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The Nitrogen Cycle
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Nitrogen Use Efficiency
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Meta Analysis of N Balance Trials
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Milk N/Intake N vs. N Intake
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Milk yield, Ibsiday

The diminishing returns of proteln feeding
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Eftects on DMI
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Dietary Protein and Dairy Production

Numerous (!) studies examining the effect of dietary
protein concentration on animal performance

— Concerns over environmental impacts — lower protein levels

— With and without changes to dietary energy supply

— Fermentable energy and metabolizable energy both important

Short-term, cross over designs, periods of weeks
— Dietary adaptation — changes to labile protein pool
— Differential response to dietary protein content
* Low to high different from high to low

Recent interest in lower protein diets with rumen-
protected essential amino acids

— Lysine and methionine (also histidine) considered first limiting
— Metabolic versus digestive effects of protein supply




How cows make metabolizable protein
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SIP = Soluble intake pretein; RUP = rumen-undegradable protein:
BEDP = rumen-degradable protein,




‘ Effect of
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Higher Starch Diets on N Utilization
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Using Jersey cows Cantalapiedra-Hijar et al., 2013.



Effect of Rumen Protected Met and Lys on Milk Protein

Yield for Diets With Less Than 15% Crude Protein

Study name Std diff in means and 95% Cl

Cogers el 1989 ‘ B ‘
Precision feeding lower protein diets balanced for

supply of metabolizable protein (MP) and essential
amino acids requires accurate measurements of

feed composition

Robinson et al., 2000
Cabrita et al., 2011(i) ——
Cabrita et al., 2011(ii) |
Lee etal., 2012a ——
Lee etal., 2012b —a—
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AC0122 — WP Lactation Trial Rolling
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2. Take

progressively
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AHDB Dairy Grass - Clover Silage NIRS Project

How clover content influences the difference between analyses
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Dietary Protein and Dairy Production

Numerous (!) studies examining the effect of dietary
protein concentration on animal performance

— Concerns over environmental impacts — lower protein levels
— With and without changes to dietary energy supply

— Fermentable energy and net energy both important

Short-term, cross over designs, periods of weeks
— Dietary adaptation — changes to labile protein pool
— Differential response to dietary protein content
* Low to high different from high to low

Recent interest in lower protein diets with rumen-
protected amino acids

— Lysine and methionine (also histidine) considered first limiting
— Metabolic versus digestive effects of protein supply

| ong-term studies over an entire lactation(s) lacking




HARPER ADAMS AND NOTTINGHAM UNIVERSITY
AHDB DAIRY FUNDED STUDY

HAU NOTTS Con LPSE LPHE
A. Milk yield
Yield (kg/d) 40.1 44.2 42.8 41.3 42.3
Fat (g/kg) 34.6 36.0 34.2 36.6 35.1
Protein (g/kg) 30.4 29.5 29.9 30.0 29.9
Fat yield (kg/d) 1.39 1.64 1.49 1.54 1.52
Protein yield (kg/d) 1.17 1.30 1.25 1.21 1.25
Urea (mg/dL) 16.3 20.2 25.8 15.1 13.5
Urea (g/d) 6.4 8.9 10.9 6.3 5.7
B. N efficiency (%)
g milk N/ g N intake 35.1 34.4 31.3 36.0 37.2

18% CP (Con) or 15% CP with increased starch concentration at 2 levels (LPSE and LPHE)

Maize silage based diets 16
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Efficiency of Dietary N Utilization for
Milk Protein Production

Long term effects???? Defra AC0122
Reading, IBERS, SRUC, Rothamsted

Similar diets — 3 lactations — 210 heifers

DEFRA Project AC0209 — N intakes lower for grass-based ration



Long-term Study - Lactation 1
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Long-term Study - Lactation 1
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40.0

36.0

32.0 +- LOwW
—a— MED
28.0 %"
—e— HIGH
24.0
20.0

2 6 10 14 18 22 26 30 34 38 42 46 50
Week of Trial




Long-term Study - Lactation 1

Protein efficiency (%)
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ACO0122 - First Lactation Results

Reductions in milk yield less than expected
— Heifers vs multi-parous cows

DMI reduced for lowest protein diet

Improvements in N use efficiency apparent, but with
large animal variation

Responses in second and third lactation may (will) differ

Variation in composition of feeds a challenge

Further analysis of fertility, health, longevity, etc. to come



Why grow legumes as a protein crop?
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* Rising cost of
bought-in protein

Self reliance
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Lucerne is now
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Looking for a home-grown protein source
that doubles as an option for the CAP three-
crop rule? Gemma Claxton finds out how
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Typical Nutritive Value of Silages

_ Lucerne | Red clover Grass Maize

DM, g/kg 300-500 250-350 250-350
Crude protein 190 190 140 80
Fibre
NDF 44Q 364 450 400
ADF 266 300 230
Lignin 41 50 25
Starch/sugars -- -- 20-50 320
ME (MJ/kg DM) 8.5-10.0 10-11 10.5-11.5 10.5-11.5
Calcium 14 14 6 4

Fibre in lucerne:
- High amount of indigestible fibre
- Fibre that is available is digested rapidly



Defra AC0115:
Effects of Biodiverse Forage Mixtures

Effects of incorporating legumes and tannin-rich species into
mixed grass-based swards on methane yield and N balance

ryegrass

ryegrass and red clover

ryegrass and bird’s foot trefoll

ryegrass swards enhanced with a mixture of diverse species

Ryegrass Clover Trefoll Flowers



Diverse forage mixtures to optimise
ruminant animal production, nutrient use
efficiency, environmental impact,
biodiversity and resilience

BBSRC SARIC Project BB/N004353/1

University of Reading, Rothamsted North Wyke,
Duchy College, Cotswold Seeds Ltd.
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Take Home Messages

Economic and environmental pressure to reduce
dietary protein inputs (especially imported)
Lower protein diets more ‘efficient’ but need to
consider longer term effects at systems level

— Energy supply key to maximum N use efficiency

Precision feeding lower protein diets requires
accurate feed analysis to minimize yield loss

Home grown legumes (less fertilizer N) are
protein sources that are generally drought
tolerant

— Savings on purchased feed costs
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