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Redesigning Alfalfa Redesigning Alfalfa 

Advantages of alfalfa for dairy operations Advantages of alfalfa for dairy operations 
-- Outstanding dairy forageOutstanding dairy forage
-- Crop rotationsCrop rotations
-- Can be a nitrate scavengerCan be a nitrate scavenger

The perfect alfalfa plant on dairy farmsThe perfect alfalfa plant on dairy farms
Future innovations needed to maintain or Future innovations needed to maintain or 
expand alfalfa acreageexpand alfalfa acreage
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2003 U S Alfalfa Hay Production2003 U S Alfalfa Hay Production

76.3 million tons76.3 million tons
$6.9 billion$6.9 billion
44thth following corn, soybeans and wheatfollowing corn, soybeans and wheat
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Leading Alfalfa Hay Production Leading Alfalfa Hay Production 
States, 1,000 tons, 2003States, 1,000 tons, 2003

Top 10 States Top 10 States 
-- 58 % of U. S.58 % of U. S.
-- 60 % of Acre60 % of Acre
-- 4 states NC4 states NC
-- 6 states West6 states West
-- 5 Lead Dairy5 Lead Dairy
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Leading Alfalfa Forage Production Leading Alfalfa Forage Production 
States, 1,000 tons, 2003States, 1,000 tons, 2003

Top 10 States Top 10 States 
-- 59% of U. S.59% of U. S.
-- 59 % of Acre59 % of Acre
-- 4 states NC4 states NC
-- 1 state NE1 state NE
-- 5 states West5 states West
-- 6 Lead Dairy6 Lead Dairy
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Percent of Total 2003 Alfalfa Percent of Total 2003 Alfalfa 
Production Production -- HaylageHaylage
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Alfalfa Alfalfa –– Outstanding Forage for DairyOutstanding Forage for Dairy

High nutrient contentHigh nutrient content
Protein, MineralsProtein, Minerals

Good fiber digestibilityGood fiber digestibility
Rapidly digested Rapidly digested 
Supports high DM intakesSupports high DM intakes
Supports high milk productionSupports high milk production
Cows like itCows like it

SOURCE:  Jim Linn, University of MinnesotaSOURCE:  Jim Linn, University of Minnesota



USDFRC

Alfalfa Hay and Silage UsageAlfalfa Hay and Silage Usage

Dairy IndustryDairy Industry

Beef IndustryBeef Industry

Horse IndustryHorse Industry

ExportExport

New usesNew uses
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Less alfalfa being fed in dairy rationsLess alfalfa being fed in dairy rations

Lower yield of alfalfa than Lower yield of alfalfa than 
other cropsother crops

Increased use of corn Increased use of corn 
silagesilage

Minimized forage in rationMinimized forage in ration
Cheap grainCheap grain
Greater quality consistency of Greater quality consistency of 
graingrain
Inability to accurately Inability to accurately 
estimate energy of forageestimate energy of forage
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Limitations of Alfalfa on Dairy FarmsLimitations of Alfalfa on Dairy Farms

Expensive to produce, harvest & storeExpensive to produce, harvest & store
-- Low yieldsLow yields
-- Harvest equipment and storage costs Harvest equipment and storage costs 
-- Time and labor of multiple cuttingsTime and labor of multiple cuttings
-- Variation of quality within and between cuttingsVariation of quality within and between cuttings

Excessive NonExcessive Non--protein nitrogen in silage and protein nitrogen in silage and 
the rumenthe rumen
Low fiber digestionLow fiber digestion
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Post Harvest Proteolysis in Alfalfa Post Harvest Proteolysis in Alfalfa 
Impact on dairy productionImpact on dairy production

Increased NPN decreases the efficiency of protein utilization Increased NPN decreases the efficiency of protein utilization 
in ruminants in ruminants 
-- Inefficient utilization of alfalfa protein requires the feeding Inefficient utilization of alfalfa protein requires the feeding of  of  

supplemental protein with high RUP to maximize milk production.supplemental protein with high RUP to maximize milk production.
-- Inefficient utilization of alfalfa protein also results in the eInefficient utilization of alfalfa protein also results in the excretion of xcretion of 

excess rumen NH3, leading to increased N losses to the environmeexcess rumen NH3, leading to increased N losses to the environmentnt..
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Red Clover vs. Alfalfa SilageRed Clover vs. Alfalfa Silage
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+ Caffeic

acid

Protein breakdown (% of alfalfa)Protein breakdown (% of alfalfa)

Alfalfa can be used as a model to study the inhibition ofAlfalfa can be used as a model to study the inhibition of
protein breakdown in silages.protein breakdown in silages.

PPO = Polyphenol Oxidase gene from red cloverPPO = Polyphenol Oxidase gene from red clover
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Evaluated the potential impact of Evaluated the potential impact of 
tannins on dairy farms with DAFOSYMtannins on dairy farms with DAFOSYM

Manure Storage Manure Storage 
& Handling& Handling

Soils & Soils & 
CropsCrops

Harvest & StorageHarvest & Storage

MilkMilk

Feeding & Herd Feeding & Herd 
ManagementManagement

Purchased Purchased 
feed & feed & 
beddingbedding

Storage Storage 
losseslossesFertilizerFertilizer

Nutrient Nutrient 
loss/builduploss/buildup
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Tannins improve protein utilizationTannins improve protein utilization
Condensed tannins are Condensed tannins are polyphenolicpolyphenolic compounds that compounds that 
bind to protein in the pH range 3.5 to 7, potentially bind to protein in the pH range 3.5 to 7, potentially 
protecting protein in the silo, rumen, & soil  protecting protein in the silo, rumen, & soil  
ProteinProtein--tannin complexes dissociate at pH <3.5 and >8.5, tannin complexes dissociate at pH <3.5 and >8.5, 
permitting digestion in the gastrointestinal tract of cattlepermitting digestion in the gastrointestinal tract of cattle
Livestock given tanninLivestock given tannin--containing feeds need less protein containing feeds need less protein 
supplementation and excrete less ureasupplementation and excrete less urea
Tannins slow nitrogen release from crop residues and Tannins slow nitrogen release from crop residues and 
manure manure 
Major U.S. feedstuffs, including alfalfa, have inadequate Major U.S. feedstuffs, including alfalfa, have inadequate 
tannin levels to protect protein (< 0.2% DM).  Probably tannin levels to protect protein (< 0.2% DM).  Probably 
about  2% tannin is neededabout  2% tannin is needed..
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Milk production (lb per cow)Milk production (lb per cow)

Normal alfalfaNormal alfalfa 27,160 27,160 27,46027,460 27,80027,800

Tannin alfalfaTannin alfalfa 27,620 27,620 27,83027,830 28,00028,000

Tannin impactTannin impact + 460 + 460 + 370+ 370 + 200+ 200

Alfalfa silage Alfalfa silage 
70%70% 50%50% 30%30%
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Added value of forage with tanninAdded value of forage with tannin
(per ton dry matter)(per ton dry matter)

Alfalfa silageAlfalfa silage $ 23$ 23

Alfalfa hayAlfalfa hay $ 11$ 11
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Strategies for decreasing postStrategies for decreasing post--harvest harvest 
proteolysis in alfalfa silageproteolysis in alfalfa silage

Some compounds bind with alfalfa protein to Some compounds bind with alfalfa protein to 
decrease rate of postdecrease rate of post--harvest proteolysis.  harvest proteolysis.  
Transgenic alfalfa will be produced that contain Transgenic alfalfa will be produced that contain 
these compounds. these compounds. 
-- Tannins Tannins –– altered expression of genes for alfalfa tannin altered expression of genes for alfalfa tannin 

biosynthesisbiosynthesis
-- Polyphenol Polyphenol oxidaseoxidase (PPO) (PPO) –– gene isolated from red gene isolated from red 

clover (USDA) clover (USDA) 
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NDF Digestibility of ForagesNDF Digestibility of Forages

20 25 30 35 40 45 50 55 60 65 70 75

Legume silage/hay

Grass silage/hay

Corn silage

NDF digestibility, % of NDF

Poor Fair Average    Good     Excellent



•Engineering the lignin biosynthetic pathway in alfalfa

•Down 
•regulation
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Genetic engineering for improved Genetic engineering for improved 
forage quality in alfalfaforage quality in alfalfa

Altered lignin content/composition in alfalfaAltered lignin content/composition in alfalfa
-- Low lignin transgenic alfalfa produced based on Low lignin transgenic alfalfa produced based on 

“knockouts” of enzymes involved in lignin “knockouts” of enzymes involved in lignin 
biosynthesis.biosynthesis.

COMTCOMT
pkatpkat/mg/mg

CCOMT CCOMT 
pkatpkat/mg/mg

Klason Klason 
Lignin %Lignin %

S/G S/G 
ratioratio

ControlControl 6.556.55 23.7723.77 17.9117.91 .47.47

COMTCOMT-- 1.241.24 22.2622.26 12.4612.46 .04.04

CCOMTCCOMT-- 14.3914.39 0.780.78 14.5814.58 1.051.05

DualDual-- 0.780.78 5.595.59 14.7214.72 .23.23

Dixon et. al., 2000Dixon et. al., 2000



Lower Stem IVD Lower Stem IVD –– 2001 summary2001 summary

48
49
50
51
52
53
54
55
56
57
58
59

IV
D 

%

Null
WL34

2
COMT-4
COMT-5

COMT-310
CCOMT-305
CCOMT-315

•LSD .05 = 1.14

McCaslin et al. 2002.  Unpublished.  Forage GeneticsMcCaslin et al. 2002.  Unpublished.  Forage Genetics
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NDF Digestibility of Alfalfa StemsNDF Digestibility of Alfalfa Stems
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NDF Digestion ProfilesNDF Digestion Profiles

0 10 20 30 40 50 60 70 80 90 100

Time (hrs)Time (hrs)

0

10

20

30

40

50

60
D

ig
es

tib
ili

ty
 (%

)
D

ig
es

tib
ili

ty
 (%

)

ControlControl

Increase RateIncrease Rate

Increase PotentialIncrease Potential
Typical Rumen Retention



USDFRC

The Perfect Alfalfa PlantThe Perfect Alfalfa Plant

Yield of individual cuttings high enough to Yield of individual cuttings high enough to 
reduce number of cuts per year (2 or 3)reduce number of cuts per year (2 or 3)
Maturation that is not strongly tied to qualityMaturation that is not strongly tied to quality
Minimal leaf loss during growth and harvestMinimal leaf loss during growth and harvest
Total protein available to the animal, 16Total protein available to the animal, 16--18 %, of 18 %, of 
that 30that 30--35 % ruminal undegradable35 % ruminal undegradable
Cell wall digestibility ~ 80 % (20Cell wall digestibility ~ 80 % (20--30 % rapidly 30 % rapidly 
fermented pectin)fermented pectin)
Protein loss during ensiling no greater than 10Protein loss during ensiling no greater than 10--
15 %15 %
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Alfalfa Hay and Silage UsageAlfalfa Hay and Silage Usage

Dairy IndustryDairy Industry

Beef IndustryBeef Industry

Horse IndustryHorse Industry

ExportExport

New usesNew uses
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Changes in U. S. Dairy Since 1935Changes in U. S. Dairy Since 1935

YearYear Dairy FarmsDairy Farms Milk CowsMilk Cows Total MilkTotal Milk

ThousandsThousands 1,000 1,000 hdhd Billion lbsBillion lbs

19351935 >4,100>4,100 24,18724,187 100100

19651965 1,1081,108 14,95314,953 124124

20022002 9292 9,1419,141 170170
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Why Plant Genetic EngineeringWhy Plant Genetic Engineering

Introduce traits not available in                          
alfalfa or alfalfa relatives.
- Roundup Ready (bacterial 

gene) 
- PPO ( red clover gene)
- Phytase (fungal gene)

Knock out existing genes that 
negatively affect crop 
performance/crop quality
- Improved digestibility (lignin 

knockout)
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Development of Green GenesDevelopment of Green Genes
Transgenic PhytaseTransgenic Phytase--rich Alfalfarich Alfalfa

Phytase enzyme makes P in grain ration of Phytase enzyme makes P in grain ration of 
monogastric diets more available (poultry, monogastric diets more available (poultry, 
swine, and fish)swine, and fish)
Less P excreted in fecesLess P excreted in feces
Phytase enzyme levels of  1 Phytase enzyme levels of  1 -- 2 % of soluble 2 % of soluble 
protein possibleprotein possible
Phytase extraction with wet fractionation gives Phytase extraction with wet fractionation gives 
added value of xanthophyll & high proteinadded value of xanthophyll & high protein
Phytase is stable Phytase is stable -- alfalfa leaf meal alfalfa leaf meal 
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Alfalfa - Produced Phytase in Poultry 
Rations:

Eliminates need for 
phosphorus 
supplementation

Reduces the phosphorus 
content of feces to less than 
half
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1999 Results 1999 Results -- Flexibility in timing of Flexibility in timing of 
Roundup applicationRoundup application

Good tolerance at Good tolerance at 
all stages of plant all stages of plant 
developmentdevelopment
Good tolerance Good tolerance 
during all times of during all times of 
the growing seasonthe growing season

Roundup application 18 days after emergence



Non-tolerant
Control

RR alfalfa

Roundup – 2.5 gallons/A

Negative
control

RR elite
line

Unsprayed control

RR Alfalfa RR Alfalfa -- 1999 Field Results1999 Field Results

High tolerance to High tolerance to 
Roundup UltraRoundup Ultra
-- 2.5 gallons/A 19992.5 gallons/A 1999

Excellent agronomic Excellent agronomic 
performanceperformance
-- RR lines RR lines >> commercial commercial 

checks (no yield lag)checks (no yield lag)
-- RR lines = negative RR lines = negative 

controls (no yield drag controls (no yield drag 
with RR trait)with RR trait)
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Commercializing a biotech trait in Commercializing a biotech trait in 
alfalfa alfalfa –– the Roundup Ready examplethe Roundup Ready example

Transformation Transformation –– 19971997
Proof of concept testing Proof of concept testing –– 19981998--20002000
Trait integration Trait integration –– 19981998--19991999
Breeding/Product development Breeding/Product development –– 19991999--20012001
Seedstocks Seedstocks production production –– 20012001--20032003
Regulatory approval Regulatory approval –– 20012001--20032003
Performance testing of RR varieties Performance testing of RR varieties –– 20012001--20032003
Commercial release of RR alfalfa Commercial release of RR alfalfa –– 20042004
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RR Alfalfa VarietiesRR Alfalfa Varieties

Excellent tolerance to Roundup Excellent tolerance to Roundup UltraUltraTMTM

-- Trait purity Trait purity >> 90%90%
Broad geographic adaptationBroad geographic adaptation
-- FD3 FD3 –– FD8 varieties will be availableFD8 varieties will be available
-- Excellent multiple pest resistanceExcellent multiple pest resistance

Good product performance Good product performance 
-- Forage yield Forage yield >> commercial checkscommercial checks
-- Persistence Persistence >> commercial checkscommercial checks
-- Forage quality Forage quality >> commercial checkscommercial checks
-- Seed yield Seed yield >> commercial checkscommercial checks



USDFRC

Biotechnology Biotechnology 
Applications in AlfalfaApplications in Alfalfa

Insertion  of BT gene to Insertion  of BT gene to 
deter insect feeding deter insect feeding 
Coat protein for control of Coat protein for control of 
virusesviruses
Improved Improved 
winterhardinesswinterhardiness
Balanced animal dietsBalanced animal diets
Alfalfa bioremediationAlfalfa bioremediation
Alfalfa root & nodulesAlfalfa root & nodules
Human proteinsHuman proteins
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Potential new uses of alfalfaPotential new uses of alfalfa

Electric Electric 

generationgeneration
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Minnesota Minnesota AgriAgri--Power: Power: 
Project to Produce Electricity and Livestock Project to Produce Electricity and Livestock 

Feed (and Improve the Environment) with Feed (and Improve the Environment) with 
AlfalfaAlfalfa

Separate alfalfa hay into Separate alfalfa hay into 
leaf and stem fractions.leaf and stem fractions.
Produce electricity from Produce electricity from 
the lowthe low--value stems.value stems.
Utilize the leaves as a Utilize the leaves as a 
feed supplement for feed supplement for 
livestock.livestock.
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Potential new uses of alfalfaPotential new uses of alfalfa

Electric generationElectric generation

Protein productionProtein production
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Protein extractionProtein extraction

-- Extract is 55% proteinExtract is 55% protein

-- Good balance of trace mineralsGood balance of trace minerals

-- High in High in xanthophyllxanthophyll
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Potential new uses of alfalfaPotential new uses of alfalfa

Electric generationElectric generation

Protein productionProtein production

Ethanol productionEthanol production
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Biomass Conversion to Biomass Conversion to 
EthanolEthanol

GrindGrind

Pretreatment to Pretreatment to 
Remove InhibitorsRemove Inhibitors

Enzymatic Breakdown of Enzymatic Breakdown of 
PolysaccharidesPolysaccharides Residual SolidsResidual Solids

Electricity & 
Processing Heat

FermentationFermentation

Ethanol RecoveryEthanol Recovery
SugarsSugars

SugarsSugars
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Alfalfa in Crop Rotations:Alfalfa in Crop Rotations:

Adds nitrogen via biological fixationAdds nitrogen via biological fixation
Improves water infiltration and soil qualityImproves water infiltration and soil quality
Reduces soil erosion from wind and waterReduces soil erosion from wind and water
Improves yield of subsequent cropImproves yield of subsequent crop
Reduces N fertilizer demands of Reduces N fertilizer demands of 
subsequent cropssubsequent crops
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Alfalfa in Crop Rotations:Alfalfa in Crop Rotations:

Helps protect surface Helps protect surface 
and ground waterand ground water
Acts as wasteActs as waste--water water 
recyclerrecycler
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Legumes serve as N buffersLegumes serve as N buffers

GrassLegume
Low N

High N
N derived from soil and manure (kg N/ha)
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Russelle et al., 2002
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Alfalfa and grass CRP effectively filter Alfalfa and grass CRP effectively filter 
tile drain watertile drain water

>40 million acres are tile drained>40 million acres are tile drained
in the Upper Midwestin the Upper Midwest Randall, Huggins, Russelle et al., 1997
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Risk of groundRisk of ground
water nitratewater nitrate

contaminationcontamination

Alfalfa
is well adapted

to grow in these areas
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Using Biotech To Keep Alfalfa CompetitiveUsing Biotech To Keep Alfalfa Competitive

Solutions to major challenges in agricultureSolutions to major challenges in agriculture
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Using Biotech To Keep Alfalfa CompetitiveUsing Biotech To Keep Alfalfa Competitive

Solutions to major challenges in agricultureSolutions to major challenges in agriculture
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A multidisciplinary collaboration of public and A multidisciplinary collaboration of public and 
private scientistsprivate scientists

Dairy Nutrition (USDFRC)Dairy Nutrition (USDFRC)
Biochemistry (Noble Foundation and USDFRC)Biochemistry (Noble Foundation and USDFRC)
Molecular/cell biology (Noble, FGI and Molecular/cell biology (Noble, FGI and DowAgroDowAgro))
Agronomy Agronomy 
Plant breeding (FGI)Plant breeding (FGI)
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