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Simple Summary: In pasture-based dairy systems, dairy cattle that voluntarily walk back to pasture
immediately after milking access greater feed nutritive value than those cattle milked last. Dairy cattle
that were milked first in our work produced more milk and tended to have a greater yield of milk
solids than cattle milked last. This work highlights the opportunity to improve nutrient use efficiency
on dairy farms through strategic pasture allowance and supplementation.

Abstract: (1) Background: Pasture varies in its chemical composition from the top of the sward to the
base and cattle prefer to eat the leaf fraction. In pasture-based dairy systems, cattle predominantly
walk back to pasture voluntarily after each milking, with the first cattle arriving to pasture hours
before the last. Here we study the impact of pasture composition according to milking order on milk
yield and milk composition for dairy cattle offered grazed ryegrass pasture. (2) Methods: In the first
experiment, individual cow milk yield data were recorded on six farms over 8 months. The herd was
divided into groups of 50 cows for analysis according to milking order. In the second experiment,
the impact of milking order on milk composition and pasture composition accessed was determined
in addition to milk yield on three farms. (3) Results: After accounting for age and stage of lactation
effects, cattle milked first in experiment 1 produced, on average, 4.5 L/cow/day (+18%; range 14 to
29%) more than cattle milked last. In experiment 2, dairy cattle milked first (first 50 cows) in farm 1
had greater milk, protein, and solids non-fat (SNF) yield; and less lactose content than those milked
last (last 50 cows). In farm 2, dairy cattle milked first had greater milk yield, SNF yield, lactose
yield, and fat yield; but less protein and SNF content than cattle milked last. In farm 3, cattle milked
first produced milk with greater fat and protein content than cattle milked last. In line with these
differences in milk yield and composition, the composition of pasture across vertical strata differed,
particularly for crude protein (CP) and acid detergent fiber (ADF) content. Conclusion: This work
highlights the opportunity to increase herd nutrient use efficiency for improved milk production
through strategic pasture allowance and supplementation strategies.

Keywords: milking order; dairy; pasture; precision farming

1. Introduction

Grazed pasture is a low-cost feed when managed well, and as such, is widely used in Australia
as well as in many parts of the world [1]. The depletion of this pasture sward canopy by cattle
typically occurs in successive layers [2,3], which varies in chemical composition with the top of the
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fraction typically containing more crude protein (CP) and less neutral detergent fiber (NDF) than lower
fractions [4,5]. This pasture composition is related to the proportion of leaves, which can decrease as
sward surface height of pasture decreases [6].

In pasture-based dairy systems, farmers typically allow dairy cattle to voluntarily walk back to
pasture after the cattle are milked. For these systems, the dairy cattle access pasture at varying states
of differing nutritive value [5], and as milking order is consistent [5,7,8], dairy cattle will access a
similar state of pasture after each milking. Further, the state of pasture accessed by dairy cattle impacts
milk production levels with dairy cattle offered fresh, non-depleted pasture producing approximately
10% greater milk yield than those cattle offered the same temperate or tropical pasture at a depleted
state [9].

In retrospective data analyses, some studies have shown a strong association between milk
yield and milking order [8,10,11], and others a weak association between milking order and milk
yield [12,13]. Research is required to elucidate the differences in findings between previous work, with
a key being to investigate all variables in the same study, namely milking order, pasture quality and
pasture state accessed, milk production, and milk composition. In addition, pasture-based dairy farms
are intensifying, with herd sizes increasing, and as such the differences in pasture nutritive value
accessed by cattle milked first and last may be increasing. The overall objective of our work was to
determine the impact of milking order and diet composition (pasture quality, pasture mass, and levels
of concentrate) on milk yield and milk composition for large dairy herds as a key step towards the
implementation of precision systems to optimize milk production from pasture. Two experiments
were conducted to complete this objective. Experiment 1 determined the impact of milking order on
milk yield for large pasture-based herds, and experiment 2 determined the impact of milking order
and diet composition on milk yield and milk composition for large dairy herds.

2. Materials and Methods

2.1. Experiment 1

Daily milk yield and grain-based concentrate data from January 2015 to August 2015 were
determined for six dairy farms from Tasmania, Australia (see Table 1). Cattle on these farms were
of predominantly Holstein–Friesian breed and milked at 0500h and 1500h daily. These farms were
selected based on farm size, system, and milking equipment with each equipped with a rotary milking
parlor (50 to 60 bales) and using the ALPRO (DeLaval) software system. The pasture offered to dairy
cattle comprised predominantly perennial ryegrass for all farms and were between 1 and 1.5 km
(maximum) from the milking parlor.

Table 1. The number of cows, days in milk (DIM), mean weekly milk yield (L/cow/day), body weight
(kg/cow), and grain-based concentrate offered (kg/cow/day) for six farms at the start of experiment 1.

Farm
Number Cows DIM Milk Yield

(L/cow/day)
Body Weight

(kg/cow) 2
Grain-Based Concentrate

(kg/cow/day) 2

Mean SD 1 Mean SD Mean SD Mean SD Mean SD

1 451 40 192 97 27.1 8 555 88 10 3
2 519 50 227 119 21.2 6 - - 5 1
3 704 33 178 127 24.6 8 - - 7 2
4 770 41 187 121 26.4 8 - - 7 2
5 497 5 253 35 13.0 3 - - 2 1
6 774 36 278 186 15.5 5 475 77 4 3

1 Standard deviation. 2 7 days average.
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2.2. Experiment 2

In October 2015, the first and last 50 cows milked (as per milking order) on three of these farms
(see Table 2) were selected and had milk samples collected for three consecutive days.

Table 2. The number of cows, milk yield (L/cow/day), days in milk (DIM), and grain-based concentrate
offered (kg/cow/day) for three focal farms from Tasmania at the start of experiment 2.

Farm Number of Cows
Milk Yield
(L/cow/day) Days in Milk Grain-Based Concentrate

(kg/cow/day)

Mean SD 1 Mean SD Mean SD

1 805 28.7 12.9 128 127 4.3 0.6
2 708 23.7 12.4 311 172 1.9 1.1
3 724 22.9 9.8 137 117 4.3 0.7

1 Standard deviation.

Both milk and plant samples were collected across three consecutive days for each farm.
This collection was staggered so that only pasture samples were taken on day 1, pasture and milk
samples on days 2 and 3, and only milk samples on day 4.

Fifty mL of milk per cow per day was stored at 4 ◦C with preservative (bronopol) until analyzed
for fat, protein, lactose, and solids non-fat (SNF) by infrared analysis (Fourier Transform Spectrometer
(FTS), Bentley Instruments FTS/FCM 500 Combi) and somatic cells by fluorescence cytometry analysis
(Flow Cytometer (FCM)) at TasHerd laboratory (Tasmania; Herd Test Centre). Standards were supplied
by Global Proficiency in Melbourne (for fat, protein, lactose, and SNF) and by the Victorian Department
of Environment and Primary Industries laboratory at Ellinbank in Victoria (for somatic cells).

Pasture height (extended tiller) was evaluated using a ruler in experiment 2 for morning pasture
allocations pre-grazing, post-grazing, and every 15 min between the first and last cow arriving to
the paddock. Herbage mass was measured daily during the experiment at nine random sites in the
pre- and post-grazing areas. To determine herbage mass offered to cattle in each paddock, all plant
material within nine randomly allocated quadrats (30 × 30 cm) was harvested to ground level using a
cordless grass shearer (RYOBI-RGS182Li15), the fresh weight was recorded, and each quadrat was
frozen separately before drying at 60 ◦C for 48 hours. The dry matter yield of each quadrat was used
to estimate the herbage mass on pre- and post-grazing areas (average of all quadrats). According to
paddock size and number of cows per paddock, the pre-grazing herbage mass was used to calculate
the herbage allowance (HA, kgDM/ha to ground level). Apparent dry matter intake (DMI; kg/cow per
day) was calculated from the difference between pre- and post-grazing pasture mass and the number
of cows grazing a given area.

The vertical structure of the pre-grazing samples was maintained, labelled, and taken for chemical
composition analysis. All pre-grazing samples were defrosted, pooled based on the day of collection,
cut into 2 cm fractions, and labelled according to stratum level (0 to 2 cm from ground level: stratum
1; 2 to 4 cm: stratum 2, etc.). A representative sample of each quadrat was used to determine the
botanical composition and dry matter content. For botanical composition, the pasture was separated
into ryegrass, clover, and other species. The stratified pasture samples and grain were dried at
60 ◦C for 48 hours, ground to ~1mm, and then analyzed for crude protein (CP, FP628 Food/Protein
Analyzer, LECO, Michigan, USA) and acid detergent fiber (ADF, ANKOM200 Fiber Analyzer, ANKOM,
New York, USA). Organic matter digestibility (OMD) and metabolizable energy (ME) were estimated
according to Ketelaars et al. [14].

2.3. Statistical Analysis

For experiment 1, cattle were classified in milking order groups of 50 animals for the morning and
afternoon milking periods. Daily milking order was the average of the morning and evening milking
order. Animals without recordings were considered missing values. Period (week of the year), parity,
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milking order, and concentrate intake (groups: 0–3.0 kg, 3.1–6.0 kg) were factors in the model, ‘cow’
was included as a random effect, and days in milk (DIM) as a covariate, using the statistical program
SAS, MIXED procedure. Individual cows were offered grain-based concentrate based on feed tables
according to level of milk production. Individual cows were considered as an experimental unit and
period as a repeated measurement. To determine the effects of milking order (MO) (11 to 24 groups
accounting for variation in cow number through time), period (P) (31 groups including data from the
start of January to the last week in August), parity (PA), DIM (D), and concentrate intake (C) (2 groups)
on milk yield (MY) (Model 1) a mixed linear model was fitted to the data as follows:

MYijklm = µ + MOi + Pj + PAk + Cm + b1(D)ijklm + εijklm (1)

where MY is the dependent variable, µ is the overall mean, b1(D)ijklm is days in milk as a covariate
and εijklm is the random experimental error.

For experiment 2, milk yield and components for the first and last 50 cattle and pasture results
were analyzed using the statistical program SAS, MIXED procedure. ‘Cow’ was included as a random
effect; individual cows were considered as an experimental unit, and day as a repeated measurement.
Days in milk, parity, and grain intake were excluded in the model, as they were not significant in the
preliminary model (p > 0.05). To determine the association between milking order (MO) (first and last
50 cows) and milk yield (MY), milk component (M) or pasture composition (P), a mixed linear model
was fitted to the data as follows:

MYi or Mi or Pi = µ + MOi + εi (2)

where MY, M or P are the dependent variables, µ is the overall mean, and εi is the random
experimental error.

3. Results

3.1. Experiment 1

There was a strong association between morning and afternoon milking order (y = 0.51 + 0.92x;
R2 = 0.87, p < 0.001). Milking order was negatively associated (p < 0.01) with milk yield in all
farms. The predicted mean milk yield difference between the first 50 and last 50 cows for all farms
was 4.5 L /cow/day, equating to 18% less milk volume (Table 3).

Table 3. Milk throughput (cows/hour), milking duration (hours/day), and milk yield difference
(MYdif) between the first 50 and last 50 cows for each of the 6 farms.

Farm
MYdif

(%)
MYdif

(L/cow/d)
Number of Cattle Milking Throughput

(cows/h)
Milking

Duration (h/d)

Mean SD 1 Mean SD Mean SD

1 17 –5.0 476 115 210 38 2.3 0.9
2 19 –3.9 568 172 212 40 2.7 0.9
3 29 –7.5 700 111 231 42 3.2 0.9
4 15 –4.1 776 118 178 29 4.5 0.9
5 14 –2.3 618 82 272 47 2.3 0.6
6 16 –3.4 763 210 232 55 3.4 1.2

1 Standard deviation.



Animals 2019, 9, 60 5 of 11

3.2. Experiment 2

Number of lactations and DIM for the first and last cows milked were similar within each farm
(Table 4). Mean days in milk, parity, and grain intake were similar (p > 0.05) between the first and last
cows milked. Pasture nutritive value on offer to the first and last cows differed for all farms apart from
farm 1; however, the trend in CP and ADF for farm 1 was similar to the other farms with CP being
greater and ADF reduced for the first cows as compared to the last cows. Dairy cattle milked first
(first 50 cows) in farm 1 had greater (p < 0.05) milk yield (8%), protein yield (12%), and solids non-fat
yield (4.5%), and 2% less lactose content than those milked last (last 50 cows). For farm 2, dairy cattle
milked first had greater (p < 0.05) milk yield (11%), SNF yield (7%), and lactose yield (7%), but 2% less
protein and 3% less SNF content than cattle milked last. In farm 3, cattle milked first produced milk
with 6% greater fat and 3% greater protein content than cattle milked last.

Pasture botanical composition, herbage allowance, pasture intake, and duration of milking for
each farm is provided in Table 5.
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Table 4. Mean days in milk (d), lactation number, milk yield (L/d) and composition (%), pasture height (cm), and pasture nutritive value accessed for the first 50 and
last 50 cows milked for three farms.

Variable
Farm 1 Farm 2 Farm 3

First Last SE 1 p Value First Last SE p Value First Last SE p Value

DIM (d) 300 301 16.3 NS 106 107 8.4 NS 218 218 5.2 NS
Number of lactations 1.3 1.3 0.46 NS 2.1 2.3 1.38 NS 3.0 2.5 1.84 NS

MY (L/d) 24.6 22.8 0.54 * 30.4 27.3 0.65 * 23.1 23.2 0.68 NS
Fat (%) 4.2 4.4 0.08 NS 3.7 3.8 0.07 NS 3.7 3.5 0.06 *

Protein (%) 3.7 3.7 0.04 NS 3.8 3.9 0.04 * 3.7 3.6 0.03 *
Somatic Cell Count (×1000) 54.7 70.5 12.42 NS 82.0 100.6 22.88 NS 69.2 70.6 16.48 NS

SNF (%) 2 9.4 9.5 0.04 NS 9.5 9.8 0.05 * 9.6 9.5 0.03 NS
Lactose (%) 5.1 5.2 0.02 * 5.0 5.0 0.02 † 5.1 5.1 0.02 NS

Fat yield (kg/d) 1.0 1.0 0.02 NS 1.1 1.0 0.02 † 0.9 0.8 0.03 NS
Protein yield (kg/d) 0.9 0.8 0.02 * 1.1 1.1 0.02 NS 0.8 0.8 0.02 NS

SNF yield (kg/d) 2.3 2.2 0.05 * 2.9 2.7 0.06 * 2.2 2.2 0.06 NS
Lactose yield (kg/d) 1.3 1.2 0.03 † 1.5 1.4 0.03 * 1.2 1.2 8.43 NS
Pasture height (cm) 20.9 18.4 1.6 NS 22.7 15.7 1.6 * 26.9 20.4 1.6 *

Pasture stratum 11.0 10.0 0.8 NS 12.0 8.0 0.8 * 14.0 11.0 0.8 *
Pasture crude protein (%) 23.4 21.9 0.9 NS 28.7 23.5 0.9 * 21.2 18.1 0.9 *

ADF (%) 3 25.4 27.6 1.2 NS 23.6 29.4 1.2 * 23.6 25.8 1.2 NS
OMD (%) 4 68.9 68.3 0.3 NS 69.4 67.8 0.3 * 69.4 68.8 0.3 NS

ME (MJ/kg/DM) 5 10.3 10.2 0.0 NS 10.4 10.2 0.0 * 10.5 10.4 0.0 NS

* p < 0.05; †: p < 0.10; NS: Not significant (p > 0.10); 1 Standard Error; 2 Solids-not-fat; 3 Acid detergent fiber; 4 Organic matter digestibility; 5 Metabolizable energy.
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Table 5. Pasture botanical composition (%), herbage allowance, pasture intake, duration milking (h),
grain-based concentrate allocated (kg/cow/d), and grain crude protein % for each farm.

Variable Farm 1 Farm 2 Farm 3 SE1 p Value

Ryegrass (%) 89.6 a 85.5 a 71.7 b 1.1 *
Clover (%) 5.8 b 10.1 ab 16.1 a 1.1 *

Other species (%) 4.6 b 4.3 b 12.3 a 1.1 *
Area grazed morning paddock (ha) 4.2 a 1.1 b 5.1 a 0.3 *

Pre-grazing height (cm) 20.9 b 22.7 ab 26.9 a 1.4 †
Post-grazing height (cm) 11.5 10.5 12.2 2.0 NS

Pre-grazing mass (kg/DM/ha) 4022 b 4162 b 5641 a 389 *
Post-grazing mass (kg/DM/ha) 2317 b 2729 ab 3688 a 408 *

Herbage allowance (kg DM/cow) 34.1 a 11.9 b 40.1 a 3.8 *
Pasture DMI2 (kg/DM/cow) 10.2 ab 4.1 b 13.9 a 1.8 *

Duration milking (h) 2.2 b 1.5 c 3.0 a 0.1 *
Grain (kg/cow/d) 1.9 b 4.2 a 4.3 a 0.03 *

Grain crude protein (%) 5.9 8.4 11.1 - -
a-c Means within a row with different superscripts differ (*: p < 0.05, †: p < 0.10, NS: Not significant and p > 0.10);
1 Standard Error; 2 Dry matter intake (DMI) from morning paddocks.

There was a linear increase in CP, OMD, and ME and a decrease in ADF content from the bottom
to the top of the pasture sward in all farms (Figure 1). These differences were more pronounced in CP
content for the top stratum compared with the bottom stratum (106%).
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Figure 1. The association between crude protein (CP) (a), acid detergent fiber (ADF) (b), organic
matter digestibility (OMD) (c), metabolizable energy (ME) (d), and pasture stratum (in cm) for Farm 1
(black circle), Farm 2 (white circle), and Farm 3 (black square). a: 10.9 + 1.05x, R2 = 0.58, p < 0.0001;
b: 39.4 − 1.27x, R2 = 0.67, p < 0.0001; c: 65.1 + 0.34x, R2 = 0.67, p < 0.0001; d: 9.8 + 0.05x, R2 = 0.67,
p < 0.0001.
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4. Discussion

Our work is the first to together show the association between milking order and milk yield,
and milk composition and pasture nutritive value accessed by grazing dairy cattle. The first cows to
be milked produced, on average, 18% more milk than those milked last with a range for individual
farms of between 14 and 29%. Changes in the nutritive value of pasture that cattle access after milking
could be key to these findings. Work from our laboratory [5] with an intermediate herd size (350 cows),
showed the crude protein on offer to cattle to decrease by 21% and acid detergent fiber to increase by
15% from the time the first to last cattle accessed pasture voluntarily after 1.7 h of milking duration.
In comparison, differences in milk yield between the first and last cows in experiment 2 were less
than experiment 1 (10% vs 18%, respectively). This could be explained by the overall changes in
pasture nutritive value that occur between seasons, with spring pasture having a greater nutritive
value as compared with summer/autumn pasture [4,15] and a potential greater energy deficit in the
summer months compared to spring. The greater overall nutritive value of pasture offered to cattle
in the spring may have also reduced the differences in milk production from the first to last cattle.
Whilst nutritive value and the amount of feed on offer are likely drivers of differences in milk yield
with milking order, higher yielding animals may have been more eager to be milked first. However,
recently published work [9] isolated the impact of fresh or depleted pasture swards on milk yield
and showed a similar reduction in milk yield to those animals milked first or last in the current study.
This would suggest that those animals milked first in the current study ingested pasture of greater
nutritive value, as per what was on offer, compared with those milked last. Further work is required
to elucidate these differences in actual pasture ingested between cattle.

In addition to milk yield, milk component yield tended to be greater for those cattle milked first
as compared to the cattle milked last. However, the impact of milking order on milk composition was
variable between farms. The greatest differences in milk yield and composition were found in farm 2.
Cows that were milked first produced 11% more milk yield, 7% more solids non-fat yield, and 7% more
lactose yield than those milked last, and these differences were reflected in changes in pasture height
(+45%), CP (+22%), ADF (−19.7%), and OMD (−2.4%) between milking order groups. The main point
of contrast for this farm was the more restricted area offered per cow and greater pasture CP% on offer
for the first cows. In contrast to other farms, cattle early in the milking order for farm 3 produced
3% greater milk fat and 6% greater milk protein content than those cows milked last, but milk yield
was similar between groups. This farm (farm 3) allocated cattle at a lower stocking rate which likely
enabled greater selection within the pasture sward by cattle, particularly those later in the milking
order, due to a reduced rate of sward depletion.

There was a large difference in pasture composition across vertical strata of pasture, especially
CP and ADF content, between the top and the bottom 2 cm of the sward. In agreement with our
findings, Delagarde et al. [4] observed a decrease in CP content (45%) from the top to the bottom
5 cm of the ryegrass sward. Similar trends for other pasture species have also been shown for
limpograss, cocksfoot, and orchard grass [16–18] alongside herbage digestibility [4,17–20]. In contrast,
NDF, lignin, and non-structural carbohydrate tend to increase from the top to the bottom of the pasture
sward [4,15,18,21]. Some studies have reported contrasting findings for pasture composition among
strata with poorer growth, or season reducing differences in composition amongst strata [15,18,21],
but nitrogen fertilizer application increasing differences in composition between strata [17]. Thus,
season and N fertilizer may impact the nutritive value of pasture accessed by cattle as milking
progresses, with poorer quality feeds with less leaf having reduced variation in content from top to
bottom. To reduce differences in pasture nutritive value consumed across a herd, irrespective of season,
it would seem justified that management should ensure that the entire herd should start to graze at
the same time. However, greater time off-pasture on standoff facilities can increase plasma cortisol
concentrations [22] and risks of hoof injury and lameness [23–25], and decrease reproductive efficiency
and milk yield [23,26–28]. Holding dairy cows on previous pasture allocations or a fraction of that
day’s allocation until all cows have arrived post-milking could be a potential strategy to overcome
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these limitations; however, this strategy would pose its own challenges around overgrazing and/or
pasture damage. Individual feeding according to milking order, milk yield, and pasture composition
could be used to achieve a better nutrition balance, avoiding underfeeding, reducing nitrogen excretion,
and improving milk yield, milk composition, and farm profitability. Each of these strategies requires
further investigation related to improving nutrient use efficiency for increased herd productivity.
The impact of these strategies on urinary nitrogen excretion also warrant further investigation as the
first cows to the paddock accessing high CP forage may contribute the greatest to nitrogen loss from
the system.

Daily time on pasture was around 18 to 20.5 h for all the three farms and daytime grazing for last
cows was around 32, 22, and 39% lower than first cows in Farms 1, 2, and 3, respectively. The pasture
intake of our cows was unlikely to be restricted by time on pasture or nutritive value of pasture as
sufficient daytime grazing (8 to 13 h) and low ADF content of pasture (26%) were available, regardless
of milking order group. Cows have low grazing activity at night [29], but 8 h of daytime grazing
seems to be enough time to ensure similar pasture intake between first and last cows as milk yield is
typically reduced when daily time on pasture is less than 8 h [30]. Additionally, the last cows in the
current study may have modified their grazing behavior to compensate for reduced time on pasture to
achieve similar daily DMI [30,31]. Fiber content of pasture is also relevant to DMI in grazing-based
dairy systems as cell walls contribute to rumen fill [32], and it is negatively associated with potential
intake [33]. However, pasture intake of first or last cows was unlikely to be impacted by ADF content
(24.2 and 27.6%, respectively) as ADF levels were close to the minimal level to provide sufficient fiber
to maintain rumen pH, rumen function, cow health, and fat synthesis (21% ADF according to [34]).
However, there may be times of the year when milk fat percent is depressed for those cows milked first
due to low levels of fiber (low milk fat depression syndrome), particularly in early spring; conversely,
low summer pasture quality (high fiber levels) may interact with milking order to limit feed ingested
for those cattle. The impact of both scenarios on animal health and production should be the topics of
future research.

5. Conclusions

There can be an impact of milking order on the nutritive value of pasture offered to dairy cattle
together with milk yield and milk composition. Changes in the nutritive value of pasture appear
linked with differences in milk yield and milk composition for dairy cattle offered pasture immediately
after milking. However, the impact of milking order on milk yield and milk composition was variable
between farms and experiments, highlighting the need for further work to capitalize on milking order
data. Foremost of these opportunities is to determine the direct link between pasture nutritive value
and milk production across dairy herds. Holding dairy cows on previous pasture allocations, or a
fraction of that day’s allocation, until all cows have arrived post-milking could be a potential strategy
to minimize differences in pasture composition across vertical strata of pasture, especially CP and
ADF content. However, this strategy poses its own challenges around animal health and welfare,
overgrazing, and/or pasture damage.
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