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Redesigning Alfalfa

B Advantages ofi alfalia rfor dairy eperations
- Outstanding dairy ferage
-Crop retations
-Canl be a nitrate scavenger

B [he perfect alfalfa plant en dairy farms

B Future innovations needed to maintain or
expand alfalfa acreage




2003 U S Alfalfa Hay Preduction

B /6.3 million tons
m $6.9 billion

m| 4" following| corn, soybeans andi wheat




Leading Alfalfa Hay Production
States, 1,000 tons, 2005

a op 10 States
- 58 % ofi U. S.
- 601 % ol Acre
-4 states NC
- 6 states \West
-5/ Lead Dairy.




Leading Alfalfa Ferage Production
States, 1,000 tons;, 20035
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Percent of Total 2003 Alfalfa
Production - Haylage




Alfalfa — Outstanding Forage for Dairy.

v IHIgh nutrient content

Protein, Minerals

v. Good fiber digestibility

v Ra
v Su
v Su

pldly digested
pPorts high DMiintakes

pports kigh milk production

v. Cows like it

SOURCE: Jim Linn, University of Minnesota



Alfalia Hay and Silage Usage

RPN ST
m Beefi Industry
B Horse Industry
B Export

B New uses




Milk Production and Concentrates Fed

Source: ERS-USDA
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Limitations of Alfalfa en Dairy Farms

B Expensive to produce, hanvest & store
- Low yields
- Harvest eqguipment and storage costs
- Time and labor off multiple cutiings
- Variation ofi guality: within and between cuttings

B Excessive Non-pretein nitregen in silage and
the rumen

u Low filber digestion




Post Hanvest Proteolysis in Alfialfa
Impact on dairy production

M Increased NPIN decreases the efificiency: of protein utilization
N ruminants

- Inefficient utilization off alfialfa protein requires the feeding of
supplemental protem with high RUP te maximize milk preduction.

- |nefificient utilization of alfalfa pretein also results in the excretion of
excess rumen NH3, leading to Increased N losses to the envirenment.
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Red Clover vs. Alfalfa Silage

Protein hreakdewn (Yo off alialia)

120- S
100- ——
80+
60
40+
20+
0

) B —

Red clover Alfalfa Alfalfa+ PPO Alfalfa PPO Alfalfa
Caffeic acid + Caffeic
acid

Alfalfia can be used as a model to study the inhibition of
protein breakdown in silages.
PPO = Polyphenoel Oxidase gene frem red clever




Evaluated the potential impact of
tannins on dairy farms with DAFOSY M
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Tannins Impreve protein utilization

B Condensed tannins are polyphenolic compounds that
pIind te protein in the piH range 3.5 te 7, petentially.

pretecting protein in the sile, rumen;, & soll

B Protein-tannin complexes dissociate at pH <3.5 and >8.5,
permitting digestion in the gastrointestinal tract of cattle

B Livestock given tannin-containing feeds need less protein
Supplementation and excrete less urea

B [annins slow nitrogen release frem crop residues and
manure

m Major U.S. feedstuffs, including alfalfia, have inadeguate
tanninilevels to protect protein (< 0.2% DM). Prebably
20Ut 2% tannin'is needed.




Milk production (I per cow)

=
m
&y

B Normal alfalfa
B lanni alialia

B [annin Impact

Alfalfa silage
70%  50% = 30%

27,4608 27,4601 27,500
24056208 2Y5 65600 25,000

+ 460 + 370 + 200



Added value ofi ferage with tannin
‘ (per ton diry: matter)

Alfalfa silage $ 23

Alfalfa hay. $ 11




Strategies for decreasing post-harvest
proeteolysis in alfalfia silage

B Some compounds bind with alfalfa pretein te
decrease rate ofi post-hanvest proteolysis.
Transgenic alfalfawill e produced that contain
these compounds.

- Jrannins — altered expression of genes for alfalia tannin
plosynthesis

Polyphenol exidase (PPO) — gene iselated from red
clover (USDA)




NDE Digestibility of Forages

Legume silage/hay

Grass silage/hay

Corn silage

Poor Fair Average Good Excellent
20 25 30 35 40 45 50 55 60 65 70 75

NDF digestibility, % of NDF
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Engineering the lignin biosynthetic pathway in alfalfa




Genetic engineering for Impreved
forage guality: 1n alfialfa

M Altered lignin content/cemposition in; alialia

- Low! lignin transgenic alfalfia preduced hased on
“knockouts” of enzymes invelved i lignin
BleSynthesis.

Dixon et. al., 2000

COMT CCOMT Klasoen S/G

pkat/mg | Pkat/mg | Lignini% | ratio

Control 6.55 23. 77 A7
COMT- 1.24 22.26 .04
CCOMT- 14.39 0.78 1.05
Dual- 0.78 5.99 .23




Lower Stem VD — 2001 summary:
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McCaslin et al. 2002. Unpublished. Eorage Genetics



NDE Digestibility ofi Alfalfia Stems

60

o4

48

42

NDF Digestibility

36

30 | | | | |
50 54 58 62 66 70

NDF Concentration (% DM)

s SOURCE: Jung and Lamb, 2002. Unpublished USDA-ARS. St. Paul, MN




NDE Digestion Profiles

Typical Rumen Retention
Increase Potential

Increase Rate

Control

Digestiotlity (%)

Time (hrs)




'he Perfect Alfalfa Plant

B Yield off individual cuttings high eneugh te
reduce number off cuts per year (2 or 3)

B Vaturation that Is net strongly: tied te guality
2 Minimal leaf loss during growth and harvest

B [otal pretein available to the animal, 16-18 %, of
that 30-35 % ruminal undegradanie

m Cell wall digestibpility = 80 % (20-30/ % rapidly.
flermented pectin)

m Protein less during ensiling ne greater than 10-
15 %




Alfalfa Hay and Silage Usage

B Dainy Industry,
_| B plelifsiny
B Horse Industry
B EXport

B New uses




Changes in U. S. Dairy: Since 1935

Year Dainy Farms Milk Cows Total Milk
Thousands 1,000 hd Billron lbs

1935 >4.100 24,187 100
1965 1,106 14,953 124
20/0)Z 02 0,441 170




Why Plant Genetic Engineering

B Introduce traits not available in
alfalfa or alfalfa relatives.

- Roundup Ready (bacterial
gene)
- PPO (red clover gene)
- Phytase (fungal gene)
B Knock out existing genes that

negatively affect crop
performance/crop quality

- Improved digestibility (lignin
knockout)




Development off Green Genes

Transgenic Paytase-rich Alialia

B Phyiase enzyme makes P i grain ration of
monegastric diets more availanle (peultry,
swine, and fish)

m Less P excreted In feces

B Phytase enzyme levels off 1 -2 %, of soluble
proteln possible

B Phytase extraction withrwet firactionation gives
added value of xanthophylli & high protein

B Phytase Is stable - alfalia leafi meal




Alfalfa - Produced Phytase |n Poultry
Rations: BT

“*Eliminates need for
phosphorus
supplementation

“*Reduces the phosphorus
content of feces to less than
half




1999 Results - Elexibility in timing of
Roundup application

Roundup application 18 days after emergence

Go0d telerance at
all stages oi plant
develepment

O Good tolerance
B \ during allftimes, of
"NonRR 7 j YN A the growing season
~aControl. ' /ff -

4 : i =
= Y
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RR Alfalfa - 1999 Field Results

M High telerance to
Roundup Ultra

2.5 gallens/A 1999

B EXxcellent agronomic
PErfermance

RR lines > commercial
checks (no yield lag)

RR lines = negative
controels (no yield drag
with RR trait)

LT F:

RR alfalfa _

Non-tolerant
Control

Negative
control

RR elite

line



Commercializing a biotech trait in
dlfalfia — the Roundup Ready example

Iransiermation — 1997

Prooi off cencept testing — 1998-2000

Iirait itegration — 1998-1999

Breeding/Product development — 1999-20041
Seedstocks production — 2001-2003

Regulatory appreval —2001-2003

Performance testing of RR varieties — 2001-2003
Commercial release off RR alfalfa — 2004




RR Alfalfa VVarieties

B Excellent telerance to Roundup: Ultra™
- iralt purity: > 90%
M Bread geographic adaptatien

- EDS — EDS8 varieties will be availabiie
- Excellent multiple pest resistance

B Gooed preduct perfermance
- Forage yield > commercial checks
- Persistence > commercial checks
- Ferage guality: > commercial checks
- Seed yield > commercial checks




Biotechnoelogy ek ok Prpdhec
In Alfalfa Plants

Applications In Alfalfa [

growing alfalfa to produce hu-
man hemoglobin.

Viridis, a subsidiary of Alfalis,
which specializes in alfalfa produc-
tion, hopes to begin manufacturing
various proteins, especially hemo-
alobus
Insertion; off B gene to g o

says Damien Levesque, Virdis g

deter insect feeding aging director, "It s the plant tha)

can produce the largest quantity of

Coat pretein for controll of proteins per acre ~ far ahead of 50J-

. beans. Alfalfa produces 2,200 |bgdof
Vl r u S e S profein per acre, compared g
G50 to 880 lbs for petT1a,
His company specializes in the

Im PIroeve d extraction of alfalfa juice for pig-

ments and other products,

winterhardiness *The special characiértstic of

: ) alfalfa is storing the proteing in the

leaves and not in the seeds like
Balanced animal diets oA
"Extraction is therefore carried out

Alfalfa b I O rem ed I atl O n by pressing the green foliage in

order to recover proteins in the
altalfa juice without altering its

Alfialfa reet & nodules s i
cific technology for pressing.”

H u m a,n p rotel n S Viridis hag acquired Medicago, a
Quebec biotechnology company that
successhilly introduced the gene for
hemoglobin production in alfalfa
plants.

HayAndForage.com




Potential new uses of alfalfa

B Electric

generation




Minnesota Agri-Power:
Project to Produce Electricity and Livestock
Feed (and Improve the Environment) with
Alfalia

B Separate alfalfa hay Inte
leal andl stem fractions.

B Produice electricity firam
the low-value stems.

m Utilize the leaves as a
fieed supplement for
lIvestock.




Potential new: uses of alfalfa

N Electric generation

N Preieinpreduiction




Protein extraction

- Extract 1s: 55% ) protein
- Good balance of trace minerals

- High In xanthophyil




Potential new uses of alfalfia

B Electric generation
B Protein production

N Eilhianel preduciien




W

Biomass Conversion to

Enzymatic

Ethanol

a

Electricity &
Processing Heat

eclowrn of

olyse gchandes

Sugars

Sugars

Ethanoel Recovery.




Alfalia in Crop Rotations:

B Adds nitregen via bielogical fixation

mproves water infiltratien and soeil guality
Reduces soll erosion firom wind and water
mproves yield of sulbseguent crop

Reduces Nifertilizer demands of
SuUsSeguent crops




Alfalia in Crop Rotations:

B Helps pretect surface
and ground water

m Acts as waste-water
fecycler




Legumes serve as N buffers

1.0 &
® Harvestl
0.8 ‘ ® Harvest 2
\ v  Harvest 3
0.6

0.4 o
0.2

0.0

O 25 50 75 100 125 150
N derived from soil and manure (kg N/ha)

Russelle et al., 2002



Alfalfa and grass CRP effectively: filter

W tile drain water

Continuous corn
@ CORN-soybean
@ SOYBEAN-corn

@
A Alfalfa
# Conservation
Reserve Program

Nitrate loss (Ib N/acre)

15 .20 . 25
Tile drainage (acre-inches)

>40 million acres are tile drained
e the Upper Midwest

Randall, Huggins, Russelle et al., 1997



United States Total
21,309,734

contamination
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Using Biotech To Keep Alfalia Competitive

M Selutions ter major challenges in agriculture

A ) USDA ! Management Emphasis Issue
Dupartmant of ﬁ . o =
= l November/Dacember 2003
:22  Manure Management ® Nutrient necessities
AR H Nutrient :ment planning for 1,300 cows and 1,000
E{E; for Water Quallty a lItLIIi\] l;‘n]T(c. 1|1|1i‘:11g.1:1.:|cl:;:na:rl:s p::lrsislcn::r: i
=+~  Costs to Animal Feeding = - L i
e Operations of Applying -
Manure Nutrients to Land
Marc Ribaudo Moel Gollehon Marced Alllery
Jonathan Kaplan Robert Johansson Jean Agapofi
Lee Christensen Vince Breneman Mark Paters

WIW the West

is WIIIIII 0 _—

Fro Mention
to grazing and

Phil Kulp, Martimsburg, Pa., wrote five-year contracts with other local tarmers te buy

" their forages and apply masura from Kulp Family Dairy on their fields.




Using Biotech To Keep Alfalia Competitive

BOOSTING BUSHELS

ch shows Hhat nutrients
msm sutine manure can boost yields
amd cub costs in the Corn Belt

ALCHEMISTS

L4

M Selutions te major challenges inragrictlture

]
=g

Abcve: Carpel tes mode hom a
com-Baned fiber offer Beculy and
shyle whie being ecally recycled

Abows i cmsve Covplt D
pont i Blcar, e, fums cud Mature-
Works PLA used in making plasfic




A multidisciplinary: collaboration of pulklic and
private scientists

Daiiry: Nutritien (USDERC)

Biochemistry (Neble Foundation and USDERC)
Molecular/cell biolegy (Neble, EGl and DowAgre)
Adronomy.

Plant breeding (EGI)
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