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The goal

« Profitably increase industry level annual FCE
from 80 to 100 kg MS/t DM consumed (at 10.5
MJME/kg DM)

« Profitably increase research farmlet annual FCE

from 100 to 120 kg MS/t DM consumed (at 10.5
MJME/kg DM)

 Enhance FCE to reduce GGE from rumen by 30% per kg MS
(demonstration)

 Enhance FCE to reduce nitrate losses from urine by 50% per kg MS
(demonstration)

Animals Review, 2007



Definitions and concepts



What is feed conversion efficiency?

Gross efficiency

Partial efficiency

Lifetime efficiency



Gross efficiency - FCE

“Energy In the milk divided by energy intake”
(Brody 1945)



Gross efficiency - FCE

MJIJME milk:MJME intake

Energy corrected milk (eever & boyle, 2007)

— kg ECM/kg DMI = kg milk x ((383fat% + 242protein%
+ 783.2)/3140) (tyrell & Reid 1965)

Fat corrected milk (eever & boyte, 2007)

— kg 4% FCM/kg DMI = kg milk x (0.4 + 0.15fat%) (caines &

Davidson 1923)

Milksolids (fat + protein)

— kg MS/t DMI (annual), g MS/kg DMI (short term)
— Inverse: kg DMI/kg MS

— Milksolids as a % liveweight



Gross efficiency - FCE

e Calculating FCE

— DMI back-calculated based on energy
requirements

— Need consistent calculation methodology that
accounts for LW, milk production, pregnancy,
grazing & walking activity, growth, tissue

mobilisation & deposition (rattray et al., 2007), (scA, 1990;
Armstrong et al., 2000)

— Tools — Diet Check (Heard et al., 2004), GrazFeed (rreer
etal., 1997), Profit DOCtor (Hediey, 2007, Annual Feed
Demand (Brookes, 2002)



Gross efficiency - FCE

e Clarify what FCE measures

— Per kg DM consumed: measure of biological
efficiency with which a cow utilised ingested
nutrients

— Per kg DM offered: measure of both biological
and farm efficiency

— Cow level or farm level (includes replacement
heifer intake)

— Within lactation, annual, lifetime



Gross efficiency - FCE

 Annual FCE
— Robust
— Comparable between farms

 Within lactation FCE:
— Allows diagnosis of feeding issues
— Interprete with consideration of LW gain/loss
— Use within farm
e Lifetime FCE
— kg MS produced per tonne lifetime DM intake




Gross efficiency - FCE

 Animal evaluation systems
— NZ: Breeding Worth (BW)
— Aus: Australian Profit Ranking (APR)

— Index which identifies animals whose progeny
will be the most efficient converters of feed
into profit ($ extra profit/cow compared to base
year)

— Calculated using BV and economic model



Gross efficiency - FCE

Protein

Milkfat

Milk

Liveweight
Fertility

SCC

Residual Survival

+$6.328
+$1.251
-$0.070
-$0.987
+%$1.638
-$21.744
$0.033

(NZAEL, 2006)
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kg ECM/kg DM
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kg FCM/kg DM
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MJIME milk:MJME Intake
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Milksolids % LW
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Gross efficiency - FCE

* Increase FCE by:
— Higher DMI per kg LW

— Lower loss of energy In faeces, urine or
methane per kg DMI

— Lower loss of energy as heat per kg DMI

— Greater partitioning of ME to milk and less to
body tissue

(Grainger &Goddard, 2004)



Gross efficiency - FCE

e Problems with FCE
— Ratio

— Doesn’t distinguish between ME used for
maintenance, lactation and body tissue gain



Partial efficiency

“Partial efficiency of lactation (k) Is the rate at
which an animal, being fed above maintenance
level and with static body condition (or corrected
for body condition score changes) converts an
additional kg of DM (or ME) to milk (or milk ME)”

» K- lactation (60-63%)

« K, - maintenance (65-75%)

* K, -LW gain (30-50%)

* K- mobilised tissue for milk (80-85%)



Partial efficiency
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Lifetime efficiency

“Rate at which an animal converts its lifetime
feed intake into milksolids”

« Affected by annual FCE, No. lactations,
FCE prior to first lactation

e Best measures are BW and APR



Uses of FCE

e Farmers
— FCE g MS/kg DM tactical tool during lactation

— Annual FCE kg MS/t DM benchmarking,
strategic decisions

* Breeding companies and researchers
— Annual FCE kg MS/t DM of bulls
— MIME milk:MJME intake
— RFI tool to i.d. genetic markers



Prospects for achieving
iIndustry FCE targets



Progress in NZ FCE
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Achieving the target
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Achieving the target

100 target
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Achieving the target
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Achieving the target

100 target(io.5 MIME)
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Achieving the target
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What Is achievable

kg MS/t DM LW kg MS kg/cow
Target @ 10.5 MIME 100 469 598 (84%)
Target @ 11.8 MIME 100 469 450 (38%)



What Is achievable

kg MS/t DM LW kg MS kg/cow
Target @ 10.5 MIME 100 469 598 (84%)
Target @ 11.8 MIME 100 469 450 (38%)

Compared to:
Historical NZ increase last decade 15%
Victoria 1990s decade 25%



What Is achievable

90 kg MS/t DM @ 10.5MJIME
100 kg MS/t DM @ 11.8MJIME

kg MS/t DM
Now 77
Genetics 83
Feeding as usual 85

Elevated feeding & management 100



Prospects for manipulation



Breeding

e Continued BW, APR

Genomic selection 30% gain Variation in RFI

« Metabolically efficient Body comp. ity

Unaccounted 5%

RFI, gene markers 27%
Heritable, provides additional - /
Information (verkamp, 1998)

Beef: h?=0.18-0.39 (Arthur et al., 2004)

Dairy: h2=0.14-0.19 (Kennedy et al.,
1993; Van Arendonk et al., 1991) Protein TO stress

May already be captured metamsm&
QTL 16% variation

Not rapid progress, but valuable

NZ-Aus RF| programme

Digestibility

10%
10%
Heat

/ 5

Feeding pattern
2%

Richardson & Herd, 2004



Epigenetics

Permanent environmental component of
phenotypic performance

Captured as difference between BW and PW
Predict cow performance for PW at an early age
Important for complex traits like FCE

Convergence genetics, farm systems,
physiological approaches



Cow breed

BW and PW index across breed

PW: Crossbred > Jersey > HF > »
Ayrshires Opportunities

APR calculated within breed — Across-breed APR

— Jersey semen for

Crossbred & Jersey have higher: Victorian seasonally
— FCE, DMI % LW, heterosis for prod., calving farms
survival, fertility, farm profit (Grainger & — Measurement of heat
Goddard, 2004; Malcolm & Grainger, 2005) production S‘J<HF?)
Grainger & Goddard, 2004

No differences in loss of energy as

faeces, urine, methane, K (Grainger &
Goddard, 2004; Yan et al., 2006)



Genetic X environment

Scaling GXE across pasture-based

SySstems (Horan et al., 2006; Macdonald et al., Re'ranklng
2005; Roche et al., 2006)

Re-ranking pasture vs TMR (Kolver et
al., 2002) 110 -

Reinforced value of index based on 3 100

120

OS TMR

relevant environment <

: : .. = 901 NZ TMR
Highlighted opportunities to o NZ Grass
improve BW and APR Q 807 N
Different indexes required to 70 -
optimise FCE & profit as systems 60 ‘ ‘ ‘ ‘ ‘

Early Mid ' Late

become more diverse (0AD, extended Stage of Lactation

lactation, very high feed input, payment systems) From Kolver et al.. 2002



Physiological markers

Neuroendocrine control of intake and nutrient
partitioning

Plasma IGF-1 used as a pre-screening marker for
RFI In Australian beef industry

Need for physiological markers reduced with
advent of cheap genomic selection

Supports search for suitable genetic markers




Milk composition

High protein cows more energy-efficient
Lactose 27mJIME, Protein 40mame, Fat 62MIME

75% of net income assoc. protein content, but only requires
25% of the energy ($return/MIME intake) (macmilian, 2006)

10% improved conversion of feed into milk value under
extended lactation

Within k, 0.60-0.65

BW & APR account for this, feeding systems need to support
higher protein potential



Feeding: short term response

Grain suppl. to incr. FCE:
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Feeding: Improved forages

388 kg MSs/t DM

71 kg MSM MJIME/kg DM

10.5 MIME/Kg DM

Breeding — e.g. HWSC, drought tolerance, tillering
Grazing management

Regional dynamics

Feed Programme — 45 t DM/ha/year



Feeding: Associative effects

 Negative effects:
— 4-5% reduction in ME at high levels of grain

(Bargo et al., 2003; Doyle et al., 2005)

* Positive effects:
— overcome nutrient deficiency

— Small effect of high protein diets, synchrony of protein and
energy, frequent feeding

e Opportunities:
— Requirement for effective fibre at high levels of grain

— Refine current decision support tools to account for
negative associative effects



Feeding: partial efficiencies

« Variation in k;small (0.60-0.65), depends on MIJIME

* Improving diet ME content better prospect to incr.
-CE than attempting to change Kk,

* k, 0.30-0.50 offers prospect of using feeds to
manipulate FCE through body condition




Rumen microbiology

e Great scope for better understanding
 Molecular tools — rDNA clone libraries

« Already know that rules for pasture rumens are
different from TMR rumens e.g. optimal pH, optimal
WSC



Management: comparison of

farm systems

System 1 System 2 System 3 System 4 System 5
All grass self Purchase feed Purchase feed Purchase feed Purchase feed all
contained for winter for late lactation for both ends of year
& winter lactation & winter
kg MS/ha 1212 1293 1480 1860 2350
Cows/ha 3.4 3.6 3.9 4.2 4.5
Feed 0% 4% 12% 24% 37%
purchased
kg MS/cow 352 360 380 443 522
t DM/ha 14.6 15.6 17.7 21.7 27.5
FCE 83 83 84 86 86
kg MS/t DM
consumed

Hedley et al., 2006




Management: more DIM

e Opportunity to increase DIM within each system

« Early compact calving, low cow wastage due to health,
lameness, & reproductive losses, appropriate genetics for
system, feeding to achieve high production and DIM

e Currently funded — InCalf for NZ, R,D&A on lameness, repro,
feeding, farm systems



Management: Replacements

e Opportunities:
— Wider adoption of best practice LW targets

— Improved understanding of heifer survival through first 2
lactations

— Potential of selecting animals with a lower RFI during
juvenile growth



Management: Extended lactation
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Key challenges

Time consuming, difficult, costly

Accurate measurement of pasture intake

Logistics of measuring intake on 1000+ cows
Accurate measure of body tissue gain/loss
On-farm measurement of pasture

Combined NZ and Aus investment and capabillity
Inter-disciplinary and inter-organisational approach



Summary

Industry FCE target Research FCE target
100 kg MS/t DM 120 kg MS/t DM
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