughts
occurringin 199& werealsoresponsibldor
the declinein the spring chickpeaarea,
especially in  semiarid zones The
introductionof winterchickpeaechnologies
andnewvarietiesesultedn improvinggrain
yield however, those varieties were not
extensivehadopteddue to their smallseed
sizeand preferenceof the marketfor large
seed Furthermore during the last seasons,
growingwinter chickpean humid and sub
humidregionswasabandonediueto heavy
damageausedy root rot diseaseg\ctually,
the winter varietya B &¢j isaadoptedby a
large number of farmersin Tunisia and
contributedn thelastdecadeén the increase
of the chickpeayields Tunisianconsumers
prefer the large springtype seeds(around
0.5 g). Thereforethe chickpeamprovement
programis now focusingon developindigh
yieldingwinter varietieswith largeseedsize
andbetterdiseasgesistanc«=z=s
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Grass pea prospective at the Mediterranean Basin

by LeticeGONCALVESDiego RUBIALES M. Carlota VAZ PATTO

Abstract Althoughwith a high potentialfor

Grass peais highly suitablefor human

Fortunately, significant germplasm

harshenvironmentsgrasspeacultivationin - consumptionpeingrich in polyunsaturated collectionsare preservedn a number of

the Mediterraneamegionis in regressian
Due to an increased knowledge
accumulatioron locally adaptedgrasspea
germplasmwith high agronomicpotential

for modernlow input/integratedoroduction

systemsand the developmenbf molecular
tools to support breeding programs,this

realityis slowly changingWith the present
work we reviewed grass pea actual
importance and perspectives within

Mediterraneacountries

Key words. feed and food legume,grass
peaJlandraced,athyrusativydediterranean
region

Grasspea(Lathyrusativuk.) is an annual
legumecrop, originatedin southwestand
centralAsia,subsequentlgpreadingnto the
easterrMediterraneaf8). Todayit is grown
in largearea®f SouthAsiaand SubSaharan
Africa, but its formerly frequentcultivation
has drasticallydecreasedn Mediterranean
countries At worldwidelevel, grasspeais
presentlyregardedas a promisingcrop for
droughtprone and marginal areas, being
superiorin yield, protein content, nitrogen
fixation and tolerance to drought and
salinity, when comparedto other legume

crops(19.

fatty acids It is alsointerestingasfunctional
food thanksto its antioxidangctivity,higher
than that of chickpea(Cicerarietinunt..),
lupin (Lupinuspp) or soybear(Glycinenax
(L) Merr) seeds(1l). Unfortunatelygrass
peasuffersfrom areputationof beingtoxic,
as its overconsumption, under certain
circumstances$as causecheurolathyrisma
neurotoxicdiseaseelatedo its contenton a
non-proteinaminoacid A ODAP. However,
thereis an agreementbdaythat graseais
harmlessto humans and animals when
consumedas part of a balancediet (10).
Also, asa resultof largebreedingefforts a
number of cultivars with low AODAP
contentarenow availabl€9).
Mediterraneanaccessiondend to have
white and largeseedsjn contrastwith the
predominanthbluefloweredand smalldark
seeds typical from Asia and Ethiopia
Preference for larger seeds in the
Mediterraneararea is common to other

MediterraneagenebankéseeTable2 in 16)
and grass pea research activities are
maintainedh someof thesecountriesThese
are focusedmainly on germplasmgenetic,
agronomicandqualitycharacterizatiofd, 4,
5, 6, 14), with somegenetiagesistancstudies
andcrosdreedingchememitiated(17, 18).
In the absencef properstatisticon grass
peacultivationor consumptiorandbasedn
the few referencesavailable we tried to
elucidatethe crop actualimportanceand
perspectivesn the Mediterranearregion,
usingfour different countriesas examples
Mediterranean countries experiencedin
common a severedecreasen grasspea
cultivation during the last 50 years,and
presentlygrasgpeais mainlygrown by small
farmersfor own or localconsumptionyith
little or negligiblérade However farmersof
all thesecountriesalsosharean appreciation
for grasspeafood productsand an interest
in the crop cultivation,providedthat better

grain legumessuch as lentil (Lensculinaris adapteaultivararemadeavailable

Medik), chickpeaand fababean(Vicia faba
L), andis a product of human selection
Mediterraneamaccessiongend alsoto have
higheryields,later phenologyand lower A
ODAP content(7).

Regardlessf a customarycultivation of
grasspeain Mediterranearcountriesand
high gastronomic appreciation by local
consumerghe sadfactis that today,andin
this region, grasspeais a neglecteccrop,
evenin risk of geneticerosion(16). There
are no availableegisterecultivarsin most
Mediterranearcountries,what is common
moreor lessto all Europe For instanceghe
EuropeanCommonList of Commerciahnd
Protected Varieties Catalogue does not
include a singlegrasspea cultivar, as clear
indicationof the little attentionpaid to this
speciesin spite of its greatpotentialvalue
for dryerareas

linstituto deTecnologi@uimica e Bioldgica
Antonio Xavier (ITQB)Universidadé&ova de
LisboaOeiras Portugal (cpatto@itgb.unl.pt)
2CSIC, Institute for Sustainable Agriculture,
Cérdoba, Spain
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In Portugal presentgrasspeaproduction
is very small and mainly used for self
consumption,rather than for commercial
purposes (15. However, there is an
increasingntereston this crop, especiallyn
the centralmountainousegionsof Serrado
Sic§ wheregrasspeahasbeenusedfor a
long time asa traditionalcrop Grasspeais
also cultivatedin the southernregion of
Algarve(CaldeirddMountains)and in Serra
de Sintra nearLisbon,beingall theseareas
characterizedby limestone soils As an
examplein Alvaidzereegion(Serrale Sicg,
farmersintegrategraseain croprotations,
mainly alternating with cereals in
intercropping systems with olive (Oliva
europaég, chickpear fababeanor assole
crop for grain production Basedon the
informationcollectedocally,grasspeayield
is around1 t hal. Thanksto the active
enrolimentof localauthoritiesn supporting
andorganizingrasgpeagastronomi@annual
festivities ( 0 F e sdoi chieharé , 6 O
chicharoda S e r rthas érpp,has become
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progressivelymore weltknown in the

country, with an increasingnumber of

growers and cultivated area, mainly as a

delicatessermarket oriented production

Recent reports indicate that there are
individuaffarmerssowingup to 6 haof grass
peawhatis quiteimpressive for theregion
averagefarm size No registeredvariety
existsyet in Portugal,so farmerscultivate
traditionallandraceselectedver centuries
of cultivationput with reducedields

Spainfollows a similar trend There are
historicrecordsof grasgeacultivationsince
Préhistoric period, with seedsfound in
Cueva del Toro (Malagpa dated from
Neoliticandin El Acequién(Albacete)rom
BronzeAge (12). Grasspeawasfrequently
cultivated until the sixties (55000 ha in
1950, but markedlydecreasedgince then,
being today almost abandoned15 ha in
2007 (4). It wasusedboth for animalfeed
and humanfood. Presenthythis crop is still
cultivatedn Castilld_aManchaandCastilla
Lednregionsmainlyin smallareasandonly
in familiar agriculturalsystems,where is
mainlyconsumedin traditionaldishesbeing
ogachas the most popular Indeed,some
traditional folk celebrationgetain a grass
pea stew as the main dish, showing
its importance in the Spanish cultural
heritagé€3).

Thesituationis similarin Italy, wheregrass
peawasa crop typicallyusedin anumberof
traditional dishes,being the hay used for
animalfeed(14). Presentlygrasspeais still
cultivatedbut onlyin smallfarms,mainlyfor
home consumption (14). However, a
renewedintereston this crop in growing,
justified by its high adaptabilityto organic
farming and sustainablesystemsused as
alternative, in crop rotation, in areas
overexploitedyy cerealcultivationand asa
sourceof proteinfor animafeeding13).

Grasspeawashighly cultivatedn Turkey
in the past However its cultivation has
decreaseddramatically from the 196G
Presentlymainly due to the government
supportto forageproduction,grasgpeaarea
reache®5000ha (28000hafor forageand
7,000hafor seedproduction)(2). Therefore
grasypeaproductionis mainlyusedfor feed
and rarely for human consumption (1).
Therearepresentijthreeregisteredarieties
of grasspeain Turkey,two of them only
since2013 and sountil now almostall seed
cultivatedvasof alandraceype(2).

Legume Perspectives

We may concludethat the highlyresilient
diverse Mediterraneanadapted grass pea
germplasmonce neglectedmay presently
play a crucial role on the immense
agriculturalchallengedacedby this region
and predicted based on the exponential
increasen globaldemandor food. <=
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Lentil Lengulinaridedik.)

by MarcelinAPEREZ DE LA VE@Ad Richard FRATINI

Abstract Lentils(Lensculinarisledik) have
been cultivatedand consumedaround the
Mediterraneasincetheir domesticatiomnd
initial spread and they are nowadaystill a
traditionalfood allaroundof the basin The
total productionover the past50 yearshas
doubled to approximately60Q000 t with
yield having nearly doubled The main
factors still limiting lentil production
throughout of the MediterraneanBasin
consist likely in the smaliscale farming
practicedas well as the cultivation under
rainfedn harshsemiaridregions

Key words. breeding,

domesticatiomroductionstresses

culture,

Lentil (Lensculinarisubs culinarisviedik)
was domesticatecamong the first set of

lentil occurred most likely simultaneously According to the available data from

with that of the otherin the FertileCrescent
first domesticatedcrops as agriculture
expandedroundthe MediterraneaBeaand
to other parts of the Old World The
expansionof the lentil crop was relatively
rapid lentil archaeologicakmainsexistin
the most occidental part of the
Mediterraneatvasin,the Iberian Peninsula,
alreadysincethe earlyNeolithic Remainsf
severalcrops, such as einkorn and emmer

FAOSTAT (unfortunately no data is
available for several Mediterranean
countries), the current production and
consumptionis rather heterogeneou).
The Mediterraneasountriesrepresentt 3o
of the world lentil productionwith a mean
yieldsimilarto the world averagéTablel).
The productionandyieldanalysisluringthe
approximately50 years covered by the
statistics manifests that while the area

wheat,barley pea,grasgpea(Lathyrusativus harvestedhas increasedoy one third the

L.), lentil and faba bean (Vicia fabal.)
comprising a typical Near East crop
complexhavebeendatedby 1“C to 7,540+
140BP(5).

Thus, lentils havebeena traditionalfood
around the Mediterranean since the
beginningof agriculturdakingactivepartin
the culinaryculture Numerougreferenceto

crops, such as einkorn (Triticummonococculentils exist in the classicaHellenisticand
L.), emmer (T. turgidumsubsp dicoccorRomanperiodsandin the Middle Age on

(Schrank(Thell)), barley(Hordeumulgare.)
and pea (PisumsativumL.), during the
agricultureorigin in the Fertile Crescent
According to archaeologicaldata, the
distributionof wild speciesandthe existence
of remainf both wild andcultivatedentils
in thesameaegion the FertileCrescenis the
most obvious candidatewith regardto the
domesticatiomplace Availabledatapoint to
the region of southern Turkeynorthern
Syria as the most likely place of lentil
domesticatiorand wheresomepopulations
of L. orientaligBoiss) Hand-Mazz were
unconsciously subjected to automatic
selectioleadingup to L. culinarigrisingasa
newcrop Theexpansionof the cultivated

lentil cropping and consumption (2).
Nowadays lentil is still a traditional food
around the Mediterranean, cooked in
different forms since each region and
locationhold their own traditions,from the
traditionaimujjadaramudardarar mjadran
the MiddleEastto all of the Europearsoups
and stews For instancejn Spainthey are
partof aneverydaynainmealandareeaten,
asasoupor asa stew,at homeor at work
dinnersAfter all,lentilsareconsideredsthe
easiesaindfriendliestto digestamongall of
the dry seed legumes Thus lentils are
currentlydevotedto human consumption,
with an almostnegligibleuse dedicatedo
livestock feed (exceptionallystraw and
damagedeedsredirectlyusedby farmers)
The main consumptionentailsdry seeds,
althoughin somecountriesa minor part of
the productionis derivedinto the canned
food industry
Lentilsaremainlygrownworldwideunder

production and vyield have doubled,
nonethelesghe limited lentil croppingarea
expansioris mostlikelythe resultof asmall
scale and low-input farming practicedin
mostof the MediterraneanountriesDuring
the last decade;Turkey hasbeenthe third
world producerpehindof IndiaandCanada,
whileEgyptandCroatiaaresecondandthird
in yield after New Zealand Sincelentilsare
part of the traditionalfoods throughoutof
the Mediterranearbasin, the relative low
production in many countries is
supplementetly largeimports,mainlyfrom
Canadaand the USA but also from other
Mediterraneancountries such as Turkey
This countrywasthe secondworld exporter
(212596t) subsequerib Canadan theyear
2011 althoughit alsoappearedn the same
yearasthe first worldimporterwith 309561
tones Spainis an exampleof an importing
countryto cover the internal consumption
demand Lentils, as other dry legumesare
part of the traditional diet and widely
consumedyet lentil productionin Spain,
whilstbeingthelargestentil producemithin
of the EU, only roughlycoversone quarter
of the national demand However, it is
difficult to establisreachc 0 u n realfgod s
supplyneedggiventhat statisticonly reflect
trade For instance,no record in the
FAOSTAT statistics accounts for the
production of lentils in Portugal,

rainfed systems,and the Mediterranean neverthelesthis countryappeare@salentil

region is not an exception, although in
Egypt they are mainly irrigated likewise

Universidad de Le6BepartamentaleBiologia
MolecularAreade GenéticaLedn, Spain
(m.perez.delavega@unileon.es)
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aminor partof the surfacen othercountries
is devoted to irrigated lentil cropping

exporter(3,537t) in theyear2011
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Table 1Lentil cropping area, production and yield of Mediterranean countries (five yeallowingfor the identificationof the main
averages) together with basin Total/Average figures followed by World data for compgeisesiplved in the responsesto the

Area harvested (ha)

Production (t)

different challengingand limiting stress

Yield (kg ha) factors Knowledgeof the genomeof both

the cultivatedlentil andits wild relativess

Country 1961-1965 2009-2013 1961-1965 2009-2013 1961-1965 2009-2013 € cult
critical in order to acceleratghe pace of
Algeria 12,854 3,544 4,622 3,872 370 1078 breedingvia markerassistedselection,also
Croatia - 34 - 57 - 1,780 for the mining of useful geneticvariation
Egypt 32,669 836 50,274 1,495 1,526 1,882 derivedfrom the moreexoticgermplasmvia
France 11616 13034 9540 20,848 814 1588 Markefassisted background selection or
Greece 15,602 2307 8,850 2,990 576 1.286 introgression S(_aquencmgnformatlon will
thus add considerableresourcesto the
Israel 472 106 160 36 344 344 br e e dtealboxs for lentl genetic
Italy 20,076 2,171 13,724 1,622 685 754 improvementjn view of the globalclimate
Lebanon 2,082 1,105 2,150 2,011 987 1,830 changesndanincreasingpumanpopulation
Morocco 24600 47,111 12000 32,413 483 682 growthwith aneverrisingdemandor lentils
Spain 46,284 35484 25599 23,633 616 657 aspartof theirstapldood. <
Syria 79,356 126,696 63,563 109,498 787 872
Tunisia 2,525 2,609 524 1,374 275 503
Turkey 102,780 235,634 93,600 402,107 910 1,446 References
Totallaverage 350,916 470,690 284,606 601,956 698 1,131 gg?;gg&f%“gf‘%;&svﬁfg ,G gﬁ‘;ﬁ 2
World 1,672,165 4,180,706 940,259 4,547,314 562 1,087 Vandenberg A/anDeynze\, Coyne C, McGee

Factorsserioushaffectingentil production
and yield in the Mediterranearcomprise
biotic aswell as abioticstressedn view of
the factthat mostof thelentil productionis
attainedin the Mediterranearbasinunder
rainfed conditions,droughtis probablythe
most common abiotic stress in particular
droughtduringthe floweringup to the seed
filling periods In elevatedreassuchasthe
central part of the Iberian or of the
Anatolian Peninsulasanother major threat
consistsof frost injury, winter frost in the
caseof earlysowingalongsidespring frost
for latesowing In relationto biotic stresses,
Ascochyta blight is probably the most
common disease neverthelessthe weedy

R, Main DDoezel), Edwards DKaur S,Agrawal
SK,UdupaSs (2014) Lentil genome sequencing:
establishing a comprehensive platform for
molecular breedingbstract Book, 7th
International Conference on Legume Genetics
and Genomics, Saskatoon, Canada, July 2014,

spp), lygus bugs (Lygusspp) and the
cutworm (AgrotisipsilonHufnagel. Seed
insectspeciesonstituteyet anothermajor
pestproblemcausingyreatseedoss Bruchus oy cyberaji, Péreale la Vega MeratiniR
erVi FrO“Ch and B |entis FI’OlICh W|th (2009) Origin’ phy|ogeny’ domesticadion
Callosobruchetgnensis. and C. maculatusspreadin: Erskine WMuehlbaueFJ,Sarker,
Fabriciug(6). Little progressn breedingor ~Sharma Bedg The Lentil: Botany, Production
insectresistancasso far beenachievedn and UsesCABI, Wallingford, 133
comparison with breeding for diseases, (3) EtBouhssinM, Sarker, Erskine W,JoubiA
nowadayshe situationremainssimilar No ~ (2008) First sources of resistancBitonaveevil

. . (Sitonarinituslerbs) in wildLenspeciesGenet
sourcef resistancéo Sitonaveredetected ResouCropEvol 55:14
in ICARDA materialswhich only showed 4y FAOSTAT (2013) FAOSTAFo0d and
effectivenesagainsthe adultinsectwhilst  agriculture Organization of United Nations,
not to larvae(6). Nonethelessesistancéo  Rome http://faostat3.fao.org
S crinitugierbsthasbeendescribedn wild  (5)Péreale la Vega MsratiniR, MuehlbaueFJ
materialg3). In addition,virusesconstitute (201} Lentil.in: Pérezie la Vega M, Torres AM,

root parasitebroomrape (Orobanch@enata alsoa sourceof yieldreduction althoughin ~ Cuberall,Kole C edg Genetics, Genomics and

Forssk) is alsoa considerablémiting factor
to lentil production, almost preventing
growth and developmenbf lentil plantsin
heavily infected broomrape areas
Moreover|entilsaredamagethy manytypes
of insectgogetherwith other pests Among
insects,the major field pests consist of
aphids (Aphis craccivor&. L. Koch,
Acyrthosiphmauriarris), leafweevi(Sitona

Legume Perspectives

Breeding of Cool SeasGmain Legumescience

general the information regarding these Publishers, CRC Press, Enfield158

infectiousagen_tsvyhichlimi; cropharvestss (6) Stevenson POhillon MK, Sharma HC, El

lessabundantvithin of theliterature BouhssinM (2007) Insect pest of lentil aheir
The aCCUmUlatinginfOrmatiOn Obtained managemenm: YadavSS’ McNeil D, Stevenson

from oOomidd data together with that PC gd$ Lentil.An Ancient Crop foModern

retrieved from the genome sequencing TimesSpringer, Dordrecht, 3348

projectin developmen(l) will clearlyspeed

up the applicatiorof the newtechnologieto

complement the classicallentil breeding
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Whitelupinimprovement for countries of the
Mediterranean Basin

by Paolo ANNICCHIARIEGnd Imane THAMALAM

Abstract Thereis raisinginterestin white

lupin for feed and food, but modestyields
and narrow adaptationthat arisefrom the

paucity of breedingefforts jeopardizethe

expansion of lupin cultivation Recent
selection programs started in Italy and

Morocco using segregating material
developedn Francehaveshowedprogress
for specificenvironmentsWider and more
focused exploitation of landrace genetic
resourcess a primaryavenudor improving
the crop vyields and adaptation to

Mediterranearenvironments,with proper
support from low-cost molecularbreeding
tools under development Grain quality
traits, such as increased&-conglutin or oil

content, may becomeimportant breeding
targetdor specificropuses

Key words: adaptation, breeding gain,
drought tolerance,grain quality, landrace
Lupinualbus

Current and perspective
cultivation

White lupin (Lupinus albus L.) was
seeminglydomesticatedn Ancient Greece
from the locallyoccurring wild type var.
graecBoiss & Spruney Gladst (6). It was
importantin AncientRome,beinga staple
food for the RomanArmy that conquered
western Europe Its grain, after boiling
and alkaloid removal through prolonged
soaking in water, is still consumed as
a traditional snackin severakountriesof
the Mediterranearbasin However,lupin

cultivationin thisregionis modesiaccording
to availablestatistics(mainly from FAO),
extendingover about 6500 ha in Spain,
5000 ha in France,4000 ha in Italy and
Morocco,nearly3000hain Egypt,andless
than1000haelsewhere
Thereisraisingnteresin whitelupingrain
for feedandfood. As afeed.,its highprotein
content (36% - 44%) makesit the most
valuable alternativeto imported soybean
(Glycinenax (L.) Merr) in Mediterranean
climateregions wheresoybearcroppingis
hinderedby water requiredthroughoutits
springsummer cycle Lupin can replace
completelythe soybearmealevenin diets
for highproducinglactatingcows(11). It is
an excelleningredientfor vegetariarfood,
owing to a combination of nutritional,
technologicahnd sensorycharacteristicgas
highlightedby Europeanprojectssuch as
HealthyProFood Lupicarp HealthyLupin
PlantsProFoqd and LikeMeat There is
growingevidencehat lupinbaseddietscan
contributeto preventandtreata numberof
diseasesncludingtype2 diabetesmellitus
(T2DM),  hypertension, cardievascular
diseasesand metabolicsyndrome Finally,
lupin graincontainsa moderateamount(10-
15%) of oil featuringa particularly high
p3/ B ratio (5). Comparedwith narrow
leafed lupin (L. angustifoliks), which is
mainlygrownin Australiaand someregions
of northernEurope,whitelupin tendsto be
higheryieldingin different southEuropean
environmentgl), andhashighermproteinand
oil contentq11). Comparedvith othercook
seasoffieedgrainlegumesuchaspea(Pisum
sativurh.) or fababean(Viciafabd..), white
lupin showedhigher protein yield per unit
areg(althougmot highergrainyield)(1), and
has the advantageof being tolerant to
broomrapéOrobanchpp).

1Council for Agricultural Research and Economics

(CREA), Centre for Fodder Crops and Dairy
ProductionsLodi, Italy
(paolo.annicchiarico@entecra.it)

2Institut National de la Recherche Agronomique,

Rabat, Morocco
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Genetic improvement

White lupin breeding has been very
modestin Europe and elsewherelt got
impulseby researchwork and germplasm
development performed at INRA of
Lusignan(France)whichimprovedthe crop
yield and climatic adaptationto temperate
regionsthrough varietieswith greatercold
toleranceand novel plant architectureg?).
Breeding programs in Mediterranean
countriesare presentin Franceat Jouffray
Drillaud ltaly at CREA, and a few other
countriessuchasSpainandMorocco White
lupin geneticresourcesare limited to the
primary gene pool and include essentially
landracegermplasm becauseof effective
genetidarriersto interspecifihybridization
andthelimiteddistributiorof var. graec().

The main environmentafactor that can
constrain lupin cultivation is its poor
adaptation to soils that are even just
moderately calcareous,.e, those whose
soluble fraction of calcium carbonate
accordingto Dr o u i mmethod éxceeds
1% (11). Material displaying moderate
toleranceo calcareousoil hasbeenlocated
within landracegermplasnfrom Egypt (8)
and ltaly (2). Raisingyields by autumn
sowing in coldprone regions requires
improved winterhardiness,  whose
contributing traits are welldefined (late
flowering via greater vernalization
requirement intrinsic tolerance large
seedlingoot, associatedith largeseed)?7).
The multi-environment evaluation of a
globalcollectionof landracegermplasninas
providedindicationson mostusefulcountry
gene pools for breeding programsas a
functionof the targetclimaticadaptatior{4).
However, drought tolerancevariation and
associatednechanismshave been poorly
investigated Anthracnose (Colletotrichum
gloeosporioiffeenz) Penz and Sacq is
consideredhe main abiotic stressglobally
(7), but seemsto be less threateningin
Mediterranearegions
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Grainyieldhasundoubtedlyeenthe main
breedingarget Breedingprogresshasbeen
manifest (although still insufficient for
widespreadcultivation) in France, where
lupinis not a traditionalcrop, particularlyoy
means of innovative plant architectures
(semidwarf and/or semideterminateypes)
andincreasedvinter hardinesg11). Smaller
selectionprogramsthat startedrecentlyin
Italy andMoroccousingsegregatingnaterial
developedn Francehaveshowedprogress
for specific environments relative to
referenceultivarssuchasMultitaliain Italy,
or Multolupain Morocco(wherethis cultivar
wasintroducedand multipliedfor about30
years)In Morocco,someelitebreedindines
clearly outyielded Multilupa in a highly
favourable cropping environment (where
their greatertoleranceto lodging proved
important) while showinglittle progressn a
lessfavourablesite(Tablel). Lessfavourable
cropping conditions arose from a
combination of late autumn sowing and
lower rainfall amount, which impacted
negativelyn breedinginesindiscriminately
laterflowering than Multolupa (Table 1).
In ltaly, yield gains over Multitalia
acrossautumnsown, climaticallycontrasting
environmentgproved possibleonly through
newlinesspecificallyadapteceitherto mild-
winterMediterraneaareagsuchasSardinia)
or coldproneregiongsuchasthe Po Valley)
(Fig 1). However,wide climaticadaptation
wouldbe preferabldor newvarietiesn Italy,
given the large extent of areas with
intermediateclimaticcharacteristicand the
limitedmarketizeof thecrop

Breeding perspectives

The outstandingsalueshowedby specific
setsof landracesvercommerciabarietiesn
termsof grainyieldin differentagroclimatic
regionsor toleranceto moderatelime soil
(Table2) suggestshat the primarystrategy
for future breedingsuccesss representetly
wider and more focusedexploitationof the
availablegeneticresourceswhosepotential
is largelyuntappedThe evaluatiorof global
germplasntollections such as that in (3),
for toleranceto specificabiotic and biotic
stresses is commendable The future
developmentof low-cost, highthroughput
genotypingechniquesuchas Genotyping
by-Sequencing(under study at CREA),
combined with data from selection or
germplasmevaluation experiments,could
allowfor implementinggenomicmodelsfor
selectingadvancedines within a reference
breeding populationor for locatinguseful

RESEARC

Table 1. Grain yield, onset of flowering and lodging susceptibility of 10 elite selected lines and
the control cultiviultolupan a moderatelfavourableMerchougtand a highifavourable
(Larachecropping site of Morocco; solift@miAlamj unpublished data

Grain yield (t ha) Flowering Susceptibility
Line Merchouch Larache Mean (dd from Jan. 1)  tolodging
MO40 5.00 8.35 6.68 99 M
MO93 5.49 7.83 6.66 96 HH
20 5.83 7.32 6.57 100 L
MQO92 5.83 6.94 6.38 100 HH
21 5.70 6.65 6.17 106 M
MO41 5.66 6.45 6.05 99
MOG65 5.87 6.24 6.05 97 HH
17 5.50 6.39 5.95 105 M
MO45 5.46 6.41 5.93 96
3 5.39 6.37 5.88 102 L
Multolupa 5.51 5.09 5.30 93 HH
LSDR< 0.05) 0.81 2.47 1.16 2 -

al = low (< 10%), M = medium (10%30%), H = high (30% 50%), HH = very high (> 50%)

Winter or intermediate line
--------- Spring line
—————— Control variety
G -
.- P3
51 P2
© - _7-50
= 4] —o—Izm—o- Multitalia
2,
= _ -
= 3 A e~ 4-3
= "7~ Aster
§ 2
=2
11 Lodi Lodi Sanl. Lodi Sanl. Sanl.
05-06 07-08 07-08 06-07 06-07 05-06
o A T A\ T T ‘ T “l 1
-2 -1.5 -1 -0.5 0 0.5 1 1.5
Genotype x environment interaction PC 1

Figure 1. Nominal grain yield of seven lines selected for wide or specific climatic adaptation
and two control varieties of whifgnas a function of the environment score on the first
genotype& environment interaction principal component (PC) in an Additive Main effects and
Multiplicative Interaction (AMMI) analysis; environments are combinations of two Italian
locations (Lodi, Po Vallybcontinentalimate Sanluri Sardinia, Mediterranean climate) by
three cropping years (2€0#6, 20062007 and 2002008)
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Table 2. Begterforming whiteipinlandrace vs. variefigrmplasrfor grain yield (t h§ in
three European agriimatic environments (Lodi, Po Valleysamdri Sardinia, under
autumn sowing; Sauvantwestern France, under spring sowing), and lime tolerance
expressed as dry aerial biomass ratio between mdderghéL) and lelime (LL) soil

Material Yield in Lod?  Yield in Sanlud Yield in St. Sauvast ML/LL ratio®
Best landraces 6.99 4.96 2.40 0.78
Best variety 5.41 3.96 2.07 0.47

a Landraces: top 10% (11 entries out of 113); best variety: Adam in Lodi, En&gglimiand St.
Sauvani3)
b Average of two experiments: landraces, top 13% (2 entries out of 15); variety: Adam (2)

landrace accessiondor specific traits in  References (7)HuygheC (1997) Whittupin (Lupinuslbus
germplasmcollections Another important (1) Annicchiaric® (2008) Adaptation of ceol  L.)- Field Crop Res 53:1430 o
researchissue for yield improvementis season grain legume species across climatically(8) KerleySJNorgaardC, Leach JE, Christiansen
verifying whether the semidwarf, semi contrasting environments of southern Europe. JL,HuygheC, RémerP (2002) The development

; : AgronJ 100:1641654 pf potential screens based on shoqt calcium and
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currentmostsuitablemateriahardlyreaches (5)BoschinG, D'AgostinaA, Annicchiaricd®, conglutinlowers blood glucose in hyperglycaemic
13%) (11). Higher grain content in &  ArnoldiA (2008) Effect of genotype and rats and increases glucose consumption of HepG2
conglutin could be a specific breeding environment on fatty acid compositior_apinus ~ C€lls. Br dutr 107:6773 _

objective for varieties used to produce albug. seed. Foo@hem108:60806 (11)Papinead,HuygheC (2004) Léupindoux

nutraceuticalghat control glycaemia(l0). (6)GladstonesS (1998) Distribution, origin, ~ Protéaginewditions Francégricole Paris
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procedures for rapid and precise S Atkins C, Hamblin€d§ Lupinsas crop
determinationof alkaloidscontentin the plants: biology, production and utilization. CABI,
) Wallingford, 39
seed (which should not exceed
0.200mgg?) havegreatpracticaimportance
for selectioprograms<==-
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Alfalfa improvement in the Mediterranean basin

by Paolo ANNICCHIARICO

Abstract Alfalfais animportantcropin the Table 1. Alfalfa pure stand cultivated area, alfalfa percent of arable land, mean alfalfa dry
Mediterraneanbasin Its improvementis matter yield, and megtown perennial forage legume, in countries of the Mediterranean

challengedby the need for varietieswith Basin
increaseddrought tolerance salt tolerance -
and, limitedly to non-dormant germplasm Country C”:r'gzted Percentof  Meanyield oo
cold tolerance, highlighting the strategic (ha)® arable land2  (t DM hat) 2
interest of international co-operation -
betweenregional breeding programsthat ~ Albania 150,000 24.3 9.7 Alfalfa
sharesimilarobjectivesSelectiorof specific ~ Algeria 2,300 0.01 3.2 Alfalfa
varietiesor environment$eatu ringjifferent Bosnia and Herzegovin 19,750 2.0 9.4 Red clover
prominent stressess a promisingstrategy, Bulgaria 64,600 20 7.1 Alfalfa
especiallwhensecondedby the exploitation ~ Croatia 26,050 2.9 10.6 Alfalfa
of elite, wellcharacterized landrace Cyprus 750 0.9 3.7 Alfalfa
germplasm Further support could derive  France 329,100 1.6 14.8 Alfalfa / white clover
from genomicselectionmodelsfor specific  greece 129,300 52 37 Alfalfa
environments based on genotypin_g)y- Italy 716,400 10.1 105 Alfalfa
breeding strategy inciuding all of ghese " 05 -
elementss assessadlithinthe FP7-ArimNet Montenegro 3,000 L7 6.0 Alfalfa
projectREFORMA Moroccn 100,000 11 15.0 Alfalfa
Key words drought tolerance,genomic  komania 332,650 3.7 6.0 Alfalfa
selection,Medicagsativa plant adaptation, Slovenia 2,600 15 2.4 Alfalfa / red clover
salttolerance Spain 248,500 2.0 15.8 Alfalfa
Syria 2,550 0.01 9.6 -
Tunisia 12,400 0.4 - Alfalfa
Turkey 554,250 2.6 6.5 Alfalfa

Figure 1. Alfalfain flower

Consiglio per la Ricerca e la Sperimentazione ir

a Source: average of 2002011 according to FAOSTAT, except for Greece (2007), based on EU

Stat, and Morocco, Tunisia and partly France, based on national sources; no data available for Egypt,

Israel andLybig ® (3)

Alfalfa (aliaducerneMedicagativd ., Fig
1) hashistoricallybeenthe mainforagecrop
in the Mediterraneabasinalreadyluringthe
Roman Empire, the Moors kingdomsand
the Renaissand8). It keepseingthe most
grownperennial foragelegumein nearly all
countriesof the region(Tablel). Statistical
data relative to pure stand cultivation
indicate the specialimportanceof alfalfa
in Italy andAlbania(wherdt exceedd (% of
thearabldand),GreeceandRomanigTable
1). These data underestimatethe actual
cropping arean countriessuchasFrance,
wherealfalfais largelygrownin mixturewith
grassesThe importanceof alfalfain several

devotedto its cultivation,eg., over 5% in
Spain,and nearly1(®o in Morocco These
countriesl.ebanor(wherealfalfasirrigated)
andFranceshowthe highestropmearyield
(Table 1). Over 50% of cropping areain
Spain,20% in France,and 10% in ltaly, is
usedto producealfalfadehydratedalesor
highprotein (from 1% to 22%0) pellets
Alfalfa dry forage (hay silage dehydrated
bale) or fresh forage is usually fed to
ruminants Pellets are also fed to
monogastricgup to 10% - 20% on a diet
dry-matter basisdependingon speciesand
productionlevel),for which they offer the
advantageof higher levels of omegaB,

droughtpronecountriess betterappreciated caroteneand mineralscomparedwith other

Agricoltura (CRA), Centro di Ricerca per le wherconsiderinthe shareof irrigatedland  highproteinfeedstuff
Produzioni Foraggere e Latti€asearie (FLC),
Lodi, Italy (paolo.annicchiarico@entecra.it)
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Drought,whichis the mainstressaffecting
alfalfa at the global level (3), constrains
severely alfalfa production in rainfed
low-rainfall Mediterranean environments
Its impact is expectedo risepwing to the
combination of higher evapotranspiration
andlowerand/or lessregularainfallcaused
by climatechang€4). Breedinghewcultivars
with increaseddrought tolerancewill be
needednot only for rainfed environments
but also for environmentscurrently using
largeirrigationamountgmostlyin Spainand
north-African  countries), where the
decreasingvailabilityof irrigationwaterwill
push for the adoption of limited or
suspendedsummer irrigation Also, the
expectedncreaseddoptionof poor-quality,
salineirrigation water will emphasizethe
needfor highlysalttolerantvarietiesClimate
changealsooffers opportunitiessuchasthe
introductionof varietieswith low or about
nil autumn dormancyin inland areasof
southernEurope, but higheryieldsby this
avenuecould be achievedonly through
varietieghat are concurrentlyimprovedfor
toleranceto winter low temperaturesand
erraticearlyor latefrosts

A dualpurpose crop providing feed
protein from leavesand energyfrom stems
could increasethe alfalfa cultivation and
profitability Equipment for the separate
harvest of leaves and stems has been
developeth USA withoptimalenergychain
production, crop managemenand variety
typefor thisutilizationalsodefined5).

Genetic improvement

Despiteits importance alfalfahasbeena
minor targetof genetidmprovemenin the
Mediterraneanbasin and several other
croppingregions,owing to severareasons
(such as lower seed market value, greater
genetic complexity, less favourable

S-R
Fairly favourable,

- M-CI
frequent mowing

M-WI
High soil salinity | A-WI
(EC > 5dS/m) AR
CA-WI
Fairly high to high | g1,
drought stress
(100 - 300 mm | NT-wWI
Apr-Sep. water) CAR
NT-R
0.68 1.66 2.64 3.62 4.6
Fusion level

Figure 2. Classification by pattern analysis of 10Afiacdin or soutBuropean coded
environments, based on their similarity for-jreaedry matter yield genotype
environment interaction responses of 12 alfalfa cultivars (2)

Internationako-operationbetweerbreeding
programsin the Mediterranearbasin that
sharesimilarobjectivesould be particularly
important, given the challengeof breeding
new stresgolerant varieties,the modest
opportunitiesfor economiaeturnof private
seedcompaniesand the budgetconstraints
imposedn publicprograms
Mediterranean landraces and recent
varietiesfrom Europe, USA and Australia
that wereevaluateécrosananyrainfedand
irrigated environments of the western
Mediterraneabasinrevealedhelargeextent
of specifieadaptatiorresponsesn relation
to drought stress and soil salinity (2),
supporting the developmentof varieties
adaptedo specifiacroppingconditions The
classificatioof testenvironmentsccording

reproductivesystemmore difficult f a r m da caltvaradaptiveesponsemdicatedhree

assessmentf variety value, and greater
exposureto seed fraud, relative to other
major crops) Longterm private breeding
programs are present in just a few
countriesof southernEurope, and public
breedingor pre-breedinghas been pivotal
in nearlyanycountryhostingbreedingvork
In ltaly, a number of registeredvarieties
derivedfrom massselected(or even non
selected)farm landraces Researchwork
aimedto improve alfalfadroughttolerance
has beenremarkablynodestworldwidg3).
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main transnationaltargetenvironmentgor
regional breeding (relatively moisture
favourable saline severelydroughtprone
Fig 2). Selectingarietiespecificallpdapted
to rainfedor irrigatedcroppingresultedin
greatecropyieldsevenoveranareasuchas
northern ltaly, where rainfed cropping
implies just moderatedrought stress(2).
Landrace germplasmcan be particularly
valuableas a donor of adaptivegenesnot
only for stress conditions but also for
favourabl®neg(l, 2).

Recentprogressin marker development,
particularhgenotypingy-sequencin@BS),
hasthe potentialfor cuttinggenotypingosts
dramaticallyppeningthe way to genomic
selectionfor alfalfaproductiontraits (3, 6).
To be really successfulgenomicselection
shouldbe carefullyintegratednto selection
schemef anecologicgbrospectapablef
exploitinggermplasnresilienceand specific
adaptation (3). Germplasm phenotyping
and/or selectionin managedenvironments
(1) or controlled conditions (7) that can
reproduceweltdefinedtargetenvironments
is anotherkey issueto explore,to facilitate
the implementationof genomic selection
and/or to allow for more costefficient
phenotypiselection

REFORMA: a transational
improvement project

REFORMA (Resilientwater and energy
efficient forage and feed crops for
Mediterraneanagricultural systems)is an
FP7-ArimNet projectjoining nine research
institutions from Italy, France, Algeria,
Morocco,TunisieandUSA
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