The American Holstein dairy cow during early lactation: grazer or browser?
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I ntroduction

Early lactation in high producing dairy cows ha®tehe focus of extensive research for
indoor feeding systems covering an ample rangepts$ (eg. Thatcher et al., 2006; Van
Knegsel et al., 2007; Liu et al., 2009; Robins210). This volume of scientific information

contrasts with the limited and rather recent redeam early lactation in high producing

grazing dairy cows (Meikle et al., 2004; Kennedyakt 2007; McEvoy et al., 2008, 2009;

Adrien et al., 2010).

Grazing the whole year round represents the dorhiieaing system in southern regions of
South America like Uruguay, Argentina and Brazilajbt adaptive changes occur during the
transition period (3 weeks before and 3 weeks afédving) to cope with the high energy

demands of lactation. This transition from pregnaohlactating state to the nonpregnant
lactating state represents a dramatic change forctiw, as nutrient requirements exceed
dietary intake potential, and thus a state of negatnergy balance is established to provide
additional substrate for milk production. The mdactor affecting the negative energy

balance is dry matter intake (DMI) which under gngzis largely determined by herbage

state (Chilibroste et al., 2005). We have studiddptive changes in grazing behaviour of
milking dairy cows related to contrasting feedingategies (Chilibroste et al., 2007)

involving adult and primiparous dairy cows that s& the milk production peak (over 60

days in milk). Just recently we focussed on thesitéon dairy cow under grazing (Meikle et

al., 2004; Chilibroste et al., 2008a,b; Adrien &t 2010) seeking to integrate adaptive
responses of the transition dairy cow at ingestiiggstive, metabolic and endocrine levels.

The metabolic variations that occur during the gemtum period can be monitored by the
concentration of some metabolites in blood. Morepebanges in several metabolites and
hormones are thought to be the signals that inftren reproductive axis regarding the
energetic status of the animal. While much reseaeshbeen performed in this area in the
last decade in indoor systems of production, thgsiofogical pathways that link this
negative energy balance (milk production - intakéh reproduction under grazing systems
is still scarce. This is of importance since besidhe known gap between demand and
requirements during the transition period (Drackl@®99), grazing cows in the South-
American pastoral system do not get sufficient drgtter intake to sustain the high milk
production that can be achieved with the availag@eetic potential (Kolver and Muller
1998). Besides, grazing dairy cows require extergnto cover the daily 4 ways trip from
the milking parlour to the paddock. Our recent aeske shows that primiparous cows, even if
presenting higher BCS during the prepartum periah tmultiparous cows, present longer
anovulatory intervals (Meikle et al. 2004, 2006;rikd et al. 2010). Although primiparous
cows produced less milk, they presented higher sterified acid concentrations (NEFA),



indicating more lipid mobilization and lower insulike growth factor | (IGF-I)
concentrations than multiparous cows (Meikle e28D4). Body condition score at calving
(Meikle et al. 2004) and BCS nutritionally reguldtat the initiation of the transition period
(Adrien et al. 2010) also affected both the bloedameters and the length of anovulatory
interval; and this effect was more important immppgarous cows. Overall, the reproductive
performance, BCS evolution and the endocrine mikeggest that the negative energy
balance that occurs during the transition periodairy cows is more severe in primiparous
than in multiparous cows under grazing conditions.

The objective of this paper is to establish thduerice of herbage allowance on milk
production and grazing behaviour of primiparousdtiih dairy cows during early lactation.
We do expect with this information to contributeanswer the question raised in the title:
“the Holstein high producing dairy cow in early lactation: behave like a grazer or like a
browser ? Preliminary reports of this research has beerighdd by Adrien et al., (2008),
Chilibroste et al. (2008a,b), Meikle et al., (2008)Je are not aware of other studies in this
subject involving early lactation primiparous dadgws.

Materialsand Methods

The experiment was carried out at the EEMAC Resed@tation, Agronomy Faculty,
Uruguay (30° S) between March th8 &nd June the™of 2005. Primiparous dairy cows
(n=44, BW= 595+41 kg, age at calving= 2.96+0.11rgeend BC=3.7%0.3) were blocked by
BW, age and BCS, and randomly assigned from caluimgo 60 days in milk to one of the
following grazing treatments (n=11 each): high (k38,kg DM cow day), medium (MA, 15
kg DM cow day") and low ¢ herbage? allowance (LA, 5 kg DM cow fJay

Management and Feeding

Cows were milked at 05:00 and 16:00 h and werevaltbto graze between 08:00 and 15:00
h every day on a 7-day rotation schedule on a mastuTall fescueKestuca arundinacea),
Birdsfoot trefoil (otus corniculatus) and White clover Trifolium repens). Individual milk
production was recorded daily while milk samplegeviaken during 4 milkings each week
and one representative weekly milk sample was ardlyor protein, fat and lactose with a
milko-scan (Foss Electric®, 133b).

The cows always grazed in adjacent independens @geparated by an electric fence. To
achieve the targeted herbage allowance the 11chfging cows per treatment grazed plots of
1.0, 0.5 and 0.25 ha for HA, MA and LA, respectyvétvery week the three treatments were
moved to a set of new plots with the same conditidone of the plots were re-grazed
during the experimental period.

All the cows were individually supplemented at IBwith a mixture of corn silage (10 kQ)
compound feed (4.8 kg) and grass hay (0.4) on shfmeight basis. The mixture was
designed to cover maintenance plus 8-10 | of milleach individual animal leaving any
other difference to pasture intake at grazing.

Pastur e deter minations
Herbage mass before and after grazing was estimatigld a rising plate meter
(ASHGROVE) using the double sampling technique @&k and Shaw, 1975). Botanical



composition of the pasture before and after gramiag assessed by visual observations in a
square of 0.3*0.3 m randomly distributed acrosspiloés (12, 6 and 4 replicates for available
herbage and 18, 12 and 8 replicates for refusetagger on plots HA, MA and LA,
respectively). At each observation point area ommlipy grasses, legumes and weeds were
determined.

Herbage mass depletion was estimated measuringhtheith the rising plate for each
treatment every hour during the grazing sessior.prbcedure was repeated in weeks 2, 4, 6,
7 and 8 of the experiment.

Grazing behaviour deter minations

On weeks 2, 4, 6 and 8 each treatment was obselweadg three alternate days every 15
minutes and the number of cows grazing, ruminatingn other activities recorded. In the
same weeks during three alternate days 4 individoals from the same block of each
treatment were observed. During three grazing eesf 1 hour bite rate (bites per minute)
was counted for each individual cow every 15 misufehe grazing session started at 08:00
(INITIAL), 10:30 (MIDDLE) and 13:30 h (FINAL).

Other deter minations

Blood samples were taken weekly from one month feeto two months after calving.
Plasmatic levels of total protein, albumin, ureagnnesterified acids (NEFA)f-
hydroxybutyrate (BHB) and cholesterol, determinedrg 2 weeks during the experimental
period (Meikle et al., 2008).

BCS was registered weekly (scale 1=emaciated, 5&E@mnonson et al. 1989) from three
weeks previous to the expected calving date tie@ks postpartum.

Statistical Design and Analysis
The experiment was run as a completed randomizesk lalesign.

Probability of animals grazing, ruminating or irhet activities while in the grazing plot was
analyzed with a General Lineal Model as repeategsorements in time (GENMOD of SAS
v. 8) with the following model:

LN( Pjm / (1 = Rum) =p + 7 + B+ A + Si(A) +1m + MT)im + Tid1(A) +Smm(Ai)

where:

Pium Probability of each activity
M overall mean

T, effect of allowance
Bi effect of block
Ak effect of weelg

di(h) effect of day within weeky

(M) interaction between treatment and week

Nm effect of grazing session m

(mt)im interaction between treatment and grazing session
1i0|(M) day effect by treatment within weeks

dmm(Ak) day effect within grazing session and week



Linear and quadratic effects of days in milk on thependant variables were tested and
differences in slope heterogeneity estimated.

Bite rate of individual cows was analyzed as repganeasurements in time using Proc
MIXED of SAS v. 8, with the following model:

Yikm = +1 + By +& + A +ejk + () +Tidi(M) + gjk +tMm + MDim + Mm(h) + Eijkim
where:

Yiik response variable

v overall mean

Ti effect of treatment

Bi effect of block

&ij experimental error within experimental units

Ak effect of weelg

Silk error of repeated measurement (within experimemtiss between weeks)

di(\k) effect of day within weeky

1i01(A) day effect by treatment within weeks

Eijkl error of repeated measurement (within experiniemtiés between days)

Nm effect of grazing session m

(MD)im interaction between treatment and grazing session

dmm(Ak) day effect by treatment within weeks

gjum  error of repeated measurement (within experimemtigs between grazing sessions)

For both models (grazing behaviour and intake ratéjst order autoregressive covariance
structure was selected.

Results and Discussion
Average weather conditions during the experimgoeaiod are shown in Table 1.

Table 1. Weather conditions during the experiment

Week Mean Relative | Precipitation
temperatur| Humidity mm
e %
°C

1 20 73 114
2 18 76 63
3 17 71 1
4 16 67 0
5 18 75 41
6 17 85 14E
7 13 74 0
8 15 74 0

Mean temperature and humidity were relatively Hmghthe autumn season although not
limiting for milk production. Rain ranged from 14%m in week 6 till null in weeks 3, 4, 7
and 8. It seems that the rainy conditions in weekd@ffect milk production in the three
treatments (Fig. 2; p<0.01) without major obsergadifects in the other weeks.



Her bage mass and depletion

Mean availability before grazing during the whagperiment was 2750+275 kg DM
without significant differences between weeks. Experiment was designed in such a way
that height and mass at the end of the plot odmupavere different between treatments
covering a range from restricted condition for gngz( height below 5-7 cm, LA) to non
restricted conditions ( height over 10-12 cm, HAhe evolution of height (ASHGROVE)
throughout 7 days of the plot occupation and ewenyr within each day is shown in Fig. 1.
height depletion in the three treatments followed exponential decay with a constant
fractional rate of -0.01, -0.018 and -0.024 ciftr HA, MA and LA, respectively.

Despite the expected differences between treatmantee constant fractional rate, it is
noteworthy that pasture depletion followed the sdaraed that has been observed on daily
strip grazing with or without restrictions on thecass time of the cows to the pasture
(Chilibroste et al., 2007). In the more intensikeatment (MA and LA) approximately 70 %
of the total forage disappeared, disappeared duhiedirst 4 days which is in line with the
values reported by Chilibroste et al.,, (1999) faily strip grazing management with
allowances of 15 kg DM per cow per day. This metluas during the first half of the time
allocated to each plot the animal faced rapid chamg herbage mass and height, while in the
second half, the animals worked in more stable itiomd, regardless of whether they are
imposed limitations to the harvesting process @r no

Fig. 1. height evolution for high (HA), medium (HMnd low (LA) pasture allowance.
Fitted exponential equations for each treatmentsi@wvn within the figure under series
identification.

| + HA 4 MA = LA ——Expon (HA) ----- Expon. (MA) - —-Expon. (LA) |
25
y = 18.8¢0-024x y = 20.3¢0-018x y = 20.860-01x
n R2=0.97 R2=0.98 R2=0.86
20
o
3 .
515 CRLI : .
g °o .
< ® .
= e
E” 10 I\.:!:l A : l‘é"A‘-A PR
g I.r.‘l‘._. A A*A“ "A“AA
% Spgwtag
% By _0m -_l_.__.
5
0
O O O O
[qV| N L0 —
i —] i —]
0 1 2 3 4 5 6 7
Days

Mean utilization was 47, 61 and 73 % of the ihitrmass for HA, MA and LA, respectively.

Milk production and composition



The average daily milk production differed (p<0.@Ipong groups, being highest in the HA
group (24.30.33 L), followed by MA (22.90.42 L) and LA (18.90.42 L). The trend in
milk production throughout the experimental weekshown in Fig. 2. The difference in milk
production between treatments is established fr@rbeginning of lactation (week 2). While
the difference in milk production between the HAdaNIA treatments remains similar
throughout the experiment, the difference betwden hiigher allowance groups and LA
increases with time. Both milk protein and fat emtdecreased with days in milk (data not
shown). Milk protein content (g/kg) did not diffamong grazing treatments, while protein
yield (kg.cow.day-1) was significantly higher (p@@) for HA (0.740.019) and MA
(0.69£0.024) than for LA (0.560.023). No differences were found among grazingtinents
for fat content while fat yield (kg cow day) wagmificantly lower for the LA group
(0.89t0.04) than for the HA (1.6.03) and MA groups (1.@0.04), (p<0.01).

Fig. 2. Milk production for treatments on high (HApedium (HM) and low (LA) pasture
allowance.

- @ HA --k--MA —u- - [A

27

—— DT R
24 P -y ’,' T \\\ /,i:_--__é
> Y 14 NS }_ s,
[ - Tl ene= \ ’
2o e s Nt
- N = i~ N ’/‘
= N P RN T T \%
= 1 — T T
18 | [ .o . i
1 TN T -1 1
o
1
15
1 2 3 4 5 6 7 8

Body condition score

The evolution of body condition score of the cowshown in Fig. 3. It is noteworthy that the
prepartum management was able to sustain BCSangdbr all the treatments at a desired
level (3.5). Cows in the HA treatment exhibitedigngicantly higher BCS (3.180.03) than
cows in the MA and LA treatments (38503 and 3.0¥0.03; p>0.05). All the treatments
mobilize reserves during the first three weeks raftalving, but while HA cows lost
approximately 0.5 point of BCS, LA cows lost 1 powf BCS besides the lower milk
production. Cows in MA treatment tended to loseybodndition at a higher rate in the first
two weeks postpartum, remaining steady afterwardese changes were reflected by NEFA
levels that increased around calving particulamlyhie MA group that exhibited significantly
higher NEFA level than HA and LA on 15 days postipar (Meikle et al., 2008). It seems
that cows in the MA treatment, although presentingoorer energy balance than HA cows,
were able to mobilize body reserves to sustainlammilk production. Cows in the LA
treatment reduced milk production quickly and imeened at lower levels than the other
treatments.



Fig. 3. Body condition score (BCS) throughout wéaktreatments on high (HA), medium
(HM) and low (LA) pasture allowance.
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Grazing behaviour

The probability of finding animals in grazing adétiwwas significantly affected by treatment,
week, day within week and by interaction treatmbeptweek (p<0.01). Mean values for
probability of finding an animal grazing were 5%, &d 63 % (p<0.05) for HA, MA and LA,
respectively. Probability of grazing increases withe being 57, 64, 68 and 71 % during
weeks 3, 5, 7 and 8, respectively. Surprisinglyhalgh large differences in evolution of
condition (Fig. 1), the probability of grazing wast affected by the interaction treatment by
day within weeks, which means that the treatmeatsgabe similarly within weeks (Fig. 4).
All treatments increased grazing time as grazinggmsses in each plot but without a
significant interaction treatment by week (p<0.01).

Additionally, we tested the probability of animadgazing during the grazing session:
INITIAL, MIDDLE and FINAL. The probability of theirbeing grazing at the initial grazing

bout was not significantly different between treaits (86.7, 90.7 and 91.3 % for HA, MA 'y
LA, respectively). At the end of the grazing sesdioe probabilities of grazing were 52, 53,
and 61 % for HA, MA y LA, respectively. Despite tlager absolute value of LA compared
with HA or MA, differences were not significant begen treatments. For all the conditions
animals grazed actively at the beginning of theigiga session reducing the activity during
the MIDDLE and FINAL grazing bouts.

In our experimental setup time variables like weskmber and days postpartum are
confounded or auto correlated. So we ran an aligegnenodel to study the effect of days in
milk (dpp) on grazing activity. By this means were@ble to test grazing activity of dairy
cows at the beginning of the lactation period adl we test the heterogeneity of slopes
between treatments. Treatment effect was not sgmf (p=0.14) while the linear effect of
dpp (p<0.01) and the interaction treatment*dpp (pSP.Were significant. The estimated
probability of one cow being grazing at the begmgniof the lactation period was not
significantly different between treatments (33.2.83 and 35.0 for HA, MA and LA,

respectively), while the slopes for HA and MA treants (0.39 and 0.44) were significantly
higher than for LA (0.22). Despite the differendedween treatments it is noteworthy the
very low values for grazing time at the beginnirfighe lactation period. Similar values have



been reported for beef heifers (Soca et al., 2@0®) Holstein calves (Chilibroste et al.,
2008c) exposed to a very selective grazing process.

Fig. 4. Mean grazing probability from day 1 to #a(s to end of each plot of 7 days
occupation).
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Grazing probability

Along with the evolution of grazing time we counteide rate on individual cows. All the
effects tested in the model were statistically igant (p<0.01) except the interaction
grazing session by treatment. Mean bite rate werg, 32.7 and 30.0 for HA, MA and LA,
respectively. Likewise grazing time bite rate irages along the weeks being 21.8, 29.2, 37.4
and 38.3 for weeks 3, 5, 7 and 8, respectively.id&ss cows grazed at higher rate in the
INITIAL grazing bout (44.1 bites/minute) than inettMIDDLE and FINAL (26.9 and 23.8
respectively). Finally, we tested the effect of diaymilk (dpp) on bite rate. We detected a
significant treatment effect, linear dpp effect andignificant interaction dpp by treatment.
While at dpp O the mean value for bite rate wasiadol5 bites per minute the slope was
significantly different for HA and MA treatments.f2 and 0.69 bite per minute per dpp,
respectively) than for LA treatment (0.29 bite peinute per dpp). Definitively, the early
lactation primiparous cow faced severe restrictiorfulfilment of required energy under
grazing conditions. Primiparous cows stay in grgzactivity a very low proportion of the
allowed grazing time (< 35 %) and at a very low r@ss than 25 bites per minute) which
suggests a slow and probably very selective gragmgess. It seems that it takes at least
three weeks for the animals to achieve higher watmnparable with those reported in the
literature (Chilibroste et al., 2005). This reséasaggests that differences between treatments
in DMI must be related to significant differenceshite mass according to the condition
faced in each treatment. Herbage mass, heightitgesyzatial distribution, etc. probably play
a major role in this adaptation process. Recerdares in this area (Kennedy et al., 2007;
McEvoy et al., 2008) suggests that low to mediutovances will be enough to cover
requirements of early lactation dairy cows. Oueegsh does not agree with this conclusion.
The lack of responses to higher levels of herbdiggvance seems to be related to the low
adaptation capability to the harvesting procesthefgrazing early lactation cow (especially
primiparous) rather than low or fulfilled requirents.

Conclusions



Early lactation first calving dairy cows exhibited grazing pattern characterized by low
grazing activity and intake rate. Both parametacsaased linearly from calving till day 60
postpartum.The grazing pattern exhibited by the cows resembles more a browser, than a
grazer foraging behavior. Further research is required to determine thenalpi pasture
and/or management inherent factors and their ictierzs that may help the adaptation
process of early lactation Holstein grazing daiws.
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