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What would you do next year with less water?  

Trends in Freshwater Storage from 
GRACE, 2003-2012 

Famiglietti and Rodell, 2013

Å9ċũŔŉŸƖŰŔċШы9ĲŰƣƖċũШéċũũĲǃьШӛШ?ŸĦƨůĲŰƣĲĬШŊƖŸƨŰĬƽċƣĲƖШ
depletion in a core U.S. dairy and forage production region.

Å  Mid- ƣũċŰƣŔĦШӛШ~ĲċƚƨƖċĤũĲШĬƖŸƨŊőƣ-related groundwater 
declines in an important milk shed.

ÅÖƓƓĲƖШ~ŔĬƽĲƚƣШоШ ŸƖƣőĲƖŰШÂũċŔŰƚШӛШfŰĦƖĲċƚŔŰŊШƽċƣĲƖШ
storage in the Upper Missouri Basin signals greater flood 
variability risk.

ÅcŔŊőШÂũċŔŰƚШӛШÉŸƨƣőĲƖŰШcŔŊőШÂũċŔŰƚШ ƕƨŔŉĲƖШũŸƚƚĲƚШƣőƖĲċƣĲŰШ
irrigation-dependent dairy systems.



љÅĲĬƨĦĲШŉŸƖċŊĲШċĦƖĲƚњ
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What cows run 
ŸŰвЮШ

ÅMetabolizable energy
ÅEffective fiber
ÅHow do we supply this 

when forage is 
constrained? 



What is energy?
ÅAbility of a feed to support work done or products formed

ÅWe measure the amount of heat released when something is completely 
burned

ÅIf 1 kg of sawdust is burned it will release approximately the same 
amount of heat as 1 kg of corn grain
ÅSawdust will support less and milk production

=

1 kg1 kg

(Weiss, 2007; Proc. Minnesota Nutr. Conf., Minneapolis, MN, Page 9-18)



Measuring 
energy utilization
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Part I. Silage choices

Item, % DM Corn Silage 
(typical)

Alfalfa Silage Sorghum (immature) Sorghum (mature)

Dry matter 35.4 42.9 29.2 28.7

Crude protein 7.7 20.5 11.7 11.3

Starch 32.9 2.0 8.1 2.7

NDF 40.9 43.2 56.7 61.6

Lignin 3.05 7.42 4.92 5.15

NDFD48 52.0 49.4 58.5 63.6

DE, mcal/kg 2.93 2.59 2.45 2.38

NASEM, 2021
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Water and feed returns per Acre-Inch, Kansas 
field data

Tons DM per Acre-Inch Mcal  NEL per Acre-Inch

Low Typical High
Sorghum Silage 0.26 0.34 0.41
Corn Silage 0.15 0.27 0.39
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Corn Silage and Sorghum Silage

NDF digestion (%) over time
Silage: Chemical Composition
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Item, % DM Corn 
Silage 

Normal
Sorghum

BMR-6
Sorghum

BMR-18
Sorghum

Crude protein 8.4 7.3 7.5 7.8

Starch 19.9 10.9 16.8 14.5

NDF 46.1 58.1 50.2 48.2

Lignin 5.53 8.8 6.9 6.22

NDFD48, % 59.1 56.4 62.4 61.0



Replacing corn silage with BMR Sorghum Silage

Corn Silage Normal
Sorghum

BMR-6
Sorghum

BMR-18
Sorghum

DMI, lbs/d 54.0 51.6 56.0 52.0
NDF digestibility, % 54.1a 40.8c 54.4a 47.9b

Milk, lbs/d 75.1a 68.9b 75.8a 71.6ab

Fat, lbs/d 2.93a 2.47b 2.98a 2.71ab

Protein, lbs/d 2.22 2.02 2.20 2.13
4% FCM, lbs/d 74.0a 64.7b 74.9a 69.3ab

FE, lbd/lbs 1.38a 1.25b 1.37a 1.35a

Oliver et al., 2004



Forages: Chemical Composition

Replacing corn silage with BMR Sorghum Silage

Item, % DM Corn Silage Sorghum Silage

Dry matter 36.5 27.5

Crude protein 7.9 10.6

Starch 33.3 3.4

NDF 37.5 49.5

Lignin 4.2 4.1

NDFD30 59.3 58.9

DE, mcal/kg 2.85 2.54

(Duhatschek et al., 2026)



Replacing corn silage with BMR Sorghum Silage

Control
47% CS/0%SS

Low Sorghum 
36% CS/12 % SS

High Sorghum
24%CS/24%SS

DMI, lbs/d 52.4b 59.1a 58.4a

NDF digestibility, % 44.7ab 49.5a 37.0b

Milk, lbs/d 78.0b 85.8a 83.3a

Fat, lbs/d 3.60 3.67 3.71
Protein, lbs/d 2.89 2.80 2.80
ECM, lbs/d 89.8b 98.7a 97.1a

FE, lbd/lbs 1.70 1.66 1.66

1Corn grain: 17, 22, and 27% of diet DM for Control, Low Sorghum, and High Sorghum 

(Duhatschek et al., 2026)



Nutrient Digestibility and DE

Control
47% CS/0%SS

Low Sorghum 
36% CS/12 % SS

High Sorghum
24%CS/24%SS

Dig NDF intake, lb 15.6 19.0 16.8
DE from NDF, Mcal 29.4 36.0 31.8
Dig starch intake, lb 15.6 17.6 17.0
DE from starch, Mcal 29.6 33.5 32.3
DE from NDF+starch, Mcal 59.0 69.4 64.0

(Duhatschek et al., 2026)



Å љвШƚĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣƚШƓƖŸĬƨĦĲĬШŔŰШ
addition to the principle product 
ы [9§ЯШΞΜΝΣьЮњ
Å Originate from a wide range of 

industries including the food, fiber, 
beverage, and bioenergy industries. 

Å Contain a high concentration of 
nutrients.

Å Improve palatability.  

Part II. Increasing Our Reliance on 
Coproducts



Feeds

Alfalfa, ~ 21% CP, 41 % NDF Corn Coproducts (DDGS), 31% CP, 31% NDF



Effective Fiber

Passage 

(< 1.18-mm)

Intake
Saliva
HCO3

-

HPO4
2-

Organic Acid 
Production

pH

Factors affecting rumen pH
 1 L of saliva = 7.5 g bicarbonate
   (Erdman, 1988)

Absorption
Fiber (NDF)



Eating Activity Å prehension of feed by the mouth, followed 
by chewing and swallowing of the boli 
(Beauchemin, 1991).

Å 284 min/d (range: 141 т 507 min/d) (White 
et al., 2017a).

Å heterogeneous with irregular interruptions 
and unsteady frequencies (Zehner et al., 
2017). 

Å Affected by availability, % forage, chemical 
composition and physical processing of 
the diet (Albright, 1993; Susenbeth et al., 
1998).

Zehner et al., 2017



Rumination Activity

Zehner et al., 2017

Å Quiet and relaxed state of awareness 
and often exhibited when animals are 
lying down with their heads and eyelids 
lowered (Albright and Arave, 1997).

Å 436 min/d (range: 236 т 610 min/d) 
(White et al., 2017a).

Å > 30 movements, > 3 min in duration 
(Zegner et al., 2017)

Å Cyclical process of ingesta, 
remastication, and reswallowing 
(Beauchemin, 1991). 

Å Upon reaching the mouth, a small 
portion of liquid and small particles 
contained in the bolus are reswallowed, 
whereas the remaining bolus material is 
remasticated and mixed with saliva for 
30 to 60 s before it is reswallowed.



Penn State Particle Separator



Screen
Pore Size 
(inches)

Particle Size 
(inches) Corn Silage Haylage TMR

Upper Sieve 
(19mm)

0.75 > 0.75 3 to 8 10 to 20 2 to 8

Middle Sieve
(8mm)

0.31 0.31 to 0.75 45 to 65 45 to 75 30 to 50

Lower Sieve
(1.18mm)

0.16 0.16 to 0.31 20 to 30 30 to 40 10 to 20

Bottom Pan - < 0.16 < 10 < 10 30 to 40

Penn State Particle Separator Recommendations



Study 1: 
Replacing alfalfa 
with DDGS/Straw 
Mixture



Replacing alfalfa
Can we make something physically and 
chemically similar to alfalfa?

Control LoDDGS MedDDGS HiDDGS

Corn silage 37.0 37.0 37.0 37.0

Alfalfa hay 18.2 12.1 6.1 -

Straw - 2.1 4.2 6.2

Corn 14.7 13.7 12.8 12.0

DDGS - 6.0 12.1 18.1

Concentrate 30.1 31.2 27.8 26.7

NDF 29.2 29.3 29.3 29.4

fNDF 23.3 22.0 20.7 19.3

Knoell et al., 2024



Materials and Methods

Control (CON) LowDDGS (LBP) MedDDGS (MBP) HighDDGS (HBP)

Recommendations Control LoDDGS MedDDGS HiDDGS

Particle Size, 
Inches

0.75 2 to 8 4 3 4 4

0.31 30 to 50 25 24 24 23

0.16 10 to 20 49 47 43 43

0.75 30 to 40 23 26 27 31

2Determined using the Penn State Particle Separator on DM basis (Heinrichs and Kononoff, 2002).


