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s

his monographic 

issue on alfalfa 

(alias lucerne) 

reflects the recent 

evolution of AEP (Association 

Européennede Recherchesurles 

Protéagineux) into ILS 

(International Legume Society), 

i.e., a wider scientific community 

with a focus on both grain and 

forage legumes. This change 

recognizes the large affinities 

existing between these groups of 

crops for genetic and genomic 

characteristics (as confirmed by 

legume syntenystudies and the key 

role played by Medicago

truncatulaas a model species) and 

in other respects, e.g.,the

interactions of plants with nitrogen 

fixing bacteria, or the dynamics of 

associations of legume and non-

legume plants. There is also 

increasing opportunity for research 

projects devoted to improving 

simultaneously annual and 

perennial legumes, such as the 

FP7-ArimNet project REFORMA 

(Resilient, water- and energy-

efficient forage and feed crops for 

Mediterranean agricultural 

systems), which provided the 

context for the current editorial 

work. ILS initiatives, including this 

journal, will respond to the need 

for greater cultivation of legumes -

of all kind.

Paolo Annicchiaricoand

Bernadette Julier

Managing Editors of

Legume Perspectivesissue 4
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Alfalfa:BacktotheFuture
lfalfa (alias lucerne) hasplayeda majoragriculturalrole in

agesof the human civilizationthat featuredtechnological

progressand economicstability, suchasthemostprosperous

periodsof thePersianEmpirein westernAsia, the Roman

Empirein theMediterraneanregion,theHan Dynastyin China, the

Arab Empiresin the Middle Ages,and the Renaissancein Europe.

Theseconditionsfavouredtheexploitationof this cropfor specialized

forageproductions,as well as for enhancingthe soil fertility. The

appreciationof thiscropby farmersof temperateandsubtropicalcrop-

livestocksystemshasrisenuntil thesecondhalf of the 20th century,

whenthelowcostof energyandtheignoranceof theimpactof a high-

carboneconomyon climatechangefavouredthe adoptionof crop-

livestocksystemsthataremanifestlyunsustainable.

In WestEurope,themaintenanceof alfalfacultivationin vast

areasduringthisperiodis remarkable,whenconsideringitsmuchlower

level of EU subsidizationcomparedwith other major crops(with

subsidiesthatweregrantedonlytotheindustryof dehydration).

Webelievethat alfalfaisgoingto playa crucialrolein a new,

environment-friendly chapterof the human civilization in which

agricultureisaskedto producemoreandbetter,usingfar lessenergy(for

nitrogenfertilizers,provisionof extra-farm feedproteins,soil tillage,

weedandpestcontrol,etc.). Thereturnof thiscropto its destinyof a

bright future is favouredby its wide range of possibletarget

environmentsand utilizations (hay, silage, grazing; high-protein

feedstuff; dual-purposeforforageandenergy).ƴ

_________________________________________________________________________________________________________

1Consiglio per la Ricerca e la Sperimentazione in 

Agricoltura, Centro di Ricerca per le Produzioni 

Foraggere e Lattiero-Casearie, Lodi, Italy

(paolo.annicchiarico@entecra.it)
2INRA, UR4, URP3F, Lusignan, France

(bernadette.julier@lusignan.inra.fr)
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Perspectives of alfalfa in Europe

by Christian HUYGHE1*, Luc DELABY2, Daniele ROSELLINI3 and Fabio VERONESI3

Abstract: Sustainable agriculture shall

reconcilehighproductivitywith preservation

of the environment,and at the sametime

competein a globalmarket. Alfalfacanhelp

to meetthechallengesof climatechangeand

pollution reduction, by favoring crop

rotationscapableof betterpreservingthesoil

and controlling weeds. The utilization of

alfalfathroughgrazingmayalsoreducerisks

of pollution and production costs. Alfalfa

will keepan important placein European

agriculture,becauseit sustainablysupports

highqualitydairyproductions. Theseunique

featurescan be further improved through

technicalandvarietalinnovation.

Key words: crop rotation, forage,grazing,

Medicagosativa, sustainableagriculture,weed

control

Stakes of the European 

agriculture and worldwide 

context

After a period when an increasing

production was the only objective of

agriculture,followed by a decadewhen the

environmental issues were the main

concerns,it is now well acceptedthat a

sustainableagricultureshall reconcilehigh

productivitywith environmentpreservation.

A highly productiveagriculturemust meet

the food and non-food demand of the

Europeansocietiesand alsobe competitive

on the world market,consideringthat most

protein sources for supplementationof

animal feed are imported, and that these

productshaveshownlargepricevariationsin

recentyears.

_________________________________________________________________________________________________________

1INRA, Scientific Directorate òAgricultureó, Paris, 

France (christian.huyghe@lusignan.inra.fr)
2INRA, UMR Pégase, Saint-Gilles, France
3 University of Perugia, Department of Applied 

Biology, Perugia, Italy

The environmental issues are most

complexto identify,becausetheyhaveboth

merchantandnon-merchantaspects,suchas

biodiversitypreservation,and becausethey

havedifferenttimehorizons. In ashortterm

perspective,the reductionof pollution by

nitrates and pesticides is essential and

prescribedby the Europeandirective on

pesticidesandqualityof the waterresources.

In a mid-term perspective,wateravailability

andenergyresourcesfor agriculturehaveto

be considered. In a long-term perspective,

climatechangewill dramaticallymodify the

conditions for agriculturalactivity. As a

consequence,on the one handwe haveto

anticipatesuchchanges,on the other hand

we shouldreduceas much as possiblethe

presentemissionof greenhousegas(GHG),

namely,CO2 from productionof agricultural

inputs,CH4 from ruminants,andN2O from

applicationof nitrogen fertilisers. Research

and innovationare requiredto meet these

objectives.

Potential of alfalfa in this 

context

Alfalfaacreagein Europeis devotedeither

to productionof dehydratedforage,mainly

in Spain,FranceandnorthernItaly,or to on-

farmuseof forages,mainlyashay. Whilethe

production of dehydratedforage tends to

plateauor to declinedue to the cost of

energyfor dehydration,the on-farm useof

alfalfaisslightlyincreasingafteralongperiod

of steadydecline.

In Europe,plant and animalproductions

tend to be separated,with specializedfarms

and territories. Alfalfa hasthe peculiarityto

be insertedin graincropsrotations,andalso

used in animal farms. While this was

consideredasadownside,it appearsto offer

a highpotentialfor futurefarmingneeds. In

grainfarmswith specializedshort rotations,

farmers have to cope with difficulties in

controlling weeds, which become highly

specialized and sometimes resistant to

herbicides. The insertionof perennialalfalfa

in rotationswith ahighproportionof winter

wheathasprovedto be ableto control well

theweedflora. Theresultsreportedin Fig. 1

show that the speciescompositionof the

weedcommunitydependson the crops,and

the presenceof alfalfain rotationsreduces

dramaticallythe risk of specializationof the

weed flora compared with cereal

monocultures(therebyreducingthe risk of

generatingweedflora resistantto herbicides)

(2). Moreover,alfalfain rotationwith winter

cerealshasimprovedthe soil structureand

has provided a substantial amount of

nitrogenfor the two cropsfollowingalfalfa

(3), thus reducingenergyconsumptionand

emissionof GHG. In the sameprocess,it

preventsnitrateleachingat therotationscale.

In organic agriculture,the usefulnessof

alfalfain weedcontrol and as a sourceof

nitrogenfertility at the rotationscaleis also

highlyrecognizedin manyEuropeanregions.

Productionof feedproteinson thefarmor

in nearbycerealfarmsmakesit possibleto

reducethedependenceof animalproduction

on importedsoybeanfeedstuff,whoseprices

show a high volatility. This meets the

demandof farmersto be lessexposedto

risks. In particularfor dairy cow nutrition,

alfalfa(whichhashigh proteinand calcium

contents)isanexcellentcompanionof maize

silage. However,eventhougha highprotein

productionper unit areais a realadvantage

of alfalfa,the highproteinsolubilityandthe

difficulty to preserveit when harvestedas

hay (loss of leaves) or silage (protein

degradation)requireinnovation.

RESEARCH
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Which alfalfa crops for the 

future European agriculture?

Becauseof its high agronomicpotential

and its ability to producelargeamountsof

proteinperunit area,alfalfahasaroleto play

in European agriculture, even if some

challenges have to be faced. The

achievementof high biomassand protein

productionremainsa keyobjectiveandthis

will be obtainedmainly by improving the

resistanceto biotic (leaf and soil fungal

diseases,nematodes)and abiotic stresses.

Lodgingresistanceis essentialin Europeto

optimize spring harvest,which is the one

providing the highestbiomassand protein

production(Fig. 2).

Persistencyis not acriticalissuefor hayor

silageproduction,asthe presentdurationof

mostalfalfacrops(> 3 years)fits correctlyin

most cropping systems. It is a key issue,

however,for the grazedcrop, which has

gainedinterestin the last two decadesfor

extensive livestock systemsespeciallyin

southernEurope, in order to reducethe

environmentalimpact of intensiveanimal

husbandryandto decreaseproductioncost.

Conventionalalfalfa varietiesgenerallydo

not persist under grazing. Therefore,

Spanish,Frenchand Italian researchteams

havestartedselectionprogramsfor grazing

tolerantalfalfa,releasingcultivarswith better

survivalunder grazing. In the near future,

European varietiesspecificallyadaptedto

grazingwill hopefullyenterthe seedmarket

(4).

The ability to grow in mixture with a

perennialgrassisof interestfor animalfarms

as it makesit possibleto achievea high

biomassproductionwithout extra nitrogen

fertilization, reduced weed damages,and

facilitates grazing or the harvest and

conservationas silage. Indeed, the water

solublecarbohydratesof the associatedgrass

will help to get low pH and improve

conservation.

A major effort should be devoted to

harvestingmachinery. For example,mowing

machinesequippedwith roll conditioners

would make it possibleto speedup the

dryingprocess,thus reducingqualitylosses.

This is of courseof major importancefor

hay production,but it is also valuablefor

ensiling with a pre-drying phase,or for

productionof wrappedroundbales.

RESEARCH

Legume Perspectives                                         Issue 1 Å January 2013

On-farm barn drying is an emerging

technique in some European regions,

especiallywherehigh-qualityproducts,such

as protected-designation-of-origin cheeses,

are produced. Alfalfa is extremely well

adaptedfor sucha productionsystem,asit

driesmorequicklythanother foragesin the

dryingcellsunderventilation.

In conclusion,we believethat alfalfawill

keep an important place in European

agriculture. Its favourablefeaturescan be

further enhancedthrough technical and

varietalinnovationaimedat improvedenergy

efficiencyandreducedcosts.ʴ
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Figure 2. A stand of the alfalfa crop at the 

stage of full vegetative development

Figure 1. Canonical discriminantanalysis of weed communities in 4 groups of plots (a), (b), (c) 

and (d) representing the four key-steps of rotations including annual cereals and alfalfa. Initial 

data represented the abundance of the various weed species in the crops (1)
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Perspectives of alfalfa in North America 

by Neal P. MARTIN

Abstract: Harvestedalfalfafor haywas12.3

million ha in 2011 in U.S. and Canada.

However, acreage is declining due to

competitionfor landareadueto high value

cashcropsandloweryieldsthancorn (silage

andgrain),soybeanandwheat. Top farmers

within US harvest2 to 3 timesnationalor

regional agricultural statistical averages.

Reduced-lignintransgenicalfalfacanincrease

forage fiber digestibilityfor lactatingdairy

cows, or allow for 8 to 12 days delayed

harvest. The latter has potential for

eliminating one or more annual harvests

whileincreasingyieldbyover20%.

Key words: fiber digestibility,foragequality,

hay,milkproduction,yield

Introduction

Alfalfa is themostwidelyharvestedforage

legume worldwide and the fourth most

valuedcrop in the U.S., contributingmore

than10billion USDannuallyto theNationõs

farm economy. Farmersharvestedalfalfafor

hay from 7.8 and 4.5 million ha in 2011,

from U.S. and Canada,respectively. Alfalfa

hasprimaryvalueasananimalfeed,but also

diversifiesfarmingproductionrisks,provides

a sourceof biologicallyfixed nitrogen for

subsequentcropsin a rotation,reducessoil

erosion, captures nutrients from annual

croppingfieldsthat cancontaminatesurface

and ground water,disrupts pest cyclesof

rotation crops, and promotessoil carbon

sequestration.

Competitionfor land and global climate

changedictate increasingalfalfa yields on

marginal lands. Drought tolerance, salt

toleranceandbiotic stressresistancewill be

neededon manyof westernacres. Livestock

producerswill need increasedyield from

fewer cuts to remain economically

competitive. New research efforts are

neededto developnewharvest,storageand

processing methodologies to maximize

proteinutilizationproducedbytheplant and

_________________________________________________________________________________________________________

USDA-ARS,U.S. Dairy ForageResearchCenter,

Madison,USA(darforage13@gmail.com)

Figure 1. Number of farms (% of total)that reported annual alfalfa hay yield (13 % moisture) 

greater than 18 Mg ha-1 (irrigated) or 13.4 Mg ha-1 (nonirrigated), based on a subset of the 

2007 Census of Agriculture. For states with more than 50 farms, estimates for irrigated were 

made by interpolation of best-fit sigmoidalcurves

to develop new markets for alfalfa co-

products. In addition there is a need to

develop new tools for acceleratingand

enhancing breeding programs, and

demonstratingthe importanceof alfalfa in

environmentalsustainability.

Yield

Yield of alfalfaover the last60 yearsdid

not increasesubstantiallyin the absenceof

diseasepressure,but new cultivars out

yieldedolder checksby asmuchas40% in

environmentswherediseasesare prevalent

(2). Averagereportedwhole-farm hayyields

are 50 to 70 % higher than in 1962 and

regularlyexceededcorn grainuntil only 15

yearsago (6). In depth analysisof 2007

Censusof Agriculture data showed that

yieldsof top tier producersacrossU.S. in

non-irrigated or irrigated production,

althoughsmallin number,are2 to 3 times

higherthanaverages,andmatchingin some

regionsthe yieldof cultivarsmallplot trials

(Fig. 1). More on farm programs that

estimate field yield and quality such as

Wisconsin Alfalfa Yield and Persistence

Program(5) are neededto set yield goals

closerto the crop geneticpotential and to

demonstrateto producers,educators,and

scientist that alfalfa is an economically

competitiveperennial legumefeed source,

with potential to compete for biofuel

feedstock production and with efficient

wateruse.

A review of several alfalfa cutting

managementstudiesshowedas the interval

betweenharvestsincreased,annualDM yield

increasedwhilenutritivevaluedecreased(1).

Neutraldetergentfiber digestibility(NDFD)

of the diet is an indicationof potentialDM

intake and milk yield in dairy cows (4).

Summarizinga rangeof studies,the authors

found that a one-unit increasein herbagein

vitro or in situ NDFD wasassociatedwith a

0.17-kg increasein DM intakeand 0.25-kg

increasein 4 % fat-correctedmilk per day.

During spring and early summer,DM is

being produced and nutritive value is

decliningmore rapidly(NDF increasesand

NDFD decreasesin earlyspring)thanduring

late summer (1). Under humid growing

conditionsearlyharvestand shortercutting

intervals are neededin spring and early

summer,but slowerchangingnutritivevalue

in late summer (more arid) fit delaying

harvest to allow additional yield

accumulation. Utilizing nutritive value

estimatesof fiber and fiber digestibilityto

decideon cuttingmanagementhaveresulted

in quality forageneededto maintainhigh

feed intakesand digestibility,but havealso

madesuccessfulharvestmorechallenging.



Role of alfalfa in animal diets

Alfalfa is the most important forage

legumefor dairycows. It is relativelylow in

fiber andhigh in proteincomparedto other

forages,and typicallyresultsin high intakes

and levelsof milk production. The major

disadvantageof alfalfa is low yieldswhen

comparedto corn silageand the needfor

multipleharvests. Multipleharvestsnot only

increasethe labor and equipmentcostsfor

alfalfa,but alsoexposetheforageto multiple

maturities and harvesting environments,

such as rain damage,that increasethe

variability in nutritional quality. Intensive

cuttingschedulesmayalsobe theroot cause

of poorstandsurvivalandreducedyields.

The fiber (cell wall) componentof forage

represents a major source of energy;

however,lessthan 50% of this fraction is

readilydigestedand utilized by the animal

(3). If alfalfacouldbeengineeredto increase

the extentof fiber digestion,the amountof

energy derived from cattle diets would

increase or the potential amount of

carbohydrateavailablefor cellulosicethanol

fermentationcould increase; eachof which

has potential to increasethe demandfor

alfalfa. Proof of concept reduced-lignin

transgenicalfalfahayfed in total mixeddiets

with corn silagemeasuredincreasedfiber

digestibilityin both lactatingdairycowsand

rapidly growing lambs(7). Digestibledry

matterof onetransgenicincreased3.5 % fat

corrected milk over the same plant

populationwithout the reduced-lignin gene

by 1.3 kg hd-1 day-1. Late harvested

transgeniclineshadthesameNDFD astheir

control populationsharvested8 to 12 days

earlier(7). Producersusingthis trait maybe

able to delay harvest while maintaining

foragequality,potentiallyeliminatingone or

more annualharvestswhile increasingyield

byover20%.

Immaturealfalfasilageis highin proteinin

which plant proteasescan degrade44% to

87% of forageproteininto ammonia,amino

acids, and small peptides during silage

fermentation (3). Decreasing protein

degradationduringensilingandin therumen

would decreasethe needfor supplemental

protein and reducethe loss of nitrogento

the environment on the dairy farm (8).

Recently,the U.S. Dairy ForageResearch

Centerhassuccessfullytestedthe hypothesis

that PPOando-diphenolsinhibit proteolysis

in alfalfa leaf plant extracts(3). Although

alfalfahasat leastone geneencodingPPO,

expressionhas not been detectedin any

tissues except developing seed pods. A

cloned red clover PPO gene(PPO1) was

constitutivelyexpressedin transgenicalfalfa

(PPO1-alfalfa). Proteolysiswasinhibited in

leaf extractsof the PPO1-alfalfa when a

substratewith similaractivityof ao-diphenol

in redclover(caffeicacid)wasadded(3).

Tannins are phenolic compounds that

generallybind with proteins,decreasingthe

rateandextentof proteindigestion. Forage

legumes(e.g. birdsfoot trefoil) that produce

tannins in leavesor stemshave increased

stabilityof the protein in the rumen,thus

more protein escapingdegradationin the

rumen. An optimum level of tannins

supportedanincreaseof 5 kgperdayof milk

from cows fed normal tannin containing

birsdfoot trefoil over alfalfa silage (3).

Unfortunately, alfalfa does not produce

tanninsexceptin the seedcoats. With new

knowledgeabouttanninbiosynthesis(Dixon

group, Noble Foundation), it may be

possible to engineer alfalfa to produce

tannins that provide protein protection in

therumenandmayalsoleadto lessbloat.

New harvesting system and 

value-added products

Difficulties in managingalfalfa for high

protein and low fiber has inadvertently

resultedin theexpansionof corn-basedfeed

andsilageinto feedingrations. Development

of novel alfalfa managementand field

harvestingequipment that separatehigh

protein leavesfrom high fiber stemsallows

recombiningthesefractionsin proportions

that optimize the diet requirementsfor the

targetanimal(e.g., highproducingdairycow,

dry cow,andheifer)(Fig. 2). It alsoreduces

the impact of adverseweather on crop

harvest,increasesyields by capturing the

approximately30% loss typicallyoccurring

during harvest, and opens the harvest

window for the farmer (uncouplingharvest

from stageof plant development). Finally,

such an approachcreatesa value-added

streamfor products. Proteinfrom harvested

leavescan also be used to produce high

protein supplementsin diets for other

animals,or serveasa raw materialbasefor

proteins destined for more industrial

applications,whilestemscouldbe usedin a

biomass to bioenergy scheme. Newly

constructed facilities will soon begin

production of fuel from crop residues,

primarily corn stover. Widespreadstover

harvest could have decidedly negative

environmentalimpacts,particularlyloss of

soil organicmatter and increasederosion.

Systemsthat separateleavesfrom stems

open the door for wider use in crop

rotations to provide greaterenvironmental

andeconomicstability.ʴ
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Figure 2. Novel harvest system to alter alfalfa harvest and storage to obtain leaves and stems 

for new animal orproducts uses. US Dairy Forage Research Center, USDA-ARS
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Perspectives of alfalfa in Australia, China, Africa and 

Latin America 

by Daniel BASIGALUP1*, John IRWIN2, Fugui MI3 and Meriem ABDELGUERFI-LAOUAR4

Abstract: The importance of alfalfa in

Australia,ChinaandsomeAfricanandLatin

Americancountriesis summarized. Present

planting areas,averageforageyields,main

use (hay or grazing)and crop conditions

(rainfed or irrigated)are briefly reported.

Finally, the crop perspectivesfor the near

future in each region are discussed.

Tolerance to abiotic stresses(drought,

salinity,acidity,cold and heat)will play a

crucialrolein expandingalfalfaoverthefour

continents. The importance of landrace

geneticresourcesin traditionalbreedingand

biotechnologicalapproaches(transgenesis

andmarker-assistedselection)for developing

adapted cultivars for those limiting

environmentsarealsohighlighted.

Key words: Africa,alfalfa,Australia,China,

LatinAmerica

Australia

Alfalfa is Australiaõsmost important

temperateand sub-tropicalperennialforage

legume,beinggrownextensivelyfrom north

Tasmaniato the Tropic of Capricorn(6).

TotalAustralianalfalfaarea(grazingandhay)

hasbeenestimatedat 3.5 M ha,more than

half grownin NewSouthWales(NSW). Hay

productionhas increasedby 40% over the

period 1990-2005, principally through an

increasein cropping area. In 2005, about

250,000ha weregrownsolelyfor hay,with

an averageyieldof 4.96 t DM (dry matter)

ha-1, and NSW (40%), Victoria (25%) and

Queensland(18%) as the leadingstates(8).
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Seedproduction is mostly concentratedin

SouthAustralia(85%), havingreachedatotal

of 7913 t in 2007, 85% of which was

exported. It isestimatedthatover3 M haof

drylandalfalfais grazedin Australiaby either

sheep or cattle, mostly in NSW. Using

modelingstudiesit hasbeencalculatedthat

an additional95 M ha could be sown to

dryland alfalfa, especiallyin NSW and

Queensland.

Up to 1977, the Flemish type cultivar

Hunter River occupied > 90% of the

Australianalfalfaplantingarea,but nowover

50 cultivarsare marketed. Pestand disease

resistantcultivarshavemadea majorimpact

on Australiás alfalfaproduction,particularly

in irrigatedhaycropswherediseasessuchas

Phytophthoraroot rot and anthracnosecan

causeseriouslosses(6). Most of the modern

Australiancultivarshavemultiple pest and

disease resistanceincorporated. Grazing

tolerant cultivars have also been recently

deployed(5).

Perspectives. To increasethe alfalfaareain

Australia,thereareseveraltraits which will

have to be bred into future cultivars.

Toleranceto acidsoilsis underdevelopment

in the US and Australia(5). In sub-tropical

areas, increasedwinter activity and the

capacityto competewith C4 grasseswill be

important (6). Other valuabletraits include

droughtandsalinitytolerance,increasedseed

size,and non-bloatingto bovines. If these

traitsareaddressed,therearegoodprospects

for overcoming the present forage yield

stagnation.

China

Alfalfa is an important forage crop in

China,whereit wasintroducedfrom Persia

in 138-119BC by theemperorHanWu asa

sourceof foragefor his horses. Therefore,

Chinahasmore than 2,000yearsof history

on the crop. At present, it is widely

distributed throughout the country. Just

between1930and 2012, about 400 alfalfa

accessionswereintroducedfrom alloverthe

world. As a centreof diversification,China

holds a largeset of geneticresources. The

country has 13 species of the genera

Medicago, mainly distributedin the Western

plateauandin partsof the Changjiangriver

basin,roughlybetween35-43° N.

Nowadays,Chinagrowsnearly3.6 M haof

alfalfa,77% of which areharvestedas hay.

Most fields(80%) produceat leastthreecuts

peryear,providingforagewith crudeprotein

contentsbetween14 and 18%. The overall

production (about 60 M t of hay DM in

2010) isinsufficientfor thefeedingneeds.

A total of 62 alfalfavarietiesarepresently

registeredin the Chineseforagecatalogue

(24 bred cultivars, 20 landraces, 15

introduced cultivars and 3 domesticated

species). While having different fall

dormancyclasses,all of themareadaptedto

cold environments. Most cultivars were

developedby traditionalbreeding(including

crossesbetweenssp. sativaandssp. falcata), but

a fewrecentones(namedZhongmuNo.1, 2

and3) werebredbytissuecultureselection.

Perspectives. Chinese policies are

emphatically promoting the crop by

articulating activities from government

business,production farms and scientific

researchunits. Three researchtopics have

been prioritized, namely: harvestingand

processing methodologies, genetic

improvementof coldanddroughttolerance,

and the development of biotechnology

approachescontemplatingtransgenesisor

marker-assistedselection.

Africa

Alfalfa is cultivatedin just someAfrican

countrieslocatedin northernand southern

regions. Morocco growsnearly106,000 ha

(22.8% of countryõstotal foddercrop land),

with an averageyieldof 5.93 t DM ha-1. In

Algeria, alfalfa occupiesabout 10,000 ha,

with ameanproductionof 3-4 t DM ha-1. In

Tunisia, alfalfa is the main forage and

extendsoverabout13,000ha(77% in oases).

The small area planted in Mauritania is

concentratedin oases. Alfalfa isthefourth



forage crop in Egypt, where it reached

36,000hain 2008allunderirrigation. Locally

adapted populations (landraces) are

extensivelyusedin Northern Africa oases,

where alfalfa production is almost

continuous(8-10 cuts year-1) and intervals

betweencutsareveryshort(1). SouthAfrica

is the main alfalfagrowingcountry in the

southernhemisphere,with about300,000ha

(9) mainlyunderirrigation,and wheredairy

cowdietscontainupto 40% of alfalfahay.

Perspectives. Alfalfa croppinghas potential

for expansionin Africa, particularlyunder

efficient irrigation systems (e.g. pivot

irrigation) and with the developmentof

dehydrationunits at the farm level. Also

rainfed cropping of drought-tolerant

germplasmin semi-arid regionshasgreater

potential than hitherto believed(3). The

evaluationand exploitationof local (2) and

exotic (3) genetic resourceshas crucial

importance for producing varieties with

better tolerance to major stresses(e.g.,

drought,salinity,heat)or to frequentcutting.

The implementationof varietyregistration,

reliable seed multiplication and

commercializationchains are required in

most countries for promoting adapted,

improvedvarieties. Similarlyin India, warm

southern locations favour early flowering,

while the oppositeis the casein the north

(6).

LatinAmerica

Theimportanceof alfalfain LatinAmerica

variesgreatlyamongcountries. Brazilgrows

only40,000ha,mostlyfor hayproductionin

the Southernstates. The locallyadaptedcv.

Crioula, with anaverageyieldof 14t DM ha-1

year-1, is widelyused(7). Uruguayhasabout

70,000hamainlydevotedto dairyin theSW,

yielding9-13 t DM ha-1 year-1. Soil acidity

and low P contentlimit the crop expansion

in thesecountries. Chilés plantingareais

50,000 ha, concentratedin Central and

Southernregions,mostly grown for dairy

systemsin associationwith ryegrass. Peru

growsnearly120,000hamainlyin thecoastal

areas,with yieldsof 13-18 t DM ha-1 year-1.

Whileintermediate(6-8 cutsyear--1) to non-

dormant(11cutsyear-1) varietiesareusedfor

coastal environments, dormant/very

dormant(2-3 cutsyear-1) areadoptedfor the

high Andeanplateau. Mexico growsabout

400,000 ha of alfalfa, almost all under

irrigation. About 65% is used as green

forage,whiletheremainingisdevotedto hay

production(with an averageyield of 17.5 t

DM ha-1 year-1). With afewexceptions,most

of thevarietiesareimportedfrom USA.

Argentinagrows4 M haof alfalfa,mostly

underrainfedconditionsfor dairyand beef

production in the PampasRegion. About

60% is plantedas pure stands,and 40% in

mixtures with temperate grasses. Direct

grazingis still very popular, althoughhay

(and more recently silage) production is

gainingimportance(4). Otherareas(NW,W

andPatagonia)aredevotedto hayandseed

production under irrigation. The mean

forageyieldsare11 and20 t DM ha-1 year-1

for rainfed and irrigated conditions,

respectively. About 75% of the marketed

seed (9,000 t) is imported, mainly from

Australiaand USA. Over 80 cultivars(with

fall dormancy6 to 10) are marketed,all

havingmultipleaphidanddiseaseresistance.

Perspectives. No significantchangesin alfalfa

planting are expected in Mexico, Peru,

UruguayandChile. Conversely,theexpected

releaseof new cultivarsadaptedto tropical

environmentscould quickly duplicate the

croppingareain Brazil. In Argentina,theon-

going developmentof cultivarstolerant to

abiotic (drought, salinity,acidity) and new

biotic stresses(particularlyalfalfa enation

virus), will extend the cropping area.

Transgeniccultivars are being developed

with toleranceto herbicides,drought and

salinityandwith delayedleafsenescence.ʴ
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Figure 2. Alfalfa under rotational grazing for dairy cows in 

Argentina 

Figure 1. Irrigated alfalfa in one oasis of Adrarin Algeria, in 

rotation with wheat (photo kindly provided by Ahmed Chaabena)
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Environmentalbenefitsof growingperenniallegumes

in croppingsystems

by Michael P. RUSSELLE

Abstract: Alfalfa offers several

environmental benefits to farmers and

society. Reducednitrate leachingdue to

slower water flow and excellent nitrate

removalare valuablein farm fields and at

remediationsites. Improved N supply to

following crops reduces energy use,

economic costs, and greenhouse gas

emissions, but reliableindicatorsareneeded

to identifywhichfieldsneedsupplementalN

after alfalfa. Livestockmanureis appliedto

alfalfaon farms, but too little isknownabout

the benefitsandrisks. Criticalneedsareon-

farm estimatesof yieldandN2 fixation and

broadenedplant improvementobjectivesto

explicitlyincludeenvironmentalbenefits.

Key words: fertilizer replacement,nitrate

leaching,nitrogen, soilquality,wateruse

Introduction

In the First Century,Columellawrotethat

òallcattlewhatsoevergrowfat with [alfalfa]ó

andthat itòdungstheland.óToday, alfalfais

knownasapremierforagecrop, primarilyas

a protein source, but its positive

environmental effects are less well

recognized.

Widely acknowledgedis the contribution

of alfalfa to nitrogen (N) availability.

SymbioticN2 fixation occurs by rhizobia

housed in root nodules and fed by C

compoundsfrom the plant in exchangefor

the N-containingamino acidsthe bacteria

produce. Any factorthataffectsplantgrowth

or yieldlikelyaffectsthe amountof N fixed

ð supply of nutrients (P, K, S, and

micronutrients), soil pH, inorganicN supply

in the soil, the degreeof defoliation at

harvest or by pests, and inadequateor

surpluswateravailability, to namea few. In

pure alfalfastands,estimatesof annualN2

_________________________________________________________________________________________________________
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fixation range from 40 kg N ha-1 to

600 kg N ha-1 and from 10 kg N ha-1 to

320 kg N ha-1 in mixedalfalfa-grassstands

(6). However, N2 fixation varieswithin and

amongfieldsandregions, dueto the myriad

factorsthat modify it. Becausewe still can

onlyguessat N2 fixationratesin farmfields,

akeyresearchobjectiveshouldbeto develop

areliabletechniqueto useon farms.

Nitrate removal

AlfalfaõslargeN requirementisdueto high

herbageyield and protein concentration.

Alfalfa doesnot fill this needsolelyby N2

fixation, but rather it absorbsnitrate from

thesoilsolutioneffectivelyenoughto reduce

nitrate leachinglosses. Nitrate assimilated

from thesoil reducestherateof N2 fixation,

thereby reducing N input when plant-

availableN supplyishigh.

High yieldpotentialof thisC3 foragecrop

resultsin highwateruse,althoughwateruse

efficiency (WUE, g dry matter g-1 water

transpired) is excellentin comparisonto

other C3 crops. Furthermore, water use

begins earlier and continues longer than

most annual crops, such as maize and

soybean. This timing of water use makes

alfalfa highly effective in reducingnitrate

leaching losses. Managedas a harvested

foragecrop, alfalfamaintainedannualnitrate

losses through subsurfacetile drains to

< 5 kg N ha-1, evenwhendrainagevolumes

were twice the normal amounts (5). In

contrast, lossundercontinuousmaizeor a

maize-soybean rotation averaged

40 kg N ha-1 with normaland75 kg N ha-1

withhighdrainagevolumes(5).

Nitrate removal capacityis affected by

standdensity(plantsm-2). As alfalfastands

decline with age, disease, winterkill, or

damage by wheel traffic, nitrate can

accumulatein soil and be leached in

percolatingwater(3). Whereleachingshould

beminimized, thestandshouldberotatedto

an annualor perennialcrop that canabsorb

mineralizedN. Alfalfa increasesthe amount

of mineralizableN in the soil, which is

releasedearlier, faster, and longer than N

mineralizedfollowingmaizeor wheat(1). If

the following crop cannot capture this

mineralized N, nitrate leaching can be

significantlyhigher after alfalfa than after

othercrops, evenin semiaridenvironments.

Nitrogensupply

This higherN supplyreducesthe needfor

fertilizer N in crops following alfalfa. On

medium-textured soils, alfalfa usually

providestheentireamountof N requiredby

maize, resulting in substantialeconomic

savingsandgreatlyreducingthe energycost

of maize production (8). On fine- and

coarse-texturedsoilsit is more commonto

find a fertilizer N responseof first-year

maizeafteralfalfathanon medium-textured

soils (Fig. 1), probablybecauseof slower

nitrificationandenhanceddenitrificationon

fine-textured soils and greater nitrate

leachingon sands. Still undiscoveredare

meansof identifyingfields wherethe first

crop after alfalfawill requireadditionalN.

With alfalfa, decreasedfertilizer inputs and

overall lower denitrification contribute to

greatlyreducednet energyrequirements(8)

andgreenhousegasemissions(4).

Figure 1. Yield response to fertilizer N of 

first-year maize grain yield after alfalfa is 

more likely on fine- and coarse-textured soils 

than on medium-textured soils, with the 

numberof N-responsive sites and total sites 

in eachsoil texture class (8)



Deeprooting

Rootsof alfalfaextendverticallyabout1 to

2 cm day-1 at typical soil temperatures,

totaling 1.5 to 2 m annuallyin temperate

environmentsand in a favorablesoil matrix

(low penetration resistance, adequate

aeration, and appropriate chemical

conditions). Thereare anecdotalreportsof

extremely deep rooting, but measurable

alfalfa root activity has beenevidencedby

waterand nitratedepletionto 5 m and by

uptakeof 32P at 5.5 m. Consequently, alfalfa

is usedto preventor reducenitrateleaching

from abandonedfeedlotsandothersites.

High wateruseby alfalfahasbeenusedto

prevent expansionof salt-degradedsoils.

Replacementof nativeperennialvegetation

with annualgraincropsin aridenvironments

has resulted in intrusion of saline

groundwater into the root zone.

Remediationof soilsdegradedby salinityis

difficult andexpensive. An economicmeans

of prevention is to plant deeply rooted

perennials, such as alfalfa, which

simultaneouslyprovide income. Although

therehavebeenbreedingefforts to increase

toleranceto salinity, mostalfalfacultivarsdo

not toleratemoderatesalinityconditions.

As secondarilythickened roots decay,

improvedmacroporosityin subsoilfacilitates

deeperroot penetrationof subsequentcrops

and enhanced water infiltration when

macroporeflow occurs. A potentialhazardis

that macropore flow also can transmit

suspendedand dissolvedmaterials, suchas

surface-applied pesticides, fertilizer, or

manure. However, thisoccursonlywhenthe

hydraulicconductivityof the soil matrix is

exceeded, e.g. intensiverainfallor irrigation,

accumulation of runoff, snowmelt and

urinationby livestock. Seriousimpactsdue

to root channelshavenot beendetected.

Reducedsoil erosion

Perennialforagesoften arerecommended

to reduce nutrient and sedimentrunoff.

Alternatingstrips of alfalfaand maizethat

follow thecontourof a hillslopehelpreduce

soil erosion by surfacerunoff. Although

sedimentmovementis reduced, perennial

foragesdamagedby freezingor drying(e.g.,

during desiccationfor hay production)can

releasesoluble,reactiveP into runoff water.

Where plant growth is limited by cold

temperatures, soil often is left for several

months without cover or living vegetation.

Cover crops can reducesoil erosion and

nitrate losses, but they are not widely

adoptedwithout supplementalpaymentsor

regulation. A òlivingmulchóof Kura clover

(Trifoliumambiguum) in row crops shows

promisewhencompetitioncanbemanaged.

Thefollowingyear, clovercanbegrownasa

forage,or anannualcropcanbeinterseeded

again. This system,first examinedby KA

Albrecht, reduces nitrate leaching and

probably runoff, but requires further

developmentto maintain maize yield. It

remainsto bedeterminedwhetheralfalfacan

beusedin thisway.

Manureutilization

Livestockmanureis a valuableresource,

but is appliedmostlyfor annualcrops. The

facultativenatureof symbioticN2 fixation

providestheopportunityfor alfalfato utilize

manureN effectively, while other manure

nutrients also can benefit alfalfa. Manure

applicationmethods to alfalfa vary from

broadcastingsolid or liquid forms, through

partial incorporation,to shallow injection,

but relativelyfew experimentshave been

published. Swine manure applied through

irrigationgreatlyincreasedalfalfayield (2).

Only partof thisincreasecouldbeattributed

to nutrientsotherthanN, andyieldincreases

of 20 to 40% with manuremaybe due to

lower photosynthate requirement for

inorganicN assimilationthan for symbiotic

N2 fixation. Thereis a clearneedfor more

researchto documentbenefitsandrisks.

Enhancingthe benefits

Thevalueof alfalfain termsof N2 fixation,

nitrate removal, N supply to subsequent

crops, water use, and other benefits is

directly related to forage yield. In most

regionsof the USA,alfalfayieldpotentialis

higherthanyieldsreportedby eventhe best

farmers (Fig. 2). Our ability to generate

reliableassessmentsof net impactsof alfalfa

on ecosystem services requires better

knowledgeof yields, standlifetime, andsoil

N supply. Elimination of yield-limiting

factorswill enhanceboth the economicand

environmentalbenefitsof thiscrop.

Nearly all of these benefits have been

demonstrated with commercial alfalfa

cultivars. Root system architecture,root

extension rate, nitrate uptake, stress

tolerance,and perhapsother characteristics

related to environmental benefits are

moderately heritable. If these traits are

introduced, plant developmentcompanies

couldproducealfalfawith greaterpublicand

privatebenefits. ʴ
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Figure 2. Alfalfa yield (t dry matter ha-1) on the top 10% of US 

farms and the yield gap (italics) compared to regional cultivar 

performance trials, with irrigated (blue shading) and without 

irrigation (green shading) (7)


