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ABSTRACT

Residual sward height management is a key factor in-
fluencing milk production and grazed forage utilization 
per cow and per hectare in pasture-based dairy systems. 
This study evaluated the effects of postgrazing sward 
height on forage growth rate and DMI, milk produc-
tion, and BCS in supplemented, high-producing dairy 
cows. The study captured cumulative treatment effects 
on animal performance across nearly an entire lactation, 
as well as sward dynamics over most of the tall fescue 
growing season. Thirty-two multiparous Holstein cows 
were assigned to 2 treatments: the control treatment, with 
a postgrazing sward height of 5.0 to 7.0 cm (CT), and 
the high treatment, with a postgrazing sward height of 
12.0 to 15.0 cm (HI). The study spanned 215 d of graz-
ing on a Lolium arundinaceum sward in a randomized 
complete block design, with 4 blocks, each measuring 
3.2 ha, and consisted of 2 paddocks, each measuring 
1.6 ha. Cows had one grazing session between milkings 
and were supplemented with a mixed ration in the op-
posite session. Rotational grazing was employed, with 
new strips allocated once the postgrazing sward height 
for each treatment was achieved. A new grazing cycle 
was initiated when plants reached the 2.5 to 3.0-leaf 
phenological state. Any extra or unused areas within a 
grazing cycle were always recorded. The postgrazing 
sward heights were 7.7 and 14.4 cm for the CT and HI 
treatment, respectively. Forage growth rate tended to be 
21% higher in the HI treatment (40 vs. 33 kg DM/ha per 
day), and cows stayed longer per strip (3.9 vs. 2.9 d) and 
had 2.5 times more grazing cycles (8.3 vs. 3.3). Total 
forage disappearance was similar between treatments. 
Cows in the HI treatment had greater individual grazed 
forage DMI (+2.0 kg/cow) and BCS throughout lactation 

compared with CT cows. The HI treatment also increased 
the individual milk production by 10% (31.5 vs. 34.5 kg 
milk/d) while reducing concentrate intake per unit of milk 
by 10%, resulting in a tendency for higher income over 
feed costs at cow level. However, although we observed 
a tendency for a higher forage growth rate, this approach 
required a larger grazing area (1.18 vs. 1.60 ha/4 cows), 
leading to a trend toward 21% lower milk output per 
hectare (23,598 vs. 18,528 kg milk/ha). In contrast, the 
CT treatment supported a higher stocking rate but re-
sulted in lower grazed forage DMI, higher supplemental 
feed input per hectare and slower BCS recovery. These 
findings highlight the importance of aligning grazing 
strategies with system-specific goals. Farmers seeking to 
maximize land productivity may favor lower postgrazing 
sward heights, although these must be managed carefully 
to prevent adverse effects on animal health, reproduc-
tion, and long-term productivity due to slower BCS 
recovery during lactation and lower BCS at the onset of 
dry off. Conversely, systems aiming to reduce feed costs 
may benefit from a higher residual sward height, which 
enhances individual cow performance and BCS while 
decreasing reliance on supplemental feed.
Key words: high-producing dairy cow, residual sward 
height, trade-offs, grazing management

INTRODUCTION

Grazing management strategies are critical for the pro-
ductivity and sustainability of pasture-based dairy sys-
tems (van Vuuren and Chilibroste, 2013). A key challenge 
in these systems is navigating the economic and environ-
mental trade-offs between maximizing milk production 
per animal and per hectare. Although increased stocking 
rates and grazing intensities can enhance production per 
hectare, this often compromises individual animal per-
formance by limiting grazed forage intake (Romera and 
Doole, 2015), particularly for high-producing dairy cows 
(>35 kg milk/d at peak) with substantial nutritional de-
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mands (Peyraud and Delagarde, 2013; Dale et al., 2018), 
unless additional feed is supplied.

Supplementation practices, which are widely used to 
support individual milk production and manage forage 
allowance, further complicate the trade-offs between 
productivity at the animal and system level (Stockdale, 
2000; Bargo et al., 2003; Wales et al., 2013), primarily 
due to the substitution effects of supplements. Although 
supplementation improves individual performance and 
may enable higher stocking rates, it reduces forage uti-
lization per unit of milk, increasing costs due to greater 
reliance on external feed inputs (Stockdale, 2000; Bargo 
et al., 2003; Wales et al., 2013). Therefore, careful inte-
gration with grazing management strategies is required 
to avoid unnecessary supplementation (Méndez et al., 
2020). Grazed forage is usually the most economical nu-
trient source for dairy cows, and pasture-based systems 
prioritize maximizing grazed forage intake (Finneran et 
al., 2010; Fariña and Chilibroste, 2019) while minimiz-
ing the consumption of human-edible resources by the 
cows (Wilkinson, 2011; feeds that could otherwise be 
directly consumed by humans).

Grazed forage DMI is driven by the grazing process, 
with sward height being the key factor determining bite 
mass (Laca et al., 1992), which in turn drives intake 
rate and daily grazed forage intake (de Faccio Carvalho, 
2013). Managing sward height influences DMI poten-
tial, milk production performance, and forage regrowth 
dynamics (van Vuuren and Chilibroste, 2013). Although 
postgrazing sward height recommendations in Europe 
and Oceania generally range from 3.5 to 6.0 cm, depend-
ing on forage type, season, and management goals, the 
most common range to balance forage utilization and 
regrowth is 4.0 to 5.0 cm (Parsons and Chapman, 2000; 
Fulkerson and Donaghy, 2001; Roche et al., 2017; De-
laby and Horan, 2021; Donaghy et al., 2021). However, 
these guidelines may not universally apply in temperate 
and subtropical regions of South America, where canopy 
density (Scheneiter and Améndola, 2012; Jáuregui et al., 
2017) is commonly lower than in Europe and Oceania. 
Indeed, in these regions, postgrazing sward heights be-
low 6.0 cm have been rarely reported (Menegazzi et al., 
2021; Stirling et al., 2021; Gareli et al., 2023; Ortega et 
al., 2024; Rivoir et al., 2025).

Recent studies in South America evaluating grazing 
strategies for beef cattle and lambs have highlighted the 
benefits of moderate grazing intensity. These strategies 
often result in improved individual performance and 
comparable or higher production per hectare compared 
with high grazing intensity systems (Savian et al., 2021; 
Schons et al., 2021; Portugal et al., 2022). In a short-term 
trial, Menegazzi et al. (2021) evaluated nonsupplement-
ed late-lactation dairy cows grazing tall fescue (Lolium 

arundinaceum) at postgrazing sward heights of 9.0, 12.0, 
and 13.5 cm. We found that individual milk production 
improved with increasing postgrazing sward height. In-
dividual grazed forage intake was higher at postgrazing 
sward heights of 12.0 and 13.5 cm (17.8 kg DMI/d) com-
pared with 9.0 cm (14.8 kg DMI/d). However, despite no 
difference in DMI between 12.0 and 13.5 cm, daily milk 
production increased by 2.5 L per cow (16.2 vs. 18.7 L/
cow per d) due to differences in the nutritive value of the 
consumed grazed forage (Menegazzi et al., 2022). Gareli 
et al. (2023) conducted an 81-d trial with mid-lactation 
cows grazing Dactylis glomerata, comparing 2 grazing 
strategies: high intake rate (pre- and postgrazing height 
of 23.5 and 14.4 cm, respectively) and high herbage har-
vest per hectare (pre- and postgrazing sward height of 
28.3 and 10.0 cm, respectively). Cows received 0 or 4 
kg DM/d of concentrate. The study revealed a trade-off 
between individual and per-area performance, regardless 
of supplementation level, with greater feed intake and 
milk production per cow in the high intake rate strategy, 
but greater milk solid production per hectare in the high 
herbage harvest per-area strategy. Notably, nonsupple-
mented cows managed under the high herbage harvest 
per hectare strategy experienced reductions in BW and 
BCS, indicating that part of their milk production was 
supported by mobilization of body reserves.

Dairy grazing systems encompass multiple dimen-
sions, where management decisions influence not only 
individual cow performance but also forage utilization, 
affecting overall system productivity and efficiency. 
Research on grazing dairy cattle has focused on lower 
sward heights, as managing swards with low-intensity 
grazing often raises concerns about maintaining sward 
quality (Peyraud and Delagarde, 2013), leaving limited 
insights into the potential benefits or trade-offs associ-
ated with taller postgrazing sward height (above 7 cm) on 
both individual and per-hectare performance of supple-
mented high-producing dairy cows. Additionally, to the 
authors’ knowledge, no detailed studies have evaluated 
these dynamics over an entire lactation period. The cur-
rent study aims to address these gaps by evaluating the 
effects of 2 contrasting postgrazing sward heights on 
intake, milk production, BCS, and forage production in 
supplemented, high-producing dairy cows grazing tall 
fescue. By collecting data at both the individual cow and 
per-hectare levels over nearly an entire lactation, this 
study contributes to the understanding of the impacts of 
grazing strategies on both productivity and sustainability 
of pasture-based dairy systems, providing essential in-
formation for farmers and potentially informing policy 
decisions to tailor management strategies to specific 
objectives. It was hypothesized that in comparison to 
the CT treatment, the HI treatment would increase milk 
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production per cow and sustain a higher BCS, primarily 
due to higher DMI, while maintaining similar milk pro-
duction per hectare with lower supplementary feed input 
(per hectare), as enhanced forage growth was expected 
with a higher residual sward height.

MATERIALS AND METHODS

An experiment was conducted at the Research Station 
“Dr. Mario A. Cassinoni” (EEMAC) of the Facultad de 
Agronomía, Universidad de la República (Paysandú, 
Uruguay; 32° 23′ 08″ S, 58° 03′ 19″ W). The study was 
carried out from April 19, 2023, to November 19, 2023, 
spanning a total experimental period of 215 d. The ex-
perimental protocol was approved by the Ethics Commit-
tee of the Universidad de la República (protocol number 
Exp. 311170-000044-23).

The climate is humid subtropical or temperate hot-sum-
mer (Cfa in the Köppen classification; Beck et al., 2018). 
The soils at the experimental site are typical eutric and 
haplic Brunisols from the San Manuel Series (Altamirano 
et al., 1976) characterized by shallow depth. Soils had 
an average OM content of 4.1% (0–20 cm), 17.2 mg/kg 
of P (0–20 cm), 166 mg/kg of K (0–20 cm), and average 
pH of 6.6. The pasture consisted of a 2-yr-old tall fescue 
(Lolium arundinaceum cv. INIA Fortuna) sward.

On March 13, 2023, the sward was uniformly cut to 
a height of 6 cm using mechanical mowing, and cattle 
began grazing the treatment swards starting on April 19, 
2023, when the sward reached 2.0-leaf stage. The sward 
was fertilized with a total of 135 kg N/ha applied in 3 
equal applications during May, August, and October. The 
monthly rainfall during the experimental year (Appendix 
Table A1) indicated generally dry conditions. Precipita-
tion was 78% below the 15-yr average for January and 
February (summer, before the study began), as well as 
in April (−75%; autumn) and from August to October 
(−54%; later winter and early spring) during the study. 
The weekly average temperature ranged between 10.2°C 
and 21.5°C. On average, throughout the experiment, 
86% of the week remained below the threshold of 68 on 
the temperature-humidity index (THI; De Rensis et al., 
2015). However, during the last 5 wk of the trial, the 
THI was between 68 and 72 for 12% of the week and 
exceeded 72 for 20% of the week (Appendix Figure A1). 
This increase in THI coincided with the period when 
cows began grazing at night (see the “Grazing and Feed-
ing Management” section).

Experimental Design, Treatments, and Cows

Two postgrazing sward heights were tested in a ran-
domized complete block design with 4 blocks, each mea-

suring 3.2 ha. Each block was characterized by homoge-
neous soil conditions and consisted of 2 paddocks, each 
measuring 1.6 ha. Within each block, paddocks were 
randomly assigned to either the control treatment, with 
a postgrazing sward height of 5.0 to 7.0 cm (CT), or the 
high treatment, with a postgrazing sward height of 12.0 
to 15.0 cm (HI). The rationale behind the CT treatment 
was to represent the common grazing management prac-
tices present in pastoral dairy systems of Uruguay (Zibil 
et al., 2016). The sward height range of the HI treatment 
was defined based on maximal individual DMI (de Fac-
cio Carvalho, 2013) and milk production observed in 
previous experiments (Menegazzi et al., 2021).

Each paddock was grazed by 4 milking cows through-
out the trial. A total of 32 multiparous Holstein cows, se-
lected from the general experimental grazing herd of the 
research station, were stratified into groups of 4 based 
on previous 305-d milk production (9,100 ± 1,560 kg), 
parity (3.4 ± 1.0 lactations), far-off dry period BW (718 ± 
70 kg), far-off dry period BCS (3.3 ± 0.3), and expected 
calving date (April 5 ± 15 d). Within each group, cows 
were randomly assigned to one of 4 blocks and then ran-
domly allocated to paddocks within their assigned block. 
The groups were balanced for previous milk production, 
parity, BW, BCS and expected calving date. All cows 
received equal management during both the far-off and 
close-up periods and were fed an anionic precalving diet 
in a compost-barn for ~3 wk before their expected calv-
ing dates. Cows that calved a few days before the start of 
the trial were managed together until the trial began. All 
cows underwent at least 2 clinical examinations by a vet-
erinarian: one on the day of calving and another between 
5 and 10 d postpartum to assess their health status and 
ensure eligibility for continued participation in the study. 
One cow experienced calving-related complications and 
was replaced on d 1 of the trial. Nonexperimental fresh 
lactating cows with similar BW and parity were used 
as temporary replacements for experimental cows that 
calved within the first 10 d of the trial (n = 5; 2 on d 2, 
2 on d 5, and one on d 10). Cows were cleared by the 
veterinary staff to enter the study 1 d postpartum.

Grazing and Feeding Management

Rotational grazing was employed, with new strips 
allocated once the postgrazing sward height for each 
treatment was achieved. To reach the target postgraz-
ing sward heights, different strip-grazing sizes were 
implemented using movable fencing, and sward height 
was monitored daily (details provided in “Sward Mea-
surements” section) to determine when cows should 
be moved to a new strip. The intended duration per 
strip was 3 d for the CT treatment and 5 d for the HI 
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treatment. The initial strip size (ha) in each paddock 
was determined as follows: [intended forage intake per 
group of 4 cows (kg DM/d) × target duration per strip 
(d)]/forage mass above the target postgrazing sward 
height (kg DM/ha). Subsequent strips were kept the 
same size if the previous one matched the intended 
grazing duration; otherwise, the strip size was ad-
justed accordingly. A new grazing cycle was initiated 
again when the first strip-grazing area reached the 2.5 
to 3.0-leaf phenological state (Lawson et al., 2017). 
When cows grazed the last strip of a paddock, and the 
first strip had not yet met the criteria to begin grazing 
again, the cows were temporarily moved to an adjacent 
area, managed according to their treatment’s postgraz-
ing sward height. Conversely, when a new grazing 
cycle began, any remaining ungrazed area within the 
paddock was grazed by a group of nonexperimental 
cows until it met the paddock treatment’s postgrazing 
sward height. Any extra or unused areas within a graz-
ing cycle were always recorded.

From April 19 to September 30, cows had 6.5 h of daily 
pasture access (0730 to 1400 h) with milking at 0600 h 
and 1600 h. From October 1 to October 16, pasture access 
increased to 8 h (0700 to 1500 h) with milking at 0500 
h and 1700 h. From October 17 to November 19, cows 
had 13 h of daily pasture access overnight (1630 to 0530 
h) with milking at 0600 h and 1500 h. Outside pasture 
hours, cows were housed in pens with the same groups 
of 4 as assigned in the pasture. Each pen in the barn in-
cluded 13.5 m2 of compost-bedded pack and 6.7 m2 of 
concrete area per cow. A single feed bunk, providing 0.75 
m of linear space per cow, allowed all 4 cows to be fed 
simultaneously as a group. The barn featured fans and 
automatic sprinklers. The sprinklers were activated for 
3 min with 10-min intervals without spraying whenever 
ambient temperatures exceeded 25°C. Cows had ad libi-
tum access to fresh water in the paddock, barn, and milk-
ing parlor holding area. A mixed ration (MR) of silage 
and concentrate was fed after the evening milking during 
day-grazing periods and after the morning milking during 
night-grazing periods. The amount of MR offered was 
restricted and varied throughout the trial to complement 
the variability in forage growth rate to better meet the 
cows’ nutritional requirements; however, both the amount 
and composition of supplemental feed were standardized 
across treatments. The ingredients of the MR, as well as 
its nutrient composition, are presented in Table 1.

During October, each strip was mowed to its treatment-
specific postgrazing sward height after cows grazed the 
strip to remove flowering stems. Jáuregui et al. (2017) 
recommended removing flowering stems through short-
term, intense grazing or mowing at the end of winter 
in subtropical regions to reduce tiller mortality in late 

spring. Mowing was performed at the treatment-specific 
sward height to maintain treatment conditions while 
avoiding physical constraints to grazing in subsequent 
cycles, even though the effectiveness of flowering con-
trol itself may not have been fully achieved.

Sward Measurements

Weekly monitoring of the sward’s phenological state 
was conducted by counting the number of leaves per til-
ler in the first strip-grazing area on 10 randomly select-
ed tillers to determine when a new grazing cycle should 
begin. Grazed leaves were counted proportionally as a 
fraction of the length of a fully expanded leaf, follow-
ing Lawson et al. (2017). Leaves with less than approxi-
mately one-quarter of the length of a fully expanded 
leaf were ignored. On every strip, pre- and postgraz-
ing sward heights were taken from ground level using 
a sward stick (Barthram, 1985), and forage mass was 
measured using a rising plate meter (RPM; Ashgrove 
Co., Palmerston North, New Zealand). Sward height 
was measured daily in all strips to determine when 
cows should move to a new strip. Measurements were 
taken along zigzag lines, with readings recorded every 
2 steps. On average, 50 sward height and RPM readings 
were collected per strip in the CT treatment, and 100 
readings were collected per strip in the HI treatment 
during each measurement event. Calibration of RPM 
was conducted every 45 d separately for each treatment 
by recording the compressed sward height and forage 
mass of 3 contrasting sward heights in triplicate. The 
compressed sward height was measured with the RPM 
at each of the 9 sites before cutting the forage under the 
RPM to ground level within a 30 × 34 cm frame. The 
harvested forage was collected, weighed, and oven-dried 
at 60°C for 48 h to determine DM content. Individual 
frame DM forage mass measurements were regressed 
against the corresponding RPM compressed sward 
height to develop forage mass prediction equations. 
Forage disappearance was estimated as the difference 
between pre-grazing and postgrazing forage mass (kg 
DM/ha) for each period of stay per strip. Sward height 
depletion (%) was calculated as the difference between 
pregrazing and postgrazing sward heights, expressed as 
a proportion of the pregrazing sward height.

To determine the forage growth rate, 2 measuring ar-
eas of 0.28 ha each were defined and physically marked 
in each paddock: one at the beginning and the other at 
the middle of the paddock. This arrangement ensured 
that if one measuring area was under grazing during 
the measurement day, the other was available for mea-
surements. In these measuring areas, forage mass was 
estimated weekly using an RPM along the same zigzag 
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lines. On average, a total of 91 readings were taken per 
measuring area. The forage growth rate was calculated 
as the difference in forage mass between 2 consecu-
tive weeks with no grazing in between, divided by the 
number of days that elapsed between readings. A forage 
sample was collected at the treatment’s sward height 
in each paddock every 45 d, oven-dried at 60°C until 
reaching a constant weight, stored, and subsequently 
analyzed for chemical composition.

Animal Measurements

Individual cow milk production was automatically 
recorded daily. Individual milk samples were collected 
fortnightly during both morning and evening milkings and 

analyzed for milk fat, protein, lactose and MUN concen-
trations using mid-infrared spectroscopy (MilkoScan FT2, 
FossElectric, Drachten, The Netherlands). The weighted 
average milk composition per cow per day was calculated 
based on morning and evening milk production.

The DMI of MR was determined weekly for each pen 
as the difference between the feed offered and the feed 
wasted. Wasted feed was defined as the feed that cows 
tossed out of the feed bunk, making it no longer acces-
sible. This was distinct from voluntary feed refusals. No 
voluntary feed refusals were observed during the trial. On 
the same day, the MR offered and wasted were sampled 
by collecting one subsample per pen, which was pooled 
into a single sample, weighed, and oven-dried at 60°C 
until reaching a constant weight (~72 h) to determine 

Menegazzi et al.: POSTGRAZING SWARD HEIGHT AND COW PERFORMANCE

Table 1. Ingredients of the mixed ration (MR), nutrient composition of MR, and forage consumed by lactating 
dairy cows grazing tall fescue swards at 2 postgrazing sward heights, and proportions and nutrient composition of 
diet consumed

Item

Treatment1

SEM2 P-valueCT HI

Ingredients of the MR
  Concentrate,3 % DM 64 64
  Sorghum silage, % DM 22 22
  Corn silage, % DM 10 10
  Grass silage, % DM 4 4
Nutrient composition of the MR
  CP, g/kg of DM 209 209
  NDF, g/kg of DM 391 391
  ADF, g/kg of DM 216 216
  Lignin, g/kg of DM 23 23
  Ash, g/kg of DM 83 83
  Starch4 g/kg of DM 159 159
Nutrient composition of pre-grazed forage
  CP, g/kg of DM 162 189 8.8 0.121
  NDF, g/kg of DM 570 564 4.0 0.350
  ADF, g/kg of DM 276 263 3.7 0.081
  Lignin, g/kg of DM 20 21 1.0 0.698
  Ash, g/kg of DM 99 99 2.4 0.905
  NEL3×,5 Mcal/kg DM 1.42 1.46   
Proportions of the consumed diet6     
  Grazed forage, % DM 40 47 1.4 0.003
  MR, % DM 60 53   
  Concentrate in diet, % DM 38 34 0.7 <0.001
  Conserved forage in diet, % DM 22 19 1.1 0.152
Nutrient composition of the consumed diet6   
  CP, g/kg of DM 190 200
  NDF, g/kg of DM 463 472
  ADF, g/kg of DM 239 238
  Lignin, g/kg of DM 22 22
  Ash, g/kg of DM 89 90  
1CT: postgrazing sward height of 5.0 to 7.0 cm. HI: postgrazing sward height of 12.0 to 15.0 cm.
2Average SEM is listed.
3Average composition of concentrate (DM basis): corn grain, 24%; soybean hulls, 20%; soybean meal, 16%; corn 
dried distillers grains with solubles, 12%; sunflower meal, 10%; barley, 7%; wheat bran, 7%; vitamin-mineral mix, 
2.4%; salt, 1.0%; calcium carbonate, 1.0%.
4Calculated from ingredients composition.
5NEL3× = NEL calculated assuming intake at 3× maintenance, according to NRC (2001).
6Calculated based on DMI of Table 3.
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DM content. The dried feed offered samples were pooled 
based on changes in the MR composition or ingredients, 
resulting in 6 pooled samples, which were stored for 
subsequent chemical analysis. Body weight was recorded 
monthly. Body condition score was assessed weekly from 
d 1 to 120 of the trial, and then fortnightly until the trial’s 
end, using a 1-to-5 scale (Edmonson et al., 1989).

Chemical Analysis

The MR and grazed forage samples were analyzed 
for ash (method 942.05; AOAC, 2000), CP (N × 6.25; 
Kjeldahl method 984.13; AOAC, 2000), NDF (using 
heat-stable α-amylase and sodium sulfite; Van Soest et 
al., 1991), and ADF and lignin (method 973.18; AOAC, 
2000). The NDF and ADF analyses were performed in-
dependently with an ANKOM200 Fiber Analyzer (AN-
KOM Tech. Corp., Fairport, NY) and were expressed 
exclusively of residual ash.

Weather Data and Calculations

Air temperature, relative humidity, and rainfall records 
were obtained from the meteorological station at the ex-
perimental site every 30 min. The THI was calculated 
according to NRC (1971) as follows: (1.8 × AT + 32) 
− (0.55 − 0.0055 × RH) × (1.8 × AT − 26.8), where AT 
represents air temperature (°C) and RH represents rela-
tive humidity (%).

The Wilmink (1987) exponential function was fitted 
to daily milk production data for individual lactations, 
as follows:

yt = a + b × e−kt + c × t,

where yt represents the milk production at day t of lacta-
tion, a is the initial milk production after calving, b is the 
parameter determining ascending slope before the peak, 
c is the parameter determining descending slope after the 
peak, k is a factor related to the moment of peak yield, 
and e–kt is an exponentially decreasing component. The 
regression parameters were estimated for each individual 
lactation using PROC NLMIXED from SAS (SAS Insti-
tute Inc., Cary, NC). Based on the model, 215-d and 305-
d milk production (kg/cow) were calculated. Milk solids 
content (fat plus protein) was obtained by summing the 
concentrations of fat and protein. Milk solids production 
was obtained by multiplying milk solids content and 
milk production. Energy-corrected milk production was 
calculated according to Sjaunja et al. (1990), as follows: 
ECM (kg) = milk production (kg) × {[38.30 × fat content 
(g/kg) + 24.20 × protein content (g/kg) + 16.54 × lactose 
content (g/kg) + 20.7]/3,140}.

Grazed forage DMI was estimated using the back-cal-
culation approach, calculated as the difference between 
NEL consumed and required, following equations of 
NASEM (2021). Briefly, this method involved iteratively 
adjusting grazed forage DMI until the combined total of 
estimated grazed forage DMI and observed MR DMI met 
the cows’ NEL requirements to achieve a zero net energy 
balance. The energy concentration of the diet offered to 
the animals was estimated according to NASEM (2021) 
based on MR and grazed forage chemical composition. 
The energy requirements for maintenance, activity 
(walking plus grazing), pregnancy (where appropriate), 
BW change, and milk production were calculated on a 
weekly, per-pen basis. Cows walked 1.60 km/d horizon-
tally and 0.02 km/d vertically, which included the aver-
age round-trip distance from the milking parlor to the 
paddock. Pregnancy days were calculated retrospectively 
based on the date of the next calving for each cow.

The return on human-edible input was calculated fol-
lowing the human-edible proportions of feed ingredients 
described by Wilkinson (2011). Each feed’s contribution 
to the human-edible portion was calculated by multi-
plying the quantity of that ingredient in the diet by the 
proportion considered edible for humans. Human-edible 
proportions were 0 for grazed forage, silage, hay, and 
mineral/vitamin premix; 0.8 for cereal and pulse grains 
and soybean meal; and 0.2 for cereal byproducts, other 
oilseed meals, and other byproducts (Wilkinson, 2011). 
This metric does not account for land use. The efficiency 
variables, including concentrate intake per unit of ECM, 
return on human-edible input, and income over feed 
costs, were calculated using observed 215-d milk pro-
duction data. The income over feed costs was calculated 
using milk prices based on solids content (INALE, 2023), 
set at US$0.30/kg of milk. Feed prices for concentrate, 
silage, and grazed forage were US$0.55, US$0.14, and 
US$0.03/kg of DM (INALE, 2023), respectively.

The area used was the average of the actual area grazed 
by the group of 4 cows in each grazing cycle. The stock-
ing rate was then calculated as the quotient of 4 cows (or 
their total BW) divided by the area grazed by the group 
of 4 cows. All other per-hectare, animal-oriented vari-
ables were calculated as the product of mean value per 
cow per day, the stocking rate (in cows per hectare), and 
the length of the trial.

Statistical Analysis

The cow was considered the experimental unit for 
milk production and composition, BCS, and BW-related 
variables, and the pen was considered the experimental 
unit for the DMI, efficiency, and sward-related variables. 
Unless stated otherwise, all variables were analyzed 
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with a general model that included treatment and block 
as fixed effects. Individual daily milk production and 
composition, intake, efficiency, sward height and forage 
mass-related variables were analyzed as repeated mea-
sures over time. The repeated variable indicated in the 
repeated measures procedure was the time unit during 
which data were collected. Based on the lowest Akaike 
information criterion, a first-order autoregressive covari-
ance structure provided the best fit for the milk produc-
tion and sward data, whereas a compound symmetry co-
variance structure provided the best fit for the intake and 
efficiency data. Satterthwaite’s procedure was used for 
estimation of degrees of freedom. For the BCS and BW 
variables, the values at calving were added as covariates. 
The model assumptions were evaluated using studentized 
residual plots. All data were analyzed using the GLIM-
MIX procedure of SAS (SAS Institute Inc., Cary, NC). 
Differences were considered significant at P ≤ 0.05 and 
tendencies at 0.05 < P ≤ 0.10.

RESULTS

Grazing and Sward Characteristics

The pregrazing sward height was, on average, 1.5 
cm higher (P = 0.042) in the CT than in the HI treat-
ment (Table 2). Both the CT and HI treatments achieved 
postgrazing sward heights within or near their respective 
target ranges, differing by 6.7 cm (P < 0.001). As ex-
pected, the sward height depletion level was higher and 
the forage allowance was lower in the CT treatment (P < 
0.001). The pregrazing sward heights were more stable 
in the HI treatment, whereas fluctuations were observed 

in the CT treatment (Figure 1). The postgrazing sward 
heights were more consistent than the pre-grazing but 
exhibited greater standard deviation during the spring 
months (September to November) for both treatments. 
The pregrazing forage mass was similar between treat-
ments, whereas the postgrazing forage mass was 1,036 
kg DM/ha higher for the HI treatment compared with the 
CT treatment (P < 0.001). The forage growth rate tended 
(P = 0.094) to be 21% higher in the HI treatment than in 
the CT treatment. Forage disappearance over the 215-d 
grazing season was similar between treatments. Cows 
grazed on average 1.0 d more per strip in the HI treatment 
compared with the CT treatment (P < 0.001). During the 
215-d grazing season, the number of grazing cycles was 
2.5-fold greater for the HI treatment compared with the 
CT treatment (P < 0.001).

Individual Performance

The effect of postgrazing sward height on individual 
milk and solids production, DMI and efficiencies, BW 
and BCS variables are presented in Table 3.

Milk and Solids Production

Individual daily milk production was 10% higher (P 
= 0.028) for cows in the HI treatment than in the CT 
treatment. Similarly, ECM production was 8% higher 
(P = 0.048) for the HI treatment. Fat, protein, lactose, 
and total milk solids concentrations and fat production 
did not differ between treatments (P ≥ 0.465). Protein 
production was 13% higher (P = 0.029) for cows in the 
HI treatment than in the CT treatment. The MUN con-
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Table 2. Sward characteristics of tall fescue swards grazed to 2 postgrazing sward heights by lactating dairy cows

Item

Treatment1

SEM2 P-valueCT HI

Pregrazing sward height, cm 23.6 22.1 0.51 0.042
Postgrazing sward height, cm 7.7 14.4 0.13 <0.001
Pregrazing forage mass, kg DM/ha 3,792 3,469 360.9 0.539
Postgrazing forage mass, kg DM/ha 1,604 2,640 114.3 <0.001
Sward height depletion,3 % of PreGSH 66 35 0.8 <0.001
Forage allowance, kg DM/cow per day 16 58 1.2 <0.001
Forage disappearance,4 kg DM/ha per 215-d 5,960 6,240 520.9 0.729
Forage growth rate,5 kg DM/ha per day 33 40 2.8 0.094
Period of stay, d/strip 2.9 3.9 0.22 <0.001
Grazing cycles, n 3.3 8.3 0.25 <0.001
1CT: postgrazing sward height of 5.0 to 7.0 cm. HI: postgrazing sward height of 12.0 to 15.0 cm.
2Average SEM is listed.
3PreGSH = pregrazing sward height.
4Forage disappearance was estimated as the difference between pre- and postgrazing forage mass for each period of 
stay per strip.
5Forage growth rate was determined weekly in ungrazed representative areas of the plot (for details, see material 
and methods).
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centration was 5% higher (P = 0.031) for cows in the HI 
treatment compared with the CT treatment. Estimated 
milk production parameters from the Wilmink exponen-
tial function are presented in Appendix Table A2. Esti-
mated individual 305-d lactation milk production was 
8% higher (P = 0.044) for the HI treatment compared 
with the CT treatment.

DMI and Efficiency

The MR intake averaged 12.3 kg DM/cow per day and 
did not differ between treatments (P = 0.519), although 
the MR waste was greater (P = 0.003) in the HI treat-
ment than in the CT treatment. Cows in the HI treatment 
had higher individual grazed forage DMI (+2.0 kg/d; P 
= 0.001) and total DMI (+1.7 kg/d; P = 0.041) compared 
with cows in the CT treatment. The proportion of con-
centrate in the diet (daily DMI; MR plus grazed forage) 
was lower (P < 0.001) for HI cows than CT cows (−11%), 
whereas the proportion of grazed forage in the diet was 
greater (P = 0.003) for HI cows compared with CT cows 
(+18%; Table 1). The proportion of conserved forage in 
the diet did not differ between treatments (P = 0.152). 
The use of concentrate per kilogram of ECM was 10% 

lower (P = 0.003) for HI cows compared with CT cows 
(Table 3). The return on human-edible input was higher 
(P = 0.004) for HI cows compared with CT cows (+1.0 
kg ECM/kg human-edible DM consumed). The income 
over feed costs tended (P = 0.059) to be higher for HI 
cows than CT cows (+21%).

BW and BCS

The cows calved with an average BW of 670 kg, and 
BW did not differ between treatments throughout lacta-
tion (Table 3). The BCS at calving was 3.39 for both 
treatments, with no difference in the nadir BCS reached. 
However, HI cows reached their nadir BCS almost 4 wk 
earlier than CT cows (P = 0.048). The HI cows also began 
recovering BCS earlier than CT cows and had a postnadir 
BCS gain 89% higher than CT cows (P = 0.035). By the 
end of the trial, HI cows recovered their initial BCS, with 
BCS 0.3 units higher (P = 0.006) than CT cows.

Per-Area Performance

The stocking rate, milk production, DM intake, and 
income over feed costs on a per-area basis are presented 
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Figure 1. Pre- and postgrazing sward height (PreGSH and PostGSH, respectively) of tall fescue swards grazed at 2 postgrazing sward heights 
(CT and HI) by lactating dairy cows.
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in Table 4. The area used by the group of 4 cows was 
36% greater (P = 0.044) for the HI treatment compared 
with the CT treatment. Consequently, the stocking rate 
was 28% lower (P = 0.050) for HI compared with CT. 
The milk (P = 0.079) and ECM (P = 0.054) production 
per hectare tended to be higher for CT than for HI. How-
ever, the concentrate and conserved forage consumed per 
hectare were 30% lower for HI compared with CT (P 
≤ 0.046). The grazed forage intake per hectare was not 
affected by the postgrazing sward height management 
(P = 0.347), whereas the total DMI per hectare tended 
to be lower for HI than for CT (P = 0.085). We found 
no evidence of differences in income over feed costs per 
hectare between treatments (P = 0.245).

DISCUSSION

The novel aspect of this study was examining how 
postgrazing sward height affects DMI and performance 

of supplemented high-producing dairy cows, both at the 
cow and per-hectare levels. The study captured cumu-
lative treatment effects on animal performance across 
nearly an entire lactation, as well as sward dynamics over 
most of the tall fescue growing season. It was hypoth-
esized that the HI treatment would increase milk produc-
tion per cow and sustain a higher BCS, primarily due to 
higher DMI, while maintaining similar milk production 
per hectare with lower supplementary feed input per 
hectare, as enhanced forage growth was expected with 
a higher residual sward height. Results partially sup-
ported this hypothesis, indicating that the HI treatment 
enhanced milk production per cow while also allowing 
cows to begin recovering BCS earlier than those in the 
CT treatment and finish the trial with a higher BCS. 
However, despite a tendency for greater forage growth 
rate, this individual-level increase did not fully offset 
the lower stocking rate under the HI treatment, and milk 
and ECM yield per hectare tended to be lower. Although 
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Table 3. Individual performance of lactating dairy cows grazing tall fescue swards at 2 postgrazing sward heights

Item

Treatment1

SEM2 P-valueCT HI

Milk and solids        
  Daily milk production, kg/cow 31.5 34.5 0.89 0.028
  Daily ECM yield, kg/cow 30.5 33.0 0.85 0.048
  Fat, % 3.74 3.66 0.082 0.465
  Protein, % 3.32 3.31 0.039 0.825
  Lactose, % 4.80 4.81 0.027 0.730
  Milk solids,3 % 7.07 6.97 0.108 0.526
  Fat, kg/cow 1.17 1.25 0.038 0.137
  Protein, kg/cow 1.04 1.14 0.028 0.029
  MUN, mg/dL 18.5 19.5 0.30 0.031
Milk production cumulative (Wilmink function)        
  215-d daily milk production, kg/cow 31.9 34.3 0.89 0.072
  305-d milk production, kg/cow 8,574 9,284 238.1 0.044
Intake and efficiency        
  MR intake,4 kg DM/cow per d 12.5 12.1 0.37 0.519
  MR waste, % DM offered 4.8 7.3 0.55 0.003
  Grazed forage intake, kg DM/cow per d 8.6 10.6 0.39 0.001
  Total DMI, kg DM/cow per d 21.0 22.7 0.55 0.041
  Concentrate used per unit milk, g/kg ECM 262 237 4.7 0.001
  Return on HE input,5 kg ECM/kg HE DMI 9.0 10.0 0.23 0.004
  Income over feed costs, US$/cow per d 4.05 4.92 0.208 0.059
BW and BCS        
  BW calving, kg 672 669 12 0.890
  BW nadir, kg 622 639 13.9 0.387
  BW average, kg 654 663 9.3 0.520
  BW end, kg 676 694 14.4 0.391
  BCS at calving 3.39 3.39 0.053 1.000
  BCS nadir 2.97 3.05 0.047 0.251
  DIM to BCS nadir 74 48 8.9 0.048
  Postnadir BCS gain 0.19 0.36 0.055 0.035
  BCS end 3.16 3.41 0.058 0.006
1CT: postgrazing sward height of 5.0 to 7.0 cm. HI: postgrazing sward height of 12.0 to 15.0 cm.
2Average SEM is listed.
3Fat plus protein.
4MR = mixed ration.
5HE = human edible. Calculated following Wilkinson (2011).
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both grazed forage and total DMI per cow were higher 
in the HI treatment, total grazed forage DMI per hectare 
remained similar, but the supplementary feed input per 
hectare was reduced in the HI treatment due to the lower 
stocking rate. A similar pattern was observed for income 
over feed costs, which tended to be higher for the HI 
treatment at the cow level but showed no significant dif-
ferences at the hectare level.

Grazing Management

Although the ideal comparison would involve equal 
strip occupation durations across treatments, cows in the 
HI treatment grazed each strip for 1.0 d longer due to 
practical reasons. This difference was not expected to 
influence outcomes (Menegazzi et al., 2024), given the 
relatively low sward height depletion characteristic (thus 
ample forage allowance) of this treatment. Similarly, the 
use of a phenological criterion to determine grazing ini-
tiation led to slightly different average pregrazing sward 
heights between treatments, which may have influenced 
the results. Conversely, using a fixed pregrazing sward 
height would have standardized sward height but intro-
duced variability in the phenological state of the sward at 
grazing onset (Fulkerson and Donaghy, 2001).

Defoliation intensity and regrowth period strongly af-
fect forage growth and senescence rate. A higher residual 
sward height is expected to result in more grazing cycles, 
as higher residual leaf area after each grazing promotes 
faster recovery (Chapman, 2016; Schons et al., 2021). 
In contrast, under intensive defoliation, plants have less 
leaf area to intercept light and produce carbohydrates, 
particularly during the initial phase of regrowth, which 
limits their ability to allocate energy to growth and 
requires longer intervals between grazing events. This 
likely explains why the forage growth rate tended to be 

21% higher in the HI treatment compared with the CT 
treatment. Despite this, the postgrazing sward height in 
the CT treatment was slightly above the target, as a result 
of maintaining a minimal leaf area for regrowth. There-
fore, regrowth may not have been as negatively affected 
as it would have been under even more severe defoliation 
(Parsons et al., 1988). Although the differences in graz-
ing frequency, total forage disappearance over 215 d was 
similar between treatments, indicating that both strate-
gies were equally efficient in terms of total forage har-
vested. However, the characteristics of the grazed forage 
consumed likely differed between treatments, with HI 
cows accessing higher-quality forage in the upper sward 
layers (Delagarde et al., 2000). Furthermore, the HI treat-
ment maintained a lower and more consistent pre-grazing 
sward height throughout the growing season. Increased 
grazing frequency has been morphologically linked to 
more compact sward structures, characterized by reduced 
leaf elongation and lower variation across grazing cycles 
(Duru and Ducrocq, 2000). In contrast, the lower grazing 
frequency in the CT treatment likely promoted greater leaf 
elongation and a less uniform sward structure, leading 
to taller and more variable pregrazing heights over time. 
Additionally, the lower grazing frequency likely allowed 
more flowering stems to develop during spring, resulting 
in a taller average sward. The greater SD observed dur-
ing the spring months in both treatments was also likely 
associated with structural changes in the sward caused by 
flowering induction (Scheneiter and Améndola, 2012).

Grazing behavior is closely linked to animals’ percep-
tion of resource availability (Roguet et al., 1998) and 
their internal state (Gregorini et al., 2009; Chilibroste et 
al., 2015), reflecting trade-offs that optimize intake rate 
and food quality (Searle et al., 2005). Indeed, cows in 
the HI treatment consumed more grazed forage, leading 
to higher total DMI. Although feed intake is the pri-
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Table 4. Performance per area of lactating dairy cows grazing tall fescue swards at 2 postgrazing sward heights

Item

Treatment1

SEM2 P-valueCT HI

Area used, ha/4 cows 1.18 1.60 0.087 0.044
Stocking rate, cows/ha 3.47 2.51 0.214 0.050
Stocking rate, kg BW/ha 2,264 1,661 146.5 0.062
Milk, kg/ha per 215-d 23,598 18,528 1,366.0 0.079
ECM, kg/ha per 215-d 22,841 17,813 1,151.8 0.054
Concentrate DMI, kg/ha per 215-d 5,946 4,184 378.4 0.046
Conserved forage DMI, kg/ha per 215-d 3,479 2,449 221.1 0.002
Grazed forage DMI, kg/ha per 215-d 6,452 5,678 492.0 0.347
Total DMI, kg/ha per 215-d 15,887 12,310 993.6 0.085
Income over feed costs, US$/ha per 215-d 3,077 2,698 186.1 0.245
1CT: postgrazing sward height of 5.0 to 7.0 cm. HI: postgrazing sward height of 12.0 to 15.0 cm.
2Average SEM is listed.
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mary driver of grazing animal performance (Wales et al., 
2005), grazed forage quality may have also influenced 
performance. The ADF content of grazed forage tended 
to be higher in the CT treatment, whereas CP content, 
although not significantly different, was numerically 3 
percentage points higher in the grazed forage in the HI 
treatment (19% vs. 16%). Lower ADF and higher CP 
contents of grazed forage are typically associated with 
increased digestibility (Stergiadis et al., 2015).

Managing swards with low-intensity grazing often 
raises concerns about maintaining sward quality (Peyraud 
and Delagarde, 2013), leading to the traditional recom-
mendation of lower postgrazing sward heights to enhance 
forage quality. Alternatively, de Faccio Carvalho (2013) 
proposed a grazing management approach grounded in 
animal behavior, prioritizing intake rate through higher 
sward residuals. Although this strategy may not necessar-
ily improve sward quality, it promotes selective grazing 
aligned with the “take the best, leave the rest” concept 
(Provenza et al., 2003; de Faccio Carvalho, 2013).

Individual Intake and Performance

Pasture-based milk production is heavily influenced 
by factors that regulate grazed forage intake and ruminal 
digestion (Peyraud and Delagarde, 2013). Grazed forage 
intake, in turn, is a matter of time, and hence the intake 
rate is a critical factor, especially for high-producing 
dairy cows with substantial energy requirements. Maxi-
mizing grazed forage intake depends on sward structure, 
particularly sward height and density, which primarily 
determine bite mass (McGilloway et al., 1999). Bite mass 
directly influences intake rate and daily forage consump-
tion (de Faccio Carvalho, 2013). The lower sward height 
depletion observed in the HI treatment aligns with the 
range that optimizes intake rate (Fonseca et al., 2012; 
Mezzalira et al., 2014). This led to a 2.0 kg/cow per day 
higher grazed forage DMI compared with the CT treat-
ment, a 23% increase in one of the most economical 
nutrient sources for dairy cows (Fariña and Chilibroste, 
2019). Consequently, higher grazed forage intake and 
lower concentrate intake per kilogram of ECM in the HI 
treatment resulted in a tendency for higher income over 
feed costs at cow level. Additionally, cows in the HI treat-
ment produced more ECM per kilogram of human-edible 
DM consumed, an outcome that is particularly relevant 
for reducing feed-food competition (Zira et al., 2023).

Maintaining an average daily ECM production of 
33.0 kg/cow over 215 d, with nearly half of the diet 
(47% DM) derived from grazed forage, demonstrates 
a high level of productivity for a mixed feeding sys-
tem. For example, Fajardo et al. (2015) reported similar 
ECM production (34.3 kg/cow per day), but only during 

the first 10 wk of lactation, with cows consuming 14.5 
kg/cow per day of a MR (45:65 forage to concentrate 
ratio) and 5.5 kg/cow per day of grazed forage (second-
year sward of Festuca arundinacea, Trifolium repens 
and Lotus corniculatus; Uruguay). Similarly, Bargo et 
al. (2002) reported ECM production of 34.2 kg/cow 
per day for cows fed a TMR and 28.8 kg/cow per day 
for cows on a mixed diet (30% grazed forage, mostly 
Bromus inermis and Dactylis glomerata, 61% TMR, 9% 
concentrate) during a 21-wk mid-lactation trial in Penn-
sylvania. The HI treatment in this study resulted in 8% 
greater ECM production than the CT treatment, which 
averaged 30.5 kg/cow per day with 40% of diet DM 
coming from grazed forage. These findings align with 
previous research showing that reducing postgrazing 
sward height and increasing stocking rates negatively 
affect individual cow performance (McEvoy et al., 
2008; McCarthy et al., 2014; Dale et al., 2018).

Milk composition showed no differences in solids 
content between treatments. Despite variations in forage 
CP and ADF content, the relatively high level of supple-
mental feed consumed by cows resulted in similar total 
diet composition, with treatment differences remaining 
below 5%. However, MUN concentration was 5% higher 
in the HI treatment, likely due to the greater intake of 
rumen-degradable protein from higher grazed forage 
intake, which also had a numerically higher CP content. 
Additionally, the total ration CP content was numerically 
higher in this treatment, further contributing to the in-
creased MUN levels. Milk urea nitrogen concentration 
depends mainly on dietary CP content and degradability, 
along with the quantity and type of dietary energy (Spek 
et al., 2013). An imbalance between nitrogen and energy 
substrates in the rumen can elevate ammonia concentra-
tions (Dijkstra et al., 2013), leading to increased excre-
tion of nitrogen as MUN or urinary nitrogen (Nousiainen 
et al., 2004). In this study, both the individual amount 
and composition of supplemental feed were standardized 
across treatments to distinguish differences in grazed 
forage nutrient intake. However, a practical implication 
of managing swards with higher residual sward heights 
could be reducing the CP content of supplemental feed 
due to the higher CP levels in the upper sward layers 
(Delagarde et al., 2000; Menegazzi et al., 2021). Such 
adjustments could reduce N excretion and environmental 
losses (Dijkstra et al., 2018) while also lowering supple-
mentation costs, as protein is often the most expensive 
nutrient in dairy diets. The MR waste was greater in the 
HI treatment. A speculative explanation for this differen-
tial behavior is that cows in the HI treatment had greater 
ruminal fill due to the higher grazed forage intake. This 
may have reduced their drive to consume the MR and 
increased their motivation to engage in sorting behavior 
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at the feed bunk, resulting in more waste of feed. In TMR 
systems, evidence suggests that cows with higher DMI, 
driven by greater feed availability, engage more in sort-
ing behavior (Miller-Cushon and DeVries, 2010, 2017). 
In grazing cows, ruminal fill and metabolic status are 
well-documented factors influencing feeding behavior, 
modulating both motivation and voracity to graze, and 
leading to variable degrees of selectivity and intake rate 
(Chilibroste et al., 1997; Gregorini et al., 2008).

Body condition score data indicate that cows in the 
HI treatment sustained better energy balance during 
lactation. Although CT cows mobilized body reserves to 
maintain milk production during a longer period, finish-
ing the trial with a lower BCS than at the start, HI cows 
recovered their initial BCS by the end of the trial. In 
pasture-based systems, cows often reach their BCS nadir 
at mid-lactation (100–200 DIM; Menegazzi et al., 2025; 
Washburn et al., 2002; Lucy et al., 2009) and struggle to 
regain BCS by drying off (Roche et al., 2006; McCarthy 
et al., 2007; Patton et al., 2008; McClearn et al., 2019). 
Failing to recover BCS during lactation can negatively 
affect reproductive performance (Roche et al., 2007). 
This is especially critical in pasture-based seasonal calv-
ing systems, where cows must resume ovarian cyclicity 
and conceive within 90 DIM to align peak energy de-
mands with forage growth.

Per-Hectare Intake and Performance

Managing a higher postgrazing sward height im-
proved individual milk production by 10%; however, 
the 28% lower stocking rate associated with this strat-
egy resulted in a trend toward 21% lower milk produc-
tion per hectare. Although the HI treatment tended to 
achieve a 21% higher forage growth rate, this increase 
was insufficient to offset the 36% greater area required 
to maintain the targeted specific sward height for this 
treatment. Similar findings were reported by Gareli et 
al. (2023) in a short-term study with mid-lactation dairy 
cows grazing Dactylis glomerata under 2 contrasting 
strategies: one favoring high intake rate (postgrazing 
height: 14.4 cm), and another favoring high herbage 
harvest per hectare (postgrazing height: 10.0 cm). A 
trade-off emerged between individual and per-hectare 
milk production, solids-corrected milk yield was 27% 
higher per cow in the high intake strategy (25.5 vs. 20.1 
kg/d), whereas milk production per hectare was 19% 
lower (48.0 vs. 59.6 kg/ha per day). Additionally, cows 
without supplementation in the high-harvest strategy 
showed declines in BW and BCS, mobilizing body 
reserves to sustain milk output. Similarly, Dale et al. 
(2018) observed that low grazing intensity in Lolium 

perenne in Northern Ireland (postgrazing sward height 
of 6.8 cm) resulted in higher individual milk produc-
tion but lower per-hectare output compared with high 
grazing intensity (postgrazing sward height of 5.2 cm). 
Furthermore, cows under the low grazing intensity 
treatment were heavier than those in the high grazing 
intensity group by the end of the 141-d study. In the 
present study, although the cows’ BW at the end of the 
trial was numerically ~20 kg higher in the HI treatment, 
the difference was not significant.

Different grazing strategies may be effective depend-
ing on system goals, emphasizing either individual 
animal performance or per-hectare productivity; or, in 
many cases, a combination between both (Fariña and 
Chilibroste, 2019). When land availability is limited, 
maximizing milk output per hectare becomes a priority. 
Conversely, for high-producing cows with significant ge-
netic potential, supplementation can enhance economic 
returns when substitution effects are minimized (Bargo 
et al., 2003). In pasture-based dairy systems, maximiz-
ing DMI from grazed forage remains a key objective 
(Finneran et al., 2010; van Vuuren and Chilibroste, 2013; 
Fariña and Chilibroste, 2019). Strong positive correla-
tions have been demonstrated between grazed forage per 
hectare and economic performance (Romera and Doole, 
2015; Fariña and Chilibroste, 2019), as well as between 
the proportion of forage in cows’ diets and total milk 
production costs (Dillon et al., 2008).

In this study, a similar amount of grazed forage har-
vested per hectare was achieved using different grazing 
strategies, with 30% lower supplemental feed input per 
hectare in the HI treatment (6,633 vs. 9,425 kg DM) due 
to the lower stocking rate. This resulted in no significant 
difference in income over feed costs between treatments 
(though numerically 14% lower in HI), even with one 
fewer cow per hectare under the HI treatment. It is note-
worthy that our experimental design may not have been 
adequately powered to detect significant differences in 
income over feed costs at the per-hectare level. The lim-
ited number of experimental units constrains the ability 
to draw conclusions about economic outcomes, despite 
the observed numerical difference of 14% between treat-
ments. Increasing stocking rates and grazing intensity 
to boost grazed forage per hectare (Doole and Romera, 
2013; Romera and Doole, 2015) often involves greater 
feed supplementation (Patton et al., 2016; Evers et al., 
2021). However, in high-producing cows, forcing them 
to graze lower sward strata negatively affects individual 
grazed forage intake and may compromise performance 
(Peyraud and Delagarde, 2013; Dale et al., 2018). Al-
though higher stocking rates can compensate for lower 
individual milk production by increasing per-hectare 
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output, prolonged mobilization of body reserves, or 
delayed recovery from a negative energy balance may 
negatively affect reproduction (Roche et al., 2009; Doole 
and Romera, 2013).

Balancing Trade-Offs in Grazing Systems

This study over nearly a full lactation highlights the 
trade-offs between individual animal performance and 
per-hectare productivity in pasture-based dairy systems, 
offering insights into grazing strategies tailored to vari-
ous goals. The debate over optimizing production per 
animal versus per area has persisted for decades (Mott, 
1960; Jones and Sandland, 1974; Wade and Carvalho, 
2000; Romera and Doole, 2015). Traditionally, as stock-
ing rates increase, both per-animal and per-area produc-
tivity peak before declining, but in modern dairy systems 
with supplementation, these relationships may follow a 
different trajectory due to external feed inputs.

Our findings demonstrate that the HI treatment en-
hanced individual cow performance, leading to a 10% 
increase in milk production per cow, a 10% reduction in 
concentrate use, and a 10% improvement in the return 
on human-edible input, primarily due to higher grazed 
forage intake. Additionally, the improved energy balance 
facilitated faster BCS recovery. However, this strategy 
required 36% more grazing area, despite a tendency for 
21% greater forage growth, leading to a tendency of 21% 
reduction in milk output per hectare. In contrast, the CT 
treatment supported higher stocking rates and tended to 
increase total milk output per hectare but resulted in 42% 
more supplemental feed inputs per hectare and led to 
slower BCS recovery compared with the HI treatment. 
Although increased per-cow performance and improved 
human-edible protein efficiency are meaningful (Wilkin-
son and Lee, 2018), these benefits must be weighed 
against the broader consequences of reduced output per 
hectare (Battheu-Noirfalise et al., 2023). This reduction 
implies that more land is needed to sustain overall pro-
duction, which in turn may amplify the global competi-
tion for arable land (Mottet et al., 2017). The concept of 
sustainable intensification, which focuses on maximiz-
ing output per hectare while minimizing input, remains 
critical in addressing global food demands (Gerssen-
Gondelach et al., 2017). Therefore, a sustainable dairy 
system must also consider land use efficiency and the 
implications for global food security.

These results also highlight the need to align grazing 
strategies with system-specific goals. Farmers seeking 
to maximize land productivity may favor lower post-
grazing sward heights, though these must be managed 
carefully to prevent adverse effects on animal health, 

reproduction, and long-term productivity due to slower 
BCS recovery. Conversely, systems aiming to reduce 
feed costs may benefit from a higher residual sward 
height, which enhances individual cow performance 
and BCS while decreasing reliance on supplemental 
feed, though requiring substantially greater grazing 
area. Higher sward residuals may also benefit the envi-
ronment (Aguirre-Villegas et al., 2017; Zubieta et al., 
2021b) by reducing nutrient inputs and improving milk 
production per unit of inputted nutrients; however, bal-
ancing supplemental feed composition with improved 
sward quality is essential to prevent increased nitro-
gen excretion as indicated by the higher MUN content 
in the HI treatment. Additionally, this approach may 
enhance milk quality (e.g., increased polyunsaturated 
fatty acids; Joubran et al., 2021) by increasing the pro-
portion of grass in the diet (Provenza et al., 2019), as 
well as support animal welfare by reducing periods in 
which body reserves need to be mobilized and posi-
tively influence nutritional status and immune response 
(Zubieta et al., 2021a). Future research should explore 
the long-term effects of these strategies under varying 
supplementation levels, environmental conditions and 
pregrazing height criteria, to further refine sward man-
agement recommendations.

CONCLUSIONS

This study highlights the trade-offs between individual 
animal performance and per-hectare productivity in pas-
ture-based dairy systems under 2 contrasting postgrazing 
sward height strategies. Managing higher postgrazing 
sward heights (HI treatment) improved individual cow 
performance, increasing milk production, forage and 
total DMI per cow, and improving BCS, while reducing 
supplemental feed use per unit of milk produced. How-
ever, despite a tendency for higher forage growth rate in 
the HI treatment, these benefits were offset by a lower 
stocking rate and a tendency for reduced milk production 
per hectare and required more grazing area. Conversely, 
the lower postgrazing sward height (CT treatment) in-
creased milk production per hectare but required greater 
supplemental feed inputs per hectare and resulted in 
slower BCS recovery.

NOTES

This research was funded by Comisión Secto-
rial de Investigación Científica (CSIC) – Univer-
sidad de la República – Project CSIC I+D number 
2520220100152UD y Red Tecnológica de la Cadena 
Láctea (RTCL; Montevideo, Uruguay). G. Menegazzi 

Menegazzi et al.: POSTGRAZING SWARD HEIGHT AND COW PERFORMANCE



13339

Journal of Dairy Science Vol. 108 No. 12, 2025

was supported by Agencia Nacional de Investigación e 
Innovación (ANII; Montevideo, Uruguay) through the 
ANII PhD scholarship POS_EXT_2020_1_164958. C. 
Dorao was supported by Comisión Académica de Pos-
grados (CAP; Montevideo, Uruguay) through the MSc. 
scholarship BDMX_2024_1#51026998. C. Loza was 
supported by ANII (Montevideo, Uruguay) through the 
ANII postdoc scholarship PD_NAC_2022_1_173457. D. 
Talmón was supported by CAP (Montevideo, Uruguay) 
through the PhD scholarship BDDX_2021_1#46082317. 
The authors thank all the staff of the “Dr. Mario A. Cassi-
noni” Experimental Station for their support, and express 
their sincere appreciation to the students Anne van der 
Peet (WUR, Wageningen, the Netherlands), Arthur Ros-
sato (EETCG, Palmeira das Missões, Brazil), Carlos Peña 
(UNIPAMPLONA, Pamplona, Colombia), Carolina Col-
man (ITSP, Paysandú, Uruguay), Felipe Zanetti (UFSM, 
Palmeira das Missões, Brazil), Frederico Couto (PUC 
MINAS, Belo Horizonte, Brazil), Joaquin Samit (ITSP, 
Paysandú, Uruguay), Katia Meier (UFSM, Palmeira das 
Missões, Brazil), Manuel Savio (ITSP, Paysandú, Uru-
guay), Marcelo Herrera (UACh, Chapingo, Mexico), Ma-
teo Toscanini (ITSP, Paysandú, Uruguay), Nahuel Puga 
(ITSP, Paysandú, Uruguay), and Victoria Pereira (Udelar, 
Paysandú, Uruguay) for their invaluable assistance and 
commitment during the fieldwork. Their enthusiasm 
and dedication greatly contributed to the successful 
completion of the study. The experimental protocol was 
approved by the Ethics Committee of the Universidad de 
la República (protocol number Exp. 311170-000044-23). 
The authors have not stated any conflicts of interest.

Nonstandard abbreviations used: CT = control treat-
ment, postgrazing sward height of 5.0 to 7.0 cm; HE = hu-
man edible; HI = high treatment, postgrazing sward height 
of 12.0 to 15.0 cm; max. = maximum; min. = minimum; 
MR = mixed ration; NEL3× = NEL calculated assuming 
intake at 3× maintenance; PostGSH = postgrazing sward 
height; PreGSH = pregrazing sward height; RPM = rising 
plate meter; THI = temperature-humidity index.

REFERENCES

Aguirre-Villegas, H. A., T. H. Passos-Fonseca, D. J. Reinemann, and R. 
Larson. 2017. Grazing intensity affects the environmental impact of 
dairy systems. J. Dairy Sci. 100:6804–6821. https:​/​/​doi​.org/​10​.3168/​
jds​.2016​-12325.

Altamirano, A., H. Da Silva, A. Durán, A. Echeverría, D. Panario, and 
R. Puentes. 1976. Carta de Reconocimiento de Suelos del Uruguay. 
Tomo I. Clasificación de Suelos [Charter Soil Survey of Uruguay. 
Volume I. Soil Classification]. Dirección de Suelos y Fertilizantes, 
Ministerio de Agricultura y Pesca. 96.

AOAC. 2000. Official Methods of Analysis. 17th ed. Association of Of-
ficial Analytical Chemists, Washington, DC.

Bargo, F., L. D. Muller, J. E. Delahoy, and T. W. Cassidy. 2002. Perfor-
mance of high producing dairy cows with three different feeding 

systems combining pasture and total mixed rations. J. Dairy Sci. 
85:2948–2963. https:​/​/​doi​.org/​10​.3168/​jds​.S0022​-0302(02)74381​-6.

Bargo, F., L. D. Muller, E. S. Kolver, and J. E. Delahoy. 2003. Invited 
review: Production and digestion of supplemented dairy cows on 
pasture. J. Dairy Sci. 86:1–42. https:​/​/​doi​.org/​10​.3168/​jds​.S0022​
-0302(03)73581​-4.

Barthram, G. 1985. Experimental Techniques: The HFRO Sward Stick. 
M. M. Alcock, ed. HFRO Publishing, Midlothian, UK.

Battheu-Noirfalise, C., A. Mertens, E. Froidmont, M. Mathot, B. Rouillé, 
and D. Stilmant. 2023. Net productivity, a new metric to evaluate 
the contribution to food security of livestock systems: The case of 
specialised dairy farms. Agron. Sustain. Dev. 43:54. https:​/​/​doi​.org/​
10​.1007/​s13593​-023​-00901​-z.

Beck, H. E., N. E. Zimmermann, T. R. McVicar, N. Vergopolan, A. Berg, 
and E. F. Wood. 2018. Present and future Köppen-Geiger climate 
classification maps at 1-km resolution. Sci. Data 5:180214. https:​/​/​
doi​.org/​10​.1038/​sdata​.2018​.214.

Chapman, D. 2016. Using ecophysiology to improve farm efficiency: 
Application in temperate dairy grazing systems. Agriculture 6:17. 
https:​/​/​doi​.org/​10​.3390/​agriculture6020017.

Chilibroste, P., M. J. Gibb, P. Soca, and D. A. Mattiauda. 2015. Be-
havioural adaptation of grazing dairy cows to changes in feeding 
management: Do they follow a predictable pattern? Anim. Prod. Sci. 
55:328–338. https:​/​/​doi​.org/​10​.1071/​AN14484.

Chilibroste, P., S. Tamminga, and H. Boer. 1997. Effects of length of 
grazing session, rumen fill and starvation time before grazing on 
dry-matter intake, ingestive behaviour and dry-matter rumen pool 
sizes of grazing lactating dairy cows. Grass Forage Sci. 52:249–257. 
https:​/​/​doi​.org/​10​.1111/​j​.1365​-2494​.1997​.tb02355​.x.

Dale, A. J., A. S. Laidlaw, S. McGettrick, A. Gordon, and C. P. Ferris. 
2018. The effect of grazing intensity on the performance of high-
yielding dairy cows. Grass Forage Sci. 73:798–810. https:​/​/​doi​.org/​
10​.1111/​gfs​.12350.

de Faccio Carvalho, P. C. 2013. Harry Stobbs Memorial Lecture: Can 
grazing behavior support innovations in grassland management? 
Trop. Grassl. 1:137–155. https:​/​/​doi​.org/​10​.17138/​tgft(1)137​-155.

De Rensis, F., I. Garcia-Ispierto, and F. López-Gatius. 2015. Seasonal 
heat stress: Clinical implications and hormone treatments for the 
fertility of dairy cows. Theriogenology 84:659–666. https:​/​/​doi​.org/​
10​.1016/​j​.theriogenology​.2015​.04​.021.

Delaby, L., and B. Horan. 2021. Améliorer l’efficacité des systèmes 
laitiers herbagers en milieux tempérés. INRA Prod. Anim. 34:161–
172. https:​/​/​doi​.org/​10​.20870/​productions​-animales​.2021​.34​.3​.4870.

Delagarde, R., J. Peyraud, L. Delaby, and P. Faverdin. 2000. Vertical 
distribution of biomass, chemical composition and pepsin-cellulase 
digestibility in a perennial ryegrass sward: interaction with month 
of year, regrowth age and time of day. Anim. Feed Sci. Technol. 
84:49–68. https:​/​/​doi​.org/​10​.1016/​S0377​-8401(00)00114​-0.

Dijkstra, J., A. Bannink, P. M. Bosma, E. A. Lantinga, and J. W. Reijs. 
2018. Modeling the effect of nutritional strategies for dairy cows on 
the composition of excreta nitrogen. Front. Sustain. Food Syst. 2:63. 
https:​/​/​doi​.org/​10​.3389/​fsufs​.2018​.00063.

Dijkstra, J., O. Oenema, J. W. van Groenigen, J. W. Spek, A. M. van 
Vuuren, and A. Bannink. 2013. Diet effects on urine composition 
of cattle and N2O emissions. Animal 7:292–302. https:​/​/​doi​.org/​10​
.1017/​S1751731113000578.

Dillon, P., T. Hennessy, L. Shalloo, F. Thorne, and B. Horan. 2008. Fu-
ture outlook for the Irish dairy industry: A study of international 
competitiveness, influence of international trade reform and require-
ment for change. Int. J. Dairy Technol. 61:16–29. https:​/​/​doi​.org/​10​
.1111/​j​.1471​-0307​.2008​.00374​.x.

 Donaghy, D., R. Bryant, L. Cranston, M. Egan, W. Griffiths, J. Kay, K. 
Pembleton, and K. Tozer. 2021. Will current rotational grazing man-
agement recommendations suit future intensive pastoral systems? 
NZGA Research and Practice Series 17:205–222. https:​/​/​doi​.org/​10​
.33584/​rps​.17​.2021​.3464.

Doole, G. J., and A. J. Romera. 2013. Detailed description of grazing 
systems using nonlinear optimisation methods: A model of a pasture-
based New Zealand dairy farm. Agric. Syst. 122:33–41. https:​/​/​doi​
.org/​10​.1016/​j​.agsy​.2013​.08​.001.

Menegazzi et al.: POSTGRAZING SWARD HEIGHT AND COW PERFORMANCE

https://doi.org/10.3168/jds.2016-12325
https://doi.org/10.3168/jds.2016-12325
https://doi.org/10.3168/jds.S0022-0302(02)74381-6
https://doi.org/10.3168/jds.S0022-0302(03)73581-4
https://doi.org/10.3168/jds.S0022-0302(03)73581-4
https://doi.org/10.1007/s13593-023-00901-z
https://doi.org/10.1007/s13593-023-00901-z
https://doi.org/10.1038/sdata.2018.214
https://doi.org/10.1038/sdata.2018.214
https://doi.org/10.3390/agriculture6020017
https://doi.org/10.1071/AN14484
https://doi.org/10.1111/j.1365-2494.1997.tb02355.x
https://doi.org/10.1111/gfs.12350
https://doi.org/10.1111/gfs.12350
https://doi.org/10.17138/tgft(1)137-155
https://doi.org/10.1016/j.theriogenology.2015.04.021
https://doi.org/10.1016/j.theriogenology.2015.04.021
https://doi.org/10.20870/productions-animales.2021.34.3.4870
https://doi.org/10.1016/S0377-8401(00)00114-0
https://doi.org/10.3389/fsufs.2018.00063
https://doi.org/10.1017/S1751731113000578
https://doi.org/10.1017/S1751731113000578
https://doi.org/10.1111/j.1471-0307.2008.00374.x
https://doi.org/10.1111/j.1471-0307.2008.00374.x
https://doi.org/10.33584/rps.17.2021.3464.
https://doi.org/10.33584/rps.17.2021.3464.
https://doi.org/10.1016/j.agsy.2013.08.001
https://doi.org/10.1016/j.agsy.2013.08.001


Journal of Dairy Science Vol. 108 No. 12, 2025

13340

Duru, M., and H. Ducrocq. 2000. Growth and senescence of the succes-
sive grass leaves on a tiller. Ontogenic development and effect of 
temperature. Ann. Bot. (Lond.) 85:635–643. https:​/​/​doi​.org/​10​.1006/​
anbo​.2000​.1116.

Edmonson, A. J., I. J. Lean, L. D. Weaver, T. Farver, and G. Webster. 
1989. A body condition scoring chart for Holstein dairy cows. J. Dairy 
Sci. 72:68–78. https:​/​/​doi​.org/​10​.3168/​jds​.S0022​-0302(89)79081​-0.

Evers, S. H., L. Delaby, C. Fleming, K. M. Pierce, and B. Horan. 2021. 
Effect of 3 autumn pasture management strategies applied to 2 farm 
system intensities on the productivity of spring-calving, pasture-
based dairy systems. J. Dairy Sci. 104:6803–6819. https:​/​/​doi​.org/​
10​.3168/​jds​.2020​-19246.

Fajardo, M., D. A. Mattiauda, G. Motta, T. C. Genro, A. Meikle, M. 
Carriquiry, and P. Chilibroste. 2015. Use of mixed rations with dif-
ferent access time to pastureland on productive responses of early 
lactation Holstein cows. Livest. Sci. 181:51–57. https:​/​/​doi​.org/​10​
.1016/​j​.livsci​.2015​.09​.023.

Fariña, S. R., and P. Chilibroste. 2019. Opportunities and challenges for 
the growth of milk production from pasture: The case of farm sys-
tems in Uruguay. Agric. Syst. 176:102631. https:​/​/​doi​.org/​10​.1016/​j​
.agsy​.2019​.05​.001.

Finneran, E., P. Crosson, P. O’Kiely, L. Shalloo, D. Forristal, and M. 
Wallace. 2010. Simulation modelling of the cost of producing 
and utilising feeds for ruminants on Irish farms. J. Farm Manag. 
14:95–116.

Fonseca, L., J. C. Mezzalira, C. Bremm, R. S. A. Filho, H. L. Gonda, 
and P. C. F. Carvalho. 2012. Management targets for maximising the 
short-term herbage intake rate of cattle grazing in Sorghum bicolor. 
Livest. Sci. 145:205–211. https:​/​/​doi​.org/​10​.1016/​j​.livsci​.2012​.02​
.003.

Fulkerson, W. J., and D. J. Donaghy. 2001. Plant-soluble carbohydrate 
reserves and senescence - key criteria for developing an effective 
grazing management system for ryegrass-based pastures: A review. 
Aust. J. Exp. Agric. 41:261–275. https:​/​/​doi​.org/​10​.1071/​EA00062.

Gareli, S., A. Mendoza, N. M. Bello, F. A. Lattanzi, S. R. Fariña, and 
J. V. Savian. 2023. Effects of grazing management and concentrate 
supplementation on intake and milk production of dairy cows graz-
ing orchardgrass. Anim. Feed Sci. Technol. 301:115668. https:​/​/​doi​
.org/​10​.1016/​j​.anifeedsci​.2023​.115668.

Gerssen-Gondelach, S. J., R. B. G. Lauwerijssen, P. Havlík, M. Herrero, 
H. Valin, A. P. C. Faaij, and B. Wicke. 2017. Intensification path-
ways for beef and dairy cattle production systems: Impacts on GHG 
emissions, land occupation and land use change. Agric. Ecosyst. 
Environ. 240:135–147. https:​/​/​doi​.org/​10​.1016/​j​.agee​.2017​.02​.012.

Gregorini, P., S. A. Gunter, P. A. Beck, J. Caldwell, M. T. Bowman, 
and W. K. Coblentz. 2009. Short-term foraging dynamics of cattle 
grazing swards with different canopy structures. J. Anim. Sci. 
87:3817–3824. https:​/​/​doi​.org/​10​.2527/​jas​.2009​-2094.

Gregorini, P., S. A. Gunter, P. A. Beck, K. J. Soder, and S. Tamminga. 
2008. REVIEW: The interaction of diurnal grazing pattern, ruminal 
metabolism, nutrient supply, and management in cattle. Prof. Anim. 
Sci. 24:308–318. https:​/​/​doi​.org/​10​.15232/​S1080​-7446(15)30861​-5.

INALE (Instituto Nacional de la Leche). 2023. Estadísticas INALE. Ac-
cessed Jun. 2, 2024. https:​/​/​www​.inale​.org/​estadisticas/​.

Jáuregui, J. M., D. F. Michelini, M. G. Agnusdei, J. Baudracco, G. H. 
Sevilla, P. Chilibroste, and F. A. Lattanzi. 2017. Persistence of tall 
fescue in a subtropical environment: Tiller survival over summer in 
response to flowering control and nitrogen supply. Grass Forage Sci. 
72:454–466. https:​/​/​doi​.org/​10​.1111/​gfs​.12252.

Jones, R. J., and R. L. Sandland. 1974. The relation between animal 
gain and stocking rate derivation of the relation from the results of 
grazing trials. J. Agric. Sci. 83:335–342. https:​/​/​doi​.org/​10​.1017/​
S0021859600052035.

Joubran, A. M., K. M. Pierce, N. Garvey, L. Shalloo, and T. F. 
O’Callaghan. 2021. Invited review: A 2020 perspective on pasture-
based dairy systems and products. J. Dairy Sci. 104:7364–7382. 
https:​/​/​doi​.org/​10​.3168/​jds​.2020​-19776.

Laca, E. A., E. D. Ungar, N. Seligman, and M. W. Demment. 1992. Ef-
fects of sward height and bulk density on bite dimensions of cattle 

grazing homogeneous swards. Grass Forage Sci. 47:91–102. https:​/​/​
doi​.org/​10​.1111/​j​.1365​-2494​.1992​.tb02251​.x.

Lawson, A. R., K. B. Kelly, and M. E. Rogers. 2017. Grazing manage-
ment of dairy pastures based on tall fescue in southern Australia. 
Crop Pasture Sci. 68:1081–1090. https:​/​/​doi​.org/​10​.1071/​CP16375.

Lucy, M. C., G. A. Verkerk, B. E. Whyte, K. A. Macdonald, L. Burton, R. 
T. Cursons, J. R. Roche, and C. W. Holmes. 2009. Somatotropic axis 
components and nutrient partitioning in genetically diverse dairy 
cows managed under different feed allowances in a pasture system. 
J. Dairy Sci. 92:526–539. https:​/​/​doi​.org/​10​.3168/​jds​.2008​-1421.

McCarthy, J., B. McCarthy, B. Horan, K. M. Pierce, N. Galvin, A. 
Brennan, and L. Delaby. 2014. Effect of stocking rate and calving 
date on dry matter intake, milk production, body weight, and body 
condition score in spring-calving, grass-fed dairy cows. J. Dairy Sci. 
97:1693–1706. https:​/​/​doi​.org/​10​.3168/​jds​.2013​-7458.

McCarthy, S., D. P. Berry, P. Dillon, M. Rath, and B. Horan. 2007. Influ-
ence of Holstein-Friesian strain and feed system on body weight and 
body condition score lactation profiles. J. Dairy Sci. 90:1859–1869. 
https:​/​/​doi​.org/​10​.3168/​jds​.2006​-501.

McClearn, B., T. J. Gilliland, L. Delaby, C. Guy, M. Dineen, F. Cough-
lan, and B. McCarthy. 2019. Milk production per cow and per hect-
are of spring-calving dairy cows grazing swards differing in Lolium 
perenne L. ploidy and Trifolium repens L. composition. J. Dairy Sci. 
102:8571–8585. https:​/​/​doi​.org/​10​.3168/​jds​.2018​-16184.

McEvoy, M., E. Kennedy, J. P. Murphy, T. M. Boland, L. Delaby, and M. 
O’Donovan. 2008. The effect of herbage allowance and concentrate 
supplementation on milk production performance and dry matter 
intake of spring-calving dairy cows in early lactation. J. Dairy Sci. 
91:1258–1269. https:​/​/​doi​.org/​10​.3168/​jds​.2007​-0710.

McGilloway, D. A., A. Cushnahan, A. S. Laidlaw, C. s. Mayne, and D. J. 
Kilpatrick. 1999. The relationship between level of sward height re-
duction in a rotationally grazed sward and short-term intake rates of 
dairy cows. Grass Forage Sci. 54:116–126. https:​/​/​doi​.org/​10​.1046/​j​
.1365​-2494​.1999​.00158​.x.

Méndez, M. N., P. Chilibroste, and M. Aguerre. 2020. Pasture dry mat-
ter intake per cow in intensive dairy production systems: Effects of 
grazing and feeding management. Animal 14:846–853. https:​/​/​doi​
.org/​10​.1017/​S1751731119002349.

Menegazzi, G., F. Bailon, L. Fernández, S. Pesoa, O. Fast, D. A. Mat-
tiauda, and P. Chilibroste. 2024. Effect of pasture allocation fre-
quency on the milk production of Holstein grazing dairy cows. Pages 
709–711 in Proc. 30th General Meeting of the European Grassland 
Federation. The Organising Committee of the 30th General Meeting 
of the European Grassland Federation, Leeuwarden, the Netherlands.

Menegazzi, G., P. Y. Giles, D. A. Mattiauda, F. Elizondo, T. C. M. Genro, 
W. J. J. Gerrits, J. Dijkstra, and P. Chilibroste. 2022. Diurnal varia-
tion in water-soluble carbohydrate contents of pasture affects milk 
production of dairy cattle: A simulation approach. Animal - Science 
Proceedings 13:579–580. https:​/​/​doi​.org/​10​.1016/​j​.anscip​.2022​.07​
.449.

Menegazzi, G., P. Y. Giles, M. Oborsky, O. Fast, D. A. Mattiauda, T. C. 
M. Genro, and P. Chilibroste. 2021. Effect of post-grazing sward 
height on ingestive behavior, dry matter intake, and milk production 
of Holstein dairy cows. Front. Anim. Sci. 2:742685. https:​/​/​doi​.org/​
10​.3389/​fanim​.2021​.742685.

Menegazzi, G., G. R. Mendina, L. Grille, M. N. Méndez, V. Pons, A. 
Pedemonte, M. L. Adrien, A. Meikle, W. J. J. Gerrits, J. Dijkstra, 
and P. Chilibroste. 2025. Performance of autumn and spring calv-
ing Holstein dairy cows confined indoors or managed with pasture 
and supplementation under various housing conditions. J. Dairy Sci. 
108:7179–7201. https:​/​/​doi​.org/​10​.3168/​jds​.2024​-26084.

Mezzalira, J. C., P. C. De Faccio Carvalho, L. Fonseca, C. Bremm, C. 
Cangiano, H. L. Gonda, and E. A. Laca. 2014. Behavioural mecha-
nisms of intake rate by heifers grazing swards of contrasting struc-
tures. Appl. Anim. Behav. Sci. 153:1–9. https:​/​/​doi​.org/​10​.1016/​j​
.applanim​.2013​.12​.014.

Miller-Cushon, E. K., and T. J. DeVries. 2010. Feeding amount affects 
the sorting behavior of lactating dairy cows. Can. J. Anim. Sci. 
90:1–7. https:​/​/​doi​.org/​10​.4141/​CJAS09047.

Menegazzi et al.: POSTGRAZING SWARD HEIGHT AND COW PERFORMANCE

https://doi.org/10.1006/anbo.2000.1116
https://doi.org/10.1006/anbo.2000.1116
https://doi.org/10.3168/jds.S0022-0302(89)79081-0
https://doi.org/10.3168/jds.2020-19246
https://doi.org/10.3168/jds.2020-19246
https://doi.org/10.1016/j.livsci.2015.09.023
https://doi.org/10.1016/j.livsci.2015.09.023
https://doi.org/10.1016/j.agsy.2019.05.001
https://doi.org/10.1016/j.agsy.2019.05.001
https://doi.org/10.1016/j.livsci.2012.02.003
https://doi.org/10.1016/j.livsci.2012.02.003
https://doi.org/10.1071/EA00062
https://doi.org/10.1016/j.anifeedsci.2023.115668
https://doi.org/10.1016/j.anifeedsci.2023.115668
https://doi.org/10.1016/j.agee.2017.02.012
https://doi.org/10.2527/jas.2009-2094
https://doi.org/10.15232/S1080-7446(15)30861-5
https://www.inale.org/estadisticas/
https://doi.org/10.1111/gfs.12252
https://doi.org/10.1017/S0021859600052035
https://doi.org/10.1017/S0021859600052035
https://doi.org/10.3168/jds.2020-19776
https://doi.org/10.1111/j.1365-2494.1992.tb02251.x
https://doi.org/10.1111/j.1365-2494.1992.tb02251.x
https://doi.org/10.1071/CP16375
https://doi.org/10.3168/jds.2008-1421
https://doi.org/10.3168/jds.2013-7458
https://doi.org/10.3168/jds.2006-501
https://doi.org/10.3168/jds.2018-16184
https://doi.org/10.3168/jds.2007-0710
https://doi.org/10.1046/j.1365-2494.1999.00158.x
https://doi.org/10.1046/j.1365-2494.1999.00158.x
https://doi.org/10.1017/S1751731119002349
https://doi.org/10.1017/S1751731119002349
https://doi.org/10.1016/j.anscip.2022.07.449
https://doi.org/10.1016/j.anscip.2022.07.449
https://doi.org/10.3389/fanim.2021.742685
https://doi.org/10.3389/fanim.2021.742685
https://doi.org/10.3168/jds.2024-26084
https://doi.org/10.1016/j.applanim.2013.12.014
https://doi.org/10.1016/j.applanim.2013.12.014
https://doi.org/10.4141/CJAS09047


13341

Journal of Dairy Science Vol. 108 No. 12, 2025

Miller-Cushon, E. K., and T. J. DeVries. 2017. Feed sorting in dairy 
cattle: Causes, consequences, and management. J. Dairy Sci. 
100:4172–4183. https:​/​/​doi​.org/​10​.3168/​jds​.2016​-11983.

Mott, G. O. 1960. Grazing pressure and the measurement of pasture 
production. Pages 606–611 in Proceedings of the 6th International 
Grassland Congress. University of Reading, Reading, UK.

Mottet, A., C. de Haan, A. Falcucci, G. Tempio, C. Opio, and P. Gerber. 
2017. Livestock: On our plates or eating at our table? A new analysis 
of the feed/food debate. Glob. Food Secur. 14:1–8. https:​/​/​doi​.org/​10​
.1016/​j​.gfs​.2017​.01​.001.

NASEM (National Academies of Science Engineering and Medicine). 
2021. Nutrient Requirements of Dairy Cattle, 8th Rev. Ed. National 
Academy Press. Washington, DC, USA.

Nousiainen, J., K. J. Shingfield, and P. Huhtanen. 2004. Evaluation of 
milk urea nitrogen as a diagnostic of protein feeding. J. Dairy Sci. 
87:386–398. https:​/​/​doi​.org/​10​.3168/​jds​.S0022​-0302(04)73178​-1.

NRC. (National Research Council). 1971. A Guide to Environmental Re-
search on Animals. National Academy Press, Washington, DC, USA.

NRC. (National Research Council). 2001. Nutrient Requirements of 
Dairy Cattle. 7th rev. ed. National Academy Press. Washington, DC, 
USA.

Ortega, G., N. Berberian, and P. Chilibroste. 2024. The effects of stock-
ing rate, residual sward height, and forage supplementation on for-
age production, feeding strategies, and productivity of milking dairy 
cows. Front. Anim. Sci. 5:1319150. https:​/​/​doi​.org/​10​.3389/​fanim​
.2024​.1319150.

Parsons, A., and D. F. Chapman. 2000. The principles of pasture growth 
and utilization. Pages 31–89 in Grass: Its Production and Utilization. 
A. Hopkins, ed. Blackwell Science, London, UK.

Parsons, A. J., I. R. Johnson, and A. Harvey. 1988. Use of a model to 
optimize the interaction between frequency and severity of inter-
mittent defoliation and to provide a fundamental comparison of the 
continuous and intermittent defoliation of grass. Grass Forage Sci. 
43:49–59. https:​/​/​doi​.org/​10​.1111/​j​.1365​-2494​.1988​.tb02140​.x.

Patton, D., K. M. Pierce, and B. Horan. 2016. Effect of stocking rate on 
milk and pasture productivity and supplementary feed use for spring 
calving pasture fed dairy systems. J. Dairy Sci. 99:5904–5915. https:​
/​/​doi​.org/​10​.3168/​jds​.2015​-10305.

Patton, J., J. J. Murphy, F. P. O’Mara, and S. T. Butler. 2008. A com-
parison of energy balance and metabolic profiles of the New Zealand 
and North American strains of Holstein Friesian dairy cow. Animal 
2:969–978. https:​/​/​doi​.org/​10​.1017/​S1751731108001973.

Peyraud, J. L., and R. Delagarde. 2013. Managing variations in dairy 
cow nutrient supply under grazing. Animal 7:57–67. https:​/​/​doi​.org/​
10​.1017/​S1751731111002394.

Portugal, T. B., L. S. Szymczak, A. de Moraes, L. Fonseca, J. C. Mezza-
lira, J. V. Savian, A. S. Zubieta, C. Bremm, P. C. de Faccio Carvalho, 
and A. L. G. Monteiro. 2022. Low-intensity, high-frequency grazing 
strategy increases herbage production and beef cattle performance 
on sorghum pastures. Animals (Basel) 12:13. https:​/​/​doi​.org/​10​
.3390/​ani12010013.

Provenza, F. D., S. L. Kronberg, and P. Gregorini. 2019. Is grassfed meat 
and dairy better for human and environmental health? Front. Nutr. 
6:26. https:​/​/​doi​.org/​10​.3389/​fnut​.2019​.00026.

Provenza, F. D., J. J. Villalba, L. E. Dziba, S. B. Atwood, and R. E. 
Banner. 2003. Linking herbivore experience, varied diets, and plant 
biochemical diversity. Small Rumin. Res. 49:257–274. https:​/​/​doi​
.org/​10​.1016/​S0921​-4488(03)00143​-3.

Rivoir, C., G. R. Mendina, M. L. Adrien, A. Meikle, and P. Chilibroste. 
2025. Contrasting feeding management in the first 21 days post-
partum in Holstein dairy cows: Direct and residual milk responses. 
Animal - Open Space 4:100092. https:​/​/​doi​.org/​10​.1016/​j​.anopes​
.2025​.100092.

Roche, J. R., D. P. Berry, A. M. Bryant, C. R. Burke, S. T. Butler, P. G. 
Dillon, D. J. Donaghy, B. Horan, K. A. Macdonald, and K. L. Mac-
millan. 2017. A 100-Year Review: A century of change in temperate 
grazing dairy systems. J. Dairy Sci. 100:10189–10233. https:​/​/​doi​
.org/​10​.3168/​jds​.2017​-13182.

Roche, J. R., D. P. Berry, and E. S. Kolver. 2006. Holstein-Friesian strain 
and feed effects on milk production, body weight, and body condi-

tion score profiles in grazing dairy cows. J. Dairy Sci. 89:3532–3543. 
https:​/​/​doi​.org/​10​.3168/​jds​.S0022​-0302(06)72393​-1.

Roche, J. R., N. C. Friggens, J. K. Kay, M. W. Fisher, K. J. Stafford, 
and D. P. Berry. 2009. Invited review: Body condition score and its 
association with dairy cow productivity, health, and welfare. J. Dairy 
Sci. 92:5769–5801. https:​/​/​doi​.org/​10​.3168/​jds​.2009​-2431.

Roche, J. R., K. A. Macdonald, C. R. Burke, J. M. Lee, and D. P. 
Berry. 2007. Associations among body condition score, body 
weight, and reproductive performance in seasonal-calving dairy 
cattle. J. Dairy Sci. 90:376–391. https:​/​/​doi​.org/​10​.3168/​jds​.S0022​
-0302(07)72639​-5.

Roguet, C., B. Dumont, and S. Prache. 1998. Selection and use of feed-
ing sites and feeding stations by herbivores: A review. Ann. Zootech. 
47:225–244. https:​/​/​doi​.org/​10​.1051/​animres:​19980401.

Romera, A. J., and G. J. Doole. 2015. Optimising the interrelationship 
between intake per cow and intake per hectare. Anim. Prod. Sci. 
55:384–396. https:​/​/​doi​.org/​10​.1071/​AN14424.

Savian, J. V., R. M. T. Schons, W. de Souza Filho, A. S. Zubieta, L. 
Kindlein, J. Bindelle, C. Bayer, C. Bremm, and P. C. F. Carvalho. 
2021. ‘Rotatinuous’ stocking as a climate-smart grazing manage-
ment strategy for sheep production. Sci. Total Environ. 753:141790. 
https:​/​/​doi​.org/​10​.1016/​j​.scitotenv​.2020​.141790.

Scheneiter, O., and C. Améndola. 2012. Tiller demography in tall fescue 
(Festuca arundinacea) swards as influenced by nitrogen fertiliza-
tion, sowing method and grazing management. Grass Forage Sci. 
67:426–436. https:​/​/​doi​.org/​10​.1111/​j​.1365​-2494​.2012​.00861​.x.

Schons, R. M. T., E. A. Laca, J. V. Savian, J. C. Mezzalira, E. A. N. 
Schneider, L. A. M. Caetano, A. S. Zubieta, M. A. Benvenutti, and P. 
C. F. Carvalho. 2021. ‘Rotatinuous’ stocking: An innovation in graz-
ing management to foster both herbage and animal production. Liv-
est. Sci. 245:104406. https:​/​/​doi​.org/​10​.1016/​j​.livsci​.2021​.104406.

Searle, K. R., N. Thompson Hobbs, and L. A. Shipley. 2005. Should 
I stay or should I go? Patch departure decisions by herbivores at 
multiple scales. Oikos 111:417–424. https:​/​/​doi​.org/​10​.1111/​j​.0030​
-1299​.2005​.13918​.x.

Sjaunja, L. O., L. Baevre, L. Junkkarinen, J. Pedersen, and J. Setälä. 
1990. A Nordic proposal for an energy corrected milk formula. Pages 
156–157 in Proc. 27th biennial session of the International Com-
mittee for Recording the Productivity of Milk Animals (ICRPMA), 
Paris, France.

Spek, J. W., J. Dijkstra, G. Van Duinkerken, and A. Bannink. 2013. A re-
view of factors influencing milk urea concentration and its relation-
ship with urinary urea excretion in lactating dairy cattle. J. Agric. 
Sci. 151:407–423. https:​/​/​doi​.org/​10​.1017/​S0021859612000561.

Stergiadis, S., M. Allen, X. J. Chen, D. Wills, and T. Yan. 2015. Predic-
tion of nutrient digestibility and energy concentrations in fresh grass 
using nutrient composition. J. Dairy Sci. 98:3257–3273. https:​/​/​doi​
.org/​10​.3168/​jds​.2014​-8587.

Stirling, S., L. Delaby, A. Mendoza, and S. Fariña. 2021. Intensification 
strategies for temperate hot-summer grazing dairy systems in South 
America: Effects of feeding strategy and cow genotype. J. Dairy Sci. 
104:12647–12663. https:​/​/​doi​.org/​10​.3168/​jds​.2021​-20507.

Stockdale, C. R. 2000. Levels of pasture substitution when concentrates 
are fed to grazing dairy cows in northern Victoria. Aust. J. Exp. Ag-
ric. 40:913–921. https:​/​/​doi​.org/​10​.1071/​EA00034.

Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Methods for 
dietary fiber, neutral detergent fiber, and nonstarch polysaccharides 
in relation to animal nutrition. J. Dairy Sci. 74:3583–3597. https:​/​/​
doi​.org/​10​.3168/​jds​.S0022​-0302(91)78551​-2.

van Vuuren, A. M., and P. Chilibroste. 2013. Challenges in the nutri-
tion and management of herbivores in the temperate zone. Animal 
7:19–28. https:​/​/​doi​.org/​10​.1017/​S1751731111001741.

Wade, M. H., and P. C. de F. Carvalho. 2000. Defoliation patterns and 
herbage intake in grazed pastures. Pages 233–248 in Ecophysiology 
of Grasslands and the Ecology of Grazing. G. Lemaire, J. Hodgson, 
A. de Moraes, C. Nabinger, and P. C. de F. Carvalho, ed. CAB Inter-
national, Oxford, UK.

Wales, W. J., L. C. Marett, J. S. Greenwood, M. M. Wright, J. B. Thorn-
hill, J. L. Jacobs, C. K. M. Ho, and M. J. Auldist. 2013. Use of partial 

Menegazzi et al.: POSTGRAZING SWARD HEIGHT AND COW PERFORMANCE

https://doi.org/10.3168/jds.2016-11983
https://doi.org/10.1016/j.gfs.2017.01.001
https://doi.org/10.1016/j.gfs.2017.01.001
https://doi.org/10.3168/jds.S0022-0302(04)73178-1
https://doi.org/10.3389/fanim.2024.1319150
https://doi.org/10.3389/fanim.2024.1319150
https://doi.org/10.1111/j.1365-2494.1988.tb02140.x
https://doi.org/10.3168/jds.2015-10305
https://doi.org/10.3168/jds.2015-10305
https://doi.org/10.1017/S1751731108001973
https://doi.org/10.1017/S1751731111002394
https://doi.org/10.1017/S1751731111002394
https://doi.org/10.3390/ani12010013
https://doi.org/10.3390/ani12010013
https://doi.org/10.3389/fnut.2019.00026
https://doi.org/10.1016/S0921-4488(03)00143-3
https://doi.org/10.1016/S0921-4488(03)00143-3
https://doi.org/10.1016/j.anopes.2025.100092
https://doi.org/10.1016/j.anopes.2025.100092
https://doi.org/10.3168/jds.2017-13182
https://doi.org/10.3168/jds.2017-13182
https://doi.org/10.3168/jds.S0022-0302(06)72393-1
https://doi.org/10.3168/jds.2009-2431
https://doi.org/10.3168/jds.S0022-0302(07)72639-5
https://doi.org/10.3168/jds.S0022-0302(07)72639-5
https://doi.org/10.1051/animres:19980401
https://doi.org/10.1071/AN14424
https://doi.org/10.1016/j.scitotenv.2020.141790
https://doi.org/10.1111/j.1365-2494.2012.00861.x
https://doi.org/10.1016/j.livsci.2021.104406
https://doi.org/10.1111/j.0030-1299.2005.13918.x
https://doi.org/10.1111/j.0030-1299.2005.13918.x
https://doi.org/10.1017/S0021859612000561
https://doi.org/10.3168/jds.2014-8587
https://doi.org/10.3168/jds.2014-8587
https://doi.org/10.3168/jds.2021-20507
https://doi.org/10.1071/EA00034
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1017/S1751731111001741


Journal of Dairy Science Vol. 108 No. 12, 2025

13342

mixed rations in pasture-based dairying in temperate regions of Aus-
tralia. Anim. Prod. Sci. 53:1167. https:​/​/​doi​.org/​10​.1071/​AN13207.

Wales, W. J., C. R. Stockdale, and P. T. Doyle. 2005. Plant and sward 
characteristics to achieve high intake in ruminants. Pages 37–47 
in Utilisation of Grazed Grass in Temperate Animal Systems. Pro-
ceedings of a Satellite Workshop of the XX International Grassland 
Congress, Cork, Ireland. J. J. Murphy, ed. Wageningen Academic 
Publishers, Wageningen, the Netherlands.

Washburn, S. P., S. L. White, J. T. Green Jr., and G. A. Benson. 2002. 
Reproduction, mastitis, and body condition of seasonally calved 
Holstein and Jersey cows in confinement or pasture systems. J. Dairy 
Sci. 85:105–111. https:​/​/​doi​.org/​10​.3168/​jds​.S0022​-0302(02)74058​
-7.

Wilkinson, J. M. 2011. Re-defining efficiency of feed use by livestock. 
Animal 5:1014–1022. https:​/​/​doi​.org/​10​.1017/​S175173111100005X.

Wilkinson, J. M., and M. R. F. Lee. 2018. Review: Use of human-edible 
animal feeds by ruminant livestock. Animal 12:1735–1743. https:​/​/​
doi​.org/​10​.1017/​S175173111700218X.

Wilmink, J. B. M. 1987. Adjustment of lactation yield for age at calv-
ing in relation to level of production. Livest. Prod. Sci. 16:321–334. 
https:​/​/​doi​.org/​10​.1016/​0301​-6226(87)90002​-9.

Zibil, S., R. Zanoniani, O. Bentancur, O. Ernst, and P. Chilibroste. 2016. 
Control de intensidad de defoliación sobre la producción de forraje 
estacional y total en sistemas lecheros. Agro Sur 44:45–53. https:​/​/​
doi​.org/​10​.4206/​agrosur​.2016​.v44n2​-06.

Zira, S., E. Röös, L. Rydhmer, and R. Hoffmann. 2023. Sustainability as-
sessment of economic, environmental and social impacts, feed-food 
competition and economic robustness of dairy and beef farming sys-
tems in South Western Europe. Sustain. Prod. Consum. 36:439–448. 
https:​/​/​doi​.org/​10​.1016/​j​.spc​.2023​.01​.022.

Zubieta, A. S., A. Marín, J. V. Savian, A. M. Soares Bolzan, J. Rossetto, 
M. T. Barreto, J. Bindelle, C. Bremm, L. V. Quishpe, S. F. Valle, V. 
Decruyenaere, and P. C. de Faccio Carvalho. 2021a. Low-intensity, 
high-frequency grazing positively affects defoliating behavior, nutri-
ent intake and blood indicators of nutrition and stress in sheep. Front. 
Vet. Sci. 8:631820. https:​/​/​doi​.org/​10​.3389/​fvets​.2021​.631820.

Zubieta, Á. S., J. V. Savian, W. de Souza Filho, M. O. Wallau, A. M. 
Gómez, J. Bindelle, O. J. F. Bonnet, and P. C. de Faccio Carvalho. 
2021b. Does grazing management provide opportunities to mitigate 
methane emissions by ruminants in pastoral ecosystems? Sci. To-
tal Environ. 754:142029. https:​/​/​doi​.org/​10​.1016/​j​.scitotenv​.2020​
.142029.

APPENDIX

Menegazzi et al.: POSTGRAZING SWARD HEIGHT AND COW PERFORMANCE

Figure A1. Monthly average, minimum (min.), and maximum (max.) air temperature and temperature-humidity index (THI) during the whole 
experimental period at the research site.
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Table A1. Average monthly and total rainfall during the years of study 
and during the last 15 yr (2008–2022) at the research site

Month

Rainfall, mm

Average year  
of study

Average last  
15 yr1

Difference 
(Study vs. last 15 yr)

January 39 173 −134
February 47 225 −177
March 143 121 23
April 38 155 −117
May 121 106 15
June 57 59 −2
July 91 75 16
August 21 111 −91
September 73 101 −27
October 60 122 −62
November 123 123 0
December 312 146 166
Total 1,125 1,517 −392
1No records available for April and May of 2018, March 14–15 of 2019, 
and August 2–8 of 2019 due to technical problems at the meteorological 
station.

Table A2. Estimated milk production parameters from the Wilmink 
exponential function1 by lactating dairy cows grazing tall fescue swards 
at 2 postgrazing sward heights

Item

Treatment2

SEM3 P-valueCT HI

a 44.0 49.2 1.85 0.057
b −17.3 −25.9 2.00 0.005
c −0.099 −0.112 0.0074 0.253
k 0.097 0.111 0.0235 0.686
1The Wilmink (1987) exponsential function was fitted to daily milk 
production data for individual lactations as yt = a + b × e−kt + c × t, where 
yt represents the milk production at day t of lactation, a is the initial milk 
production after calving, b is the parameter determining ascending slope 
before the peak, c is the parameter detrmining descending slope after 
the peak, k is a factor related to the moment of peak yield, and e−kt is an 
exponentially decreasing component.
2CT: postgrazing sward height of 5.0 to 7.0 cm. HI: postgrazing sward 
height of 12.0 to 15.0 cm.
3Average SEM is listed.
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