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Using Biotech To Keep' Alfalfia Competitive

M Viaitain or increase alfalia forage fioxr
dainy and beef

M Use new high value alfalia preducts
M ncrease alfialfia in crop rotatiens

M EStablish alfalfa in cemprenensive
Autrent planning




2003 U S Alfalfa Hay Production

B 76.3 millron tons
m $7.5 hillion

m 3 followmg corn and soybeans




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

a lop 10 States
-58 % of U. S.
- 601 % off Acre
-4 states NC
- 6 states WWest
-5 Lead Dainy,




Leading Alfalfia Forage Production
States, 1,000 tons, 2005
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Percent of Total 2003 Alfalfa
Production - Haylage




US Annual Milk Production 2002, mil I

B Top L0states
- 71 % off U. S,
- 5 States \West
- 3 states NC
- 2 states NE

B Cow numbers
- 68 9% of U. S,

m Prod/cow
- 19,282 Ib

- 3.8 % above
Ul S. average

CA WI NY PA MN ID NM MI




Alfalfa Hay and Silage Usage

| PJetley nleltisiiny
m Beefi Industry
B Horse Industry
B EXport

m New uses




Alfialfa — Outstanding Forage fior Dairy

V8
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v. Good fiber digestibility

v Ra
V. Su

pldly digested
pports high DM intakes

v. Su

pports high milk production

v. Cows like: it

SOURCE: Jim Linn, University of Minnesota



B L ower yieldl or alfalta thian

Milk Production and Concentrates Fed
Source: ERS-USDA

Otner crops

17000
M| Increased use oi corn 16000
15000 %
Sillage S 1000
£ 13000 S
B Minimized forage in ration 12000
Y : . 11000
» Cheap grain
10000
» Greater quality consistency o 1980 1990
9 Iralin —a— Pounds of Milk Per Cow ~=— Pounds Concentrates
» Inanility to accurately.

Des i USDFRC



Limitations of Alfalfa on Dairy: Farms

B Expensive to produce, hanvest & store
- Lew yields
- Harvest equipment and storage costs
- ime and laber of multiple cuttings
- Variatien off quality within and between cuttings

B Excessive Nen-protein nitregen in silage anad
the rumen

B [Low fiber digestion




Post Harvest Proteolysis in Alfalfa
Impact on dairy production

M Increased NPNidecreases the efficiency of protein utiization
I FUmMinants

- |nefficient utilizatien off alfalfa pretein requires; the fieeding of
supplemental preterm with high RUP ter maximize milk production.

- |nefificient utilization of alfalfa protein also results in the excretion: of
excess rumen NH3;, leading to Increased N lesses to the envirenment.

60
50
Typical NPN 40 0 Alfalfa

content of silage: | S B =l clover
207
107




Red Clover vs. Alfalfa Silage

Protein breakdown (Y% of alialia)

120 S
100+ —
80
60 -
40
20+
0
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Red clover Alfalfa Alfalfa + PPO Alfalfa PPO Alfalfa
Caffeic acid + Caffeic
acid

Alfalfa can be used as a model te study the inhibitien of
pretein hreakdewn In silages.
PPO = Polyphenol Oxidase gene frem red clover




Strategies for decreasing post-harvest
proeteolysis in alfalfa silage

M Some compounds bind with alfalfa protein te
decrease rate of post-hanvest proteolysis.
Transgenic alfialfia will be produced that contain

these compoeunds.

- Jlannins — altered expression of genes for alfalfa tannin
plosynthesis
Polyphenol oxidase (PPO) — gene Isolated frem 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




Genetic engineering for improved

forage guality i alfalfa

M Altered lignin content/composition in alfalia

- [Low lignin transgenic alfalia produced hased on
“knockouts™ of enzymes involved in lignin
plosynthesis.

Dixon et. al., 2000

COMT: CCOMT Klasaen S/G

pkat/mg | Pkat/mg | Lignin'% | ratio

Control 6.55 2377 A7
COMT- 1.24 22.26 .04
CCOMT- 14,39 0.78 1.05
Dual- 0.78 5.59 23




Lower Stem VD — 2001 summany.

59 - -
5871 LSD.05=1.14

55+ —
2411 —
o937
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VD %

McCaslin et al. 2002. Unpublished. Forage Genetics



Alfalfa Hay and Silage Usage

B Dairy Industry.
| Beaf neltisiey
B Horse Industny
B Expornt

B New uses




Changes in U. S. Dairy Since 1935

Year Dainy Earms Milk Cows Totall Milk
Thousands 1,000 hd Billion s

1955 >4.100 24,187 100
1965 1,108 14,953 124
2000)% 02 9,141 170




Potential new uses ofi altalfa

B Electric

generation




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

B Separate alfalia hay into
leali and sten fractions.

B Produice electricity fream
the low-value stems.

m Utilize the leaves as a
fieed supplement for
livestock.




Minnesota Agri-Power Project
Design

75 MW Combined -

Particulate
Gas Cooler Removal

v Cycle Pewer Plant

50 MW generated by
gasification ofi alfialfia
stems.

Additrenal 25 MW with
steam generated from
gas turbine exhaust.




Electric Generation

- Minnesota Valley Alialia Producers
- use 750,000 tons alfalfa/year
- produce 75 megawatts ofi electricity,

- sell alfalfa meal




Potential new uses ofi altalfa

B Electric generation

N Proiemrprodueciion




Development of Green Genes

Iransgenic Phyiase-rich Alfalia

B Phytase enzyme makes P in grain ration of
monegastric diets moere availanle (poultry,
swine, and fish)

m Less P excreted in feces

B Phytase enzyme levels of 1 - 2% oif seluble
orotein possible

B Phytase extraction with wet fractienation gives
added value of xanthephylli & high' protein

B Phytase Is stable - alfalfia leaf meal




Alfalfa - Produced Phytase in Poultry Rations:

*Eliminates need for
phosphorus
supplementation

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




Protein extraction

- EXtract 1si 55% protein
- Good balance of trace minerals

- High in xanthophyil




Potential new uses ofi altalfa

B Electric generation
B Protein production

N Ethanel prodiuchion




Biomass Conversion to
Eth dll OI Electricity &

Processing Heat

—
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besicdual Solids

Sugars

Grincd

}

rrnentation

A

Preireatment to
Femove Innioltors

Ethanol Recovery

Sugars




Alfalfa in Crop Rotations:

B Adds nitregen via bielogical fixation

B Impreves water infiltratien and soeil guallity
B Reduces soll erosion firom wind and Water
B Improves yield of subsequent crop

m Reduces N fertilizer demands of
SuUSeguent crops




Alfalta Grows

\Where \Water
Needs Protection

Nitrogen  Aquifer
Input Vulnerability

= High High
= High Low
O Low High
= Low Low Alfalfa Hay Harvested: 1997
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Alfalfa and grass CRP effectively filter

w tile drainiwater

Continuous corn
@ CORN-soybean
@ SOYBEAN-corn

®
A Alfalfa
® Conservation
Reserve Program
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Tile drainage (acre-inches)

>40 million acres are tile drained
m the Upper Midwest

Randall, Huggins, Russelle et al., 1997



Alfalfa in Crop Retations:

B Helps protect surfiace
anad grounad water

B Acts as waste-water
iecycler




Using Biotech To Keep' Alfalfia Competitive

M Solutions te majer challenges in agriculture

Mana ent is I
s USDA gement Emphasis Issue
Agricultuss ﬁ

& * *
1 er/ac N t t t

22 Manure Management @ utrient necessities

eoe . | Nutrie anagement planning for 1,300 cows and 1,000

L EAL a e e

Cardice

e Costs to Animal Feeding
B Operations of Applying
Manure Nutrients to Land

By Kim Bower-Spence

Marc Ribaudo Moel Gollehon Marcel Aillary
Jonathan Kaplan Robert Johansson Jean Agapofi
Lee Christensen Vince Breneman Mark Paters

I
Martinsburg
Phil and

Why the West

e i Martinsburg, Pa.,

Fromycorventional - (€A } g e
1o grazing and

five-yoar contracts with atfer local farmers to buy




Using Biotech To Keep' Alfalfia Competitive

M Selutionsitermajor challengesi in agricultq_re
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BOOSTING BUSHELS

Research shows that nutrients
from swine manure can boost yields
and cuk costs in the Corn Belt
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irector of e
Pl

Rasearchss Kon Wang shudes pene-
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he Perfect Alfalfia Plant

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

m Maturation that 1s not strongly: tied to guality
B Minimal leaffless duringl growth and harvest

m [otal pretein availaple to the animal, 16-18 %, of
that 30-35 % ruminal undegradable

m Cell wall digestibility: — 801 %, (20-30 % rapidly.
fermented pectin)

B Protein less during ensiling no greater than 10-
15 %




Alfalfa Helps Protect and Improve
Oulr Environment

o Cleaner water
o Green space
o Soll and water cleanup

o Impreved air guality. e
« Enhanced wildlife habitat i "-:”‘f‘*a
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