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The beginning…

Courtesy of Malcolm J. Gibb

However, reality indicates…

Under grazing environment…
• We only have partial control over

– Quantity

– Quality

– Timing

• There are interactions between 

the plant, the rumen and the animal

• Animal expresses its innate behavioural patterns

Diurnal	 grazing	pattern
its understanding and strategic 

management 
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Introduction

• Grazing:

A process that involves  

Decisions à actions = intake
Where?

Which?
Frequency 
and intensity

How?
When?

Circadian Pattern

ü Answer
• ‘Why’?
• ‘How’ can…?

Objectives

• Little information in the nutritional ecology of these  
foraging decisions à diurnal grazing pattern…

Diurnal grazing pattern

Huds on et a l . (1986) Phi l l ips  (1993)
Gibb et a l . (1998)
Orr e t a l . (1991)
Taweel  e t a l . (2005)

Sinc la i r (1977)
Prins (1996)

Champion et a l . (1994)
Orr e t a l . (1997)

Ael lo and Gomez  (1984)
Gregorin i  e t a l . (2007)

(Adapted from Gregorini et al, 2013)

MINDY (virtual grazing dairy cow) Grazing
Ruminating
Idling
Milking

DuskNoonDawn MidnightMidnight

(Adapted from Gibb, 2006)
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(MINDY, Adapted from Gregorini et al, 2013)

Diurnal grazing pattern
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• Particular differences between grazing meals

Grazing
Ruminating
Idling
Milking

(MINDY, Adapted from Gregorini et al, 2013)

Diurnal grazing pattern
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Grazing
Ruminating
Idling
Milking

Take home message

Ruminants show 
behavioural actions and 
patterns indicating that 

they prefer to graze late in 
the day 

Diurnal grazing pattern
ü … reasons why?

• Herbage chemical composition
• Photoperiod
• Rumen fill and function
• Anti-predator strategy

‘ … have not been determined’

(Cosgrove and Edwards, 2007)
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Herbage feeding value
Herbage feeding value

Fe
ed

in
g 

va
lu

e

Time of day

‘Since leaf is  the major dietary 
component… it is  suggested that 
more attention is given to the leaf 
component…’ (1975)

Herbage

Leaves

• CP: 281 vs. 248 g/kgDM (Delagarde et al. 2000)

• WSC: 76 vs. 105 g/kgDM (Trevaskis et al. 2001)

• Starch: 6 vs. 69 g/kgDM (Griggs et al. 2005)

• Toughness: 1.8 vs. 1.1 N/mm2        (Gregorini et  al. 2009)

PSRI: 17 vs. 50 g/kgDM 

• Linolenic & Linoleic: 6% more (Vasta et al. 2012)

Take home message

Herbage feeding value 
increase during the day, 
being the highest late in 

the afternoon

• IF capable of >90% of DMI in 4 hrs.
Why graze in the morning?

• Dusk grazing events last the same…

What stimuli determine 
such a pattern?

(Gregorini 2011; Rutter et al. 2002)

Fisher et al. 1999; 2002; Burritt et al. 2005

Preference

Newman et al. 1995

Fitness
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Photoperiod Photoperiod, the cue to start…

Ingestive
Digestive

Metabolic 

Regular and rhythmic

Predictable

Adaptable
Anticipatory behaviours 
and pre-meal strategic responses

Biological clock synchronized by light cycle
Hypothalamic suprachiasmatic nucleus

f (time of day) 
Orexigenicneurotransmiters. e.g.: NPY

(Leibowitz 1992; Akabayashi et al 1994)

Paraventricular hypothalamic nucleus
Sub-oscillators (~ sub-clocks) 

Secretion of melatonin à seratonin depletion

Melatonin and pre-meal responses: 
• Glucose level
• Insulin
• Metabolic rate

(Strubbe and Woods 2004; Nikkhah 2011)
Serotonin: 
• Reward functions @ mesolimbic syst.
• CHO cravings/ Tryptophan. 
• Serotonin depletion symptoms

(Blundell, 1995; Pittroff and Soca 2006; Gregorini et al 2006)

• [Low levels of glucoseà release of ghrelin (Roche et al 2008) ]

Take home message

Ruminants seems to be 
synchronized - grazing 

pattern - with photoperiod 
… to use the feeding 
environment better

Ingestive-digestive 
interactions
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‘…it is therefore reasonable to expect 
that grazing behaviour reflects variations 
in feed intake and the quality of herbage 
eaten’ (1975)
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(MINDY, Adapted from Gregorini et al., 2015)

• During the ‘dusk’ grazing event

(MINDY, Adapted from Gregorini et al., 2015)
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• Grass vs. legume
& C:N balance 

• Rutter (2006) 

• Nutrient supply
• Trev as k is  e t a l . (2001); 

• Taweel  e t  a l  (2004) 
Gregorin i  e t a l . (2008);  

Bri to  e t a l  (2009)

Predator hazard
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(MINDY, Adapted from Gregorini et al., 2013)

• Orr et al. (1997); Gibb et al. (1998); Taweel et  al (2004) 

?
(Adapted from Gregorini et al.  2009)
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‘These measurements (tensile strength and 
toughness) could give a guide to breakdown 
of herbage… indicating easiness of harvest’ 
(1975)

Minimizing grazing energy 
expenditure rather than….?

• During the ‘dusk’ grazing event

(MINDY, Adapted from Gregorini et al., 2015)
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If ingestive chewing is more efficient, 

• Rumen loads
• Fermentation rates

• Digesta outflow rates
(Dove et al. 1988; Okine et al. 1989; 

Gregorini et al. 2008)

If eating rate à rumen 
contractions

(Freer and Campling 1965)

Serotonin 
depletion &CCK

(Li et al. 20004; Bruce and Huber 
1973; Pittroff and Soca 2006; 

Smith 1996)

• During the ‘dusk’ grazing event • During the ‘dawn’ grazing event

Highest intake rate (fresh) 
when nutritive value is the lowest… Why?

DuskNoonDawn MidnightMidnight

(Adapted from Gibb, 2006)

Wake up and seek
(Toates 2002)

Uncomfortable ‘emptiness 
feeling” (rumen fill)

(Thomson et al. 1985; Taweel et al 2004)

G
hr

el
in
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Hunger deceives them!
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Rumen fill 
(% of rumen fill after morning meal)

P< 0.001

(Adapted from Gregorini et al. 2009)

(Adapted from Gregorin i  e t a l. 2009)

(Adapted from Gregorin i  e t a l. 2007)

• During the ‘dawn’ grazing event

But grazing bouts are the shortest… why?

• High herbage intake rate (FM)
• Low chewing efficiency
• Greater herbage toughness

• Large particle size
• Greater water content

• Regurgitation failures

• Pseudo-rumination

• Delay rumination and 
grazing bouts

• Increase retention time
• Acetogenic fermentation

(Deswysen and Ehrlein1979; Kennedy 1985; Taweel et al. 2004; Gregorini et al. 2008)

Serotonin Circadian Pattern
(Smith 1998; Pittroff and Soca 2006)

• Large volume/short time
• Limit packing capacity

• Filling sensation
• Premature cessation
• Ingestion deceleration

(Schetitini et al. 1999; Whetsell et al. 2004; Chilibroste et al. 2005)

Uncomfortable filling 

• During the ‘dawn’ grazing event

But grazing bouts are the shortest… why?

Reduction [L-glutanate, 
L-Aspartate] à less  NPY

(Miner 1992)

Rapid increases & 
short-term excesses
(Chilibroste et al. 2000;  Cosgrove et al. 

1999; Chapman et al. 2007)

Ammonia

• During the ‘dawn’ grazing event
Take home message

It is easier and worthier for 
ruminants to graze late in 

the day…
and…

The rumen or herbage alone do not 
tell the whole story
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Strategic management

‘…it is possible that some improvement 
in production could be obtained by 
allocating new pastures each evening 
so that the less attractive pasture would 
be available during daylight hours’ 
(1977)

• Altering frequency, intensity and temporal 
distribution of meals

• Through: Timing of herbage allocation
Since the work of Mayland et al. (1998)

Orr et al. (2001)
Trevaskis et al. (2004)
Abrahamse et al. (2009)
Vibart et al. (2011)

Gregorini et al. (2006)
Gregorini et al. (2007)
Gregorini et al. (2008)

Vibart et al. (2011)
Andueza et al. (2011)
Vasta et al. (2012)

AM

PM

(Adapted from Gregorini et al. 2006)

Greater:
• Nutrient intake
• Rumen fermentation
• Glucogenic nutrient supply
• Microbial protein flow
• Digesta outflow rates

2-10% milk/d 150-310 g ADG 

MUFA: 3.5% more
PUFA: 11% more
n6/n3 ratio: 7% less 

Oleic acid: 20% more
Rumenic acid: 13% more
(Loor et al 2003 & ~Avondo et al 2008 [goats])

More and healthier 
animal products

(functional foods)

• Through: Hunger and pasture 
management for short and intensive 
grazing events
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(Gregorini et al. 2009)

Increase:
Meal duration
Eating time
Intake rate
Bite mass
Bite area
Bite rate

Decrease:
Searching time
Chewing efficiency
Bite depth

(Gregorini 2011)

Uncomfortable state that 
motivates feeding and 

strategic ingestive 
behaviour to overcome the 

discomfort.
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• Chilibroste et al. (2007) 
Short-term fasting as a tool to design 
effective grazing strategies for lactating dairy 
cattle: a review (Aust. J. Exp. Agric. 

47:1075) Same 
DMI (4.4 ± 0.2 kg DM/d)
ADG (660 ± 40 g/d)
BCSG (0.013± 0.002) pts./d)

PM

FastingFPM

• Timing of fasting and herbage allocation
(Gregorini et al., 2007)

Digestive 
inefficiency 

& 
reduction in DMI by 

dairy cows
(Gregorini et al 2009; Kennedy et al 

2009; Clark et al. 2010)

Strategic 
timing of 

supplementation

(Adams et al. 1985; Gekara et al. 
2005; Gregorini et al. 2010)

• Timing of supplementation

Adams (1985) J.  Anim. Sci.

• Treatments: Early vs. late morning maize grain 
supplementation

• Animals: Beef steers
• Pasture: Russian ryegrass
ü Greater ADG for late morning supplementation

Gekara et al. (2005) J.  Anim. Sci.

• Treatments: morning vs. evening concentrate 
supplementation

• Animal: Beef cows
• Pasture: Grasses

ü Greater DMI, grazing time and pasture 
utilization for morning

• Timing of supplementation

Hess et al (2002) Proc. WSASAS.

• Treatments: AM vs. PM maize grain 
supplementation

• Animals: Beef heifers
• Pasture: Bromegrass
ü Greater  forage OMI,  total OMI rumen NDF 

digestibility and less SR for AM
supplementation

Sheahan et al. (2012) J.  Dairy. Sci.

• Treatments: AM vs. PM concentrate 
supplementation

• Animal: Dairy cows
• Pasture: Ryegrass

ü Greater marginal response to supplements for 
AM

• Timing of supplementation

Gregorini et al (2010) J. Dairy Sci.

• Treatments: 9BHvs. 1BH maize silage
• Animals: Continuous culture fermenters
• Pasture: Orchardgrass
ü Greater  (13%) glucogenic nutrient supply, and 30 % 

less rumen ammonia for 9BH supplementation

Time	 of 	day
0700 1600																1500 1840		 20001720											

CTL

9BH

1BH

1st 2nd 3rd
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• Timing of supplementation

Al-marashdeh et al (2015) –in doors-
Same as Gregorini et al (2010) BUT real cows

• Treatments: 9BHvs. 1BH maize silage
• Pasture: ryegrass

Measurement 1	BH 9BH
Herbage	DMI 10.4 11.2
Milk	 Yield 15.4 18.8

Milk	 Solids	 (Fat	+Prot) 1.5 1.6

Rumen-NH3	 (mmol/l) 6.4 5.84

Total	 VFA	(mmol/l) 186.5 193.7

Propionate	 (mmol/l) 19.7 23.4

Acetate	(mmol/l) 155.7 159.5

• Timing of supplementation

Al-marashdeh et al (2015) – Grazing-
Same as Gregorini et al (2010) BUT real cows

• Treatments: 9BHvs. 2BH maize silage
• Pasture: ryegrass

Measurement 2 BH 9BH
Herbage	DMI 10 11

Substitution rate 0.5 0.2
Milk	 Solids	 (Fat	+Prot) 1.2 1.3

• Is timing the only strategy to alter 
grazing patterns?!

• Diurnal pattern of selectivity 

Dry and lactating ewes
(Parsons et al., 1994)

Lactating cow
(Rutter et al., 2004)

Heifers
(Rutter et al., 2004)

Sarda ewes
(Rutter et al., 2005)

vs.

Would MINDY show deferential pattern of 
diurnal selectivity for grass and clover? 
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• Simulation examples: RG vs. WC patterns of preference and 
selective behaviour. • Simulation: Mixed sward, overnight fasting,

a breakfast of either soybean or barley before RG and WC. 

0 8 :0 0                    10 :00                    12 :00 0 8:0 0                   1 0:0 0                   1 2:0 0
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(Gregorini et al., 2014 – Martins et al 2014 – Emmick2007)

• An alternative/complement to supplements…
and hunger! Herbage allowance 

‘Animal performance in most grazing 
experiments is influenced by both the nutritive 
value of herbage and also the quantity of feed 
offered’ (1975)

‘Therefore, consumption of digestible 
nutrients depends on herbage allowance’ (1977)

14% more milk

Mattiauda et al. (2004)
Fasting 8 hs

Perez-Ramirez et al. (2009)
Fasting 19 hs

• Similar milk production and DMI to non-fasted 
cows at the same herbage allowance

Kg DM/cow/d
25
40

13
24

5% more DMI
7.3% more milk
12% more milk protein

‘Animal production could be improved by 
dense leafy swards and selecting leafy 
pasture plants, which are easily harvested, 
and grazing practices which maintain swards 
near as possible to optimum for easy 
defoliation’ (1975)

BUT! Thinking about a simple amount of herbage 
appears to be incomplete...

25% greater bite mass
15% greater intake rate
17% shorter bouts

Iason et al. (1999)
Fasting 14.5 hs

Soca et al. (2000)
Fasting 20 hs

SSH (cm)
3
5

18
26

16% shorter bouts

13% greater bite mass
37% greater bite rate
34% shorter bouts

Orr et al. (2001)
Fasting 24 hs

Dougherty et al. (1989)
Fasting ~2 hs

Forage species
Ryegrass

White clover

Tall fescue
Lucerne

18% greater intake rate
23% greater bite mass
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• Last but not least: Leaves’ accessibility...

~30%

~20-
30%

~50%
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Increase: 
BM and IR

Increase:
Bites/ feeding stations

Evenness of grazing

Reduce:
Area explored (walking)

(Gregorini et al. 2007,2009, 2011)

Therefore…
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Take home message

We could:
• Increase efficiency of and manage harvesting nutrients from pastures
• Reduce regrowth heterogeneity and ingestive constraints
• Reduce environmental impact (e.g. capture UN, reduce pasture damage)
…and then 

ü Think of short, intensive and more efficient grazing events

Conclusions
‘A three-dimensional sampling of pasture is necessary to 

understand the feeding behaviour of grazing animals ’ (1975)

ü A better understanding of the diurnal grazing pattern
enables us to:

• Match plant-rumen and animal processes, and alter 
the connections among meals into a temporal (the 4th

dimension) arrangement that increases and or 
differentiates nutrient supply to grazing ruminants.

Support and 

time are really 

appreciated!
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Thank you very much!

To all of whose hearts beat faster
when watching them graze

Betteridge et al. (Proc. NZ Grassland Assoc., 2013)

è Urination behaviour and N excretion of  non-lactating dairy cow strip grazing a 
ryegrass dominated sward.

Variable Predicted NRMSE (%)

Herbage DMI (kg/d) 10.5 15.3

Number of Urinations 11 20.5

Urine volume (L/d) 35 18.5

Mean N concentration (g/L urine) 6.6

Variable Predicted NRMSE (%)
CONTROL

Herbage DMI (kg/d) 12.4 11.5

Number of Urinations 18 8.3

Urine volume (L/d) 53

Mean N concentration (g/L 
urine)

6.14

Total water drank (L/d) 27 4.6

1x8
Herbage DMI (kg/d) 11.3 1.6

Number of Urinations 13 3.9

Urine volume (L/d) 41

Mean N concentration (g/L 
urine)

6.9

Total water drank (L/d) 23 10.3

Stand-off Stand-off

Control

1x8

Clark et al. (J. Dairy Sci., 2010)

è Water consumption, Urination frequency and N excretion of  lactating 
dairy cow strip grazing a ryegrass dominated sward with or without  
restriction of time at pasture.

~ 40% of urinations
~ 50% of urine volume
~ of highest [N]


