Opportunities for Automatic
Milking Systems and Grazing in the
Upper Midwest 4B,
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Outline

e Potential for AMS and grazing in the Upper
Midwest: Current & Future Challenges

* The Kellogg Biological Station AMS Project
— Preliminary results after the 15t year of transition

— Future directions: Defining “Systems” to address
issues of land, labor, profit and climatic change....



Automatic milking systems (AMS)

e >11,000 units world-wide

 New concept integrating voluntary milking of
individual cows with the automation of all steps of
the milking process

Cleaning Attachment Milking Disinfection



AMS and Technologies
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V:A|\/|S and future technologles

(enterlc gas em|55|ons — cow health)
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Methane (Parts-Per-Million)

Data from a Lely Robot (at Michigan State University)
Four Consecutive Cow Periods Over 20 Minutes
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Cow 2802 CH4 and CO2 Emission Trends Over Time
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AMS and dairy systems

« AMS is a milking system and
not a specific type of dairy
operation...

 Organize "Robots" around your
system ...

« Make the "Robots” work for
specific production needs and
goals...




The US dairy industry, the pressures,
and challenges for AMS

Productivity and profit

Land, water and other natural resources
Energy

Labor

Animal welfare

Footprint and Climate change

Future economic uncertainty?



Sensitivity analysis of automatic milking systems (AMS)
relative to traditional parlor milking systems (Rotz et al.,
2003)

No milk production increase with AMS E__
Up to 10% milk production increase with AMS _I
10% increase in milking capacity of AMS :‘
10% lower initial cost for AMS _:I
20% lower initial cost for AMS 1

Economic life of AMS reduced to 7 years |

20% increase in electrical use for AMS E
20% lower repair and maintenance cost for AMS

20% decrease in labor use with AMS

BININ

20% increase in milking labor wage ($9.90/h)
Double the value of milking labor ($18.00/h) |

10% decrease in milk price I:

-120 -80 =40 0 40 80 120

Change in annual net return ($/cow)

* AMS = High initial investment ($ 200 K per unit)
* Need to maximize milkings and milk output per AMS



Opportunities for AMS in the US

Other, 0.2
Examples of AMS e

Organic, 1.5

Europe, Australia Hybrid, 32.4

Europe, Canada

Conventional,
63.2

New Zealand Grazing, 2.7

From: Indiana, lowa, Kentucky, Michigan, Minnesota, Missouri, New York,
Ohio, Pennsylvania, Vermont, Virginia, and Wisconsin

http://www.aphis.usda.gov/animal _health/nahms/dairy/downloads/dairy07/Dairy07_dr_Partl.pdf



Exponential increase
of AMS since the first
debut in 1992

LiHI

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 1004 2005 1006 2007 2008 2009

Figure 1. Development of the number of AM-farms world-wide since first infroduction in 1992,

(Koning 2010)
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Automatic Milking Rotary: the future today

With a very promising and
competitive future for

> New concept AMR

» Designed for large

all segments of the e
sector (from Small to i
large dairies and from Sy
grazing to confinement
dairies)

FutureDairy Australia (Garcia et al., 2010)
http://www.delaval.com



A research project on pasture-based dairy
systems addressing current and future issues of
profit, labor, land and environmental impacts.






The Grazing Component

Improved cow laneways (2-way)
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Orchardgrass-fescue-alfalfa-clovers



Transitioning to pastures

Putting The Pieces Together

v

* Reliance on equipment, QL. =T * Reliance on land use
buildings & facilities i « Low feed cost/cow
* High feed cost/cow * High production/acre

* High production/cow » Lower production/cow
« Optimize the occupation time

» Fewer cows per robot per robot * More cows per robot (>
(60/robot) * Maximize the milk flow per 60/robot)

* High milking frequency (> 3) BRJTAS + Low milking frequency (< 3/d)

* High yield/milking (> 22 Ib) - Low yield/milking (< 22 Ib)

Efficient year-around Automatic Milking requires strategic management
plans to optimize voluntary milkings and milk flow per robot along the

year




Precision grazing management

Feed Wedge
KBS Pasture Dairy, as at 7/23/2010
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Transitioning to pastures

Table 2. Milking behavior and performance of dairy cows

Week
1 2 3 4 5 6 7 8 9 10 11
Time on pastures (h)

Variable 0 2 4 6 8 12 12 12 12 12 12 SEM P <

Cows, number/group 48 49 47 47 47 48 45 44 45 42 41 3 087
Body weight, kg 608 0606 605 602 596 600 600 603 605 604 600 14 0.76
Milkings, milkings/cow/d 3 2.7 2.9 2.7 2.6 2.4 2.5 24 2.5 2.8 27 01 <0.01
Milk, kg/d 30.7 28.6 28 26.2 256 251 206.6 206 2067 28.6 27.9 1 0.07
Milk, kg/milking 10.3 105 9.6 0.8 10 106 105 11.3 106 101 105 0.1 <0.01
Average milking time, min 3.5 3.6 34 34 34 3.6 3.6 39 3.6 35 36 01 <0.01
Milk speed, kg/min 2.5 25 24 2.4 24 2.4 2.4 24 2.4 24 24 01 096
Cows milked voluntarily, % cow/d 93 904 93 916 899 B86.6 903 885 884 918 914 2 0.08
Cows fetched, % cow/d 7 10 7 8 10 13 10 12 12 8 9 2 008

* Preliminary analysis of grazing patterns recorded with GPS
collars (Left picture) reveled that some cows fraveled more
than 2,500 m per day

* Large animal to animal variation in grazing patterns, including
distance traveled and frequency of pasture visits within and
across days

Cow with GPS collar



Cow Traffic: animal to animal variations

High ranking cows: 3.1 milkings/day; Milk production 65 Ib/day
B Low ranking cows: 2.2 milkings/day; Milk production 51 Ib/day




Transitioning to pastures

Milk composi’rion

Table 3. Milk composition

Week
1 2 3 4 3 6 7 8 9 10 11
Time on pastures (h)

Variable 0 2 4 6 8 12 12 12 12 12 12 SEM P-
SCC, 1000's 152 175 113 146 164 170 169 147 136 125 116 20 0.20
Fat, % 3.80 377 3.72 376 3.78 387 3.84 3.8 377 383 381 0.03 0.02
Protein, % 295 294 294 287 295 3.01 3.03 3.06 3.04 305 3.00 003 <0.01
Other solids, % 5.82 5.69 5.72 57 5876 573 575 595 3595 5.77 575 001 <0.01

MUN, mg/dl 15.3 155 150 11.5 7.7 7.8 6.8 8.4 8.1 8.4 84 09 <0.01




Transitioning to pastures

Robot performance

Table 4. Robot Performance

Week
1 2 3 4 5 6 7 8 9 10 11
Time on pastures (h)

Variable 0 2 4 6 8 12 12 12 12 12 12 SEM P <
Milk.kg/d 1479 1394 1320 1239 1203 1201 1193 1168 1195 1215 1142 133 0.42
Visits, visits/d 237 194 226 202 189 160 165 139 164 193 155 29 0.05
Refusal, refusals/d 89 57 86 74 63 42 47 34 50 70 43 17 0.06
Failures, fails/d 4.9 4.5 24 2.7 4.8 5.5 5 2 2.7 4 24 19 0.58
Time milking, h/d 16 15 15 14 14 13 13 13 13 14 13 2 0.60
Time free, h/d 5 7 7 8 8 8 9 9 9 8 9 2 052
Time cleaning, h/d 2 2 2 2 2 2 2 2 2 2 2 02 0.89

« Number of visits per robot declined as the time of access to pastures increased. This reflects
the declining pattern in the number of milkings per cow.

« Although not significant, the time free of robots (not milking) increased with grazing.

Efficient combination of Automatic Milking & Grazing requires strategic
management plans to sustain milk flow per robot. This could be achieved by
enticing cows to visit milking robots more frequently and/or by increasing the
number of cows per milking robot.
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Ecosystem ﬂ'-tl_tﬁl Economical Benefit Social Benefit A mimal Benefit
*  Ecosystem Services s Profit * Labor # Health
7 ¢ Community perception »  Milk Processing = Likayle »  Longevity
= *  Credits *  Marketing *  Family development *  Weltare
= =  GHG mitigation *  Value-added *  Community
[ i i ]
Milk output | W —
o & Cows/ANS — AI"LI‘-;I 4 MF‘nllh'lltl:m
5 ¥
;_:_J Lltilizaticn
.= Intake
= - f Stockin Supplement feed
= Type of cow Stocking i Pasturelcrop densi A # levels
=l S » i _— bas nisity
= # cows rate ,
#Acres i
Irmgatien | | Fertibzers
Tempe rature
Radiation
Precipitation Growth Rate I
' i(GPPy)
Trampling Residual
Feces Cover {LAL
- : - I
; i : * ! '
= E"U'\-'»..'\-'\J.f: Evaporation Litter Respiration E'r'ﬂpufr..:ith:-p Violatilization
2 = Runott!dmin Rooit Functf/drain
=
L:‘g [ [ J | | |
Ecosystem processes and outputs
Soil Water Air
SOOSON Chuality GHG
Ecosyste m efficiency
Footprint
COWMilk

Figure 1. Logic model of Farmlets and linkages with ecosystem processes and outputs




Table 1. Proposed Experimental Farmlets to be established at the Kellogg Farm Pasture
Dairy, Kellogg Biological Station, Hickory Corners, ML SR.—*-IZEI.I'.IHE" rate

Level

High SR — High feed ingud

Low SH — High animal input

Anirnal

Farage haz

Grating
mATAgEmEn |

Feeding
EYEEm

Ex pecied
milk output

Diairy Syzem
peneralities

Diairy
production
grak:

&0 Bolating cows:

75 lactaling oowa:

= 30 % of cows MZ Friesian = 30 % of cows MZ Friesian

= 70% of cows MA Holkfedn = 70% of cows MA Holktedn

= 100 of year arcund cabved = 20% of ssasonally calved cows
ooeyE and 80 of year around catved

16 ha with 2 ha strips of:

= Ryeprass-White clover
Alfalfa, Red clover, White
clover, Pescue, Orchardgrass

L]

Strakegic imigaticon

2 breaks per day

@ B B @

Grating seaso;

OOWE

24 ha with 16 ha of 2 ha strips of:

= Byeprass-White clover

= Alfalfa, Red clover, White clover,
Fescue, Orchardgrass

*  Sirakgic irmigation

Temporal and spatial pasture allocation

Pregrazing bicmass ~2500 + 200 kaftha
Poatgrazing regidoal - 1700

200 kg'ha
CIrazing season;

®  Pastum (G0 ®  Pasture (T5%)

*  pTME (15%j) ® Conoenirake (25%)
= Copgentrak 25%)

Winler seaso: Winter season:

& TME {765 = TME (76}
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|Jrﬂliﬂg AR

= Condenirate (24%)
Ciraging season:

* 65 lbrday * 55 lhiday

= 2 & milkings = 2 milkings

= 3350 [hia s s = 3080 [hiaMsd

Winker season: Winter season:

* 75 [¥day s 75 hiday

= 4] milkings = 31 milkings

= 4500 [hia ks = 4500 |his Msd

= High stocking rake = Low stocking rate

= High supplemental feed input = Low supplemental Ead input

*  Corstant tatio of animals to = Wariahle ratic of anirnals toAMS
AME *  Low milk output per cow and area

= High milk cutpat per cow and
ares

hMaximizing pasture utilization (- 7000 [bvace)

Optimize AMS utilization by maximizing milk output per AMS
Lowering foctprintkg milk

Muirint (nifregen and phosphaorns) reention

GHG mitigation
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Summary

AMS is a particular system of milking, not a particular type of
dairy operation....

AMS can work successfully under different types of dairy
operations (confinement vs. grazing)....

Transition to AMS could be a relatively fast process, but needs
to be planed ahead. Cows quickly adapt within 7 days.

Guidelines for AMS planning (i.e. Farm layout and barn
design) and management (i.e. milking, feeding, routing) are
needed. But, these guidelines need to be specific to the
expectations and goals of each type of dairy operation {(i.e.
Confinement, Grazing, Hybrid)

Long-term AMS research is still needed.



Thanks!!



