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Road Map

• Rationale
o Biodiversity crisis
o Soils 
o Forages
o Animals

• Highgate Study



Grass-fed organic milk average has 
ratio of  (ω-6) fatty acid to (ω-3) fatty 
acid of 2.3, whereas conventional 
milk had an average ratio of 5.8.

Benbrook, et al. (2013) PLoS1

Health 
implications (?)

“organic milk healthier, 
because it has a more 
favorable balance of (ω-6
& ω-6) fatty acids”



 1. We are losing it! What is the value of it?

 Massive extinctions  (Primm et al. 1995)

 Benefits of conserving biodiversity  100:1 (Balmford et al. 2002)

 Dilution Effect (Bonds et all. 2012 PLOS1; Levi et. al 2012)

 2. Forage diversity 

 Higher productivity & C storage (Tillman, et al. 2001)

 Monotony: animals stop eating! (acidosis, amonia)

 Tanins (BFT 13x less Ecoli) vs. alkaloids (TF, Alf. Brome)

 3. Soil health

 Trophobiosis (Chaboussou)

 Ethilene/O2  Fe3 -> Fe2   (Widdowson)  

 Biocenosis

time

spp

Reasons for Studying Biodiversity Effects…



o Hay and TMR: for quality analysis, while cows were in barn

o Forages: (pre & post grazing, quality, botanical composition, pasture monitoring, 3 main spp); 

o Grazing behavior and activity: monitoring systems with electronic data loggers

o Bacteriological: (nose, hock, udder skin swabs)

o Rumen fluid: (pH, fatty acids, dna to determine microbiome)

o Feces: weekly, individual samples.

o Milk (pH, to check fatty acids from diet, other). 

o Soil: one sample /paddock where cows grazed.  Earthfort (OR) & Woodsend lab (ME).

Scope of the study: Samples and Analyses



Winter feed: 

hay + TMR

Mono crop:

Pearl Millet

Diverse cool season 

NE pastures*

3 Diets



PEARL MILLET (2x, 4 wk grazings)
DIVERSE NE COOL SEASON PASTURES (2x, 4 wk grazings)











Results: Forages

Millet DM (ave): 8,531 Kg/ha (7,618 lbs/A) Diverse DM (ave): 6,227 Kg/ha (5,561 lbs/A)

Botanical Composition

Grasses (67.3%)

Orchard grass, Timothy, Ryegrass, June grass, Meadow 

fescue, Brome grass, Bent grass, Quackgrass, Kentucky 

Blue grass and Millet (treatment monoculture)

Forbs (10.8%)

Platain, Dandelion, Burdock, 

Milkweed,   Bull Thistle

Legumes  (14.8%)

White clover, Red clover, 

Common Vetch. 



Diverse NE cool season forage soils were not different than Millet soils

Pasture and soil biology between Diverse and Millet

• Excellent overall pasture forage production and management

• Soils were covered  (D, p<0.01)

• Adequate manure and trampling (D, p<0.01)

• Adequate moisture distribution (D, p<0.01)

• Grazed at mature stage (D, p=0.05)

• More earthworms and insects (D, but n/s)



The Effect of Grazing a 
Monoculture vs. a Diverse 
Pasture on Milk Fatty Acids

M. Bainbridge, J. Barlow, J. Roman, J. Alvez, and J. Kraft



Media report health benefits of milk 
fatty acids



High omega-3 and CLA contents are 
advertised on products from grass-fed cows



Desired milk fat composition changes

• Increase Polyunsaturated Fatty Acids (PUFA)
• Particularly the omega-3 fatty acid α-linolenic acid (ALA)

• Increase Conjugated linoleic acids (CLA)

• Decrease Saturated fatty acids (SFA)



Ruminants must ingest PUFA for CLA and 
omega-3 fatty acids to be secreted in milk

(CLA are derived from 18:2 and 18:3)

Finally getting 
around to forages….



Grazing warm season annuals could 
produce more forage during hot months



Diverse 
Pasture + 

Balage

Monoculture

(Pearl Millet)

Diverse 
Pasture

Monoculture

(Pearl Millet)

Study Design



There is no difference in milk production, fat %, 
or protein % between the two pasture types



CLA are highest in milk when cows graze 
exclusively on a diverse pasture

SFA CLA

Means without a common letter differ significantly.



Omega-3 fatty acids in milk are higher when 
cows graze a diverse pasture vs. a monoculture 

of pearl millet
Omega-3 fatty acids Omega-6/Omega-3 ratio

Means without a common letter differ significantly.



Take home message



Questions?



Activity monitoring for 
pasture-based dairy cattle



• Optimizing lying time is important to ensure 
• Good welfare and cow comfort
• Good production

• Optimizing rumination time is important to ensure
• Rumen health 
• Good production

Visual observation is the “gold standard”
Time consuming
Labor intensive

Continuous electronic monitoring systems

offer alternatives 



Grazing activity (via Hobo accelerometers)

1. Assess lying time and frequency using accelerometers as a potential proxy for 

grazing activity to estimate forage intakes, grazing behavior and rumen health.

2. demonstrate how real-time monitoring of grazing behavior and forage intakes 

allow farmers’ to optimize forage utilization, rumen activity, and milk composition.



Activity and rumination monitoring

Wireless sensor and radiofrequency devices on identification tags 

- Activity monitors for animal movement/behavior 

Accelerometers
• Cow comfort assessments – influence of housing 

• Estrus / heat detection

• Health status – metritis detection; mastitis detection – before clinical signs

- Rumination monitors

Microphone and vibration recording  



Some commercially available systems
• Hobo Pendant G 

Accelerometers

(research applications)

• Heatime (SCR) Accelerometers 
and sound recorders 

(commercially available)

Check with any major AI stud service or milking systems company
Source - http://extension.psu.edu/animals/dairy/news/2015/choosing-an-activity-system-for-your-dairy



Methods:
• 8 cows fitted with Hobo data loggers for 5 x 14 day periods from 

June to September while grazing 2 different pasture types



Results:

Average lying time 9.2 hrs
per day

No effect of pasture type 
on lying time

Differences among cows in 
lying time

Higher producing cows had 
longer average lying times



Discussion or Questions

Acknowledgements:

NESARE Grant  
UVM REACH Grant  
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