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Cooperators 

• 6 Dairy Producers 
• Quality Milk Promotion Service

Ynte Schukken, Francis Welcome 

• Cornell College of Veterinary Medicine
 
• Dept. of Crop and Soil Sciences

Quirine Ketterings, Caroline Rasmussen 

• Applied and Resource Economics 
Ed Staehr 



Funding Sources
 
• NYS Energy Research Development Authority 
• NYS Farm Viability Institute 
• Cornell Cooperative Extension 
• Cornell College of Ag and Life Sciences 



Project Goal 
• to help dairy farms realize economic, energy and 

environmental benefits through the use of DMS for 
bedding 



Questions 
•Is use of manure solids for 
bedding a good option? 
•What are impacts on herd health, 
economics, nutrient mgmt, etc? 
•Is composting before bedding 
important? 



Observations of Dairy Producers Using DMS
 

•Good cow comfort 
•Less abraisive 
•Pitting requires leveling 
•Slippery - potential injuries 
•Hot 
•May see long-term increase in SCC 



Project components 
• Literature review 
• Monitor pathogens and physical and chemical 

parameters in DMS bedding on 6 farms using
different practices (one side-by-side) 

• Monitor herd health - dairy comp records 
• Teat bacterial swabs 
• Evaluate teat end health 
• Evaluate economics 
• Evaluate nutrient mass balances 
• Share results 



Assessments 
• Sampling & Analysis 
• Herd Health Records 
• Economics 
• Energy 
• Nutrient Balance 



Herd Health 
• Dairy Comp Records 
• Somatic Cell Count 
• Mastitis Records 
• Teat-end scoring 
• Teat-end bacterial counts 
• Hoof and Lameness problems
 

• Cull rates 



Analysis of Bedding
 
Parameters 
• Bacteria & Johnes -Triplicates of unused 

bedding ready to go into stalls 
• Bacteria - Triplicates of used bedding 
• Physical and chemical measures - Composite of 


used bedding 
Schedule over a year 
• Monthly at side-by-side trial (sand and DMS) 
• Monthly in summer, every other month at other 

farms 



Findings from the Literature 

•All organic bedding materials (such as 
sawdust, DMS) provide the nutrients needed 
to support bacterial growth 
•Within 24-48 hours in the stalls, bacterial 
concentrations rise and are similar in all 
organic bedding materials 
•Bacterial concentrations in organic bedding 
level off or decline after a couple of days in the 
stalls 
•Desirable frequency of rebedding is unclear 



Questionable Common Wisdom
 

•Keep bedding <1 million cfu/g 

•Cleaner unused material is better 

•Adding lime reduces pathogens 

•Rebedding frequently lowers the risks 



RESPONSE OF DIFFERENT BACTERIA MAY BE 
DIFFERENT 

Bacteria on teat ends of cows housed on 
sawdust vs sand 

Coliforms: 2 x more on sawdust 

Klebsiella : 6 x more on sawdust
 
Strep. spp. 10 x less on sawdust
 

Zdanowicz, et al (2004) 







Triplicate samples of used bedding
 

Name Sample #1 
(x 1,000) 

Sample #2 
(x 1,000) 

Sample #3 
(x 1,000) 

Total # 
Streptococcus 

400,000 200,000 100,000 

Environmental  
Streps 

400,000 200,000 100,000 

Total # 
Staphylococcus 

6,000 2,600 3,000 

Staph sp. 6,000 2,600 3,000 
Total # Coliform 
bacteria 

800 500 500 

E.coli 400 100 200 

Klebsiella sp. 200 200 150 
Enterobacter sp. 200 200 150 
Proteus 4,000 2,000 1,800 
Gram-positive 
bacillus 

10,000 9,000 8,000 

Corynebacterium 
sp. 

12,000 11,000 10,000 

Total # (CFU/g) 432,800 225,100 123,300 



 

 

 
Comparison of Fecal Coliform 
Counts in Different Used Bedding 
Materials Calculated on Wet (as is), 
Dry and Volume Basis 
NOTE: These data are from one set of 

samples (July) and are provided only as an 
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Comparison of Fecal Coliform 
Counts in Used and Unused DMS 
on One Farm Calculated on Wet 
(as is), Dry and Volume Basis 
NOTE: These data are from one set of samples and 
are provided only as an example. 

Fecal Coliforms in Unused and Used Green DMS 
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Scenario S3 C Sc D S2 S1 

Separated/Piled * * * 
/Bedded 2x/wk 2x/wk 2x/wk 

Deep beds Deep Deep beds 
beds 

Separated/ * 
Windrow/Bed Daily 

Mattresses 

Separated/ 
Drum 
Composted/Bed 

* 
2x/wk 

discontinued 
after Sept 
Deep beds 

* 
3x/wk 

Mattresses 

Digester/ * 
Sep/Bed 3x/wk 

Mattresses 

Sand * 
2x/wk 

Deep beds 



Bedding Scenarios at the Farms
 

C 

ID 

Separated, Drum Composted, 2-4” on concrete and mattresses 

Scenario Symbol 

S1 Separated, Dried in Piles, deep beds 

S2 Separated, Dried in Piles, deep beds (was digested before separating prior to May) 

D Digested, Separated, Dried in Piles, 2” on mattresses 

Sc Separated, Dried in Windrows (partially composted), 2” on mattresses 

S3 

Sand 

C2 

Separated, Dried in Piles, deep beds 
Side-by-side 

Sand Bedding, deep beds 
Side-by-side 

Separated, Drum Composted, Deep beds (composting discontinued after September) 
Side-by-side 



Total Coliforms Counts in Unused Bedding on a Dry 

Matter Basis
 

All Farms Total Coliforms Count (log 10 CFU/g dry weight) Unused Bedding 
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Average Total Coliforms Counts in Unused 

Bedding Dry Matter versus Volume Basis
 
C S1 S2 D Sc C2 Sand S3 

DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol 

Jun 0.0 0.0 0.0 0.0 0.0 0.0 

July 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Aug 0.0 0.0 5.5 5.1 5.8 5.3 0.0 0.0 3.0 2.5 0.0 0.0 0.0 0.0 6.0 5.6 

Sept 0.0 0.0 0.0 0.0 0.0 0.0 4.1 3.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Oct 0.0 0.0 0.0 0.0 5.5 5.0 4.5 4.1 0.0 0.0 0.0 0.0 5.1 4.6 

Nov 0.0 0.0 5.1 4.8 

Dec 0.0 0.0 3.8 3.3 3.0 2.3 2.5 2.1 0.0 0.0 0.0 0.0 0.0 0.0 

Jan 0.0 0.0 0.0 0.0 

Numbers are in log 10 scale: 6.0 = 106 = 1,000,000
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Total Coliforms Counts in Used Bedding on a Dry 

Matter Basis
 



Average Total Coliforms Counts in Used Bedding
 
Dry Matter versus Volume Basis
 

C D S SandS1 S2 c C2 S3 

DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol 

Jun 6.1 5.8 5.7 5.8 

July 7.6 6.9 6.7 5.8 7.2 6.2 6.6 5.9 6.7 5.8 6.5 5.7 6.1 6.2 6.3 5.6 

Aug 7.8 7.0 6.3 6.8 7.0 6.1 6.4 5.6 7.2 6.3 6.8 6.0 5.0 5.0 6.9 6.4 

Sept 7.2 6.5 7.1 6.3 6.2 5.5 6.4 5.7 7.0 6.1 6.8 6.0 5.7 5.7 7.0 6.3 

Oct 6.6 5.8 6.5 5.6 6.4 5.5 6.0 5.2 6.1 5.2 5.5 5.6 6.6 5.8 

Nov 5.1 5.2 7.1 6.3 

Dec 6.9 6.0 7.1 6.2 7.2 6.2 5.5 4.6 6.7 5.7 5.0 5.1 6.4 5.5 

Jan 6.6 6.7 5.3 4.4 

Numbers are in log 10 scale: 6.0 = 106 = 1,000,000
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Johnes
 

Found sporadically at low levels in ALL unused bedding materials
 



                        C S1 S2 D Sc C2 Sand S3 

 

Klebsiella Counts in Unused Bedding on a Dry 

Matter Basis
 

All Farms Klebsiella  Count (log 10 CFU/g dry weight) Unused Bedding 
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Klebsiella Counts in Unused Bedding on a Volume 

Basis
 

All Farms Klebsiella  Count (log 10 CFU/ml) Unused Bedding 
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Average Klebsiella Counts in Unused Bedding Dry 

Matter versus Volume Basis
 

C D S SandS1 S2 c C2 S3 

DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol 

Jun 0.0 0.0 0.0 0.0 0.0 0.0 

July 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Aug 0.0 0.0 4.9 4.6 2.8 2.3 0.0 0.0 3.0 2.5 0.0 0.0 0.0 0.0 6.0 5.6 

Sept 0.0 0.0 0.0 0.0 0.0 0.0 2.8 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Oct 0.0 0.0 0.0 0.0 5.5 5.0 4.5 4.1 0.0 0.0 0.0 0.0 5.1 4.6 

Nov 0.0 0.0 0.0 0.0 

Dec 0.0 0.0 3.8 3.3 3.0 2.3 2.5 2.1 0.0 0.0 0.0 0.0 0.0 0.0 

Jan 0.0 0.0 0.0 0.0 

Numbers are in log 10 scale: 6.0 = 106 = 1,000,000 



                        C S1 S2 D Sc C2 Sand S3 

 

Klebsiella Counts in Used Bedding on a Dry Matter 

Basis
 

All Farms Klebsiella  Count (log 10 CFU/g dry weight) Used Bedding 
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Klebsiella Counts in Used Bedding on a Volume 

Basis
 

All Farms Klebsiella Count (log 10 CFU/ml) Used Bedding 
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Average Klebsiella Counts in Used Bedding
 
Dry Matter versus Volume Basis
 

C S1 D D2 Sc C2 Sand S2 

DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol DM Vol 

Jun 6.1 5.4 5.3 5.5 

July 7.5 6.7 6.5 5.7 6.6 5.7 4.8 4.0 5.9 5.0 6.4 5.6 5.5 5.5 6.1 5.5 

Aug 7.7 6.9 5.8 5.0 6.8 5.9 6.2 5.4 6.9 6.0 6.8 6.0 4.9 4.9 6.9 6.4 

Sept 7.1 6.4 6.1 5.3 6.2 5.5 6.2 5.4 7.0 6.1 6.8 6.0 5.4 5.4 6.9 6.1 

Oct 6.6 5.8 6.5 5.6 6.4 5.5 5.7 4.9 6.1 5.2 5.5 5.5 6.6 5.7 

Nov 5.0 5.1 7.0 6.3 

Dec 6.9 6.0 7.0 6.1 7.2 6.2 4.5 3.7 6.6 5.6 4.6 4.7 6.3 5.5 

Jan 4.7 4.7 5.1 4.2 

Numbers are in log 10 scale: 6.0 = 106 = 1,000,000 



Next Project Phase
 

Rebedding frequency study
 

2 farms
 

Rebed daily vs weekly
 



http://cwmi.css.cornell.edu/bedding.htm
 

Cornell Waste Management Institute

Ellen Z. Harrison,
 

Jean Bonhotal, Mary Schwarz 


http://cwmi.css.cornell.edu/bedding.htm



