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ABSTRACT ARTICLE HISTORY

The current New Zealand greenhouse gas inventory predictions Received 25 August 2023
assume that dairy cows consume pasture only, but the use of Accepted 5 December 2023
supplemental feeds, including concentrates, on New Zealand
dairy farms has increased greatly in recent decades. The objective
of this study was to evaluate the effect of feeding graded levels
of concentrates on methane (CH,) emissions in lactating dairy KEYWORDS

cows within a pastoral system. Early lactation dairy cows (n=72) Enteric greenhouse gas
were allocated (n=18 per treatment) to receive 0, 2, 4 and 6 kg emission; pastoral; cattle;
dry matter (DM) of treatment concentrates per day during ruminant; supplements
milking. The cows grazed pasture ad libitum and CH, emissions

were measured in the paddocks using automated emissions

monitoring systems called ‘GreenFeed’. Gross CH, emissions (g/d)

were similar for cows across the four dietary treatments, while

CH, emissions intensity (g/kg fat and protein corrected milk

production (FPCM) and milk solids production) linearly decreased

with increasing concentrate inclusion in the diet (P<0.02). The

CH, intensity decreased linearly (r*=0.42) and quadratically (r>=

0.53) with increasing FPCM production.

HANDLING EDITOR
Rene Corner-Thomas

Introduction

Enteric methane (CH,) emissions from ruminant livestock account for approximately 35%
of New Zealand’s total greenhouse gas (GHG) emissions, and 73.1% of total agricultural
emissions (MfE 2020). Currently, the calculation of enteric CH, production from cattle
in New Zealand assumes that cattle only consume a grazed ryegrass-based pasture. Fur-
thermore, the current New Zealand specific CH, emissions factor (g/kg dry matter
intake; DMI), and updates, are based on measurements of CH, in cattle fed pasture only
(Jonker et al. 2017a; Pickering et al. 2021). However, the number of cows and amount
of milk produced in low-input pasture-based systems (>90% home-grown feed) have dras-
tically decreased in the last decade from about 55% to 25% of the total dairy cow population
(DairyNZ 2019). During the same period, the number of dairy cows in higher-input
systems (21% to 50% imported feed) has increased from about 10% to 30% of the total
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dairy cow population. A survey estimated that annual non-pasture feed intake on New
Zealand dairy farms has increased from 4.2% of DMI in 1990-1991 to 18% of DMI in
2014-2015 (DairyNZ 2016). Eighty percent of the non-pasture feed DMI was silages,
grains and other concentrates including palm kernel expeller. Based on the above infor-
mation, it is likely that nationally approximately 18% of enteric CH, production of dairy
cows is produced from non-pasture feeds, and at individual dairy farms, this could be as
high as 50% of enteric CH, produced from non-pasture feeds. The objective of the
current study was to evaluate the effect of feeding graded levels of concentrates on CH,
emissions in early lactation dairy cows within a pastoral system.

Materials and methods

The experiment was carried out with 72 early lactation dairy cows (Friesian x Jersey) that
calved between 23 July and 28 August 2022 (average + standard deviation, 512 + 48 kg
body weight; 4.1 + 0.3 body condition score; 113 + 17 days in milk; 185 + 58 breeding
worth; 223 + 109 production worth). The study was carried out between early September
and mid-November 2022 at Dairy Farm No. 4, Massey University, Palmerston North,
New Zealand. The experiment adhered to the guidelines of the 1999 New Zealand
Animal Welfare Act and the AgResearch Code of Ethical Conduct and animal manipula-
tions were approved by the AgResearch Animal Ethics Committee (#288).

The 72 cows (4.0 + 1.2 years of age) were blocked by parity [parity 2, n = 20; parity 3, n
=15; and parities 4-6, n = 12] and then each block was randomly assigned to four dietary
treatments (1 =18 per treatment) to receive concentrate pellets at 0, 2, 4 and 6 kg dry
matter (DM)/cow/day (CON, LOW, MED and HIGH, respectively). After the random
allocation, the average days in milk and production worth breeding value were
checked for each treatment group to ensure these were similar across treatments. The
treatment concentrate pellets consisted of 30% barley grain, 15% maize grain, 10%
wheat broll, 25% palm kernel expeller, 8% soya hulls, 7% soybean meal and 5% molasses
(Denver Stock Feeds Ltd, Palmerston North, NZ). The cows received their respective
allocation of concentrates equally divided into two meals during milking at approxi-
mately 0700 and 1500 h in a 28-bale rotary milking platform with an in-shed feeding
system (Waikato Milking Systems, Hamilton, New Zealand) with an individual electronic
ear tag reader to identify cows and ensure the correct allocation of concentrate pellets to
each cow. Concentrate refusals were monitored and recorded during each milking. The
in-shed feeder was calibrated weekly during the study and concentrate samples for analy-
sis were collected.

The cows of all treatments grazed as one group on ad-libitum ryegrass-based pasture
with a new strip provided after each milking. Pasture offer samples were collected twice
weekly and pre- and post- grazing pasture mass were estimated using a F200 rising plate
meter (FarmWorks, Feilding, New Zealand). The plate meter clicks (0.5 cm/click) were
multiplied by 120 + 1000 to estimate pasture mass (i.e. November plate meter equation
for New Zealand; DairyNZ 2008). The cows received ~2 kg DM/cow pasture silage
with mineral mix [368 g/cow/day; 1.3% microminerals mix (AquaTrace 5, Nutritech,
Auckland, New Zealand), 82.8% calcium carbonate (Lime Flour, Revensdown, Christch-
urch, NZ), 5.2% magnesium oxide and 10.5% sodium chloride (Salt) (Ravensdown,
Christchurch, New Zealand)] before afternoon milking (samples were collected weekly



298 (&) T.BOSHERETAL.

for later analysis). The cows were transitioned from the pre-trial diet to the treatments
over 10 days, followed by a full diet adaptation period of 14 days before measurements
started over a five week period. However, only measurements of the last two weeks
were analysed because the training of cows to use the GreenFeed units before the
measurement period was delayed due to wet field conditions and there were technical
issues with one of the units for some periods during the first three weeks of measure-
ments, both resulting in low visitation to the GreenFeed units.

The milk production was measured at each milking with in-line milk meters and
samples for milk composition analysis were collected weekly (morning and afternoon)
and analysed at Te Ohu Rangahau Kai (AgResearch, Palmerston North, New Zealand)
using a Foss MilkoScan (Foss Electric, Hillerad, Denmark). The milk information was
used to calculate the 4% fat and 3.3% protein corrected milk production (FPCM) as:
FPCM (kg/d) =[0.337 + (0.116 x % fat) + (0.06 x % protein)] x milk production (kg/d)
(CVB 2010).

Enteric CH, measurements at pasture were conducted using two mobile GreenFeed
head chamber units (GF) (C-Lock Industries, Rapid City, SD, USA) as described pre-
viously (Waghorn et al. 2016; Jonker et al. 2019). The units consist of a concentrate
feeder controlled by an electronic ear tag reader and a gas flow measurement system
placed on trailers that are moved with the herd. The concentrate feeder was set to
release 7 feed drops per visit (~34 g per feed drop) with 25 sec between feed drops to
encourage the cow to stay in the unit for at least 2 min. The waiting time until the
same cow could receive another feed allocation was set at 2 h. The concentrates used
in the GreenFeed units were Alpaca and Llama pellets (Dunstan Nutrition, Hamilton,
New Zealand) The gas sensors, whole system and concentrate feeder were calibrated
weekly and pellet samples were collected at this time for later analysis. The Alpaca
pellet intake from cows that visited the GreenFeeds frequently were 0.7, 0.6, 0.5 and
0.6 kg DM/day for CON, LOW, MED and HIGH, respectively.

After the study, pasture and silage samples were freeze-dried and treatment and
Alpaca pellets were oven-dried at 65 °C for 48 h before being ground to pass a 1-mm
screen. Pasture were samples analysed by NIRS at Massey Nutrition Laboratory (Palmer-
ston North, New Zealand) and the other samples were analysed by wet chemistry (and
NIRS to estimate organic matter digestibility) at Hills Laboratory (Hamilton, New
Zealand). The metabolisable energy (ME) of the feeds was estimated based on equations
from the Feed Standards for Australian Livestock; equation 1.12 for pasture and silage
and equation 1.18B for both concentrates (CSIRO 1990). Treatment concentrates had
a chemical composition of (as g/kg DM) 89 g ash, 22 g lipids, 115 g crude protein
(CP), 293 g neutral detergent fibre (NDF), 164 g acid detergent fibre (ADF), 396 g
starch and 11.0 MJ ME/kg DM. The average pre- and post- grazing pasture masses
were 3812 + 484 and 2464 + 266 kg DM/ha, respectively, and the pasture contained (as
g/kg DM) 129 g ash, 188 g CP, 443 g NDF, 267 g ADF, 92 g soluble sugars and 10 MJ
ME/kg DM. The pasture silage contained (as g/kg DM) 234 g ash, 32 g lipids, 159 g
CP, 347 g NDF, 218 g ADF 9.0 M] ME/kg DM. Alpaca pellets contained (as g/kg
DM), 95 g ash, 127 g CP, 15 g lipids, 473 g NDF, and 269 g ADF 9.7 MJ ME/kg DM.

Data from 47 cows that visited the GreenFeed units during the last 14 days of the trial
were used for statistical analysis. The number of visits to the GreenFeed units were
unequal on each day and each hour of the day. Therefore, the CH, emissions for each
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cow (g/d) were modelled using a mixed model that included GreenFeed unit, day within
cow and hour in the day as random effects with the ‘modelbased’ package in R version 4.3
(R Core Team 2023). Then, all data were analysed using the ‘predictmeans’ package in R
version 4.3 (R Core Team 2023) with treatment (CON, LOW, MED and HIGH) as a fixed
effect. The polynomial effect of treatment was checked by a permutation test. A multiple
treatment comparison was performed on the modelling results with P-value adjusted by
the ‘BH” method (Benjamini and Hochberg 1995) and least square means are presented.
The significance of mean differences was declared at P < 0.05.

Results and discussion

Gross CH, emissions (g/d) were similar for cows across the four dietary treatments
(Table 1) indicating that the likely increase in DMI due to the additive effect of concen-
trate supplementation (Bargo et al. 2003) did not increase emissions as would be expected
(Jonker et al. 2017a). However, Arndt et al. (2022) also reported (in a meta-analysis) that
gross emissions remained similar when changing the ratio of forage to concentrates in
grazing dairy cows. The CH, emissions observed in the current study were in the
higher range than previously observed in early lactation cows fed fresh ryegrass-based
pasture with or without supplementation (Jonker et al. 2017a, 2017b; Beck et al. 2022).
This likely reflects the generous pasture allocation in the current study. This generous
pasture allocation likely also explains why milk production parameters (FPCM and
milk solids [MS]) were statistically similar between treatments, as the substitution rate
of pasture by concentrates generally increases with increasing pasture allowance
(Bargo et al. 2003). The extra FPCM production per kg treatment concentrates fed
was 0.35, 0.55, 0.47 kg/d for LOW, MED and HIGH, respectively, which again was a

Table 1. Means for number of visitations to the GreenFeed emissions monitoring unit, milk production
and methane (CH,) emissions of early lactation dairy cows fed 0, 2, 4 or 6 kg DM of treatment
concentrates per day (CON, LOW, MED and HIGH, respectively).

Treatment
CON LOW MED HIGH SED P-value P-Linear
GreenFeed visits
No cows visiting 13 12 12 10 na na na
Total visits/cow 44.6° 44.7° 26.5° 325° 6.98 0.044 0.034
Visits cow/day 3.2° 29° 1.9° 23° 0.49 0.033 0.028
Duration/visit (min) 31 3.2 35 3.1 0.32 0.174 0.664
Production and emissions
Body weight (BW; kg) 479° 512% 537° 5212 184 0.012 0.015
BW change (g/d) 158 142 101 278 197.4 0.846 0.628
Milk (kg/d) 20.5 21.0 23.2 235 1.39 0.081 0.026
Fat (%) 49 4.8 4.5 4.5 0.21 0.177 0.049
Protein (%) 34 3.6 35 36 0.085 0.173 0.391
FPCM' (kg/d) 235 24.2 25.7 263 1.49 0.230 0.037
Ms? (kg/d) 1.70 1.77 1.85 1.91 0.11 0.263 0.056
CH, (g/d) 350.8 365.1 365.4 337.8 19.21 0.452 0.550
CH, (9/kg FPCM]) 15.3 15.2 14.1 129 0.96 0.074 0.006
CH, (g/kg MS?) 211.6 207.6 195.7 178.9 13.3 0.091 0.012
SED, standard error of the difference; 2°Means with different letters within a row are different at P < 0.05; na, not ana-
lysed.

'FPCM, fat and protein corrected milk production.
2MS, total milk solids yield, i.e. the sum of protein and fat production.
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relatively small response compared to the range of 0.06-1.36 kg milk/kg concentrates
observed in the meta-analysis of Bargo et al. (2003).

Although FPCM production only numerically increased by 0.7, 2.2 and 2.8 kg/cow/
day for LOW, MED and HIGH, respectively, compared to CON, the CH, emissions
intensity (CHy, g/kg FPCM or MS) decreased linearly (P < 0.02) with increasing treat-
ment concentrate inclusion in the diet, with CH,/FPCM tending to be 15% less in
HIGH than in CON (P = 0.07). This is a similar reduction in CH,/FPCM to that reported
in the meta-analysis of Arndt et al. (2022) for grazing cows with concentrate supplemen-
tation and to that observed previously for early lactation dairy cows supplemented with
3 kg DM fodder beet bulbs per cow (Jonker et al. 2017b). The CH,/FPCM decreased
linearly and quadratically with increasing FPCM production, which explained 53% of
the variance in CH,/FPCM (Figure 1), as has been reported previously (Gerber et al.
2011).

Implications, gross CH, emissions remained similar as treatment concentrate
inclusion increased by 2 kg DM increments from 0 to 6 kg DM day, while CH, emission
intensity (per kg FPCM and MS) linearly decreased with increasing treatment concen-
trate inclusion in the diet of early lactation dairy cows grazing ad libitum pasture. This
suggests that under the conditions of the current study, the FPCM production per ha
could be increased without increasing enteric CH, emissions per ha. However, one
would also need to consider that GHG emissions associated with concentrate production
are double or more than that for pasture production (per kg feed DM) and nitrous oxide
emissions also might be affected by concentrate supplementation (Ledgard et al. 2020).
The GHG emissions and FPCM production responses ultimately will depend on the
additive or substitutive effect of concentrate supplementation on the pasture intake,
which is affected by pasture species, quality, height and mass; concentrates level and
type; and cow genetic merit, production level and days in milk (Bargo et al. 2003).
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Figure 1. Relationship of fat and protein corrected milk production (FPCM) with methane (CH,4) emis-
sions intensity (g/kg FPCM) for early lactation dairy cows fed 0, 2, 4 or 6 kg DM of treatment concen-
trates per day (CON, LOW, MED and HIGH, respectively). Linear relationship: y = —0.4390x + 25.36 (r*
= 0.42; residual mean square error (RMSE) = 1.805); polynomial relationship: y = 0.041 9x2 + —2554x +
51.53 (r* = 0.53; RMSE = 1.602).
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