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Abstract

Ir the Republic of Ireland, pregnant dry dairy cows are typically housed and fed pasture silage. However, its mineral
concentrations vary greatly, and dietary mineral recommendations are based on other main feedstuffs and cow
types. This study, which is part of a larger project, aims to describe pasture silage mineral composition, comparing
it to estimated Irish dry cow requirements, and describe mineral feeding practices. Macrominerals and trace
minerals were determined for pasture silage samples from 27 commercial farms. Farmers completed a feeding
management questionnaire, and mineral requirerents for each farm were calculated for pregnant dry cows at

270 d of gestation, with mean estimated live weight of 557 kg and dry matter (OM) intake of 9.2 kg/d. Mineral
concentrations in pasture silage exceeded the estimated dietary requirements for all macrominerals and some trace
minerals (samples exceeding; Ca, Cl, K, Mg, Na, B 5, and Fe: 100.0%, Mn: 88.9%, and Co: 55.6%), while it didn't meet
them for some trace minerals (samples not meeting; Cu, | and Se: 100,08, and Zn: 51.9%). Calculated pasture silage
dietary cation-anion difference ranged from 18 to 49 mEg/100 g DM. All farms supplemented minerals; 91.6%
provided a multi-mineral product (types/brands varied), which was mostly top-dressed over pasture silage (77.8%
of farms) once a day (51.9% of farms). Only 26.0% of farms tested pasture silage for mineral composition, the
importance of which should be promoted. Our estimated requirements and findings should be considered along
with recommendations for disease prevention for dry cow mineral feeding optimization.
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Introduction

Dairy farming in the Republic of Ireland is predomi-
nately a spring-calving pasture-based production sys-
tem, typically involving cows grazing outdoors for most
of the year and being housed during the winter months
which coincides with the non-lactating, “dry” period.
Pasture silage is the main forage provided to dry cows
during these housed months, however, mineral compo-
sition of this forage tends to vary greatly [1, 2]. Mineral
nutrition during the dry period plays a key role in post-
partum performance, including metabolic and infec-
tious disease incidence. In a recent Irish survey, farmers
reported that milk fever, which may result from inad-
equate (deficit or excess) intake of macrominerals that
can interfere with Ca metabolism (i.e. Ca, Mg, K or P
[3-6]) was a “significant (regularly treating severe cases
with some cows lost/culled) or routine (regularly treating
cows to control issues) problem” in their herds (15.7%;
82/522 [7]). Some trace minerals such as Se (frequently
low in forages [8]), Cu, and Zn are key to immune system
function (determinant for infectious disease resolution
[9]) and reproduction performance [10], which is par-
ticularly important in seasonal calving systems where a
prompt return to cyclicity and a high pregnancy rate are
necessary to achieve a compact calving pattern. Hence,
determining the mineral composition of pasture silage
is critical to formulating a mineral supplementation plan
which accounts for any mineral deficiencies, excesses, or
antagonists with potential to impair cows’ performance.
Optimizing mineral supplementation protocols is criti-
cal to ensure adequate mineral nutrition of dry cows.
Current dietary mineral recommendations for dry cows
apply to cows consuming either fresh pasture (New
Zealand recommendations [11]) or total mixed rations
(National Academies of Science, Engineering, and Medi-
cine (NASEM) recommendations from the US [12]) and
dairy cows which may be genotypically and phenotypi-
cally divergent from Irish cows. Despite the importance
of dry cow mineral nutrition, Republic of Ireland specific
data is limited to a database, excluding Cl and dietary
cation-anion difference (DCAD), describing mineral con-
centrations in Irish pasture silage samples collected and
tested between 1990 and 1993 [2]. Additionally, only a
survey including two questions on dry cow mineral pro-
vision (length of time cows receive minerals and type of
minerals) addressed dry cow mineral feeding practices in
Irish dairy farms [13]. Thus, the objectives of this study
were to (1) describe pasture silage mineral composition
and compare it to estimated dry cow mineral require-
ments, and (2) describe mineral feeding practices in com-
mercial spring-calving, pasture-based Irish dairy farms.
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Materials and methods
This study was part of a larger project investigating tran-
sition cow health and management. In brief, study herds
were chosen from the respondents to a transition cow
health and management survey distributed among Tea-
gasc Dairy Advisory clients which tend to operate at a
higher standard of technical performance than the overall
dairy farmer population [7, 14]. There were 601 respon-
dents but only those who met the following eligibility cri-
teria for participation in the on-farm study were included
in the stratified random sampling process that was used
to select the study participants (n = 119): (1) Spring-calv-
ing, (2) Milking herd size >60 cows, (3) Located within
a 2 h drive from Teagasc Moorepark, (4) Irish Cattle
Breeding Federation (ICBF) client with an active Herd-
Plus subscription, (5) Minimum of 4 milk recordings
completed in 2022, and (6) Provided consent for Teagasc
to access their ICBF profile and for the farmer to be con-
tacted about the on-farm study. Strata were defined for
milk yield quartiles and bought-in concentrate feed per
cow (based on pre-defined categories provided in the
survey; < or >1 tonne), Based on power calculations for
meeting the objectives of the larger project and not this
study, 27 farms were randomly selected from the strata.

A representative sample of pasture silage provided to
dry cows on each farm was collected using the star uni-
forage sampler with crank handle and spiral assist (Star
Quality Samplers, Edmonton, AB, Canada) during one
farm visit performed in January - February 2023. This
was done by taking 9 samples in a W shaped pattern
across the open face of the pasture silage pit and, where
farmers were feeding pasture silage bales, by taking a
sample from each bale being opened on the day of the
visit. Samples from the same farm were combined and
placed into a sealed, labelled plastic bag manually devoid
of air. Samples were delivered fresh, within 24 h after col-
lection, to FBA Laboratories (Cappoquin, Co. Waterford,
Ireland) for mineral determination. Samples were dried
in an oven at 60°C for 72 h. Dried samples were ground
at 1 mm and mineral concentrations (Ca, Co, Cu, [, Fe,
Mg, Mn, Mo, P, K, Se, Na, S, and Zn) were determined
by inductively coupled mass spectrometry (NexION 2000
ICP-MS5; PerkinElmer Inc., Shelton, CT, USA and Agilent
7700 ICP-MS; Agilent Technologies Inc., Santa Clara,
CA, USA) except for Cl which was determined using a
titration method [15]. Additionally, neutral detergent
fibre (NDF) determination, required for the dry matter
{DM) intake estimation used in the calculation of mineral
requirements described below, was performed using Fil-
ter Bag Technology (Ankom 220 Fiber Analyzer; Ankom
Technology Corp., Macedon, NY, USA). The DCAD was
calculated as: (Na + K} - (Cl + 5) in mEq/100 g DM.

A dry cow nutrition and management question-
naire addressing how farmers’ implemented dry cow
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management practices relating to nutrition, housing, dry-
ing off, and health was completed in an oral interview
with participating farmers; only pasture silage testing
and mineral feeding questions (n=3) are reported and
discussed here. The questions were: (1) What method of
distribution is used for providing the dry cow mineral to
stock?, (2) How often is the dry cow mineral distributed
to stock?, and (3) Has silage that is fed to dry cows been
tested?.

The questionnaire was designed using SurveyMonkey
(SurveyMonkey Inc. San Mateo, CA, USA). Responses
were manually recorded and summarized using Micro-
soft Excel (Microsoft Corp., Redmond, WA, USA). Simi-
lar responses were combined where appropriate. Details
(product labels) of dry cow mineral supplements were
collected during the visit in 24 of the 27 study herds.
Descriptive data analysis was performed using Excel.

Mineral requirements for mature pregnant dry cows
(at 270 d of gestation) were estimated for each farm using
the estimated live weight (determined using each herd’s
maintenance sub index from ICBF [16] and the Main-
tenance Excel Calculator [17]), the estimated daily DM
intake (determined from the estimated live weights, pas-
ture silage NDF values, and Eqgs. 12 - 1 from NASEM
2021 [12]) and the respective equations and absorp-
tion coefficients available for each of the minerals from
NASEM 2021 [12]. The mean estimated dietary mineral
requirement of the 27 farms is wsed throughout this
report.
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Results and discussion
Mean [z standard error of the mean (SEM)] herd size
was 151 + 93 cows (range = 61 to 383 cows), 305-d milk
yield was 6,683 + 890 kg (range = 3,782 to 11,417 kg),
and calving interval was 369 + 7 d (range = 360 to 378
d). Fifteen farmers reported to buy < 1 tonne and twelve
farmers reported to buy >1 tonne of concentrate feed/
cow annually. Mean herd size and 305-d milk yield for
farms in this study were 62.4% and 16.9% higher than the
national mean (93 cows and 5716 kg/cow [17]). Most
farms enrolled in this study were located in the south of
the Republic of Ireland, the region with the highest num-
ber of dairy cows and with soil characteristics different
to other regions [18, 19], potentially influencing pasture
silage composition and dry cow management [20].
Pasture silage mineral composition is presented in
Table 1. Results show a large variation across samples
and agree with previous Irish research [1, 2]. The most
variable mineral was Fe [coefficient of variation (CV)
= 64.0%)] while the least variable mineral was S (CV =
16.9%; Table 1). Grass silage Fe concentration is mainly
increased due to soil contamination, suggesting that the
wide observed concentration variation is best explained
by differences in soil contamination risk at harvest [21].
Table 2 shows the mean and range of estimated min-
eral requirements for mature pregnant dry cows at 270
d of gestation with a mean estimated live weight of 557
kg and a mean estimated DM intake of 9.2 kg/d, while
estimated requirements by farm are presented in the
Supplementary Tables 51. Results show similar mineral
requirements for each farm, however, the variability in

Table 1 Mineral concentrations on a Div basis of pasture silage fed to pregnant dry cows on 27 Irish dairy farms. The number of
decimal places reported reflects the precision of the laboratorial meathods used

Mineral Mean Median

Macrominerals, %
Ca 061 0,50
Cl 0856 0.50
K 159 192
Mg 017 0.16
Ma 039 039
P 028 029
5 021 01

Trace minerals, mgkg
Cu 73 74
Fe 435 g0
Mn 106 93
Zn 31 in
Co 016 0.16
I 025 022
e 007 007
Mo 14 1.1
DoAD', mEg/100 g 31 5

Range so' oy
040 - 099 014 28
0.50 - 130 0.19 2.7
0.88 - 259 0.50 55
o - 023 003 73
017 - 081 0.14 340
0.20 - 040 005 17.2
015 030 004 169
5.1 - 15 15 g
106 - 1351 s 4.0
27 - 329 60 570
2 - 45 [ 189
0.06 038 008 46.7
o - 050 0.10 414
002 - LAE:S 003 48.5
0.5 - 29 07 50.1
18 . 49 8 254

'S0, Standard deviation, CV Coefficient of variation (%), DCAD Dietary cation-anion difference caloulated as: (Na + K) — (01 + 5)
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Table 2 Mean estimated dietary mineral concentration
requirernents on a dry matter (OM) basis for mature pregnant dry
cows at 270 d of gestation on 27 Irish dairy farms'

Mineral Mean dietary concentration required’
Macrominerals, %
Ca 042
Cl 013
K 058
Mg 013
Ma 016
P 023
5 020
Trace rminerals, mokg
Cu 20.26
Fe 1507
M 4552
Zn 02
o 020
I 066
Se 030

Mature pregnant dry cows on the 27 farms had a mean estimated live weight
of 557 kg and daily pasture silage DM intake of 9.2 kg. Refer to supplementary
Tables 51 and 52 for a full breakdown of estimated DM intake, live weight, and
mineral requirements by farm

mineral concentrations of silage samples between farms
indicates that requirements are often exceeded or not
met by pasture silage alone. The sampled pasture silage
exceeded estimated dietary requirements for all macro-
minerals and some trace minerals (proportion of samples
exceeding; Ca, Cl, K, Mg, Na, P, 5, and Fe: 100.0%, Mn:
88.9%, and Co: 55.6%) and didn't meet them for some
trace minerals (proportion of samples not meeting; Cu,
I and Se: 100.0%, and Zn: 51.9%). It should be noted that
dietary mineral antagonists were not accounted for in the
mineral requirement calculations, except for Mg, where
K concentration was accounted for, hence availability of
minerals for absorption could have been overestimated
and the true dietary requirements underestimated.

All farmers provided mineral supplements, each using 1
(63.0%), 2 (34.6%) or 3 different products (3.8%). Overall,
farmers used a multi-mineral product (types/brands var-
ied; 91.6%), sometimes complemented with an additional
Mg source (all MgCl, flakes; 16.7%). Mineral composition
of the supplements provided on 24 of the study farms
is summarized in supplementary Table 52. Most farm-
ers top-dressed the dry cow minerals {on top of pasture
silage; 77.8%), three mixed the minerals with forage using
a diet feeder (11.1%), two fed minerals through the drink-
ing water (7.4%), and one only provided the minerals as
a bucket lick (3.7%). Frequency of dry cow mineral dis-
tribution varied by form of mineral used and farm; top-
dressed minerals were provided once a day (51.9%), twice
a day (33.3%), or when feed was delivered (3.7%; every 3
days for one specific farm); minerals were continuously
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available through the water troughs (7.4%) and bucket
licks (3.7%; replenished according to consumption).
However, only 26.0% of farmers reported testing pasture
silage designated for their dry cows for mineral concen-
trations, suggesting that mineral supplementation plans
were not established according to the main feedstuff’s
mineral composition. The remaining farmers were either
not testing their pasture silage (37.0%) or testing pasture
silage for nutritive value only (37.0%).

It should be noted that estimated mineral require-
ments differ from recommendations for disease preven-
tion. For instance, estimated Mg requirements (0.13%
DM} would be met by pasture silage alone, however, its
recommended concentration for transition cow health
optimization and milk fever prevention is 0.4% DM [22],
Unsurprisingly, all mineral supplement regimes evaluated
in this study provided Mg, however, the actual dry cow
intake of Mg cannot be calculated from this study. A qua-
dratic association between prepartum dietary Ca concen-
tration and milk fever incidence has been described [6],
so that low (< 0.8% DM) and high concentrations (>1.5%
DM) may result in lower milk fever incidence but inter-
mediate concentrations (1.2% DM) may result in high
milk fever incidence ([22], and as reviewed by [23]). Pas-
ture silage Ca concentration (range = 0.40 to 0.99% DM)
exceeded estimated dietary Ca requirements (0.42% DM)
in all samples, and 62.5% of study farms also provided
Ca in the mineral supplement (Supplementary Table
52) potentially increasing the total amount of absorbed
Ca. Pasture silage P content (range = 0.20 to 0.40% DM}
exceeded the estimated dietary requirement (0.23% DM)
in all samples, while the mean concentration was equal
to the published recommendation of < 0.3% DM for the
reduction of hypocalcaemia [24].

Mean K concentration of pasture silage samples
{1.99%) was similar to the recommendation (< 2.0% DM}
for the reduction of milk fever risk [25], while the high-
est concentration observed was 2.99% DM, suggesting
that adverse effects of high K (reduction of Mg absorp-
tion and contribution to high DCAD) could be mitigated
by the addition of anionic salts or dilution with a lower
K forage (e.g. wheat straw or maize silage [12]), pro-
vided that other minerals essential to Ca metabolism are
within required concentrations. Calculated pasture silage
DCAD according to the standard formula considering
Ma, K, Cl, and § was notably higher (range = 18 to 49
mEq/100 g DM} than values recommended for hypocal-
caemia prevention (-10 to -15 mEq/100 g DM [26]), and
anions were not provided in the mineral supplements to
decrease this value (Supplementary Table 52). It should
be noted that accounting for Mg in the DCAD calcula-
tion may further increase its value.

While the study has provided valuable insights on silage
mineral concentrations and dry cow mineral nutrition in
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spring-calving pasture-based dairy farms in the Republic
of Ireland, it is important to acknowledge the limitations
inherent in its design. First, the study sample size was
not estimated to meet the objectives of this study. And
second, study farms were clients of Teagasc and located
in the south of the Republic of Ireland. Choosing survey
participants from members of an agricultural organisa-
tion, like Teagasc, and from a specific geographic loca-
tion can omit certain farmer and farm demographics
likely to affect the outcome [27], limiting the widespread
applicability of the study findings.

In conclusion, there was wide variation in pasture
silage mineral composition and implemented mineral
feeding practices across the 27 study farms. As such,
dry cow feed mineral concentrations (pasture silage and
supplements) may be contributing to metabolic disorders
on individual farms across the Republic of Ireland. With,
only 26.0% of farmers testing their pasture silage for min-
eral concentrations there is opportunity to improve met-
abolic outcomes on farm. The importance of feed testing
should be promoted to farmers through advisory and/or
dissemination activities to allow for the optimisation of
dry cow mineral nutrition.
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