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Biotechnology & Alfalfa: Euture
Implications fior Alfalfia Producers

n Alfalfia preduction: trends and uses
B Blotechnology: in alfalia

B Advantages of alfalfa for dairy eperatiens
- Outstanding dairy ferage
- Crop rotations
- Can be a nitrate scavenger

m [he periect alfalfa plant on daimy. iarms

B Future innovations needed to malntain or
expand alfalfa acreage




2004 U S Alfialta Production

u Hay

75.4 million tens
24 7 millien acre
$ 7.0 billion

3 following corn
and soyheans

n Forage
- 83.9 mil
- 2457 mill
- ~$8.2 b

lon tons
loNn acres
lion

- 314 following corn
and soyheans



Leading Alfalfa Hay Production
States, 1,000'tens, 2004

a op 1O States
- 60 % ofi U. S.

- 61 %) ol Acre
- 7 states NC

- 3 states \West
-6 Lead Dairy.

Acreage — 21.7 mil
Production — 75 mil




Leading Alfialfa Hay: States, 1,000
acres, 2004

2 op 1O States
- 63 % ofi U. S.

- 5019 ol Acre
- 7 states NC

- 3 states \West
-4 |Lead Dairy.




Leading Alfialfa Forage Production
States, 1,000'tens, 2004

a [op 1O States

- 6% of U. S.

- 61 % of Acre
N N - 7 states NC
N N 1 state NE
= = = .. .. ._ - 3 States \West

A - B -

o B
B EEEEE
. . . . . . . . . l Acreage — 23.3 mil

Production — 84 mil




U. S. Alfalfa Hay in 1,000 tens

@ Acreage

B Production

Acreage




Alfalia Hay and Silage Usage

s DEIRAIRE NS,
m Beef Industry.
m Horse Industry.
m Export

m New uses




“Blotech creates a new platfiorm for
advance of agricultural science,
which will-alleow: forr the development
off higher standards fer generation of
preducts that willfenhance
Agriculture” James S. Meclaren



Biotech will deliver many: benefits but the timing will
depend moere on societial factors thQn SCIEnce..

BIOTECH ADVANCE
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Biotechnelegy in Alfalfa

5 [Ime line for Bietechnolegy
- 1970 — Talk
- 19801— Vision
- 1990 — [Laberatery.
- 1998 - Field




Alfalfa: One of Easiest Crops to Use
Biotech

- Area relatively: new — limited # clened genes for
Impertant traits

- Best premoters may not be in hand
- Both genes and premaoters may be patented
- Lingering concerns about GMO’s

- Seme regulations regarding GMO’s stillfin place
especially for perennials with weedy: relatives

SOURCE: Edwin T. Bingham. AEGC-NAAIC Cenference. July 17,
2000. P 385-387.




Alfialfa Bietechnology Research

n Over-expression off salt telerance

n Commercialization; off Roundup Ready gene and
down regulation ofi lignin genes to Increase
digestiility.

n ldentifying alfalfa genes centrolling yield and
winter-hardiness

n ldentifying genes controlling salt and drought
lolerance

m Cloning genes fior vegetative sterage proteins

SOURCE: Brummer et al., 2004



Alfalfa Blotechnoelogy Research

Developing moelecular markers, studying dewn
regulation ef ligninigenes, INsertion of genes for:
condensed tannins, Identiiing and
Intregression ol drovght and altminum
lolerance genes

Developing molecular markers and using
markers for identiiying genes for yield and
winter sunvival

Characterize genes controlling post-harvest
proteolysis

Insertion off genes to allow remediation of
atrazine and genes to controll pectin i cellfwalls

SOURCE: Brummer et al., 2004



Hybridization or cross-breeding
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Recombinant DNA methodologies
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Use Biotechnology in Alfalfa

5 Enhance yiela
m Forage guality imprevements

B Environmental

enhancements

m New products




Alfalfa Hay and Silage Usage

5 Dairy: Industny
) Baeii lplefiisiiny
m Horse Industry.
m Export

m 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)2 02 0,441 170




Alfalfa — Outstanding Forage for Dairy.

v IHIgh nutrient content

Protein, Minerals

v Good fiber digestibility

v Ra
v Su
v Su

plaly digested
pPorts high DMiintakes

pports kigh milk preoduction

v. Cows like it

SOURCE: Jim Linn, University of Minnesota



l | ower yielaror alialia thian

Milk Production and Concentrates Fed
Source: ERS-USDA

OLNEr Crops

17000
il [ncreaseal use oi corn 16000
15000 %
Sllage = 14000
£ 13000 3
B Minimizeal rorage in ration 12000
3 : 11000
» Cheap grain
10000
» Greater guality: consistency of 1980 1990
9 'aln —=— Pounds of Milk Per Cow ~+=— Pounds Concentrates
» Inanility to accurately:

aE P USDFRC



Impact off Harvest Management on Forage

Very low grain

Quality.

I [Description CP. EE Ashi  Starchi Pectint aNbDE ADE  ADL
ALFALFA HAY
Exceptional 25.4 2.0 10.4 3.1 14.2 30.0 24.0 4.53
\ery high 2250) 2.6 9.9 2.9 13.2 34,1 27.0 5.38
High quality,
Good quality. 21.0 2.4 0.1 2.5 11.4 42.2 33.0 7.08
Fair quality; 19.5 2.2 8.7 2.3 10.5 46.3 36.0 7.93
CORN SILAGE
\/. highi grain 8.3 3.7 4.1 31.1 1.7 36.0 21.0 1.57
Highr grain
Nermal 8.8 3.0 5.1 23.2 1.5 Z50) 200 2.25
Low grain 0.0 2.8 5.7 19.2 1.4 49.5 30.0 2.59

0.3 2.1 6.2 15.3 1.3 54.0 33.0 2.93




High Alfalfa Haylage Diet

ltem Contrel  Proetein  Eat

DM intake, Ib 48,45 55.92 495
BW gain;, b 50.6 48.4 33.0
3.5 % ECIM, 1 63.4¢ 75.02  67.5°¢
Milk protein, Ib 1.89P 2.29¢ 1.94°

e \eans in same row with different superscripts differ (p<0.01)
SOURCE: Dhiman anadl Satter;, 1993.




[tem

CP,% ofi DMV

DM intake
BW change
IVIilk:

[Eat

Protein
SINIE

DC\eans in same row with different superscripts differ (p<0.05)
' Diets supplemented with 3 %) (DM basis) low-soluble fish meal.
= OURCE: Broderick, 1995.

Protern Use of Alfalta

Silage a2y

171 15.4 18.6

peunds DM per day per Cow.

49),2¢ 52.9¢ 51.45
-0.86¢ 0.99¢ 0.18°
77.8¢ 79.6" 8525
2.65P 2.60" 2.82°
2.29¢ 2,439 2.5l
6.64¢ 6.81° 7.052

sillage +EM: hay+EM*

17.0

53.42
1.08¢2
81.42
2.60°
2.408
7.012



~ ¢ Alfalfa protein is wasted
- 20+% protein in the field
- 5Y% protein exits the
~_rumen

Degradation
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Feed Storage Problems

« However in alfalfa, our primary forage:

Fresh  Alfalfa Hay Alfalfa
Alfalfa Silage




Expression of red clover PPO1
N transgenic alfalfa

Alfalfa Iinr alfialfa, browning
IS  dependent on:

A PPO transgene

EXOQgEnous o-

diphenol, e.qg. caffelc
acid




PPO Inhibits Postharvest Proteolysis
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Jos 5" SOURCE: Sullivan et al., 2004




Red Clover vs. Alfalfia Silage

Protein hreakdewn (Yo oif alialia)

120 S
100- —
80+
60
40
20-
0

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 clover




Post Hanvest Proteolysis in Alfialfa
Impact on dairy production

¥ [ncreased NPNidecreases the efficiency: of protein utilization
N ruminants

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

- |nefificient utilizatien of alfalfa pretein also results in the excretion of
excess rumen NH3, leading to Increased N losses to the envirenment.

I
60

501
Typical NPN 40 [ Alfalfa

content of silage | M Red clover
207
107




Evaluated the potential impact of
tannins on dairy farms with DAFOSY M

L
N\

- | =

Solls & EALEN] =
AN
Crops n‘/’?}
NUtrient EFeeding & Hera

[ess/uilaii v Managemeni

Manure Storage
& Handling




Tannins Impreve protein utilization

Condensed tannins are poelyphenolic compounds that
pind te protein in the piH range 3.5 te 7, petentially.
pretecting protein in the sile, rumen;, & soll

Protein-tannin complexes dissociate at pH <3.5 and >8.5,
permitting digestion in the gastreintestinal tract oi cattle

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

Tfannins slow: nitregen release from crep residues anad
manure

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



Milk production (I per cow)

=
m
&y

® Normal alfalfa
m anninralialia

5 [annin Impact

Alfalfa silage
70%  50% = 30%

27,4608 27,4601 27,500
2056208 2Y5 650 25,000

+ 460 + 370 + 200



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

Alfalfa silage $ 23

Alfalfa hay. $ 11




.5 & Rumen undegradable
TR protein (RUP)

m Conventional Macerated

%) of tezll eriicle oot

i ll".' . NG A bl .

Alfalfa 20.1 24.9
L oW tannin treforl 22.1 32.0
HIgh tannin treroil 28.8 40.6
Red clover 32.8 21.9
with o-diphenols and PPO Forage X Conditioning (P < 0.01)

On%oing work: Assess gastrointestinal degradability of RUP, especially in red
;_4



Uptake anad loss o manure anad
forage residue Niby subseguent annual




Nitrogen Cycle on Dairy Farms




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




NDFE Digestibility ofi Alfalfa Stems

60

94

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
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Engineering the lignin biosynthetic pathway in alfalfa




Genetic engineering for Impreved
forage guality: 1n alfialfa

B Altered lignin content/cemposition in alfalia

- [Low lignin transgenic alfalfia preduced hased on
“knockoeuts” of enzymes invoelved i lignin
pIeSYAthEesIs.

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:

59 -
SISh LSD .05=1.14
o7 A
56 -
95+
o4
53 -
52 -
514
50 -
49 A
48+ . i . i | | |

VD %

NN N NN

McCaslin et al. 2002. Unpublished. Ferage Genetics



NDE Digestion Profiles

Typical Rumen Retention
Increase Potential

Increase Rate

Control

Digestibility (%)

Time (hrs)




T'he Perfiect Alfalfa Planit

5 Yield of individuall cuttings high enough te
reduce number off cuts per year (2 or 3)

u Maturation that 1s noet strengly: tied ter guality:
s Mimimalileal less during growth and hanvest

u Jlotal protei availianle to the animal, 16-18 %, of
that 30-35 % ruminal undegradanie

n Cellfwall digestibility: = 801%) (20-30 % rapidly
fermented pectin)

m Protein loss during ensiling no greater than: 10-
15 %




Attributes of ldea Alfialta Plant

n Better halance of protein and rapidly.
iermentanle carbohydrate

n At optimum: aNDE off 40 %

- 18/% crude proetein
- Less ash
- 301 % nonfiber carbohydrate (NEC)

5 Improve current balance off amine acids with
slower rate off degradation inrensiling

nerease fiat to 4 %
mprove the extent of digestion of filber

Remoyval or suppression of bleat causing
properties




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)




1999 Results - Elexibility in timing of
Roundup application

Roundup application 18 days after emergence

Go0d telerance at
all stages oi plant
develepment

—
™ Good tolerance
B AN during all times of
Non'RR "/ § "N 'RR Alfalfa the growing season
~aControl. " [/ -

A : x . £ M
N . r F . -
. ='|.- - = (1 ‘.-




Strategies for decreasing post-harvest
proeteolysis in alfalfia silage

B Some compounds bind with alfalfa protein te
decrease rate oiff post-hanvest preteolysis.
Transgenic alfalfawill be produced that contain
these compounds.

- Jlannins — altered expression of genes for alfialfa tannin
plosynthesis

Polyphenoel oxidase (PPO) — gene Iselated from red
clover (USDA)




Consortium for Alfalta
Improvement

B Share expertise ofi Noble Foundatien, Forage
Genetics, Plant Science Unit and USDERC (o
redesign alfalfia fiorr dairy cattlie

- November 2000 at Noble Foundation

September 2002 at Forage Genetics
Eebruany 2003 at Nokle Foundation
Januany 2004 at Noble Foundatien
August 2004 at USDERC




Alfalia in Crop Rotations:

B Adds nitrogen via biolegical fixation

B Improves water infiltration and soil guality,
m Reduces soll eresion from wind and water
m Impreves yield ofi sulbsequent crop
[]

Reduces Nifertilizer demands of
Subsequent crops




Alfalia in Crop Rotations:

5 Helps protect surfiace
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



Risk of ground
water nitrate
contamination

Risk of Groundwsater Mitrate
Contamination (1970 - 19985)
[ Low Risk

[ | Moderate Risk

[ | Insufficient Data

United 5tates Total
1,309,754

Source: 1997 Census of Agricutture




Using Biotech To Keep Alfalia Competitive

Unied Sasins
Departmont of
Agriculturn

e
(X ]
eee

Econome
Rasnarsh
Tinrvion

Agreuturnl
Econome

Aeport
Humber E24

USDA
]
Manure Management

for Water Quality

Costs to Animal Feeding
Operations of Applying
Manure Nutrients to Land

Marc Ribaudo Noel Gollehon Marcel Alllary
Jonathan Kaplan FRobert Johansson Jean Agapott
Lee Christensen Vince Breneman Mark Peters.

Management Emphasis Issue

n O.......

Why the West i
is winning -

From,coivention =JI
to grazing and m

M Selutiens termajor challenges in agriculture

Nutrient necessities

Nutrient management planning for 1,300 cows and 1,000
acres takes planning, bucks and persistence

By Kim Bower-Spence

il Kuskp, Martisiury, Pa., wrote five-pear contracts with other local farmers to buy
their forages and apply mamure freem Kulp Family Dairy on their fields,

Elite Producer November/Decarmber 2003



Using Biotech To Keep Alfalia Competitive

Abeve: Compal s made fom o

AGRICUITURAL = ALCHEMISTS

Resaarcies: Kon Wong ihckes pane-
fransler fechnigues haf coukd leod ko
He-aaving vOCCIngd Om K SRpd.

BOOSTING BUSHELS Cieedn aae

ltimate alchem
Rescarch shows that nutrients
Sfrom swine manure can boost yields
and cut costs in the Corn Belt

rFpeting t

Flor, Ine. The
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