The beginning...
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However, reality indicates...

* We only have partial control over

— Quality
— Timing
« There are interactions between
the plant, the rumen and the animal

» Animal expresses its innate behavioural patterns

ncARN

its understanding and strategic
management

Dr. Pablo Gregorini
BAgSc (AgEng), MSc, PhD, SARPAS, CFPG, Dipl ACAAB,Dipl ACAN

DairyNz

NZARN Farmers Conference,
24 February 2016, Ashburton, New Zealand
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Grazing pattern

Fluctuation of herbage feeding value
Interactions between ingestive and digestive
behaviours -

Management

Conclusions

ncARN

Grazing:

A process thatinvolves

Decisions = actions = mta
E\ ,2 ) | ‘g
\ Vi \ Ve
SN_7 ~S_-

Circadian Pattern

HeARN

* Little information in the nutritional ecology of these
foraging decisions > diurnal grazing pattern...

v Answer
* ‘Why'?
*‘How’can...?

ncARN

Michight Dawn Noon

Dusk Midnight

(Adapted from Gibb, 2006)

peT

Gibb et al. (1998) Prins (1996)

o etal. (1991)
Taweel et al. (2005)

MINDY (virtual grazing dairy cow)

1]

O hEISS rom Gregon et &1 2675)

E

ot al. (2007)

Grazing
Ruminating
Idling
Milking
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Intake Rate (g DM/min)

+ Particular differences between grazing meals

IS
©

IS
=)

IS
IS

S
N

(MINDY, Adapted from Gregorini et al, 2013) Grazing s
Ruminating 2
idi “‘ARN
Milking

o

I
o

Searchiﬁ’g Step Rate(g?eps/min)

Eating Step Rate (stepsimin)
o
o

o
o
=

[T TTT TTI

(MINDY, Adapted from Gregorini et al, 2013) E Grazing

Rumnat i
iding 2 2
Milking

Take home message

Ruminants show
behavioural actions and
patterns indicating that

they prefer to graze late in
the day

HeARN

v ... reasons why?

y * Herbage chemical composition
= - Photoperiod

) * Rumen fill and function

* Anti-predator strategy _

‘... have not been determined’

(Cosgrove and Edwards, 2007)

HeARN
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Feeding value

Since leaf is the major dietary &
omponent... it is suggested that L
ore attention is given to the leaf

omponent..." (1975)

P: 281 vs. 248 gkgDM (Delagarde et al. 20
SC: 76 vs. 105 gkgDM (Trevaskis et al. 20
arch: 6 vs. 69 gkgDM (Griggs et al. 2005)
oughness: 1.8 vs. 1.1 N/mm? (Gregorini—¢t al. 2008} Leaves
PSRI: 17 vs. 50 gkgDM

inolenic & Linoleic: 6% more (Vasta etal.-2012)

Time of day i‘dRN

Herbage

Take home message

Herbage feeding value

increase during the day,

being the highest late in
the afternoon

ncARN

Fitness

Fisher et al. 1999; 2002; Bunitt etal. 2005

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)
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Bij
H

ical c
lamic

chroni
jiasmatic’

leus

araventricular Rypothal@mic nuﬁ?ﬂ's’"“
Sub-oscillators (~ subclocks)

Regeiar @ndahythsaigonin depietion

f ime of day)
OreXIgemcneerrarsmmels eg..NPY

(Leibowitz 1992; Akabayashi et al 1994)

in and pre-mealresp
* Glucose level
« Insulin

* Metabolic rate
(Strubbe and Woods 2004; Nikkhah 2011)

Serotonin:

* Reward funcions @ mesolimhic syst. st

« CHO cravings/ Tryptophan ngestive
« Serotonin depletian symptoms

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

« [Low levels of glucose> release of ghrelin (Roche et al 2008) ]

Anticipatory behaviours
and pre-meal strategic responses

HeARN

Take home message

Ruminants seems to be
synchronized - grazing
pattern - with photoperiod
. to use the feeding
environment better

ncARN

HeARN
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During the ‘dusk’grazing event

1855

+ Grass vs. legume 11 o

o

& C:N balance " =
Rutter (2006)

* Nutrient suppl 1§§
Trevaskis ot al (2001),

iy i -

Gregorini et al. (2008); =

Brito et al (2003 -4

Ryspare[KEAd (@Kl

RN R Og
Rubden

(NMINIDYY , Adidippiteld fromGBeggorini eétabl., 20055) B .EARN

Intake Rate (g DM/min)

During the ‘dusk’grazing event

‘These measuremerts (tersilestrengthand
toughness) cauldgivea guice to breakdown 4%
ofherbage... indcding easinessofharvest }
(1975)

Minimizing grazing energy
expenditure rather than....?

N W Ao

Ingestive Chewing (shite)

1

®  ©

o o N

(I, AatapBasgbuni Gebguiin20ed)al., 2013)

HeARN

During the ‘dusk’grazing event cuem

Ifingestive chewingis more efficient,

If eating rate > rumen

contractions
(Freer and Campling 1965)

?

Serotonin
depletion &CCK

(Li et al. 20004; Bruce and Huber
1973; Pittroff and Soca 2006;
Smith 1996)

Rumen loads
Fermentation rates

@

T Rumen Fill(kg DM)

Digesta outflow rates
(Dove etal. 1988; Okine et al. 1989;
Gregonini et al. 2008)

Rumen [VFA] (mollL)

oL TTUIT T PO 1

(MINDY, Adapted from Gregorini et al., 2015)

HeARN

During the ‘dawn’grazing event

Mdnight  Dawn Noon Dusk  Mdnight

NI I

(Adapted from Gibb, 2006)

Wake up and see
(Toates 200
Highest intake rate (fresh)

= . o
Uncomfortable ‘emptiness when nutritive value is the lowest... Why?

feeling” (rumen fill)

sz
(Thomson et al. 1985; Taweel etal 2004) i‘- iRN
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During the ‘dawn’grazing event

Hunger deceives them!

N
8

g

P< 0.001

Intake rate (g DM/min)

&
£ DM/ jaw movement

(Adapted from Gregorini et al 20®)

Ghrelin (Mg/dL)
g g

8

33 66 99

Intake rate (g FM/min)

Rumen fill
(% of rumen fillafter morning meal)

>
(Adapted from Gregorini et al 2007)

Searching time (% of grazing sssion)

o 33 66

(Adapted from Gregorini et al. 2009) Rumen il (5% of rumen il after morning meal)

ncARN

During the ‘dawn’grazing event

But grazing bouts are the shortest... why?

» High herbage intake rate (FM) + Large particle size
» Low chewing efficiency + Greater water content

Greater herbage toughness

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

. and
% &;h - ~ Reqwdiatiandfaieresime
crea e re me .
rgg?gj cﬁ%ge;fg o, ° PUBiReRERhSRERCItY
~~~~~ y R TR p ini etal. 2008)
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During the ‘dawn’grazing event

But grazing bouts are the shortest... why?

Rapid increases &
short-term excesses

(Chilibroste et al. 2000; Cosgrove et al.
1999; Chapmen etal. 2007)

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

(Miner 1992)

ncARN

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

HeARN
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‘...itis 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)

HeARN

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

PM More and healthier
E , - |

animal products
— _W (functional foods)

AM

(Adapted fiom Gregorini et al. 2006)

~ Oretal (2001) Gregorini et al. (2006)
A L Tievaskis ef al. (2004) Gregorini  etal. (2007)
- Abrahamse et al. (2009) Gregorini ~ etal. (2008)

Vibart et al. (2011)

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

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])

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

ncARN

Through: Hungerand
forshort and intensive
grazing events

Uncomfortable state that
motivates feeding and
strategic ingestive
behaviour to overcomethe
discomfort.

E 1

H 0‘51/ Increase:
R Meal duration
£ ]\ Eating time

8 Intake rate
Bite mass
Bite area
Bite rate

]/
o ]/ Decrease:
/

oMIM
= oooo
4 B ovRO®ao

Searching time
Chewing efficiency
Bite depth

0 (Gregorini 2011)
0 50 100 150 200 250

IR (g DWmin) ~ BM (g DM
©
8

Plasma Ghrelin (Mg/dL)

(Gregorini et al. 2009) i‘:zﬂRN
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» Tinlibgostéastiag @@DTerbage allocation
Short-term fasting as a tool to degig@orinistal, 2007)

) "g dairy

PM L 2 Same
DMI (44 +02 kg DM/d)
Fasti $ ADG (660 % 40 g/d)
FPM «—— Fasting —° BCSG (0.013% 0.002) pts/d)

!

Strategic Digestive
timing of «——1inefficiency
supplementation &
reduction in DMI by
dairy cows
Ad. tal. 1985; Gekara etal. (Gregorinietal 2009 Kennedyetal
( Z%ngg,'eregarinietael.Zlng)a 2009; Clark etal. 2010)

ncARN

Timing of supplementation

Setuars (085) 2008)i . Biim. Sci.

*  Treatments: Ewiyivey b eevieniimyg coataaigetén
supplementation

* AnimalsBBektotesrs

» Pasture: Busssas ryegrass

v' Greater ADG for late morning supplementation

v Greater DMI, grazing time and pasture
utilization for morning

HeARN

Timing of supplementation

Blessreialet 2020z WSASAS).

+ Treatments: AM vs. PM ousicergraio
supplementation

¢+ AnimalsDBrsf dwifers

* Pasture: Riegegrass

v' Greater forage OMI, total OMI rumen NDF

v GigestibititrghdhlesspdRdoté\Bupplements for
supplementation

ncARN

Timing of supplementation

Gregorini et al (2010) J. Dairy Sci.

+ Treatments: 9BHvs. 1BH maize silage

» Animals: Continuous culture fermenters

» Pasture: Orchardgrass )

v Greater (13%) glucogenic nutrient supply, and 30 %
less rumen ammonia for 9BH supplementation

S I
4
1on | 0
A4
oon | ——
hES 209 3
0700 1500 1600 1720 1840 2000

Time of day

HeARN
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Timing of supplementation <

Lincoln University
Dairy Farm

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

* Treatments: 9BHvs. 1BH maize silage ’IT l"i
» Pasture: ryegrass

Measurement 1 BH 9BH
Herbage DMI 10.4 11.2
Mik 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/) 19.7 23.4
Acetate (mmol/) 155.7 159.5

Timing of supplementation

s ) o
Lincoln University

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

Dairy Farm

+ 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

HeARN

Is timing the only strategy to alter
grazing patterns?!

ncARN

» Diurnal pattern of selectivity

Dry and lactating ewes Lactating  cow Heifers Sarda ewes
(Parsons et al., 1994) (Rutter et al., 2004) (Rutter et al., 2004) (Rutter et al., 2005)

|
Would MINDY show deferential pattern of 5%

diurnal selectivity for grass and clover? Py

HeARN
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Simulation examples: WC patterns of preference and

selective behaviour.

b) Preference

DAl i e, i

ncARN

Simulation:
soybean or barley

08:00 0:0 R

350

g
8

Ray gras IR
“Mix IR
*Brakfist (Soybem)
* White Clover IR

iy IR

. g/min

Dry matter intake rate.

Rayg s IR o

* Brok st (Baley) IR e
“WhiteClovar IR

wc

0800 1000 1200

(Gregorinietal, 2014 — Martinsetal 2014— Emmick 2007) &

An alternative/complement to supplements...
and hunger!

Mattiauda et al. (2004) Kg DM/cow/d

Fasting 8 hs 25

‘Animal performance in most grazing

—> | 14% more milk

expen'ments is infuenced by both the nutritive 5% more DI-VII
PWM@FH@E&@@EKB%% the quanfity o feed 7'30% more mik
offered’ (1975) Fasting 19 hs 24 —> |12% more mik protein

-
‘Therefore, consumption of digestible
nutrie n herbage allowance’ (1977)

S

« Similar milk production and DMIto nonasted
cows atthe sameherbage dlowance

ncARN

BUT! Thinking about a
appears to be incomplete...

‘Anima duction could be wgmz
QM& E§?w'_ardf andselecti e —>
. lants, vav?}/p:% a'rgsqesasjly harvested—>
& ng practices which maintain swads
+.ew. - 0SSible to optimum for easy

defoliation’ (1975)
Boughettyl. ¢2@00Y 1989)

Fasting 2@ hs

Tall figscue
Luggne —>>

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

18% greater intake rate
23% greater bite mass

HeARN
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+ Lastbut not least: Leaves’ accessibility...

z
Leat 23 Increase:
5 BM and IR
2
E 0.5 SSH| 0.5 SSH N, 11
WY
8 N
sem  © Bite
4cm — —
P
AT e | ) ; .:“: -7 Increase:
,\1@‘7‘ O o, (@ 0 5 g Ty Bites/ feeding stations
R R Evenness of grazing

Reduce:

i . Y|
Area explored (walking) r

g
(Gregorini et al. 2007,2009, 2011) “

Take home message

Therefore...

5100

Time perFS (s)

Time of day

We could:
* Reduce regrowth heterogeneity and ingestive constraints

...and then

v Think of short, intensive and more efficient grazing events

« Increase efficiency of and manage harvesiing nutrients from pastures

+  Reduce environmental impact (e.g. capture UN, reduce pasture damage)

ACARN

Conclusions

‘A three-dimensional of pasture is y to
understand the feeding behaviour of grazing animals’ (1975)

v' Abetter understanding of the diurnal grazing pattern
enables us to:

* Match , and alter
the connections among meals into a temporal (the 4"
dimension) arrangement that increases and or
differentiates nutrient supply to grazing ruminants

Dairynz=

Profitaddny Sustanabisny Competitimeness

Support and
time are really

appreciated!
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Thank you very much!

S5 Y

HeARN

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

=» Urination behaviour _and N excretion of non-lactating dairy cow strip grazing a
ryegrass dominated sward.

Volume (L)

Ntrogen concentration(g/L)

00 0
10PM 12AM 1AM 3AM SAM GAM 8AM 10AM 11AM 1PM 3PM 4PM 6PM 8PM 9PM 11PM 1AM
Time of day

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

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

=N concentration

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

-

o
Loo™®
’ dﬁﬁjﬁ °
o
b
= Urination V¢ a
Urination V. ¥

o —
10p.mi2am2am. fam 6am. 8am.10ami2p.m2pm.4pm. 6p.m|8p.m10p.mi2am

& Time of Day

[ — ] Control L
- - AZARN

tandoft tand.oft
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