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Quality Forage

Forage Quality
Making sense of forage analyses and 

optimizing quality



Forage Quality



Nutrition or Management



Rumen Fill and Flux





Rumen Review: 
Function and 

Nutrient 
Fractions

Eating & Rumination

Rumen

ωMicrobial growth: Degradation of ingesta

ωVFA production

ωMicrobial Protein (Amino acids)

Small Intestine

Hind Gut
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VFA: volatile fatty acids

Microbial Protein



Organic Acids



Butyrate 4C
Propionate 3C Acetate 2C
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The Cornell Net Carbohydrate and Protein System: Updates to the model and 
evaluation of version 6.5           Van Amburgh et al JDS 2015
DMI 25 kg  Milk 40kg  CP% 14-19%

15.6% CP

How much CP does a cow need?

CP = %N x 6.25



Biochemistry: Improved analyses to match 
improved understanding of metabolism
Åtƭŀƴǘ /ƘŜƳƛǎǘǊȅ ҦҦ wǳƳƛƴŀƴǘ bǳǘǊƛǘƛƻƴΥ aƛŎǊƻōŜǎ ϧ !ƴƛƳŀƭ
ÅNutrient Pools
ÅCHO/Protein/Minerals

ÅCarbohydrate (CHO) Fractions:     Pool Size Amount Digestibility & Rates
ÅOA: organic acids          Very Fast
ÅSugars: ESC v WSC          Fast
ÅStarch            Moderate 
ÅSoluble Fiber           Moderate
ÅFiber: Cellulose v Hemicellulose         Variable

ÅProtein (Pro) Fractions
ÅCP/Soluble/RDP/RUP
ÅNPN/Amino acids/Peptides (BCAA Leu, Isoleucine, Valine)
ÅMP: Metabolizable Protein

ÅMinerals
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Rumen Degradation Math

Åkd: rate of degradation

Åkp: rate of passage; rumen retention time

ÅExtent of degradation:    kd/( kd + kp)   x   pool size
ÅHow much Energy & Microbial protein obtained:  
ÅVFAs & Microbial mass



Ingredient and Nutrient 
Composition of Diets

Feed ingredient 
(% of DM)

Lower forage Higher forage

Conv BMR Conv BMR

CS BMR --- 36.1 --- 50.2

CS Conv 39.3 --- 55.0 ---

Haycrop silage 13.4 13.3 13.4 13.3

Corn meal 17.3 20.4 1.6 6.3

Concentrate 30.0 30.2 30.0 30.2

TMR NDF, % 29.1 30.0 33.7 34.5

%NDF from CS 50.8 49.0 61.6 59.0

peNDF , % 17.3 18.5 23.1 22.0

Starch, % 28.0 27.8 21.2 22.3



Measuring multiple passage rates: marker 
excretion curves
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Dry matter intake

a,b P Ò 0.05

Item
Low
CS

High
CS

Low
BMR

High
BMR

SEM P

DMI, kg/d 29.0 a 26.5 b 29.4 a 29.2 a 0.7 0.001

DMI, % of BW 4.31 a 3.96 b 4.37 a 4.36 a 0.12 <0.001

NDF intake , kg/d 9.36 b 9.47 b 9.32 b 10.25 a 0.22 <0.01

NDF intake, % of BW 1.39 b 1.41 b 1.39 b 1.53 a 0.04 <0.01



Milk Yield, Milk Composition, and 
Efficiency

Item
Low
CS

High
CS

Low
BMR

High
BMR

SEM P

Milk, kg/d 47.0 a 43.1 b 48.6 a 47.2 a 1.6 <0.01

SCM, kg/d 45.2 a 41.8 b 46.4 a 45.7 a 1.2 0.02

Milk/DMI, kg/kg 1.62 1.62 1.66 1.62 0.04 0.46

a,b P Ò 0.05



Chewing Activity

Item Low CS High CS Low BMR High BMR P

Eating, min/kg NDF 29.3 ab 31.7 a 27.3 b 27.1 b <0.01

Ruminating, min/kg NDF 55.3 xy 57.0 x 50.6 y 53.4 xy 0.09

Total chewing, min/kg NDF 84.6 ab 88.7 a 77.9 b 80.5 b <0.01
abc Least squares means within a row without a common superscript differ ( P Ò 0.05).
xy Least squares means within a row without a common superscript differ ( P Ò 0.10).



Typical forage analysis report
CVAS and Dairy One



Forage Quality Evaluation:
What values to focus on?

ÅPrimary

ïDM

ïaNDFom

ïNDFD30h

ïVFA

ïAsh

ïStarch (CS)

ÅLessor Concern

ïEnergy Values (Dynamic)

ïCP

ïMinerals

ïFat
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2 Qualities of grass silage
Rumen incubation of 0, 24, 48 and 120h

A

B



Forage Digestible NDF and Performance 
(Oba and Allen, 1999)

ω+0.40 lb/d DMI

ω+0.53 lb/d milk

ω+0.55 lb/d 4%FCM

For every 1 
percentage-unit 
increase in NDF 

digestibility

ω+0.26 lb/d DMI

ω+0.31 lb/d 3.5%FCM (Jung et al., 
2010)

>40% corn 
silage in diet





NDF Fractions by stage of growth
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https://fyi.extension.wisc.edu/forage/

Digestible Fiber x Maturity: Grass



https://fyi.extension.wisc.edu/forage/

Digestible Fiber x Maturity: Legume



https://fyi.extension.wisc.edu/forage/

Digestible Fiber x Maturity: SGS



https://courses.ecampus.oregonstate.edu/ans312/four/legumes_trans.htm



Seasonality and Cutting



Seasons
Cool & Inc 
Daylight

Solstice: longest day

Hot & Max 
Daylight

Hot & Dec 
Daylight

¬Sugars
¬NDFD

®Sugars
®NDFD

¬Heat    ®NDFD
¬Water ®NDFD



Fiber and digestibility 
(undigestibility ): uNDF

1st cut 2nd cut 



Darby Grass 
Trial

ÅVariety

ÅYeilds

ÅGraze v Bale



New Seeding Grass Varieties





Nutrient Yields

ÅYield of Highly Digestible NDF
ÅM Brome = 2.23 T

ÅM Fescue = 1.86 T

ÅOrchard = 2.86 T

ÅP Rye = 2.16 T

ÅYield of CP
ÅM Brome = 1.14 T

ÅM Fescue = 0.97 T

ÅOrchard = 1.31 T

ÅP Rye = 0.92 T



Greater Yields of Highly Digestible Forages

And How to Preserve Quality



Harvesting Quality
Mowing

ÅCut HtΥ пέ ¸Ŝƭƭƻǿ Ǿ .Ǌƻǿƴ

ÅStubble Ht

ÅAir Flow

ÅDrying Capacity Windrow

ÅWilting and Respiration



Preserving Forage Quality

Managing Forage Inventory



Phases of forage preservation

Mow  Wilt  Chop  Pack

Aerobic Phase:
Sugar + O2 ----- CO2 + H2O + Heat

SAVE THE SUGAR!  Sugar fuels fermentation
Hay or Silage
Dry quickly or Omit O2 ASAP. Stop cellular 
respiration and aerobic bacteria



DM% and Fermentation Profile



Good silage fermentation



NOT Just for SGS





Silage pH and DM as indicator of quality 
of preservation



LƴǾŜƴǘƻǊȅΥ ²Ƙŀǘ vǳŀƭƛǘȅ ŀƴŘ Iƻǿ aŀƴȅΧΚ

Lǎ ƛǘ ƳƛƭƪŜǊ ǉǳŀƭƛǘȅΧΚ



Good  
Bad 
Average 

?



Dry Cow

Dry Cow



DM% NDF% NDFd30 hr Nel TDN

Pasture: 20 35 75 0.80 78

Ration Model: NDS/CNCPS v 6.55

Animal: 3rd lactation cow, 30 d pregnant, 150 DIM, BCS 3.0 (no BCS change), Milk Fat 4.5%, Milk CP 3.2%

ME req NASEM NASEM DMI NDFi Feed ME req

Breed (Size) BW, lbs Milk, lbs ECM, lbs Mcal/d DMI, lb DMI (+/-) lbs %BW % BW Mcal/lb DM

Small 1000 20 22.6 29.2 32.8 4.4 3.3 1.2 0.89

30 33.8 35.0 38.8 4.8 3.9 1.4 0.90

40 45.1 38.8 40.8 4.4 4.1 1.4 0.95

50 56.4 44.4 43.3 4.4 4.3 1.5 1.03

60 67.7 50.3 45.7 4.6 4.6 1.6 1.10

Medium 1200 30 33.8 35.8 35.9 2.6 2.9 1.0 1.00

40 45.1 41.0 40.8 2.8 3.4 1.2 1.01

50 56.4 46.3 43.2 2.8 3.6 1.3 1.07

60 67.7 51.9 45.7 2.9 3.8 1.3 1.14

70 79.0 57.0 48.1 3.1 4.0 1.4 1.19

Medium -Large 1400 40 45.1 43.5 39.2 2.0 2.8 1.0 1.11

50 56.4 49.2 42.2 2.0 3.0 1.1 1.17

60 67.7 54.9 45.4 2.2 3.3 1.1 1.21

70 79.0 61.0 48.5 2.4 3.5 1.2 1.26

80 90.3 65.5 51.6 2.8 3.7 1.3 1.27

Comments

ECM: Energy corrected milk equation of Tyrell & Reid 1965

ME req (Mcal/d): Metabolisable energy required for Maintanence, Growth, lactation, pregnancy and tissue reserves

NDFi: NDF intake as % BW. Typical range is 1.1-1.2% BW; >1.4% with highly degradable NDF

Mcal/lb DM: Energy concentration of "ration" required, based on ME req and DMI est.



Table 2 Approximate NDF digestibility, and energy values across grass maturity:  NDS/CNCPS 6.55

Forage Quality Typical Analyses

Expected Est Est NRC

Plant Stage Example NDF NDFd30h NEl3x TDN Mcal/lb DM Comments

Early Veg Pasture 35-45 >70 0.80 78 1.26 Milking and Young Low Rumen Fill, High Energy, Fast Passage

Late Veg/Boot Balage Good 45-55 65 0.66 67 1.07 Close up Dry Cows, Growing and Preg HfrMedium Rumen Fill & Energy

Emerge/Seed Head Balage Avg 55-65 55 0.60 62 0.97 Far Dry Cows and Preg Hfr High Rumen Fill and will Limit DMI

Late Stem "Heifer Hay" 65-75 45 0.45 53 0.77 Nobody

Energy Value across Forage Quality



Energy Value across Forage Quality
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Organic Dairy 2025

Assumptions
1 1200 lb mature Jersey 5.3% Mikfat, 3.7% Protein
2 Costs = $/T As Fed
3 DMI held constant at 43lb, except where NDF limits or allows different DMI
4 ME Milk: Estimated milk production based on Metabolizalbe Energy 
5 Rumen Fill limits DMI: 1200 lb cow = 4-5lb of uNDF30 
6 Avg NDFd30 as % of NDF: needs to be >64% (65%) to be able to estimate IOFC >$10

Economics of Forage Scenarios



Pasture Pasture Pasture Winter Winter Ideal
As Fed Good BlgPoor BlgPoor Bale Good Poor

NDFd 30h $/ T % DM A B C D E F
Pasture 70 36 18 18 18 18 27
Balage 1 65 130 66 11.5
Balage 2 60 130 66 10 11.5 8 5
Balage 3 50 68 34 10 7 8
Corn Meal 400 88 5 5 8 5 5 7
Pro Mix 16% 650 89 10 10 10 15 15 8

DMI lbs 43 43 43 43 43 47
Forage % 65 65 58 54 37 68
CP % 18 17 17 15 14 18
ME Milk lbs 54 50 54 51 52 63

Rumen Fill lbs 4.25 5.30 4.30 4.54 4.36 4.18
% of DM 9.9 12.3 10.0 10.6 10.1 8.9

Milk $ 19.96 20.21 17.18 17.95 23.73
Cost $/hd $/hd 7.60 7.99 8.93 10.11 7.73

$/lb DM 0.18 0.19 0.21 0.24 0.16
$/lb Milk 0.16 0.17 0.19 0.21 0.16

IOFC 12.36 12.22 8.25 7.84 16.00

Grain lbs 15 15 18 20 27 15
Milk: Grain Lb/lb 3.6 3.3 3.0 2.6 2.6 4.2
Avg NDFd30 % of NDF 66 63 64 63 55 68
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Thank you: Questions?


