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ANIMAL - PLANT - SOIL - WATER INTERFACES

EVALUATE FORAGE PERSISTENCE, DIGESTIBILITY AND NUTRIENT

AVAILABILITY

EXTENSIVE SYSTEMS & FORAGES THAT ENHANCE COW REPRODUCTIVE

EFFICIENCY

IMPACT ON SOIL HEALTH, SOIL MOISTURE, CARBON SEQUESTERED AND

ENTERIC EMISSIONS

EXPLORE SYNERGIES BETWEEN SASK BEEF INDUSTRY & ENVIRONMENT

RESEARCH IN MANAGEMENT PRACTICES

INCLUDING BREEDING, WEANING, CALVING, 
FEEDING AND GRAZING



Livestock & Forage Centre of Excellence
Forage and Cow-Calf Unit

University of Saskatchewan 

Clavet Saskatchewan

25 years at WBDC 2018 to LFCE



INTEGRATED COW-CALF & FORAGE SYSTEMS

INCREASE USE OF FORAGES IN BEEF CATTLE DIETS

EVALUATE FORAGES THAT ENHANCE GROWTH AND REDUCE EMISSIONS

Increase Crop Production to 45 M tonne
Increase Livestock Cash Receipts to $3 billion

Teff grass (Eragrostis tef) Forage Chicory



Russian wildrye ryegrass
tall fescue fall rye
smooth bromegrass barley
meadow bromegrass oat
hybrid bromegrass millet
crested wheatgrass corn
orchardgrass Brassicas
cicer milkvetch berseem clover
sainfoin teff grass
alfalfa faba
birdsfoot trefoil soybean

PERENNIAL AND ANNUAL FORAGES



BENEFITS - LEGUMES

N2 IS NEARLY 80% OF ATMOSPHERE

SYSTEMS APPROACH WITH LEGUMES & LIVESTOCK

INTEGRATE CROPS & LIVESTOCK – LOWER INPUTS



ECONOMIC ANALYSES OF GRAZING SYSTEMS

Conduct Economic Analyses
- Forage/Grazing systems
- Calving systems
- Breeding systems 



Forages are “Foundation of Beef Industry”

Target to graze as many days a year…….

INCREASE USE OF FORAGES

IN BEEF CATTLE SYSTEMS



17%

33%

18%

6%

17%

46%

28%

67%

17%

5%

44%

21%

11%
7%

31%
28%

72%

10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

WCCCS

MB

EXTENSIVE WINTER SYSTEMS

Silage, Grain, 
TMR

62% have 2-3 winter 
feeding methods

SOURCE: WESTERN CANADIAN COW-CALF SURVEY

2017; LARSON 2021



What you want to see…….



November 13 2006

Be prepared – Plan B!

What you don’t want to see…….



EXTENSIVE BACKGROUNDING PROGRAMS

WHY?

High ‘cost of gain’ in Drylot



BACKGROUNDING CALVES ON ANNUAL

FORAGES

Kumar R, Larson K, McKinnon J, Christensen D, Damiran D & Lardner H. 2012.
Prof. Anim. Sci.



• 360 fall-weaned calves allocated to 1 of  3 replicated 
(n=2) backgrounding systems (October)

1. Swath graze Golden German millet

2. Swath graze Ranger barley

3. Drylot processed grass-legume diet

• Field allocated forage every 3 days

• Supplement at 5 lb/d (0.6% BW)

BACKGROUNDING PHASE

3 YEAR STUDY



• Calves finished at University of Saskatchewan Beef 
Cattle Research Unit (March)

• Calves adapted to starter diet of 60% silage

• Finishing ration of 20% roughage 80% barley

• Calves finished to backfat of 12 mm

• Performance and carcass data collected

FEEDLOT PHASE



Kumar et al. 2012. Prof. Anim. Sci.

BARLEY 456 635 1.8
MILLET 456 593 1.3
DRYLOT 458 639 1.8

P-value 0.99 0.01 0.01

BACKGROUND PERFORMANCE



Steer Feedlot Performance



Final Live Weight and ADG

BARLEY 714 1327 3.59
MILLET 676 1314 3.64
DRYLOT 707 1325 3.55

P-value 0.01 0.74 0.59
Kumar et al. 2012. Prof. Anim. Sci.



Kumar et al. 2012. Prof. Anim. Sci.

Cost of gain to 
background calves on 

barley swath graze was
41 and 43% lower than 
on millet swath graze or 

drylot, respectively



BENEFITS OF

RETAINING & BACKGROUNDING STRATEGIES FOR BEEF CALVES

This $126,500 ADF & SCA funded project evaluated extended 
backgrounding on forages compared to drylot feeding

Ranger Barley Swath Grazing
Saskatchewan Producer Benefits

$54 million
($0.68/hd/d)

Golden German Millet Swath Grazing
Saskatchewan Producer Benefits

$44 million
($0.55/hd/d)

800,000 calves



CROP RESIDUE GRAZING RESEARCH

Cereal, pulse, oilseed, cool, warm season crops

• Straw, chaff, husk, hulls, off-grains post-harvest

Barley Residue (Van De Kerckhove et al. 2011)

Oat and Pea Residues (Krause et al. 2013)

WHOLE BUNCHER COLLECTS

RESIDUES



Average Chaff and Chaff Straw
Crude Protein Values

Minimum CP requirements mid gestation



GRAZING PEA AND OAT RESIDUES

Krause et al. 2013. Prof. Anim. Sci.

Performance 40-10 pea Baler oat 



NUTRITIVE VALUE STRAW-CHAFF

CP TDN
Oat straw-chaff 6.0 58.5
Pea straw-chaff 11.1 49.2
Grass-legume hay 10.2 54.5

Krause et al. 2013 Prof. Anim. Sci.



Drylot hay    Oat residue  Pea residue   P-value

65.9 26.5 3.7           0.01

Body Weight Change, lb (3-yr)
Krause et al. 2013 Prof. Anim. Sci.



Grazing Oat or Pea residues was
42 and 34% lower cost than Drylot, 

respectively

Krause et al. 2013 Prof. Anim. Sci.



CONCERNS

EXTENSIVE WINTER GRAZING



Effects of in-field bale grazing compared to 
non grazed site on nutrients in spring 

snowmelt runoff water

A Smith, J Schoenau, J Elliott and HA Lardner



• Evaluate soil and water nutrients - pre- and post-
grazing from wintering site landscapes

• Develop management strategies to mitigate 
impact of nutrients from wintering sites

Smith et al. 2010 Water Sci. Tech.



Smith et al. 2010 Water Sci. Tech.Smith et al. 2010 Water Sci. Tech.



COLLECTED WATER SAMPLES

PIEZOMETERS AT 5 M DEPTH

SURFACE RUNOFF SAMPLES



Fig.1  Average orthophosphate (SRP) concentration from surface runoff water
31 March to April 2009. C=Control  F=Farmyard  T=treatment

Smith et al. 2010. Water Sci. Tech.



CANADIAN CATTLEMEN - SPRING 2011

Winter feed on nutrient deficient areas on farm/ranch

Defer area -1 to 3 year – depending on cow density 



C SEQUESTRATION

TRIGGERED BY GRAZING RUMINANTS

CARBON FROM AIR USED BY PLANTS

& RETURNED TO SOIL, PROVIDE

ENERGY FOR SOIL MICROBES

MICROBES BUILD HUMUS & STORE

CARBON

BIOGENIC CARBON CYCLE
ALL EXPELLED CARBON

FROM RUMINANT

COMES FROM ATMOSPHERE

AND CYCLED THROUGH THE

FORAGE THE RUMINANT

CONSUMES!

MITLOEHNER 2021



Animal Science Grad Students

Measure CH4 & CO2 with SF6

MEASURING EMISSIONS WITH SF6 TECHNIQUE



IMPROVING VALUE OF GRAZED FORAGES

IMPACT ON GHG EMISSIONS

Automated Head Chamber System (GreenFeed, C-Lock Inc.)

Sequestration vs Emissions



PERENNIAL & ANNUAL FORAGE SYSTEMS

Wasden et al. 2021 (unpublished)

Forage Systems

FORAGE BIOMASS & QUALITY

ANIMAL PERFORMANCE & EMISSIONS

SOIL CHARACTERISTICS

SOIL WATER BALANCE

SOIL MICROBIAL COMMUNITIES

SYSTEM ECONOMICS



DETERMINE SOIL WATER BALANCE

UNDER FORAGE SYSTEMS

Fonstad, T, Rinas C and Sammons J

SOIL MOISTURE PROBES

0.2, 0.4, 0.6, 0.8, 1.0, 1.5 M DEPTHS

SOIL MATRIX WATER POTENTIAL

CONTINUOUSLY MEASURED WITH

HEAT DISSIPATION SENSORS



Effects of forage systems on forage quality and enteric emissions
M Wasden1, G Ribeiro1, D Damiran1, B Biligetu2, K Larson3 and H.A. Lardner1

Perennial Annual 

HBGALF MBGSF FRCLOV BRPEABRAS SEM P-value

DM, % 51.1 55.3 35.1 51.2 6.55 0.14

CP, % 8.0bc 5.9c 13.1a 11.2ab 1.01 <0.01

NDF, % 66.5a 67.5a 44.6c 54.9b 2.06 <0.01

ADF, % 44.4a 43.6a 30.5b 32.5b 1.90 <0.01

TDN, % of DM 53.8b 55.0b 61.1a 62.6a 1.37 <0.01

CH4 emission, g/kg DMI 17.3a 12.0b 14.9a 15.7a 0.69 <0.01



GRAZING PREFERENCE OF FORAGES AS

MONOCULTURE OR BINARY MIXTURES



GRAZING PREFERENCE OBSERVATIONS

UAV TECHNOLOGY ‘WILSON II’ DRONE

VISUAL OBSERVATION (MODIFIED

LARDNER ET AL. 1994)

7 D PER GRAZING PERIOD

2 H IN AM AND PM



FORAGE PREFERENCE RANKING OVER 2 YR

P<0.05

A Foothold alfalfa

3006 alfalfa

AB Cronus alfalfa

ABC Cronus alfalfa + AC Armada MBG

AC Mountainview sainfoin

ABCD Foothold alfalfa + AC Armada MBG

BCD AC Armada MBG

3006 alfalfa + Killarney OG

CD AC Mountainview sainfoin + Killarney OG

AC Mountainview sainfoin + AC Armada MBG

3006 alfalfa + AC Armada MBG

Foothold alfalfa + Killarney OG

Cronus alfalfa + Killarney OG

D Killarney OG

Sim et al. unpublished



Differences in graze preference related to forage 
biomass and quality

Alfalfas most preferred; correlates with higher yield, 
protein and low fiber

Killarney orchardgrass least preferred, lowest yielding

SUMMARY



WILL ANNUAL POLYCROP MIXTURES 
FIT YOUR EXTENSIVE PROGRAM?



GROWING MULTIPLE SPECIES TOGETHER

SUGGESTED INCREASED BIODIVERSITY

INCREASE BIOMASS

INCREASE ‘SOIL HEALTH’
REDUCE INPUTS

Annual legumes - hairy vetch (30%), crimson clover (10%)

Cool season - Italian ryegrass (25%)

Warm season - sorghum (15%), millet

Brassicas - Winfred turnip-kale (10%), Graza/Hunter turnip (10%)

Pulse - forage pea

Drieschner et al. 2019 (unpublished)

GRAZING COVER CROPS

SOIL HEALTH, GRAZE CAPACITY AND COST



GRAZING POLYCROPS AT LFCE

TREATMENTS

- HAYMAKER FORAGE OAT

- FOUR SPECIE MIX (OAT, PEA, BRASSICA, VETCH)
- EIGHT SPECIE MIX (OAT, BARLEY, PEA, BRASSICA, VETCH, 

TEFF, CHICORY, MILLET)

BIOMASS/QUALITY

COW PERFORMANCE, ECONOMICS

SOIL CHARACTERISTICS, ENTERIC EMISSIONS

ROBINSON ET AL. 2022

EDDY COVARIANCE FLUX TOWERS

MEASURE METHANE FLUX FROM COLLARED COWS

AAFC STAFF – ALEMU, COATES, COULOMBEMEASURE GHG 
FALL/WINTER TEMPS



GRAZING COMPLEX MIXTURES IN SASKATCHEWAN

SUMMARY

GROWING MULTIPLE SPECIES TOGETHER – LANIGAN SASKATCHEWAN

SUGGESTS INCREASED BIODIVERSITY…
- INCREASED BIOMASS

- INCREASE ‘SOIL HEALTH’
- IMPROVED SOIL ORGANIC CARBON – GREATER ROOT BIOMASS

DRIESCHNER ET AL. 2019



SOURCE: WESTERN CANADIAN COW-CALF SURVEY 2017; LARSON 2021



USING DNA PARENTAGE IN MULTI-SIRE

BREEDING SYSTEMS



• DNA samples analyzed by Quantum Genetix Ltd. 

• DNA extraction using sodium hydroxide lysis or 
paramagnetic bead DNA extraction 

• 100 SNP panel 

SIRE VERIFICATION



DOES IT PAY?

Ways to create value 

• Prevent dystocia 

• Increase pounds of calf weaned 

• Better selection of replacement heifers 

• Reduce number of non prolific sires 



NUMBER OF CALVES SIRED 

DOMOLEWSKI ET AL. 2017



WHAT ABOUT TOTAL WEAN WEIGHT PER BULL?

DOMOLEWSKI ET AL. 2017



TESTING ONLY A PORTION OF THE HERD 

DOMOLEWSKI ET AL. 2017



ELIMINATING DYSTOCIA 

• Of all calves that die at or around calving, 51% had a 
difficult birth (Bellows et al. 1987) 

• Scenario: 

• 100 cows and 4 bulls in a breeding pasture 

• 13 hard pulls 

• 3 calves die after difficult birth 

• Test just calves from dystocia (13 x $12= $156)

• Test all possible bulls (4 x $12 = 48) 

• Cost of lost calves (3 x 510 lbs x $1.80/lb = 2812.50)



Applied Cow-Calf & Forage Research Program has 
evolved over the years…continues to evolve

Early on – only measured performance indicators

Now measuring environmental indicators – to validate 
producer activities

CONSIDERATIONS
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