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AlfalfaBackothd-uture

Ifalfa (alias lucerng hasplayeda majoragriculturarole in
A agesof the human civilizationthat featuredtechnological

progresand economigtability, suchasthemostprosperous

periodsof the PersianEmpirein westerrAsia, the Roman
Empirein the Mediterraneanegion the Han Dynastyin China,the
Arab Empiresin the Middle Ages,and the Renaissande Europe
Theseconditiongavouredhe exploitatiorof this cropfor specialized
forageproductionsas well as for enhancinghe soll fertility. The
appreciationf thiscropby farmersf temperatand subtropicatrop
livestoclsystembasrisenuntil the secondhalf of the 2Gth century,
whenthelow cosbf energyandtheignorancef theimpactof a high
carboneconomyon climate changefavouredthe adoptionof crop
livestockystemthataremanifestlynsustainable

In WestEuropethemaintenancef alfalfacultivationin vast
areasluringthis periods remarkableyhenconsiderings muchlower
levelof EU subsidizatiorcomparedvith other major crops(with
subsidiethatweregrantednlyto theindustryof dehydration)

We believéhat alfalfais goingto playa crucialrolein a new,
environmedtiendly chapterof the human civilization in which
agricultures askedo producenoreandbetterusingfar lesenergyfor
nitrogenfertilizers provisionof extrafarm feedproteinssoil tillage,
weedand pestcontrol etc). Thereturnof this cropto its destinyof a
bright future is favouredby its wide range of possibletarget
environmentsand utilizations (hay, silage, grazing highprotein
feedstuftlualpurposéorforageandenergy)y’

1Consiglio per la Ricerca e la Sperimentazione in
Agricoltura, Centro di Ricerca per le Produzioni
Foraggere e Lattief@asearie, Lodi, Italy
(paolo.annicchiarico@entecja.it

2NRA, UR4, URP3H,usignanFrance
(bernadette.julier@lusignan.inja.fr
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Perspectives of alfalfa in Europe

by Christian HUYGHM{:Luc DELABYDaniele ROSELLEIEhd Fabio VERONESI

Abstract  Sustainable agriculture shall

reconcilehigh productivitywith preservation
of the environmentand at the sametime

competen a globalmarket Alfalfacanhelp

to meetthe challengesf climatechangeand

pollution reduction, by favoring crop

rotationscapablef betterpreservinghe soil

and controlling weeds The utilization of

alfalfathroughgrazingmayalsoreducerisks

of pollution and production costs Alfalfa

will keep an important placein European
agriculture becauset sustainablysupports
high qualitydairyproductionsTheseunique
featurescan be further improved through

technicahndvarietalinnovation

Key words. crop rotation, forage,grazing,
Medicagativasustainablegriculture weed
control

Stakes of the European
agriculture and worldwide
context

After a period when an increasing
production was the only objective of
agriculturefollowed by a decadevhenthe
environmental issues were the main
concerns,it is now well acceptedthat a
sustainableagricultureshall reconcile high
productivitywith environmentpreservation
A highly productiveagriculturemust meet
the food and nonfood demandof the
Europeansocietiesand alsobe competitive
on the world market,consideringhat most
protein sources for supplementationof
animal feed are imported, and that these
productshaveshownlargepricevariationsn
recenyears

The environmental issues are most
complexto identify,becaus¢heyhaveboth
merchanandnonmerchantispectsuchas
biodiversitypreservationand becausahey
havedifferenttime horizons In ashortterm
perspectivethe reductionof pollution by
nitrates and pesticidesis essentialand
prescribedby the Europeandirective on
pesticidesindqualityof the waterresources
In a mid-term perspectivewateravailability
and energyresourcesor agriculturehaveto
be consideredin a longterm perspective,
climatechangewill dramaticallymodify the
conditions for agricultural activity As a
consequencan the one handwe haveto
anticipatesuchchangeson the other hand
we should reduceas much as possiblethe
presenemissiorof greenhousgas(GHG),
namelyCO, from productionof agricultural
inputs,CH, from ruminantsandN,O from
applicationof nitrogenfertilisers Research
and innovationare requiredto meetthese
objectives

Potential of alfalfa in this
context

Alfalfaacreagen Europeis devotedeither
to productionof dehydratedorage mainly
in SpainfFranceandnorthernitaly,or to on-
farmuseof foragesmainlyashay Whilethe
production of dehydratedforage tends to
plateauor to declinedue to the cost of
energyfor dehydrationthe on-farm use of
alfalfais slightlyincreasingfteralongperiod
of steadylecline

Y NRA, Scientific
France ¢hristian.huyghe@lusignan.inya.fr
2INRA, UMRPégaseSainGilles, France

3 University of Perugia, Department of Applied
Biology, Perugia, Italy
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In Europe, plant and animalproductions
tendto be separatedyith specializedarms
and territories Alfalfa hasthe peculiarityto
be insertedn graincropsrotations andalso
used in animal farms While this was
considere@sadownsideit appearso offer
a high potentialfor future farmingneedsin
grainfarmswith specializedhort rotations,
farmers have to cope with difficulties in
controlling weeds, which become highly
specializedand sometimes resistant to
herbicidesThe insertionof perenniaklfalfa
in rotationswith a high proportionof winter
wheathasprovedto be ableto control well
theweedflora Theresultsreportedn Fig 1
show that the speciescompositionof the
weedcommunitydepend®n the crops,and
the presenceof alfalfain rotationsreduces
dramaticallyhe risk of specializationf the
weed flora compared with cereal
monocultureqtherebyreducingthe risk of
generatingveedflora resistanto herbicides)
(2). Moreover alfalfain rotationwith winter
cerealshasimprovedthe soil structureand
has provided a substantial amount of
nitrogenfor the two cropsfollowing alfalfa
(3), thus reducingenergyconsumptionand
emissionof GHG. In the sameprocessit
preventshitrateleachingttherotationscale
In organic agriculture,the usefulnessof
alfalfain weedcontrol and as a sourceof
nitrogenfertility at the rotation scaleis also
highlyrecognizeth manyEuropeanegions

Productiorof feedproteinson the farmor
in nearbycerealfarms makesit possibleto
reducethe dependencef animalproduction
on importedsoybearfieedstuffwhoseprices
show a high volatility This meets the
demandof farmersto be lessexposedto
risks In particularfor dairy cow nutrition,
alfalfa(which hashigh protein and calcium
contentsjs anexcellentompaniorof maize
silageHowever eventhougha high protein
productionper unit areais a realadvantage
of affadfa theshigh proteinsolubilityandthe
difficulty to preserveit when harvestedas
hay (loss of leaves)or silage (protein
degradatiomequirannovation

Issue AJuly 2014
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Which alfalfa crops for the 601 [, Alfalfa 2-6
future European agriculture? years (c)

Becauseof its high agronomicpotential
and its ability to producelargeamountsof
proteinperunit areaalfalfahasaroleto play
in European agriculture, even if some
challenges have to be faced The .t
achievemenbf high biomassand protein '
productionremainsa key objectiveand this
will be obtainedmainly by improving the
resistanceto biotic (leaf and soil fungal
diseasespematodes)and abiotic stresses
Lodgingresistancés essentiain Europeto
optimize spring harvest,which is the one 307 o
providing the highestbiomassand protein
productionFig 2).

Persistencig not a criticalissuefor hayor
silageproduction,asthe presentdurationof
mostalfalfacrops(> 3 yearsfits correctlyin
most cropping systemslt is a key issue,
however,for the grazedcrop, which has -90 -60 -30 0 30 60 90
gainedinterestin the lasttwo decadedor Canonical axis 1

extensive livestock systemsespeciallyin . . ] —
southernEurope, in order to reducethe Figure 1Canonicaliscriminananalysis of weed communities in 4 groups of plots (a), (b), (c)

environmentalimpact of intensive animal and (d) representing the fourseps of rotations including annual cereals and alfalfa. Initial
husbandnandto decreaseroductioncost data represented the abundance of the various weed species in the crops (1)

Conventionalalfalfa varietiesgenerallydo
not persist under grazing Therefore,
SpanishfFrenchand Italian researchteams [
havestartedselectionprogramsfor grazing
tolerantalfalfareleasingultivarswith better
survivalunder grazing In the near future,
European varietiesspecificallyadaptedto
grazingwill hopefullyenterthe seedmarket
@.

The ability to grow in mixture with a
perenniagrasss of interestfor animafarms
as it makesit possibleto achievea high
biomassproduction without extra nitrogen (2012)Réledes prairietemporairepour la
fertilization, reduced weed damagesand ‘ gestiorde laflore adventicelansessystémes
facilitates grazing or the harvest and Figure 2. A stand of the alfalfa crop at the céréaliersnnov Agron22:7184

O Wheat after
alfalfa (d)

Canonical axis 2

A Wheat after
annual crops (a)

o Alfalfa 1 yr after
60" annual crops (b)

References

(1)MeissH, MédieneS,WaldhardR, Caneilld,
Bretagnoll&/, ReboudX, MunierJolainN (2010)
Perenniadlucerneaffects weed community
trajectories in grain crop rotations. Weed Res
50:338340

(2)MunierJolainN, Médiene5,MeissH,
Boissinof-, Rainer W, JacquesBtgtagnollé/

conservationas silage Indeed, the water stage of full vegetative development (3) ThiébeatP, L6-Pelzer EKlumppK, Corson
solublecarbohydratesf the associatedrass M, HénaultC, Bloor J, d€hezelle&, Soussana
will help to get low pH and improve JF Lett IM,JeuffroyMH (2010)Conduitedes

L . légumineusgmuramélioret 6 ef f i ci ence
A major effort should be devoted to On—farm 'barn drying is an emerging énergétiqueNtréduirelesémissionslegfizéeffet _ _
! . . technique in some European regions, deserreéal & ® cdala tultureetded e x pl oi t at i
harvestingnachineryFor examplemowing - ggpeciallyherehighqualityproducts,such  agricolelnnov Agron11:4558
machinesequippedwith roll conditioners ¢ nrotecteedesignatiomf-origin cheeses, (4) Veronesi F, Brummer EC, Huyghe C (2010)
would makeit possibleto speedup the .o produced Alfalfa is extremely well Alfalfa.In: BollerB, PosseltJ, VeronesF (ed9
drying processthus reducingqualitylosses  ggaptedfor sucha productionsystemasit ~ -dder Crops and Amenity Grasses. Handbook of
This is of courseof majorimportancefor  yriesmore quicklythanotherforagesn the 2. Breedin® SpringeScience+Business
hay production, but it is alsovaluablefor yvinacellsunderventilation Media, Dordrecht, the Netherland35838
ensiling with a predrying phase,or for |, conclusionwe believethat alfalfawil
productiorof wrappedoundbales keep an important place in European
agriculture Its favourablefeaturescan be
further enhancedthrough technical and
varietainnovationaimedatimprovedenergy
efficiencyandreducedosts!

conservation
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Perspectives of alfalfa in North America

by Neal P. MARTIN

Abstract Harvestedilfalfafor haywas123
million ha in 2011 in U.S and Canada
However, acreageis declining due to
competitionfor land areadueto high value
cashcropsandloweryieldsthancorn (silage
andgrain),soybearandwheat Top farmers
within US harvest2 to 3 timesnationalor
regional agricultural statistical averages
Reducedignintransgenialfalfacanincrease
forage fiber digestibilityfor lactatingdairy
cows, or allow for 8 to 12 days delayed
harvest The latter has potential for
eliminatingone or more annual harvests
whileincreasingieldby over2(%.

Key words: fiber digestibilityforagequality,
hay,milk productionyield

Introduction

Alfalfais the mostwidelyharvestedorage
legume worldwide and the fourth most
valuedcrop in the U.S, contributingmore

to develop new markets for alfalfa co-
products In addition there is a need to
develop new tools for acceleratingand
enhancing breeding programs, and
demonstratinghe importanceof alfalfain
environmentaustainability

Yield

Yield of alfalfaover the last60 yearsdid
not increasesubstantiallyn the absencef
diseasepressure,but new cultivars out
yieldedolder checkshy asmuchas40% in
environmentswhere diseasesre prevalent
(2). Averageeportedwholefarm hayyields
are 50 to 70 % higherthanin 1962 and
regularlyexceedeatorn grainuntil only 15
yearsago (6). In depth analysisof 2007
Censusof Agriculture data showed that
yieldsof top tier producersacrossU.S in
norirrigated  or irrigated production,
althoughsmallin number,are2 to 3 times
higherthanaveragessnd matchingn some

thanl10billionUSDannuallyo theN a t i o ghfithe yield of cultivarsmallplot trials

farm economyFarmersarvestedalfalfafor
hay from 7.8 and 4.5 million ha in 2011
from U.S and CanadarespectivelyAlfalfa
hasprimaryvalueasan animalfeed,but also
diversifiedarmingproductionrisks,provides
a sourceof biologicallyfixed nitrogen for
subsequentropsin a rotation, reducessoil
erosion, captures nutrients from annual
croppingfieldsthat cancontaminateurface
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
toleranceand biotic stresgesistancevill be
neededn manyof westerracresLivestock
producerswill need increasedyield from
fewer cuts to remain economically
competitive New research efforts are
neededo developnew harveststorageand
processing methodologies to maximize
proteinutilizatiorproducedy the plant and

(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 andto
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
managementtudiesshowedas the interval
betweerharvestincreasecannuaDM yield
increasedvhile nutritive valuedecrease(l).
Neutraldetergenfiber digestibility NDFD)
of the dietis anindicationof potentialDM
intake and milk yield in dairy cows (4).
Summarizing rangeof studiesthe authors
found that a oneunit increasén herbagen
vitro or in situ NDFD wasassociatedith a
0.17-kg increasén DM intakeand 0.25kg
increasen 4 % fat-correctedmilk per day
During spring and early summer,DM is
being produced and nutritive value is
decliningmore rapidly (NDF increasesnd
NDFD decreasén earlyspring)thanduring
late summer (1). Under humid growing
conditionsearlyharvestand shortercutting
intervals are neededin spring and early
summer put slowerchangingutritivevalue
in late summer (more arid) fit delaying
harvest to allow additional vyield
accumulatian Utilizing nutritive value
estimatef fiber and fiber digestibilityto
decideon cuttingmanagemeritaveresulted
in quality forage neededto maintain high
feed intakesand digestibility but havealso
madesuccessfliarvesmorechallenging

1284 (4.1%) irrigated farms with
> 17.8 Mg/ha (> 8 t/acre)

98 o 38
5.0% 1.5% ci
33 78 2 80 3%

4 11% 2.0%

18 146

1.5% 3.6%
18 75

45% 2.8%

2.0% 1.6%

462
5.1%

7
a7
1.0% 63

2.1%

3
37
3.0% S

2719 (2.6%) nonirrigated farms with
> 13.4 Mg/ha (> 6 t/acre)

3.8% 4.1%
4

- 44% 4.0% 2.5%

NH 6 3.9%
VT 5 1.8%

82
0.6%

371 T3g 280
5.0% 5 g9 3.0%

15 0.3%
4 0.5%

WV 6 0.9%

Figure 1INumber of farms (% of tothBt reported annual alfalfa hay yield (13 % moisture)

USDAARS,U.S Dairy ForageResearclCenter,
MadisonUSA (darforag&3@gmaitom)
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greater than 18 Mg héirrigated) or 13.4 Mg Adnonirrigate}l 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 b&ssigmoidaturves
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Role of alfalfa in animal diets

Alfalfa is the most important forage
legumefor dairycows It is relativelylow in
fiber andhighin proteincomparedo other
foragesand typicallyresultsin high intakes
and levelsof milk production The major
disadvantagef alfalfais low yieldswhen
comparedto corn silageand the needfor
multipleharvests Multiple harvestsiot only
increasehe labor and equipmentcostsfor
alfalfa but alsoexposeahe forageto multiple
maturities and harvesting environments,
such as rain damage,that increasethe
variability in nutritional quality Intensive
cuttingschedulemayalsobe the root cause
of poor standsurvivabndreducedields

The fiber (cell wall) componentof forage
representsa major source of energy
however lessthan 50% of this fraction is
readily digestedand utilized by the animal
(3). If alfalfacouldbe engineeretb increase
the extentof fiber digestionthe amountof
energy derived from cattle diets would
increase or the potential amount of
carbohydratavailableor cellulosicethanol
fermentationcould increaseeachof which
has potential to increasethe demandfor
alfalfa Proof of concept reducedignin
transgenialfalfahayfed in total mixeddiets
with corn silagemeasuredncreasediber
digestibilityin both lactatingdairycowsand
rapidly growing lambs (7). Digestibledry
matterof onetransgeniincrease®.5 % fat
corrected milk over the same plant
populationwithout the reducedignin gene
by 13 kg hd! day’. Late harvested
transgenitineshadthe sameNDFD astheir
control populationsharveste® to 12 days
earlier(7). Producersusingthis trait maybe
able to delay harvest while maintaining
foragequality,potentiallyeliminatingone or
more annualharvestswhile increasingield
byover2®a.

Immaturealfalfasilagés highin proteinin
which plant proteaseg€an degraded4% to
8% of forageproteininto ammoniaamino
acids, and small peptides during silage
fermentation (3). Decreasing protein
degradatioduringensilingandin therumen
would decreaseéhe needfor supplemental
protein and reducethe loss of nitrogento
the environmenton the dairy farm (8).
Recently,the U.S Dairy ForageResearch
Centerhassuccessfulliestedhe hypothesis
that PPO andadiphenolsnhibit proteolysis
in alfalfaleaf plant extracts(3). Although
alfalfahasat leastone geneencodingPPO,
expressionhas not been detectedin any
tissues except developing seed pods A
clonedred clover PPO gene (PPQL) was
constitutivelyexpressedh transgenialfalfa

Legume Perspectives
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Figure2. Novel harvest system to alter alfalfa harvest and storage to obtain leaves and stems

for new animal @roducts uses. US Dairy Forage Research CerfedR3JSDA

(PPQiL-alfalfa) Proteolysisvasinhibitedin
leaf extractsof the PPOLl-alfalfa when a
substratevith similaractivityof a o-diphenol
in redclover(caffeicacid)wasadded?3).
Tannins are phenolic compounds that
generallybind with proteins,decreasinghe
rate and extentof proteindigestion Forage
legumegeg. birdsfoottrefoil) that produce
tanninsin leavesor stemshave increased
stability of the protein in the rumen,thus
more protein escapingdegradationn the
rumen An optimum level of tannins
supportedanincreasef 5 kg perdayof milk
from cows fed normal tannin containing
birsdfoot trefoil over alfalfa silage (3).
Unfortunately, alfalfa does not produce
tanninsexceptin the seedcoats With new
knowledgeabouttanninbiosynthesigDixon
group, Noble Foundation), it may be
possible to engineer alfalfa to produce
tannins that provide protein protectionin
therumenandmayalsoleadto lesloat

New harvesting system and
value-added products

Difficulties in managingalfalfa for high
protein and low fiber has inadvertently
resultedn the expansiorof cornbasedeed
andsilagento feedingations Development
of novel alfalfa managementand field
harvesting equipment that separatehigh
proteinleavesrom high fiber stemsallows
recombiningthesefractionsin proportions
that optimize the diet requirementsor the
targetanimal(eg., highproducingdairycow,
dry cow, and heifer)(Fig 2). It alsoreduces
the impact of adverseweatheron crop
harvest,increasesyields by capturingthe
approximately80% loss typically occurring
during harvest,and opens the harvest

window for the farmer (uncouplingharvest
from stageof plant development)Finally,
such an approachcreatesa valueadded
streanfor productsProteinfrom harvested
leavescan also be usedto produce high

protein supplementsin diets for other
animalsor serveasa raw materialbasefor

proteins destined for more industrial
applicationswhile stemscould be 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
environmentaimpacts,particularlyloss of

soil organic matter and increaseckerosion

Systemsthat separateleavesfrom stems
open the door for wider use in crop

rotationsto provide greaterenvironmental
andeconomicstability
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Perspectives of alfalfa in Australia, China, Africa an

Latin America
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by Daniel BASIGALURJohn IRWIN Fugui Mland Meriem ABDELGUERKDUAR

Abstract The importance of alfalfa in
AustraliaChinaandsomeAfricanandLatin
Americancountriesis summarizedPresent
planting areas,averageforage yields,main
use (hay or grazing)and crop conditions
(rainfed or irrigated) are briefly reported
Finally, the crop perspective$or the near
future in each region are discussed
Tolerance to abiotic stresses (drought,
salinity, acidity, cold and heat)will play a
crucialrolein expandinglfalfaoverthe four
continents The importance of landrace
genetiaesourcefn traditionalbreedingand
biotechnological approaches(transgenesis
andmarkerassistedelectionjor developing
adapted cultivars for those limiting
environmentarealsohighlighted

Key words Africa, alfalfa,AustraliaChina,
LatinAmerica

Australia

Alfalfa is Au st r mdst iendogant
temperateand subtropical perenniaforage
legumebeinggrownextensiveljrom north
Tasmaniao the Tropic of Capricorn(6).
Total Australiaralfalfaareggrazingandhay)
hasbeenestimatedat 3.5 M ha, more than
half grownin New SouthWalegNSW) Hay
productionhasincreasedy 40% over the
period 19902005 principally through an
increasdn cropping area In 2005 about
250000 ha weregrown solelyfor hay,with
an averagegield of 496t DM (dry matter)
hal, and NSW (40%), Victoria (25%) and
Queensland18%) as the leadingtate$8).

Seedproductionis mostly concentratedn
SouthAustralig83%), havingreachedtotal
of 7913t in 2007 8%% of which was
exportedlt is estimatedhatover3 M haof
drylandalfalfais grazedn Australicby either
sheepor cattle, mostly in NSW. Using
modelingstudiesit hasbeencalculatedhat
an additional95 M ha could be sown to
dryland alfalfa, especiallyin NSW and
Queensland

Up to 1977 the Flemishtype cultivar
Hunter River occupied > 90% of the
Australiaralfalfaplantingareabut now over
50 cultivarsare marketed Pestand disease
resistantultivarshavemadea majorimpact
on Australias alfalfaproduction particularly
in irrigatedhaycropswherediseasesuchas
Phytophthoreot rot and anthrachosecan
causeseriougosseg6). Most of the modern
Australiancultivarshave multiple pest and
disease resistanceincorporated Grazing
tolerant cultivars have also been recently
deployedb).

Perspectives increasehe alfalfaareain
Australiathere are severatraits which will
have to be bred into future cultivars
Toleranceo acidsoilsis underdevelopment
in the US and Australia(5). In subtropical
areas, increasedwinter activity and the
capacityto competewith C4 grassewill be
important (6). Other valuabletraits include
droughtandsalinitytoleranceincreasedeed
size,and non-bloatingto bovines If these
traitsareaddressedherearegoodprospects
for overcomingthe present forage yield
stagnation

China

Alfalfa is an important forage crop in
China,whereit wasintroducedfrom Persia
in 138119BC by theemperoHan Wu asa
sourceof foragefor his horses Therefore,

INTA Manfredi, Argentina
(dbasigalup@manfredi.inta.gov.ar)

2The University of Queensland, Brisbane,
Australia

3inner Mongolia Agricultural University, Hohhot,
China

“ENSA Belfort, El Harrach, Alger, Algeria
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Chinahasmore than 2,000 yearsof history
on the crop At present,it is widely
distributed throughout the country Just
between1930and 2012 about 400 alfalfa
accessionwereintroducedrom alloverthe

world As a centreof diversificationChina
holds a largeset of geneticresourcesThe
country has 13 speciesof the genera
Medicagmainly distributedin the Western
plateawandin partsof the Changjiangiver
basinroughlybetweer8543 N.

NowadaysChinagrowsnearly3.6 M haof
alfalfa,7®6 of which are harvestechs hay
Mostfields(80%) produceat leasthreecuts
peryear providingforagewith crudeprotein
contentsbetweenl4 and 18%. The overall
production (about60 M t of hay DM in
2010Qisinsufficienfor the feedingneeds

A total of 62 alfalfavarietiesare presently
registeredn the Chineseforage catalogue
(24 bred cultivars, 20 landraces, 15
introduced cultivars and 3 domesticated
species) While having different fall
dormancyclassesll of themareadaptedo
cold environments Most cultivars were
developedy traditionalbreeding(including
crossebetweersspsativandsspfalcajabut
afewrecentones(namedZhongmuNo.1, 2
and3) werebredby tissuecultureselection

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
improvemenbf cold anddroughttolerance,
and the developmentof biotechnology
approachescontemplatingtransgenesior
markerassistedelection

Africa

Alfalfa is cultivatedin just some African
countrieslocatedin northernand southern
regions Morocco grows nearly106000 ha
(228% of ¢ o u n total foddercrop land),
with an averageieldof 593t DM hal In
Algeria, alfalfa occupiesabout 10000 ha,
with ameanproductionof 3-4t DM hat. In
Tunisia, alfalfa is the main forage and
extendoveraboutl3000ha(7®6 in oases)
The small area planted in Mauritaniais
concentratedn oasesAlfalfa isthefourth
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Figurel. Irrigated alfalfa in one oasishalrarin Algeria, in
rotation with wheat (photo kindly provided by Abheabena

forage crop in Egypt, where it reached
36000hain 2008all underirrigation Locally
adapted populations (landraces) are
extensivelysedin Northern Africa oases,
where alfalfa production is almost
continuous(8-10 cuts yeart) and intervals
betweercutsareveryshort(1). SouthAfrica
is the main alfalfagrowing countryin the
southerrhemispherayith about30Q000ha
(9) mainlyunderirrigation,and wheredairy
cowdietscontainup to 40% of alfalfahay
Perspectivealfa cropping has potential
for expansionin Africa, particularlyunder
efficient irrigation systems (eg. pivot
irrigation) and with the developmentof
dehydrationunits at the farm level Also
rainfed cropping of droughttolerant
germplasnin semiarid regionshas greater
potential than hitherto believed(3). The
evaluatiorand exploitationof local (2) and
exotic (3) genetic resourceshas crucial
importance for producing varieties with
better toleranceto major stresses(eg,
droughtgsalinityheat)or to frequentutting
The implementatiorof varietyregistration,
reliable  seed  multiplication  and
commercializatiorchains are required in
most countries for promoting adapted,
improvedvarietiesSimilarlyin India, warm
southern locations favour early flowering,
while the oppositeis the casein the north

©).

Latin America

Theimportanceof alfalfain Latin America
variesgreatlyamongcountries Brazilgrows
only 40000ha, mostlyfor hayproductionin
the Southerrstates The locallyadapteccv.
Crioulawith anaveraggieldof 14t DM hat
year, iswidelyused7). Uruguayasabout

Legume Perspectives

Argentina

70000hamainlydevotedo dairyin the SW,
yielding9-13t DM ha! year. Soil acidity
andlow P contentlimit the crop expansion
in thesecountries Chilés planting areais
50000 ha, concentratedin Central and
Southernregions,mostly grown for dairy
systemsin associatiorwith ryegrassPeru
growsnearlyl2Q000hamainlyin the coastal
areasyvith yieldsof 1318t DM ha! year'.
Whileintermediaté6-8 cutsyear?!) to non
dormant(11cutsyeart) varietiemreusedfor
coastal environments, dormant/very
dormant(2-3 cutsyear!) areadoptedor the
high Andeanplateau Mexico grows about
400000 ha of alfalfa, almost all under
irrigation About 6%% is used as green
forage whiletheremainings devotedo hay
production(with an averagegield of 175 t
DM hat yeart). With afewexceptionanost
of thevarietiegreimportedfrom USA
Argentinagrows4 M ha of alfalfa,mostly
underrainfedconditionsfor dairy and beef
productionin the PampasRegion About
6% is plantedas pure standsand 40% in
mixtures with temperate grasses Direct
grazingis still very popular, althoughhay
(and more recently silage) production is
gainingmportancg4). OtherareagNW, W
and Patagoniagrredevotedto hayandseed
production under irrigation The mean
forageyieldsare11and20t DM hat! yeartt
for rainfed and irrigated conditions,
respectivelyAbout 756 of the marketed
seed (9,000 t) is imported, mainly from
Australiaand USA Over 80 cultivars(with
fall dormancy6 to 10 are marketed,all
havingmultipleaphidanddiseaseesistance

Figure. Alfalfa under rotational grazing for dairy cows in

Perspecti\s significanthange alfalfa
planting are expectedin Mexico, Peru,
UruguayandChile Converselythe expected
releasef new cultivarsadaptedo tropical
environmentscould quickly duplicatethe
croppingaredn Brazil In Argentinatheon-
going developmenbf cultivarstolerantto
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 delayetkafsenescence
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Environmentékenefitof growingoerennialegumes
INn croppingystems

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
emissionsbut reliableindicatorsare needed
to identifywhichfieldsneedsupplementail
after alfalfa Livestockmanureis appliedto
alfalfaon farms but too little is knownabout
the benefitsandrisks Criticalneedsareon-
farm estimate®f yieldand N, fixation and
broadeneglant improvemenbbjectiveso
explicitlyincludeenvironmentddenefits
Key words: fertilizer replacementpitrate
leachingnitrogensoilqualitywateruse

Introduction

In the First Century,Columellanrote that
0 adattlewhatsoevegrowfat with [alfalfd 6
andthatit odungsthe landé Today alfalfais
knownasa premierforagecrop primarilyas
a protein source, but its positive
environmental effects are less well
recognized

Widely acknowledgeds the contribution
of alfalfa to nitrogen (N) availability
SymbioticN, fixation occurs by rhizobia
housedin root nodules and fed by C
compoundgrom the plantin exchangdor
the N-containingamino acidsthe bacteria
produceAny factorthataffectsplantgrowth
or yieldlikely affectsthe amountof N fixed
& supply of nutrients (P, K, S, and
micronutrients soil pH, inorganicN supply
in the soil the degreeof defoliation at
harvestor by pests and inadequateor
surpluswateravailabilityto namea few. In
pure alfalfastands,estimate®f annuaN,

fixation range from 40 kg N ha! to

600 kg N ha' and from 10 kg N ha! to

320kg N hat in mixed alfalfagrassstands
(6). However N, fixation varieswithin and
amondfieldsandregionsdueto the myriad
factorsthat modify it. Becauseve still can
only guessat N, fixationratesin farmfields

akeyresearclobjectiveshouldbeto develop
areliablgechniquéo useon farms

Nitrate removal

Al f ddrgeNarégsiremenis dueto high
herbageyield and protein concentration
Alfalfa doesnot fill this needsolelyby N,
fixation, but ratherit absorbsnitrate from
the soil solutioneffectivelyenougho reduce
nitrate leachinglosses Nitrate assimilated
from the soil reducesherateof N, fixation,
thereby reducing N input when plant
availabl®l supplyishigh

High yieldpotentialof this C3 foragecrop
resultan highwateruse althoughwateruse
efficiency (WUE, g dry matter g1 water
transpiredl is excellentin comparisonto
other C3 crops Furthermore water use
begins earlier and continueslonger than
most annual crops such as maize and
soybean This timing of water use makes
alfalfa highly effectivein reducingnitrate
leachinglosses Managedas a harvested
foragecrop alfalfamaintainecinnualhitrate
lossesthrough subsurfacetile drains to
< 5kgN hatl, evenwhendrainagezolumes
were twice the normal amounts (5). In
contrast loss under continuousmaizeor a

maizesoybean rotation averaged
40kg N hat with normaland75kg N hat
with highdrainageolumegb).

Coarse Medium Fine

(10/11) (34/181) (10/19)
.”4 l

USDAARS, Plant Science Research Unit, St.
Paul, USA (michael.russelle@ars.usda.gov)
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mmmm Yield not increased with fertilizer N
mmmm Yield increased with fertilizer N

Nitrate removal capacityis affected by
standdensity(plantsm). As alfalfastands
decline with age disease winterkil| or
damage by wheel traffic, nitrate can
accumulatein soil and be leached in
percolatingvater(3). Whereleachinghould
be minimizedthe standshouldbe rotatedto
an annualor perenniatrop that canabsorb
mineralizedN. Alfalfaincreasethe amount
of mineralizableN in the soil which is
releaseckarlier faster and longer than N
mineralizedollowing maizeor wheat(1). If
the following crop cannot capture this
mineralized N, nitrate leaching can be
significantlyhigher after alfalfa than after
othercrops evenin semiarigtnvironments

Nitrogensupply

This higherN supplyreduceshe needfor
fertilizer N in crops following alfalfa On
mediumtextured soils alfalfa usually
providesthe entireamountof N requirecby
maize resulting in substantial economic
savingsand greatlyreducingthe energycost
of maize production (8. On fine- and
coarsdexturedsoilsit is more commonto
find a fertilizer N responseof first-year
maizeafter alfalfathan on mediumtextured
soils (Fig 1), probablybecauseof slower
nitrificationand enhancedienitrificationon
finetextured soils and greater nitrate
leachingon sands Still undiscoveredare
meansof identifyingfields wherethe first
crop after alfalfawill requireadditionalN.
With alfalfa decreasedertilizer inputs and
overall lower denitrification contribute to
greatlyreducednet energyrequirement¢g)
andgreenhousgasemission@).

Figurel. Yield response to fertilizer N of
first-year maize grain yield after alfalfa is
more likely on fir@nd coarstextured soils
than on mediwtextured soils, witihe
numbebf Nresponsive sites and total sites
in eaclsoiltexture class (8)
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Figure2. Alfalfa yield (t dry matterfaon 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)

Deeprooting

Rootsof alfalfaextendverticallyaboutl to
2 cm day! at typical soil temperatures
totaling 1.5 to 2 m annuallyin temperate
environmentandin a favorablesoil matrix

Reducedsoil erosion

Perenniaforagesoften arerecommended
to reduce nutrient and sedimentrunoff.
Alternatingstrips of alfalfaand maizethat
follow the contourof ahillslopehelpreduce

(low penetration resistance adequate soil erosion by surfacerunoff. Although

aeration and appropriate chemical
conditions) There are anecdotateports of

sedimentmovementis reduced perennial
foragesdamagedby freezingor drying(eg.,

extremely deep rooting but measurable during desiccatiorfor hay production)can

alfalfaroot activity has beenevidencecby
water and nitrate depletionto 5 m and by
uptakeof 3P at5.5 m. Consequent)yalfalfa
is usedto preventor reducenitrateleaching
from abandonefeedlotaandothersites

High wateruseby alfalfahasbeenusedto
prevent expansionof saltdegradedsoils
Replacemendf native perennialvegetation
with annualraincropsin aridenvironments
has resulted in intrusion of saline
groundwater into the root zone
Remediatiorof soilsdegradedy salinityis
difficult andexpensiveAn economianeans
of preventionis to plant deeply rooted
perennials such as alfalfa which
simultaneouslyprovide income Although
therehavebeenbreedingeffortsto increase
toleranceo salinity mostalfalfacultivarsdo
not toleratemoderatesalinityconditions

As secondarilythickened roots decay
improvedmacroporosityn subsoiffacilitates
deeperoot penetratiorof subsequentrops
and enhanced water infiltration when
macropordlow occursA potentiahazards
that macropore flow also can transmit
suspende@nd dissolvedmaterialssuch as
surfaceapplied pesticides, fertilizer or
manureHowever this occursonly whenthe
hydraulicconductivityof the soil matrix is
exceedeckg. intensiverainfallor irrigation,
accumulationof runoff, snowmelt and
urination by livestock Seriousmpactsdue
to root channeldavenot beendetected

Legume Perspectives

releasesolublereactive® into runoff water

Where plant growth is limited by cold
temperaturessoil often is left for several
months without cover or living vegetation
Cover crops can reduce soil erosion and
nitrate losses but they are not widely
adoptedwithout supplementgbaymentsor
regulationA 0 | i mulchd of Kura clover
(Trifoliumambigugmnin row crops shows
promisewhencompetitioncanbe managed
Thefollowingyear clovercanbegrownasa
forageor anannuakrop canbeinterseeded
again This systemfirst examinedby KA
Albrecht, reduces nitrate leaching and
probably runoff, but requires further
developmentto maintain maize yield It
remaingo bedeterminedvhetheralfalfacan
beusedn thisway

Manureutilization

Livestockmanureis a valuableresource
but is appliedmostlyfor annualcrops The
facultativenature of symbioticN, fixation
providesthe opportunityfor alfalfato utilize
manureN effectively while other manure
nutrients also can benefit alfalfa Manure
applicationmethodsto alfalfa vary from
broadcastingolid or liquid forms through
partial incorporation,to shallow injection,
but relativelyfew experimentshave been
published Swine manure applied through
irrigation greatlyincreasealfalfayield (2).

Only partof thisincreaseouldbe attributed
to nutrientsotherthanN, andyieldincreases
of 20 to 40% with manuremay be dueto
lower photosynthate requirement for
inorganicN assimilatiorthan for symbiotic
N, fixation Thereis a clearneedfor more
researcto documenbenefitandrisks

Enhancinghe benefits

Thevalueof alfalfain termsof N, fixation,
nitrate removal N supply to subsequent
crops water use, and other benefits is
directly related to forage yield In most
regionsof the USA, alfalfayield potentialis
higherthanyieldsreportedby eventhe best
farmers (Fig 2). Our ability to generate
reliableassessments netimpactsof alfalfa
on ecosystem services requires better
knowledgeof yields standlifetime and soil
N supply Elimination of yieldlimiting
factorswill enhancéoth the economicand
environmentddenefitof 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 greateipublicand
privatebenefits
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