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e are pleased to 

present this 10th 

issue devoted to 

the legumes in the 

Mediterranean agriculture. 

Legumes are important 

everywhere, but nowhere they are 

most introduced in the diet and 

culture than is Mediterranean 

countries. The current situation and 

challenges and perspectives for a 

range of legume crops in the area 

are presented and critically 

discussed by a number of authors 

from different countries. At the 

International Legume Society, we 

hope that the information provided 

here will be useful to the readers 

and further cooperative research 

and development on legume crops.

The importance of legumes in 

Mediterranean agriculture can be 

seen also from the fact two out the 

10 projects granted by the FP7-

ERANet ARIMNET (Coordination 

for Agricultural Research in the 

Mediterranean Area; http://www.

arimnet.net) in its first call dealt 

with legumes. These were the now 

terminating MEDILEG (http://

www.ias.csic.es/medileg/) and 

REFORMA (http://reforma.

entecra.it) projects. Hope that these 

initiatives can follow up helping to 

bridge along the Mediterranean 

sides because a long term 

multinational and multidisciplinary 

cooperation is needed for the 

reinforcement of legume 

cultivations in the area. 

Thanks to all the authors for 

their valuable contributions. Thanks 

to all that with their voluntary 

efforts are making possible this 

Legume Perspectives journal and 

our growing Legume Society.

Diego Rubiales

Managing Editor of

Legume Perspectives Issue 10
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Legumes in the Mediterranean 
culture

egumesarecropswith extraordinaryhistoricalimportancein

theMediterraneanbasin. Theyare protein-richand integral

part of theMediterraneandiet, alreadyusedsinceprehistory.

Grownin rotationwith cereals,theyimprovesignificantlysoil

fertility and minimise the use of inorganic nitrogen fertilizers,

contributingto a sustainableand environmentallyfriendlyagriculture

in the region. This wasalreadynotedby ancientGreekand Roman

authorssuchasTheophrastus,Cato,ColumellaorPliny.

Despitetheir importance,the productionof foodlegumesis

decreasingin mostof the Mediterraneanfarming systems. A major

causefor this is the low and irregular yield as a consequenceof

insufficientbreedingefforts. Additionally,therecentsocio-economicand

political contextdiscouragedfarmersto grow thesecrops. Increasing

importationsis thegeneralrulein theMediterraneancountries. In spite

of this regressivepattern,producers,manufacturesand consumersare

demandingmorefoodandfeedlegumes. Mediterraneanconsumerslove

theirlegumes,beinga majorcomponentof manytraditionaldishesand

an integralpart of theirculture. Therefore,is not that legumesarenot

demanded,but that theycannotbeproducedin sufficientquantityat

therightprice.

Returninglegumecropsto Mediterraneanrotationscanonly

beachievedthroughan integrativeapproachleadingto theadjustment

of croppingpractisesand breedingmore adapted,attractiveand

productivecultivars.

______________________________________________________________________________________________________

CSIC, Institute for Sustainable Agriculture, 

Córdoba, Spain  (diego.rubiales@ias.csic.es)

Carte blanche 
toé

...Diego
Rubiales

"

L
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Abstract: Chickpea has an especial

significance in the agriculture of the

MediterraneanBasin. Kabuli type is mainly

cultivatedand essentiallyused for human

food. In this region, chickpearanks first

between grain legumeswith 656,373 ha

cultivatedandaproductionof 692,448t, but

the progressionin the last 30 years is

decreasing. Nowadays, the countries

dedicatingmore hectaresto this crop are

Turkey,followed by SyrianArab Republic,

Morocco, Spain, Algeria and Tunisia. In

MediterraneanBasin,chickpeais traditionally

sowedin springcausinga low yielding. The

introductionof wintersowingusingvarieties

resistantto Ascochytablight has allowed

significant increasein yield. In addition,

Fusariumwilt and drought are the main

constraintsin theMediterraneanBasin.

Key words: chickpea,constraints, cultivated

area,production,yield

General aspect of chickpea 

crop

Chickpea(CicerarietinumL.) is one of the

earliestgrainlegumesto be domesticatedby

man in the Old World. The Mediterranean

originof thecropimpartsspecialsignificance

to chickpea in the agriculture of the

MediterraneanBasin,whereit hasmultiple

_________________________________________________________________________________________________________

1CSIC, Institute for Sustainable Agriculture, 

Córdoba, 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, Turkey
4INRA Morocco, Regional Centerof Agricultural 

Research, Plant Breeding and Biotechnology Unit, 

Settat, Morocco
5InstitutoAndaluzde Investigacióny Formación

Agraria, Pesquera, Alimentariay de la Producción

Ecológica, Áreade Mejoray Biotecnología, 

Córdoba, Spain

in thelast30years,it is remarkablethatboth

parametersare increasingin the world, but

decreasingin theMediterranean(Fig. 2).

At the presenttime,Turkeyis the leading

countrygrowing423,557ha (64.5%) andits

productionwas estimatedto be 506,000 t

(73%). Other production areasare Syrian

Arab Republic (84,500 ha and 57,500 t),

Morocco (57,019 ha and 25,003 t), Spain

(35,000haand22,000t), Algeria(31,000ha

and 29,000 t) and Tunisia (8,050 ha and

7,700t) (Fig. 3). Chickpeaproduction has

increasedworldwideover the past30 years

from 6.1 106 t to around13 106 t andfrom

0.5 t to 0.7 t in theMediterraneanBasin(Fig.

2) (3). This increasecanbe explainedby (i)

the development of new high yielding

varietiestolerant/resistantto main diseases,

pestsandabioticstressesand(ii) asuccessful

integratedcrop managementpractices. The

differencein yield betweenworld and the

MediterraneanBasin (968 kg ha-1 and

1,431kg ha-1, respectively)couldbebecause

in somecountriesthecropismainlygrowing

under irrigated conditions or the

introduction of winter sowing in some

countries. In fact the countrieswith the

higher yield (Israeland Egypt) irrigatethe

crop(Fig. 3).

RESEARCH
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Chickpea production in Mediterranean Basin

by Eva MADRID1*, MariemBOUHADIDA2, F. Sara DOLAR3, Mohamed KHARRAT2, ChafikaHOUASLI4

and JosefaRUBIO5

functions in the traditionalfarmingsystem

(Fig. 1). C. arietinumis dividedinto two main

cultivargroupsfor breedingpurposes,òdesió

(purple flower with smaller,angular and

dark-colored seeds) and òkabulió (white

flower with largeand cream-coloredseeds)

types. Thelastoneis mainlycultivatedin the

MediterraneanBasinand is essentiallyused

for humanfood (homusbet-hina, falafel, tadjines,

karentika, cocido, lablabi, ghraiba).

Nowadays,chickpeais grownall over the

five continentsin around50 countries,with

90% of its cultivatedarea(around13106 ha)

in developingcountries. India ranksfirst in

the world in respect of cultivated area

(68.5%) followedby Pakistan(8.7%). In the

MediterraneanBasin,in termsof cultivated

area chickpea ranks first among grain

legumeswith 656,373ha(4.8% of theglobal

value), followed of lentil (Lens culinaris

Medik.), with 514,381 ha, and dry peas

(PisumsativumL.), with 214,242 ha (3).

Chickpea,togetherwith soybean(Glycinemax

(L.) Merr.) andlentil in termsof production

(691,748 t, 682,700 t and 620,329 t,

respectively)are the most important grain

legumesin this region(3). If the globaland

theMediterraneanBasinprogressionof both

cultivatedareaandproductioniscomparedin

Figure 1. Kabuli chickpea in field
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Oneof themajorlimitingfactorin thearea

affecting the yield is that chickpea is

traditionallya springcrop (February- mid-

April) and, consequently,plants develop

poor biomassduring their growingperiod.

Thisshowingdateisdueto thesusceptibility

of chickpeato blight (Ascochytarabiei(Pass.)

Labrousse, a destructivefoliar diseasethat

could causetotal loss of the crop in the

winter sowing (December). Experimental

results suggestthat shifting of chickpea

acreagefrom traditional spring to winter

seasoncould give twice more yield (6).

Other important diseaseis Fusariumwilt

causedby the soil-borne fungus Fusarium

oxysporumf. sp. cicerisMatuo& K. Satô, and

widespreadin almostall countriesgrowing

this legume. Both diseases,together with

terminal drought and unfavorable

distribution of the rainfall, are the main

constraintsaffectingchickpeayieldsin the

MediterraneanBasin.

Turkey

Turkey has 15,620,000 ha land of field

crops in which food legumes with

800,000 ha share 5.2%. Chickpeais the

predominantcrop amongpulsein Turkey,

being the first major pulsesin area and

production. It is cultivatedover an areaof

423,557hawith productionof 506,000t (3),

accounting 44% of the food legumes

production. According to the records of

2013, chickpeaconsumptionper personis

reportedto be5.5 kgyear-1 (7).

Chickpeais grownalmostin all regionsin

the country but the major chickpea

production areasare in Central Anatolia,

South East, Mediterraneanand Aegean

regions. In recentyears,UĹak, ķ­el, Konya,

KaramanandAntalyaprovincesarelocated

in the upper row in chickpeaproduction

value(25,000 t). Over the period 2003 to

2013, the areaunder cultivationin Turkey

graduallydecreasedfrom 630,000 ha to

423,557 ha and also production decreased

about 100,000 t. Nevertheless, yield

increasedby 26% (from 960 kg ha-1 to

1,210 kg ha-1) (7). Although Turkey is the

fifth biggestchickpeaproducerin the world,

the averageyieldof the crop is muchlower

than other producercountriesin the world

(Fig. 3). The main limiting factors for

chickpea production are the lack of

improvedvarietiesfor all ecologicalregions

and cultivarswith high resistancelevel to

diseases,especiallyAscochytablight. Thereis

aneedto increasetheyieldto makechickpea

pricecompetitivein theinternationalmarket.

6Legume Perspectives                                         Issue 10 Å October 2015

Table 1. Grain yield, onset of flowering and lodging susceptibility of 10 elite selected lines and 

the control cultivar Multolupain a moderately-favourable (Merchouch) and a highly-favourable 

(Larache) cropping site of Morocco; source: Thami-Alami, unpublished data

Figure 3. Chickpea cultivated area, production and yield in the Mediterranean Basin countries

Figure 2. Comparison of the chickpea area (millions ha, Mha) and production (millions tons, 

MTons) evolution in the Mediterranean Basin (down) and world (up)



RESEARCH

competewith othercropslike wheatandits

domestic production, as well as with

imported chickpea. Algeria imports more

than200%of itsproduction(66,000t).

Tunisia

Food legumesin Tunisia representonly

5% of the harvestedareasof field cropsor

around90,000ha (1). Chickpeais the third

legumein termsof cultivatedareasafterfaba

beanandpea. It is grownon about8,050ha

with a yieldof 956kg ha-1 anda production

of roughly7,700t (3). Until the early1980s,

chickpeacropcoveredmorethan35,000ha,

mainlyasa springcrop. In the last10 years

the areaundercultivationhasdecreasedfor

78%. This tremendousdecreaseis due to

several socio-economic and technical

constraints. Successivespring droughts

occurringin 1990s werealsoresponsiblefor

the decline in the spring chickpeaarea,

especially in semi-arid zones. The

introductionof winterchickpeatechnologies

andnewvarietiesresultedin improvinggrain

yield; however, those varieties were not

extensivelyadopteddue to their smallseed

sizeand preferenceof the marketfor large

seed. Furthermore,during the last seasons,

growingwinter chickpeain humid andsub-

humidregionswasabandoneddueto heavy

damagecausedby root rot diseases. Actually,

the winter varietyăBeja1óis adoptedby a

large number of farmers in Tunisia and

contributedin thelastdecadein the increase

of the chickpeayields. Tunisianconsumers

prefer the large spring-type seeds(around

0.5 g). Therefore,thechickpeaimprovement

programis nowfocusingon developinghigh

yieldingwinter varietieswith largeseedsize

andbetterdiseaseresistance.

References
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Syrian Arab Republic

SyrianArab Republicis the secondmost

importantcountryin termsof cultivatedarea

(84,500ha) and production(57,500 t). The

patterns of variation in both, area and

production, are remarkablysimilar to the

countriesin the MediterraneanBasin,with

large fluctuationsbetweendifferent years.

Although there has been a noticeable

increasein area planted to chickpea,the

trend in increasedproductionis lessnotice

able due to the downward in yield

(680 kg ha-1). With increasingpressureon

landin Syria,profitabilityof springchickpea

isdecliningrelativeto othercrops.

Morocco

Chickpeais the secondmost important

food legumecrop in Morocco, after faba

bean(ViciafabaL.). The chickpeacultivated

areaduring the pasttwo decadesis around

67,854haandannualproductionis 37,883t

(2). In 1994, Morocco produced70,000 t,

however,in 2013the productionhasgone

down to 25,000 t. This declineof around

65% has been due to biotic and abiotic

stresses,and low investmentin production

techniques (improved varieties, certified

seeds,weedmanagement,mechanization...).

Most of the chickpeacultivated land is

locatedin the north andwestregionsof the

country which includes the provincesof

Taza-Alhoucima-Taounate(27%), Meknes-

Tafilalet (16%), Fes-Boulemane(12%) and

Gharb-Chrarda-Benihssen (24%). Nearly

80% of the total chickpeaproductioncomes

from theseregions.

The chickpeabreedingprogramat INRA

Morocco aims to develop and release

varietiesthat are well adaptedto different

agro-ecologicalareas,processinghigh yield

potential,resistantto Ascochytablight and

other diseasesand pests prevalentin the

target areas. Tolerance to drought and

making the new varieties suitable for

mechanized harvesting are also other

importantobjectives. Other 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

increaseandcommercializationisstill needed

to makethosevarietiesavailableto farmers.

Spain

Chickpeahas been a traditional crop in

Spain for centuries. Today, traditional

landraces,susceptibleto blight and wilt, are

still the most cultivated. Currently,it ranks

fourth in harvestedarea(36,830ha,9.72% in

2014) after other legumeslike pea,vetches

(Vicia spp.) and bitter vetch (V. ervilia(L.)

Willd.) (5). In the last 30 years,Spainhas

sufferedgreatfluctuationin both cultivated

areaandproduction,with around64% each

(3). The occurrenceof Ascochytablight

coupled with imports of cheap chickpea

from Mexico adverselyaffected chickpea

cultivationin Spain. Fortunatelyin 2014the

cultivatedareahas increasedto 12,100 ha,

explainedpartly by the EuropeanUnion

Common AgriculturalPolicy and the high

marketpricesfor first-qualityseeds.

Spainis the majorproducer(42.8% of the

totalEuropeanproduction)andconsumerof

chickpea in Europe (around 76,051 t),

therefore needs to import approximately

doublethanits chickpeaproduction,in 2010

around53,800 t, beingthe fifth countryin

termsof worldimports.

Seedsizeisakeyqualitydeterminantin the

Spanishmarket. In the Andalusiaregion

(southernSpain)the farmerspreferchickpea

ăBlancoLechosoó type with big seed

(around0.6 g) becauseit fetchesthreetimes

higher pricesthan other chickpeacultivars

(around1.5 EUR kg-1ăBlancoLechosoóand

0.50 EUR kg-1 medianor smallseedstype).

Today,the developmentof resistantlinesto

both diseases(Fusarium and Ascochyta

blight) and big seeds size is the main

objectiveof chickpeabreedingin Spain.

Algeria

The implementationof the programfor

decreasingfallowareasandintensifyingfood

legumeproductionduring 1983to 1988in

Algeriacausedan increasein the cultivated

area(morethan50,000ha)(3, 4). Nowadays,

the areaunder cultivation of chickpeais

around 31,000 ha, ranking the fifth most

important country in the Mediterranean

Basin(Fig. 3). Themainreasonfor decrease

in areaunder cultivation is that it has to

competewith wheat (TriticumaestivumL.),

which, yield is about five times that of

chickpea. Althoughthe chickpeaproduction

sufferedfluctuationsin the last30 years,it

hasbeenincreasingsince2010, with 29,000t

in 2013. During the last 30 years,yield

increasedfrom 262 kg ha-1 to 936 kg ha-1.

Asmentionedbefore,theyieldis too low to

7Legume Perspectives                                         Issue 10 Å October 2015



Abstract: Althoughwith ahighpotentialfor

harshenvironments,grasspeacultivationin

the Mediterraneanregion is in regression.

Due to an increased knowledge

accumulationon locally adaptedgrasspea

germplasm, with high agronomicpotential

for modernlow input/integratedproduction

systemsand the developmentof molecular

tools to support breedingprograms,this

realityis slowlychanging. With the present

work we reviewed grass pea actual

importance and perspectives within

Mediterraneancountries.

Key words: feed and food legume,grass

pea,landraces,Lathyrussativus, Mediterranean

region

Grasspea(LathyrussativusL.) is an annual

legumecrop, originatedin southwestand

centralAsia,subsequentlyspreadinginto the

easternMediterranean(8). Todayit is grown

in largeareasof SouthAsiaandSub-Saharan

Africa, but its formerly frequentcultivation

has drasticallydecreasedin Mediterranean

countries. At worldwidelevel,grasspea is

presentlyregardedas a promisingcrop for

drought-prone and marginal areas,being

superiorin yield, protein content,nitrogen

fixation and tolerance to drought and

salinity, when comparedto other legume

crops(19).

_________________________________________________________________________________________________________
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Fortunately, significant germplasm

collectionsare preservedin a number of

Mediterraneangenebanks(seeTable2 in 16)

and grass pea research activities are

maintainedin someof thesecountries. These

are focusedmainly on germplasmgenetic,

agronomicandqualitycharacterization(1, 4,

5, 6, 14), with somegeneticresistancestudies

andcrossbreedingschemesinitiated(17, 18).

In theabsenceof properstatisticson grass

peacultivationor consumptionandbasedon

the few referencesavailable,we tried to

elucidatethe crop actual importanceand

perspectivesin the Mediterraneanregion,

using four different countriesas examples.

Mediterraneancountries experienced in

common a severedecreasein grasspea

cultivation during the last 50 years,and

presentlygrasspeais mainlygrownby small

farmers,for own or localconsumption,with

little or negligibletrade. However,farmersof

all thesecountriesalsoshareanappreciation

for grasspeafood productsand an interest

in the crop cultivation,providedthat better

adaptedcultivarsaremadeavailable.

In Portugal,presentgrasspeaproduction

is very small and mainly used for self

consumption,rather than for commercial

purposes (15). However, there is an

increasingintereston this crop,especiallyin

the centralmountainousregionsof Serrado

Sicó, wheregrasspeahasbeenusedfor a

long time asa traditionalcrop. Grasspeais

also cultivatedin the southernregion of

Algarve(CaldeirãoMountains)and in Serra

de Sintra, nearLisbon,beingall theseareas

characterizedby limestone soils. As an

example,in Alvaiázereregion(SerradeSicó),

farmersintegrategrasspeain croprotations,

mainly alternating with cereals; in

intercropping systems with olive (Oliva

europaeaL.), chickpeaor fababean; or assole

crop for grain production. Basedon the

informationcollectedlocally,grasspeayield

is around 1 t ha-1. Thanks to the active

enrollmentof localauthoritiesin supporting

andorganizinggrasspeagastronomicannual

festivities (òFestivaldo chícharoó,òO

chícharoda Serraó),this crop has become
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Grass pea prospective at the Mediterranean Basin 

by LeticeGONÇALVES1, Diego RUBIALES2 and M. Carlota VAZ PATTO1*

Grass pea is highly suitablefor human

consumption,beingrich in polyunsaturated

fatty acids. It is alsointerestingasfunctional

food thanksto its antioxidantactivity,higher

than that of chickpea(CicerarietinumL.),

lupin (Lupinusspp.) or soybean(Glycinemax

(L.) Merr.) seeds(11). Unfortunatelygrass

peasuffersfrom a reputationof beingtoxic,

as its overconsumption, under certain

circumstances,hascausedneurolathyrism, a

neurotoxicdiseaserelatedto its contenton a

non-proteinaminoacid,Ǡ-ODAP. However,

thereis anagreementtodaythat grasspeais

harmlessto humans and animals when

consumedas part of a balanceddiet (10).

Also, asa resultof largebreedingefforts a

number of cultivars with low Ǡ-ODAP

contentarenowavailable(9).

Mediterraneanaccessionstend to have

white and largeseeds,in contrastwith the

predominantlyblue-floweredandsmalldark

seeds typical from Asia and Ethiopia.

Preference for larger seeds in the

Mediterraneanarea is common to other

grain legumessuch as lentil (Lensculinaris

Medik.), chickpeaand fababean(Vicia faba

L.), and is a product of human selection.

Mediterraneanaccessionstend alsoto have

higheryields,later phenologyand lowerǠ-

ODAP content(7).

Regardlessof a customarycultivation of

grasspea in Mediterraneancountriesand

high gastronomic appreciation by local

consumers,the sadfact is that today,andin

this region,grasspea is a neglectedcrop,

evenin risk of geneticerosion(16). There

are no availableregisteredcultivarsin most

Mediterraneancountries,what is common

moreor lessto allEurope. For instances,the

EuropeanCommonList of Commercialand

Protected Varieties Catalogue does not

includea singlegrasspeacultivar,as clear

indicationof the little attentionpaid to this

species,in spite of its greatpotentialvalue

for dryerareas.
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(9) Kumar S, BejigaG, Ahmed S, NakkoulH, 

SarkerA (2011) Genetic improvement of grass 

pea for low neurotoxin (Ǡ-ODAP) content. Food 

ChemToxicol49:589-600

(10) LambeinF (2009) The lathyrus/ lathyrism

controversy. Grain Legum54:4

(11) Pastor-CavadaE, Juan R, Pastor JE, Girón-

CalleJ, AlaizM, VioqueJ (2009) Antioxidant 

activity in Lathyrusspecies. Grain Legum54:10-11

(12) Pena-ChocarroL, Zapata L (1999) History 

and traditional cultivation of LathyrussativusL. and 

LathyrusciceraL. in the Iberian Peninsula. Veget

Hist Archaeobot8:49-52

(13) PiergiovanniAR, Lupo F, ZaccardelliM 

(2011) Environmental effects on yield, 

composition and technological seed traits of some 

Italian ecotypes of grass pea (LathyrussativusL.). J 

SciFood Agric 91:122-129

(14) TavolettiS, IommariniL, MoglianiL (2011) 

Agronomic, qualitative (Ǡ-ODAP) and molecular 

variability in grasspeapopulations of the Marche 

region (central Italy). Food ChemToxicol49:601-

606

(15) VazPattoMC (2009) Alvaiázere, Grass Pea 

Capital. A taste on Patrimony. Grain Legum

54:38-39

(16) VazPattoMC, RubialesD (2009) 

Identification and characterization of partial 

resistance to rust in a germplasmcollection of 

Lathyrussativus. Plant Breed 128:495-500

(17) VazPattoMC, RubialesD (2014) Lathyrus

diversity: Available resources with relevance to 

crop improvement - L. sativusand L. ciceraas case 

studies. Ann Bot 113:895-908

(18) VazPattoMC, Fernández-AparicioM, Moral 

A, RubialesD (2006) Characterization of 

resistance to powdery mildew (Erysiphepisi) in a 

germplasmcollection of Lathyrussativus. Plant 

Breed 125:308-310

(19) VazPattoMC, SkibaB, Pang ECK, Ochatt

SJ, LambeinF, RubialesD (2006) Lathyrus

improvement for resistance against biotic and 

abioticstresses: from classical breedingto marker 

assisted selection. Euphytica147:133-147

progressivelymore well-known in the

country, with an increasingnumber of

growers and cultivated area,mainly as a

delicatessenmarket oriented production.

Recent reports indicate that there are

individualfarmerssowingup to 6 haof grass

pea,whatisquiteimpressive for theregion

averagefarm size. No registeredvariety

existsyet in Portugal,so farmerscultivate

traditionallandracesselectedover centuries

of cultivation,butwith reducedyields.

Spainfollows a similar trend. There are

historicrecordsof grasspeacultivationsince

Pré-historic period, with seedsfound in

Cueva del Toro (Málaga), dated from

Neoliticandin El Acequión(Albacete),from

BronzeAge (12). Grasspeawasfrequently

cultivated until the sixties (55,000 ha in

1950), but markedlydecreasedsince then,

being today almost abandoned(15 ha in

2007) (4). It wasusedboth for animalfeed

and humanfood. Presentlythis crop is still

cultivatedin Castilla-La-ManchaandCastilla-

Leónregions,mainlyin smallareasandonly

in familiar agriculturalsystems,where is

mainlyconsumedin traditionaldishes,being

ògachasóthe most popular. Indeed,some

traditional folk celebrationsretain a grass

pea stew as the main dish, showing

its importance in the Spanish cultural

heritage(3).

Thesituationissimilarin Italy,wheregrass

peawasacrop typicallyusedin anumberof

traditional dishes,being the hay used for

animalfeed(14). Presently,grasspeais still

cultivated,butonlyin smallfarms,mainlyfor

home consumption (14). However, a

renewedintereston this crop in growing,

justified by its high adaptabilityto organic

farming and sustainablesystems,used as

alternative, in crop rotation, in areas

overexploitedby cerealcultivationand asa

sourceof proteinfor animalfeeding(13).

Grasspeawashighlycultivatedin Turkey

in the past. However its cultivation has

decreaseddramatically from the 1960s.

Presently,mainly due to the government

supportto forageproduction,grasspeaarea

reached35,000ha(28,000hafor forageand

7,000hafor seedproduction)(2). Therefore

grasspeaproductionis mainlyusedfor feed

and rarely for human consumption (1).

Therearepresentlythreeregisteredvarieties

of grasspeain Turkey,two of them only

since2013, andsountil now almostall seed

cultivatedwasof alandracetype(2).

We mayconcludethat the highlyresilient

diverse Mediterraneanadaptedgrass pea

germplasm, once neglected,may presently

play a crucial role on the immense

agriculturalchallengesfacedby this region

and predicted based on the exponential

increaseon globaldemandfor food.
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Abstract: Lentils(LensculinarisMedik.) have

been cultivatedand consumedaround the

Mediterraneansincetheir domesticationand

initial spread,and they arenowadaysstill a

traditionalfood all-aroundof the basin. The

total productionover the past50 yearshas

doubled to approximately600,000 t with

yield having nearly doubled. The main

factors still limiting lentil production

throughout of the MediterraneanBasin

consist likely in the small-scale farming

practicedas well as the cultivation under

rainfedin harshsemi-aridregions.

Key words: breeding, culture,

domestication,production,stresses

Lentil (Lensculinarissubs. culinarisMedik.)

was domesticatedamong the first set of

crops,such as einkorn (Triticummonococcum

L.), emmer (T. turgidumsubsp. dicoccon

(Schrank. (Thell.)), barley(HordeumvulgareL.)

and pea (PisumsativumL.), during the

agricultureorigin in the Fertile Crescent.

According to archaeologicaldata, the

distributionof wild speciesandtheexistence

of remainsof both wild andcultivatedlentils

in thesameregion,theFertileCrescentis the

most obviouscandidatewith regardto the

domesticationplace. Availabledatapoint to

the region of southern Turkeyðnorthern

Syria as the most likely place of lentil

domesticationand wheresomepopulations

of L. orientalis(Boiss.) Hand.-Mazz. were

unconsciously subjected to automatic

selectionleadingup to L. culinarisarisingasa

newcrop. Theexpansionof the cultivated
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According to the available data from

FAOSTAT (unfortunately no data is

available for several Mediterranean

countries), the current production and

consumptionis rather heterogeneous(4).

The Mediterraneancountriesrepresent13%

of the world lentil productionwith a mean

yieldsimilarto the world average(Table1).

Theproductionandyieldanalysisduringthe

approximately50 years covered by the

statistics manifests that while the area

harvestedhas increasedby one third the

production and yield have doubled,

nonetheless,the limited lentil croppingarea

expansionis mostlikelythe resultof asmall

scale and low-input farming practicedin

mostof theMediterraneancountries. During

the last decade,Turkey hasbeenthe third

worldproducer,behindof IndiaandCanada,

whileEgyptandCroatiaaresecondandthird

in yieldafter New Zealand. Sincelentilsare

part of the traditionalfoods throughoutof

the Mediterraneanbasin, the relative low

production in many countries is

supplementedby largeimports,mainlyfrom

Canadaand the USA but also from other

Mediterraneancountries such as Turkey.

This countrywasthesecondworld exporter

(212,596t) subsequentto Canadain theyear

2011, althoughit alsoappearedin the same

yearasthe first world importerwith 309,561

tones. Spainis an exampleof an importing

country to cover the internalconsumption

demand. Lentils, as other dry legumes,are

part of the traditional diet and widely

consumed,yet lentil production in Spain,

whilstbeingthelargestlentilproducerwithin

of the EU, only roughlycoversonequarter

of the national demand. However, it is

difficult to establisheachcountryõsrealfood

supplyneedsgiventhat statisticsonly reflect

trade. For instance, no record in the

FAOSTAT statistics accounts for the

production of lentils in Portugal,

neverthelessthis countryappearedasa lentil

exporter(3,537t) in theyear2011.
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Lentil (Lens culinarisMedik.) 

by MarcelinoPÉREZ DE LA VEGA* and Richard FRATINI

lentil occurred most likely simultaneously

with thatof the otherin theFertileCrescent

first domesticatedcrops as agriculture

expandedaroundtheMediterraneanSeaand

to other parts of the Old World. The

expansionof the lentil crop was relatively

rapid; lentil archaeologicalremainsexist in

the most occidental part of the

Mediterraneanbasin,the Iberian Peninsula,

alreadysincethe earlyNeolithic. Remainsof

severalcrops,such as einkorn and emmer

wheat,barley,pea,grasspea(Lathyrussativus

L.), lentil and faba bean (Vicia fabaL.)

comprising a typical Near East crop

complex,havebeendatedby 14C to 7,540±

140BP(5).

Thus,lentils havebeena traditionalfood

around the Mediterranean since the

beginningof agriculturetakingactivepart in

the culinaryculture. Numerousreferencesto

lentils exist in the classicalHellenisticand

Romanperiodsand in the Middle Age on

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

traditionalmujjadara, mudardaraor mjadrain

theMiddleEastto all of theEuropeansoups

and stews. For instance,in Spainthey are

partof aneverydaymainmealandareeaten,

asa soupor asa stew,at homeor at work

dinners. After all,lentilsareconsideredasthe

easiestandfriendliestto digestamongall of

the dry seed legumes. Thus lentils are

currentlydevotedto human consumption,

with an almostnegligibleuse dedicatedto

livestock feed (exceptionallystraw and

damagedseedsaredirectlyusedby farmers).

The main consumptionentails dry seeds,

althoughin somecountriesa minor part of

the production is derivedinto the canned

food industry.

Lentilsaremainlygrownworldwideunder

rainfed systems,and the Mediterranean

region is not an exception,although in

Egypt they are mainly irrigated likewise

aminorpartof thesurfacein othercountries

is devoted to irrigated lentil cropping.
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allowingfor the identificationof the main

genes involved in the responsesto the

different challenging and limiting stress

factors. Knowledgeof the genomeof both

the cultivatedlentil and its wild relativesis

critical in order to acceleratethe paceof

breedingvia marker-assistedselection,also

for the mining of useful geneticvariation

derivedfrom the moreexoticgermplasmvia

marker-assisted background selection or

introgression. Sequencinginformation will

thus add considerableresourcesto the

breederõstoolbox for lentil genetic

improvement,in view of the globalclimate

changesandanincreasinghumanpopulation

growthwith aneverrisingdemandfor lentils

aspartof theirstaplefood.
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Factorsseriouslyaffectinglentilproduction

and yield in the Mediterraneancomprise

biotic aswell asabioticstresses. In view of

the fact that mostof the lentil productionis

attainedin the Mediterraneanbasinunder

rainfedconditions,drought is probablythe

most common abiotic stress; in particular

droughtduringthe floweringup to the seed

filling periods. In elevatedareas,suchasthe

central part of the Iberian or of the

AnatolianPeninsulas,anothermajor 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; nevertheless,the weedy

root parasitebroomrape(Orobanchecrenata

Forssk.) is alsoaconsiderablelimiting factor

to lentil production, almost preventing

growth and developmentof lentil plantsin

heavily infected broomrape areas.

Moreover,lentilsaredamagedbymanytypes

of insectstogetherwith otherpests. Among

insects, the major field pests consist of

aphids (Aphis craccivoraC. L. Koch,

AcyrthosiphonpisumHarris), leafweevil(Sitona

spp.), lygus bugs (Lygusspp.) and the

cutworm (Agrotis ipsilonHufnagel). Seed

insectspeciesconstituteyet anothermajor

pestproblemcausinggreatseedloss: Bruchus

ervi Frölich and B. lentis Frölich with

CallosobruchuschinensisL. and C. maculatus

Fabricius(6). Little progressin breedingfor

insectresistancehasso far beenachievedin

comparison with breeding for diseases,

nowadaysthe situationremainssimilar. No

sourcesof resistanceto Sitonaweredetected

in ICARDA materialswhich only showed

effectivenessagainstthe adult insectwhilst

not to larvae(6). Nonetheless,resistanceto

S. crinitusHerbsthasbeendescribedin wild

materials(3). In addition,virusesconstitute

alsoa sourceof yieldreduction,althoughin

general the information regarding these

infectiousagentswhichlimit cropharvestsis

lessabundantwithinof theliterature.

The accumulatinginformation obtained

from òomicó data together with that

retrieved from the genome sequencing

projectin development(1) will clearlyspeed

up theapplicationof thenewtechnologiesto

complement the classicallentil breeding
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Table 1. Lentil cropping area, production and yield of Mediterranean countries (five year 

averages) together with basin Total/Average figures followed by World data for comparison (4)

Area harvested (ha) Production (t) Yield (kg ha-1)

Country 1961-1965 2009-2013 1961-1965 2009-2013 1961-1965 2009-2013

Algeria 12,854 3,544 4,622 3,872 370 1,078

Croatia - 34 - 57 - 1,780

Egypt 32,669 836 50,274 1,495 1,526 1,882

France 11,616 13,034 9,540 20,848 814 1,588

Greece 15,602 2,327 8,850 2,990 576 1,286

Israel 472 106 160 36 344 344

Italy 20,076 2,171 13,724 1,622 685 754

Lebanon 2,082 1,105 2,150 2,011 987 1,830

Morocco 24,600 47,111 12,000 32,413 483 682

Spain 46,284 35,484 25,599 23,633 616 657

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

Total/average 350,916 470,690 284,606 601,956 698 1,131

World 1,672,165 4,180,706 940,259 4,547,314 562 1,087



Abstract: Thereis raisinginterestin white

lupin for feedand 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

developedin Francehaveshowedprogress

for specificenvironments. Wider and more

focused exploitation of landrace genetic

resourcesis a primaryavenuefor improving

the crop yields and adaptation to

Mediterraneanenvironments,with proper

support from low-cost molecularbreeding

tools under development. Grain quality

traits, such as increasedǡ-conglutin or oil

content, may becomeimportant breeding

targetsfor specificcropuses.

Key words: adaptation, breeding gain,

drought tolerance,grain quality, landrace,

Lupinusalbus

Current and perspective 

cultivation 

White lupin (Lupinus albus L.) was

seeminglydomesticatedin Ancient Greece

from the locally-occurring wild type var.

graecus(Boiss. & Spruner) Gladst. (6). It was

important in Ancient Rome,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 snack in severalcountriesof

the Mediterraneanbasin. However,lupin
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Genetic improvement

White lupin breeding has been very

modest in Europe and elsewhere. It got

impulseby researchwork and germplasm

development performed at INRA of

Lusignan(France),whichimprovedthecrop

yield and climatic adaptationto temperate

regionsthrough varietieswith greatercold

toleranceand novel plant architectures(7).

Breeding programs in Mediterranean

countriesarepresentin Franceat Jouffray-

Drillaud, Italy at CREA, and a few other

countriessuchasSpainandMorocco. White

lupin geneticresourcesare limited to the

primary gene pool and include essentially

landracegermplasm, becauseof effective

geneticbarriersto interspecifichybridization

andthelimiteddistributionof var. graecus(6).

The main environmentalfactor that can

constrain lupin cultivation is its poor

adaptation to soils that are even just

moderatelycalcareous,i.e., those whose

soluble fraction of calcium carbonate

accordingto Drouineauõsmethod exceeds

1% (11). Material displaying moderate

toleranceto calcareoussoil hasbeenlocated

within landracegermplasmfrom Egypt (8)

and Italy (2). Raising yields by autumn

sowing in cold-prone regions requires

improved winter-hardiness, whose

contributing traits are well-defined (late

flowering via greater vernalization

requirement; intrinsic tolerance; large

seedlingroot, associatedwith largeseed)(7).

The multi-environment evaluation of a

globalcollectionof landracegermplasmhas

providedindicationson mostusefulcountry

gene pools for breeding programs as a

functionof the targetclimaticadaptation(4).

However, drought tolerancevariation and

associatedmechanismshave been poorly

investigated. Anthracnose (Colletotrichum

gloeosporioides(Penz.) Penz. and Sacc.) is

consideredthe main abiotic stressglobally

(7), but seemsto be less threateningin

Mediterraneanregions.
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White lupinimprovement for countries of the 

Mediterranean Basin
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cultivationin thisregionismodestaccording

to availablestatistics(mainly from FAO),

extendingover about 6500 ha in Spain,

5000 ha in France,4000 ha in Italy and

Morocco,nearly3000ha in Egypt,and less

than1000haelsewhere.

Thereisraisinginterestin whitelupingrain

for feedandfood. As a feed,its highprotein

content (36% - 44%) makesit the most

valuable alternativeto imported soybean

(Glycinemax (L.) Merr.) in Mediterranean-

climateregions,wheresoybeancroppingis

hinderedby water requiredthroughout its

spring-summer cycle. Lupin can replace

completelythe soybeanmealevenin diets

for high-producinglactatingcows(11). It is

an excellentingredientfor vegetarianfood,

owing to a combination of nutritional,

technologicaland sensorycharacteristics(as

highlightedby Europeanprojectssuch as

HealthyProFood, Lupicarp, HealthyLupin,

PlantsProFood, and LikeMeat). There is

growingevidencethat lupin-baseddietscan

contributeto preventandtreata numberof

diseases,including type-2 diabetesmellitus

(T2DM), hypertension, cardio-vascular

diseases,and metabolicsyndrome. Finally,

lupin graincontainsamoderateamount(10-

15%) of oil featuring a particularlyhigh

Ƿ3/Ƿ6 ratio (5). Comparedwith narrow-

leafed lupin (L. angustifoliusL.), which is

mainlygrownin Australiaandsomeregions

of northernEurope,whitelupin tendsto be

higheryieldingin different south-European

environments(1), andhashigherproteinand

oil contents(11). Comparedwith othercool-

seasonfeedgrainlegumessuchaspea(Pisum

sativumL.) or fababean(ViciafabaL.), white

lupin showedhigher protein yield per unit

area(althoughnot highergrainyield)(1), and

has the advantageof being tolerant to

broomrape(Orobanchespp.).
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Grainyieldhasundoubtedlybeenthemain

breedingtarget. Breedingprogresshasbeen

manifest (although still insufficient for

widespreadcultivation) in France, where

lupin is not a traditionalcrop,particularlyby

means of innovative plant architectures

(semi-dwarf and/or semi-determinatetypes)

and increasedwinter hardiness(11). Smaller

selectionprogramsthat startedrecentlyin

Italy andMoroccousingsegregatingmaterial

developedin Francehaveshowedprogress

for specific environments relative to

referencecultivars,suchasMultitaliain Italy,

or Multolupain Morocco(wherethiscultivar

wasintroducedandmultipliedfor about30

years). In Morocco,someelitebreedinglines

clearly out-yielded Multilupa in a highly-

favourable cropping environment (where

their greater toleranceto lodging proved

important),whileshowinglittle progressin a

lessfavourablesite(Table1). Lessfavourable

cropping conditions arose from a

combination of late autumn sowing and

lower rainfall amount, which impacted

negativelyon breedinglinesindiscriminately

later-flowering than Multolupa (Table 1).

In Italy, yield gains over Multitalia

acrossautumn-sown,climatically-contrasting

environmentsprovedpossibleonly through

newlinesspecificallyadaptedeitherto mild-

winterMediterraneanareas(suchasSardinia)

or cold-proneregions(suchasthePoValley)

(Fig. 1). However,wide climaticadaptation

wouldbepreferablefor newvarietiesin Italy,

given the large extent of areas with

intermediateclimaticcharacteristicsand the

limitedmarketsizeof thecrop.

Breeding perspectives

The outstandingvalueshowedby specific

setsof landracesovercommercialvarietiesin

termsof grainyieldin differentagro-climatic

regionsor toleranceto moderatelime soil

(Table2) suggeststhat the primarystrategy

for futurebreedingsuccessis representedby

widerand more focusedexploitationof the

availablegeneticresources,whosepotential

is largelyuntapped. Theevaluationof global

germplasmcollections,such as that in (3),

for toleranceto specificabiotic and biotic

stresses is commendable. The future

developmentof low-cost, high-throughput

genotypingtechniquessuchasGenotyping-

by-Sequencing(under study at CREA),

combined with data from selection or

germplasmevaluationexperiments,could

allowfor implementinggenomicmodelsfor

selectingadvancedlines within a reference

breedingpopulationor for locatinguseful
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Table 1. Grain yield, onset of flowering and lodging susceptibility of 10 elite selected lines and 

the control cultivar Multolupain a moderately-favourable (Merchouch) and a highly-favourable 

(Larache) cropping site of Morocco; source: Thami-Alami, unpublished data

Figure 1. Nominal grain yield of seven lines selected for wide or specific climatic adaptation 

and two control varieties of white lupinas 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 Valley, subcontinentalclimate; Sanluri, Sardinia, Mediterranean climate) by 

three cropping years (2005-2006, 2006-2007 and 2007-2008)

Grain yield (t ha-1) Flowering

(dd from Jan. 1)

Susceptibility

to lodgingaLine Merchouch Larache Mean

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

MO92 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 L

MO65 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 L

3 5.39 6.37 5.88 102 L

Multolupa 5.51 5.09 5.30 93 HH

LSD (P < 0.05) 0.81 2.47 1.16 2 -

a L = low (< 10%), M = medium (10% - 30%), H = high (30% - 50%), HH = very high (> 50%)
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(7) HuygheC (1997) White lupin (Lupinusalbus

L.). Field Crop Res 53:147-160

(8) KerleySJ, NorgaardC, Leach JE, Christiansen 

JL, HuygheC, RömerP (2002) The development 

of potential screens based on shoot calcium and 

iron concentrations for the evaluation of tolerance 

in Egyptian genotypes of white lupin(Lupinus

albusL.) to limed soils. Ann Bot 89:341-349

(9) Lin R, RenshawD, LuckettD, Clements J, Yan 

G, AdhikariK, BuirchellB, SweetinghamM, Yang 

H (2009) Development of a sequence-specific 

PCR marker linked to the gene òpauperó 

conferring low-alkaloids in white lupin(Lupinus

albusL.) for marker assisted selection. Mol Breed 

23:153-161

(10) Lovati MR, Manzoni C, Castiglioni S, Parolari 

A, Magni C, Duranti M. (2012) Lupinseed ǡ-

conglutinlowers blood glucose in hyperglycaemic 

rats and increases glucose consumption of HepG2 

cells. Br J Nutr 107:67-73

(11) PapineauJ, HuygheC (2004) Le lupindoux

protéagineux. Editions France Agricole, Paris

landraceaccessionsfor specific traits in

germplasmcollections. Another important

researchissue for yield improvement is

verifying whether the semi-dwarf, semi-

determinateplant architecturethat proved

useful for temperate environments (7)

confirms its value also for Mediterranean,

drought-proneenvironments.

White lupin cultivation as a feed crop

would be boostednot only by higheryields

and wider soil and climateadaptation,but

also by the dual-purposecrop for protein

and oil, if oil contentin its graincould be

raisedenoughto justify its extractionand

marketing(likelyup to 18% - 19%, whereas

currentmost-suitablematerialhardlyreaches

15%) (11). Higher grain content in ǡ-

conglutin could be a specific breeding

objective for varieties used to produce

nutraceuticalsthat control glycaemia(10).

Molecular (9) and possible NIR-based

procedures for rapid and precise

determinationof alkaloidscontent in the

seed (which should not exceed

0.200mgg-1) havegreatpracticalimportance

for selectionprograms.
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Table 2. Best-performing white lupinlandrace vs. variety germplasmfor grain yield (t ha-1) in 

three European agro-climatic environments (Lodi, Po Valley, and Sanluri, Sardinia, under 

autumn sowing; St. Sauvant, western France, under spring sowing), and lime tolerance 

expressed as dry aerial biomass ratio between moderate-lime (ML) and low-lime (LL) soil

Material Yield in Lodi a Yield in Sanluri a Yield in St. Sauvant a ML/LL ratio b

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, Energy in Sanluriand St. 

Sauvant(3)
b Average of two experiments: landraces, top 13% (2 entries out of 15); variety: Adam (2)



Country

Cultivated 

area 

(ha) a

Percent of 

arable land a
Mean yield 

(t DM ha-1) a
Main legume b

Albania 150,000 24.3 9.7 Alfalfa

Algeria 2,300 0.01 3.2 Alfalfa

Bosnia and Herzegovina 19,750 2.0 9.4 Red clover

Bulgaria 64,600 2.0 7.1 Alfalfa

Croatia 26,050 2.9 10.6 Alfalfa

Cyprus 750 0.9 3.7 Alfalfa

France 329,100 1.6 14.8 Alfalfa / white clover

Greece 129,300 5.2 3.7 Alfalfa

Italy 716,400 10.1 10.5 Alfalfa

Lebanon 750 0.6 20.5 -

Montenegro 3,000 1.7 6.0 Alfalfa

Morocco 100,000 1.1 15.0 Alfalfa

Romania 332,650 3.7 6.0 Alfalfa

Slovenia 2,600 1.5 2.4 Alfalfa / red clover

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

Abstract: Alfalfais animportantcropin the

Mediterraneanbasin. Its improvement is

challengedby the need for varietieswith

increaseddrought tolerance,salt tolerance

and, limitedly to non-dormant germplasm,

cold tolerance, highlighting the strategic

interest of international co-operation

betweenregional breedingprogramsthat

sharesimilarobjectives. Selectionof specific

varietiesfor environmentsfeaturingdifferent

prominent stressesis a promisingstrategy,

especiallywhensecondedby theexploitation

of elite, well-characterized landrace

germplasm. Further support could derive

from genomicselectionmodelsfor specific

environments based on genotyping-by-

sequencing SNP markers. A regional

breeding strategy including all of these

elementsisassessedwithin theFP7-ArimNet

projectREFORMA.

Key words: drought tolerance,genomic

selection,Medicagosativa, plant adaptation,

salttolerance
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devotedto its cultivation,e.g., over 5% in

Spain,and nearly10% in Morocco. These

countries,Lebanon(wherealfalfais irrigated)

andFranceshowthehighestcropmeanyield

(Table 1). Over 50% of cropping areain

Spain,20% in France,and 10% in Italy, is

usedto producealfalfadehydratedbalesor

high-protein (from 17% to 22%) pellets.

Alfalfa dry forage (hay; silage; dehydrated

bale) or fresh forage is usually fed to

ruminants. Pellets are also fed to

monogastrics(up to 10% - 20% on a diet

dry-matter basisdependingon speciesand

productionlevel),for which they offer the

advantageof higher levels of omega-3,

caroteneand mineralscomparedwith other

high-proteinfeedstuff.
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Alfalfa improvement in the Mediterranean basin

by Paolo ANNICCHIARICO

Alfalfa (aliaslucerne, MedicagosativaL., Fig.

1) hashistoricallybeenthe mainforagecrop

in theMediterraneanbasinalreadyduringthe

RomanEmpire, the Moors kingdomsand

theRenaissance(8). It keepsbeingthemost-

grownperennial foragelegumein nearly all

countriesof the region(Table1). Statistical

data relative to pure stand cultivation

indicate the special importanceof alfalfa

in ItalyandAlbania(whereit exceeds10% of

thearableland),Greece,andRomania(Table

1). These data underestimatethe actual

cropping areain countries,suchasFrance,

wherealfalfais largelygrownin mixturewith

grasses. The importanceof alfalfain several

drought-pronecountriesisbetterappreciated

whenconsideringtheshareof irrigatedland

Table 1. Alfalfa pure stand cultivated area, alfalfa percent of arable land, mean alfalfa dry 

matter yield, and most-grown perennial forage legume, in countries of the Mediterranean 

Basin 

a Source: average of 2008-2011 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 and Lybia; b (3)

Figure 1. Alfalfa in flower
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Drought,whichis themainstressaffecting

alfalfa at the global level (3), constrains

severely alfalfa production in rainfed,

low-rainfall Mediterraneanenvironments.

Its impact is expectedto rise,owing to the

combination of higher evapotranspiration

andlowerand/or lessregularrainfallcaused

by climatechange(4). Breedingnewcultivars

with increaseddrought tolerancewill be

needednot only for rainfedenvironments

but also for environmentscurrentlyusing

largeirrigationamounts(mostlyin Spainand

north-African countries), where the

decreasingavailabilityof irrigationwaterwill

push for the adoption of limited or

suspendedsummer irrigation. Also, the

expectedincreasedadoptionof poor-quality,

saline irrigation water will emphasizethe

needfor highlysalttolerantvarieties. Climate

changealsooffersopportunities,suchasthe

introductionof varietieswith low or about

nil autumn dormancyin inland areasof

southernEurope,but higheryieldsby this

avenuecould be achievedonly through

varietiesthat areconcurrentlyimprovedfor

toleranceto winter low temperaturesand

erratic,earlyor latefrosts.

A dual-purpose crop providing feed

protein from leavesandenergyfrom stems

could increasethe alfalfa cultivation and

profitability. Equipment for the separate

harvest of leaves and stems has been

developedin USA,withoptimalenergychain

production, crop managementand variety

typefor thisutilizationalsodefined(5).

Genetic improvement

Despiteits importance,alfalfahasbeena

minor targetof geneticimprovementin the

Mediterraneanbasin and several other

croppingregions,owing to severalreasons

(such as lower seedmarket value,greater

genetic complexity, less favourable

reproductivesystem,moredifficult farmerõs

assessmentof variety value, and greater

exposureto seed fraud, relative to other

major crops). Long-term private breeding

programs are present in just a few

countriesof southernEurope, and public

breedingor pre-breedinghas beenpivotal

in nearlyanycountryhostingbreedingwork.

In Italy, a number of registeredvarieties

derivedfrom mass-selected(or even non-

selected)farm landraces. Researchwork

aimedto improvealfalfadrought tolerance

has beenremarkablymodestworldwide(3).
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Figure 2. Classification by pattern analysis of 10 north-African or south-European coded 

environments, based on their similarity for three-year dry matter yield genotype ×

environment interaction responses of 12 alfalfa cultivars (2)

Recentprogressin markerdevelopment,

particularlygenotyping-by-sequencing(GBS),

hasthepotentialfor cuttinggenotypingcosts

dramatically,opening the way to genomic

selectionfor alfalfaproductiontraits (3, 6).

To be really successful,genomicselection

shouldbe carefullyintegratedinto selection

schemesin anecologicalprospectcapableof

exploitinggermplasmresilienceand specific

adaptation (3). Germplasm phenotyping

and/or selectionin managedenvironments

(1) or controlled conditions (7) that can

reproducewell-definedtargetenvironments

is anotherkey issueto explore,to facilitate

the implementationof genomic selection

and/or to allow for more cost-efficient

phenotypicselection.

REFORMA: a trans-national 

improvement project

REFORMA (Resilient,water- andenergy-

efficient forage and feed crops for

Mediterraneanagricultural systems)is an

FP7-ArimNet project joining nine research

institutions from Italy, France, Algeria,

Morocco,TunisiaandUSA.

Internationalco-operationbetweenbreeding

programsin the Mediterraneanbasin that

sharesimilarobjectivescouldbe particularly

important,given the challengeof breeding

new stress-tolerant varieties, the modest

opportunitiesfor economicreturnof private

seedcompanies,and the budgetconstraints

imposedon publicprograms.

Mediterranean landraces and recent

varietiesfrom Europe, USA and Australia

that wereevaluatedacrossmanyrainfedand

irrigated environments of the western

Mediterraneanbasinrevealedthelargeextent

of specific-adaptationresponsesin relation

to drought stress and soil salinity (2),

supporting the developmentof varieties

adaptedto specificcroppingconditions. The

classificationof testenvironmentsaccording

to cultivaradaptiveresponsesindicatedthree

main trans-nationaltargetenvironmentsfor

regional breeding (relatively moisture-

favourable; saline; severelydrought-prone:

Fig. 2). Selectingvarietiesspecificallyadapted

to rainfedor irrigatedcroppingresultedin

greatercropyieldsevenoveranarea,suchas

northern Italy, where rainfed cropping

implies just moderatedrought stress(1).

Landrace germplasmcan be particularly

valuableas a donor of adaptivegenesnot

only for stress conditions but also for

favourableones(1, 2).




