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Foreword

The project "The effects of the estimation methods of cattle feeding and excretion on the na-
tional excretion and emission calculations” (Acronym: Narutesti) concentrated on improving
the methods for estimating faecal and urine excretion and on updating the input data used.
Both dairy and beef cattle were covered in different age groups. The project was funded by the
Finnish Ministry of Agriculture and Forestry / Makera during 2018-2020 and conducted jointly
by Natural Resources Institute Finland (Luke) and Finnish Environment Institute (SYKE).

The objective of the work was to adequately mimic the complexity of the biological processes
involved. The input data for the calculations were collected from several sources including Luke,
Finnish Food Authority, ProAgria (rural advisory services), meat-processing industry and several
other experts and stakeholders. The input from all contributors is gratefully acknowledged.
We would also like to thank Maiju Pesonen and Arto Huuskonen for their input to the beef
cattle calculations.

We hope that the work described in this report is helpful in documenting and also developing
the cattle production in Finland to improve the sustainability of milk and beef production.

On behalf of the project group,

Marketta Rinne
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Abstract

Jouni Nousiainen, Kaisa Kuoppala, Jenni Vattulainen, Auvo Sairanen, Annu Palmio,
Erkki Joki-Tokola, Sari Luostarinen and Marketta Rinne

Natural Resources Institute Finland (Luke)

Information of the faeces and urine excreted by different livestock groups is needed in sev-
eral different functions, including monitoring emissions to air and waters from livestock pro-
duction and manure management, calculating agricultural nutrient balances, and estimating
annual amounts of manure and its nutrients to promote their efficient use. In Finland, Natural
Resources Institute Finland (Luke) is responsible for the national excretion calculations.

The official Finnish excretion calculations provide national annual amounts of several compo-
nents of faeces and urine. The most important ones are N, P and amounts of fresh faeces and
urine. Several additional components such as dry matter, organic matter and K are also pro-
vided. The input data needed in the calculations is updated annually to match the volume of
livestock production of each year while the calculation procedures are updated less frequently
and only when the methodology can be clearly improved. The calculations are performed an-
nually giving results for each year separately and thus building a time series of excretion per
year.

As cattle is the main livestock sector in Finland, they produce approximately 75% of all ma-
nure in Finland, which is 9 750 000 tons annually (Luostarinen et al. 2023). Thus, it is also es-
sential that their excretion is estimated as precisely as possible. The excretion calculations of
cattle are conducted separately for different animal categories based on their gender, age
and type of production (dairy and beef). The result for each animal category represents an
average animal in Finland, and results from individual farms can deviate significantly from it.

The components included in the calculations are nitrogen (N), phosphorus (P), potassium (K),
dry matter and organic matter for faeces and urine separately. The annual amounts of all
these components are calculated as the difference between nutrient intake and the nutrients
retained in the animals and their products, i.e. "nutrient input — nutrient retention = nutrient
excretion". While this may sound simple, the actual calculations are complex.

A critical factor of excretion calculations is to accurately estimate the amount and composi-
tion of feeds consumed on average by the animals in different cattle categories. These data
were obtained by calculating the energy requirement of the animals based on their mainte-
nance requirements and the level of production (milk yield and/or growth rate). The diet
composition was based on field data and expert assessments. There is much less uncertainty
in estimating the amounts of nutrients retained in the animals themselves (growth including
foetus) and in the milk excreted than in the intake of nutrients. The detailed steps in the cal-
culations are described in the report.

Based on the results for year 2021 as an example, the annual N, P and K excretion of one
dairy cow were 145, 22.9 and 125 kg, respectively. For a beef bull aged over 12 months, the
annual N, P and K excretions were 69.3, 8.22 and 73.1 kg, respectively.

Keywords: bull, beefcow, calf, dairy, emission, faeces, heifer, input, manure, milk, nitrogen,
nutrient, output, phosphorus, potassium, retention, suckler cow, urine
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Tiivistelma

Jouni Nousiainen, Kaisa Kuoppala, Jenni Vattulainen, Auvo Sairanen, Annu Palmio, Erkki Joki-
Tokola, Sari Luostarinen ja Marketta Rinne

Luonnonvarakeskus (Luke)

Eri kotieldinlajien sonta- ja virtsatietoja tarvitaan moniin eri tarkoituksiin. Eritystiedon kaytto-
kohteita ovat muun muassa kotieldintaloudesta ja lannankasittelysta aiheutuvat paastot ilma-
kehaan ja vesistoihin, maatalouden ravinnetaselaskelmat, vuosittaisten lantamaarien arviointi
seka lantamaaran ravinnemaaran tehokkaan kadytdon edistaminen. Vastuu Suomen kansalli-
sesta erityslaskennasta on Luonnonvarakeskuksella.

Kansallinen erityslaskenta tuottaa vuosittain useiden muuttujien maaran kotieldinten son-
nassa ja virtsassa. Tarkeimpia tietoja ovat typpi (N), fosfori (P)ja sonnan seka virtsan tuore-
maarat. Useita muita muuttujia, kuten kuiva-aineen, orgaanisen aineen ja kaliumin maarat, on
myds laskettavissa. Laskentaan kaytettava lahtdaineisto paivitetdan vuosittain vastaamaan ky-
seisen vuoden kotieldintuotantoa (eldinméaarat, tuotostaso, rehuannoksen koostumus). Itse
laskenta ja siina kaytettavat laskentakaavat paivitetaan harvemmin ja vain, kun menetelmaa
voidaan selvasti kehittaa. Laskenta tuottaa jokaiselle vuodelle omat tuloksensa, jotka yhdessa
muodostavat erityslaskennan aikasarjan.

Naudat ovat Suomen kotieldintuotannon suurin eldinryhma, ja ne tuottavat keskimaarin 75 %
kaikesta Suomen lannasta, noin 9 750 000 tonnia vuosittain (Luostarinen ym. 2023). Taman
vuoksi on tarkeaa, etta nautojen eritys on arvioitu mahdollisimman tarkasti. Nautojen eritys-
laskenta suoritetaan erikseen eri nautaryhmille sukupuolesta, idsta ja tuotantotavasta (maito
ja liha) riippuen. Jokaisen nautaryhman tulos edustaa keskimaaraista nautaa Suomessa, ja yk-
sittdisten tilojen tulokset voivat erota merkittavasti tasta keskiarvosta.

Erityslaskennassa lasketaan erikseen typen, fosforin, kaliumin (K), kuiva-aineen ja orgaanisen
aineen maarat sonnassa ja virtsassa. Naiden eri komponenttien vuosittaiset maarat lasketaan
ravintoaineiden saannin ja pidattymisen erotuksena, toisin sanoen " saanti — pidattyminen =
eritys”. Menetelma voi kuulostaa yksinkertaiselta, mutta varsinaiset laskelmat ovat monimut-
kaisia.

Yksi erityslaskennan kriittisimmista lahtotiedoista on eri nautaryhmien keskivertoeldinten ku-
luttamien rehujen maara ja koostumus. Rehunkulutuksen arviointia varten tarvitaan eldinten
keskimaarainen energiankulutus yllapitoa ja tuotantoa varten (maitomaara ja/tai kasvuno-
peus). Rehuannoksen koostumus perustuu kentalta kerattyyn aineistoon ja asiantuntija-arvi-
oihin. Ravintoaineiden pidattymisessa eldimeen itseensa (kasvu, mukaan lukien siki®) ja eritty-
misessa maitoon on paljon vahemman epavarmuustekijoita kuin ravintoaineiden saannissa.
Laskennan yksityiskohtaiset vaiheet on kuvattu raportissa.

Kayttaen vuotta 2021 esimerkkina vuotuinen eritys lypsylehmaa kohti oli 145 kg typpea, 22,9
kg fosforia ja 125 kg kaliumia. Yli 12 kuukautta vanhalle lihasonnille vastaavat luvut olivat 69,3
kg typpea, 8,22 kg fosforia ja 73,1 kg kaliumia.

Avainsanat: emolehm, eritys, fosfori, hieho, kalium, karja, lanta, lehma, liha, maito, pidatty-
minen, paasto, ravinne, sonni, sonta, typpi, vasikka, virtsa
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Abbreviations
Abbreviation Definition
ALW Average live weight
BAT Best available technique
BCS Body condition score
BCS3a Body condition score 3.1
BCSss Body condition score 3.5
BW Birth weight
Cage Age at calving
CP Crude protein
CP_dig Crude protein digestibility
Diet_ash Diet ash concentration
Diet_CP Diet crude protein concentration
Diet OM Diet organic matter concentration
DM Dry matter
DMD Dry matter digestibility
DMI Dry matter intake
dMWs Dam'’s mature weight at BCS 3.1
dMW3;s Dam's mature weight at BCS 3.5
DOMI Digestible organic matter intake
EBW Empty body weight
EBWash% Ash concentration of EBW
EBWfat% Fat concentration of EBW
EBWphosporus% | Phosphorus concentration of EBW
EBWpotassium% | Potassium concentration of EBW
EBWprot% Crude protein concentration of EBW, %
EBWwater% Water concentration of EBW, %
ECM Energy corrected milk
K Potassium
LW Live weight
LWC Live weight change
LWG Live weight gain
ME Metabolizable energy
MEeq ME requirement
MEdiet ME in diet
MEruwc Metabolizable energy requirement for live weight change
MErmilk Metabolizable energy requirement for milk production
MErpregn Metabolizable energy requirement for pregnancy
MJ Megajoule
MW Mature weight
MW3.1 Mature weight at BCS of 3.1
MW3.s Mature weight at BCS of 3.5
N Nitrogen
OM Organic matter
OMI Organic matter intake
OMD Organic matter digestibility
P Phosphorus
S_age Slaughter age
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1. Introduction

Natural Resources Institute Finland (Luke) is responsible for the national livestock excretion
calculations in Finland (Laki ruoka- ja luonnonvaratilastoista. 562/2014). Data on excretion of
animals is needed for several purposes ranging from estimating emissions during manure
management into air (greenhouse gases from manure, air pollutants) and waters [phospho-
rus (P) and nitrogen (N)], to estimating the quantity and composition of manure produced in
Finland and setting the targets to improve manure utilization (nutrient balances, circular
economy). As cattle produce 75% of all manure in Finland (Luostarinen et al. 2023), it is es-
sential that their excretion is estimated as precisely as possible.

The excretion calculations provide the amounts of dry matter (DM), organic matter (OM) and
nutrients [N, P, potassium (K)] excreted by animals in faeces and urine. The excretion calcula-
tions form the basis for many other calculations and evaluations (Figure 1), so it is critical that
the calculations are as correct as possible. The excretion calculations for the national herd are
calculated annually with updated information of the number of animals, production levels
and diet composition. The calculations form a time series that allows to evaluate the trends in
excretion, and subsequent emissions.

Environmental permits and notification

Animal-specific

- L . regime of animal housing:
In the future: basis of coefficients in Rural Animal specific index for environmental impact,
fertilization with manure? Development Spreading area for manure
Programme

4

Farmtools for IRPP BAT
requirements

(Nand P excretion, NH3)

Reliable Excretion M .
A r-c |t ral . anure storage
manure data _ ’% 'mL:) duel calculation volumes
//

o NORMATIVE MANURE SYSTEM

for different

lpless Manure Nutrient
calculation balances

Air pollutant urostat, M y
emission Biomass atlas of Agriculture
inventory and Forestry
GHG . Calculator for . Regional

e Nutrient regional nutrient R&D projects

runoff models recycling | I

|
LCA &
Footprint

inventory

Figure 1. The nutrient excretion calculations form the basis of several other calculations (IRPP
BAT = Best Available Techniques of Intensive Rearing of Poultry or Pigs).

The amounts of nutrients excreted are calculated as the difference between nutrient intake
and the nutrients retained in the animals and their products, i.e., as "nutrient input — nutrient
retention = nutrient excretion” (Figure 2). The components included into the calculations are
N, P, K, dry matter and organic matter. This report documents the calculations for cattle, and
reports for pigs, poultry, sheep and goats, and horses will be published separately.
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Nutrient
intake Nutrients excreted

Figure 2. The principle of nutrient calculations: excretion is intake minus retention.

The excretion calculations of cattle are conducted separately for different animal categories
based on their age and type of production (Table 1). Calculations consider, for example, dif-
ferences between the growth, diet, and culling age during the different steps. The results of
excretion calculations are shown as a weighted average from these animal categories de-
pending on the needs of various end-users of the data.

The number of animals is one critical input value for the national calculations, and the data is
obtained from the official national statistics (OSF: Number of livestock. 2023). Number of ani-
mals from the first of May 2021 are presented in Table 2. For more accurate calculations,
where animal groups from Table 1 are needed, number of animals are calculated as an aver-
age of first of December of the previous and current year (i.e., for year 2021, the average val-
ues of 1 December 2020 and 2021 is used). The result describes the number of animals pre-
sent at those individual days. An animal moves from one category to another during a year
while growing so that it is not the absolute amounts of animals (e.g., for calves at 0-6 months
of age, the real number within that year is twice the amount presented). However, as the ex-
cretion is calculated by day and then multiplied by the number of days over the whole year,
the total amount of excretion will be covered. The proportions of dairy and beef breeds in the
categories of bulls, calves and heifers raised for beef are calculated based on the statistics
and slaughter data obtained from Finnish Food Authority.

For the official calculations, National Green House Gas inventory below as an example, results
of the calculations are pooled into five cattle categories and are reported as follows: dairy
cows, suckler cows, heifers over one year old, bulls over one year old, and calves under 12
months old (Table 2) (Forsell et al., 2022). Then again, for example for the environmental leg-
islation, more categories such as in Table 1 are needed (Ymparistdnsuojelulaki. 527/2014).
Figure 3 shows the relative amounts of animals in different cattle groups in 2021 (OSF: Num-
ber of livestock. 2023, and Finnish Food Authority, 2023).

The results of the calculations present the annually excreted nutrients, faeces, and urine. The
amounts of excreted faeces and urine by each of the reported cattle categories in 2021 are
shown in Figures 4 and 5.



Natural resources and bioeconomy studies 68/2023

Table 1. The animal categories of cattle in nutrient excretion calculations in Finland.

Animal category Age, months
Dairy cows After 1st calving
Suckler cows After 1st calving
Dairy and beef heifers for 0-6
replacement 6-12

>12
Dairy breed bulls for beef 0-6
6-12
>12
Beef breed bulls for beef 0-6
6-12
>12
Dairy breed heifers for 0-6
beef 6-12
>12
Beef breed heifers for beef 0-6
6-12
>12

Table 2. Categories for the official reporting of excretion calculations for Green House Gas
inventory and the number of animals in 2021. Source: OSF: Number of livestock. 2023.

Animal category Age, months Number of animals in 2021
Dairy cows After 1*' calving 253 527
Suckler cows After 1** calving 63 698
Heifers >12 136 469
Bulls >12 101 472
Calves 0-12 288 872

10
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BBH beef0-6 _ BBH beef 6-12 BBH beef >12

DBH beef >12___ 22% 24 %—

1.8 %
DBH beef6-12 __——
1.3 % g
DBH beef 0-6 - DC, after 1st calving
12 % 29,9 %

BBB beef >12 /

4,5 %

BBB beef 6-12
33%

BBB beef 0- 6/
31%

DBB Beef >12
70%

- SC, after 1st calving

DBB Beef 6-12 / 7.5 %

7

7

A
i

54 % /4
DBB Beef 0-6 DBH and BBH,
51% __replacement 0-6
il 50 %
DBH and BBH,
replacement >12 DBH and BBH, replacement 6-12
129% >3 %

Figure 3. Relative amounts of different cattle categories in year 2021. DC= dairy cows, SC=
suckler cows, DBH = dairy breed heifers, BBH = beef breed heifers, DBB= dairy breed bulls,
BBB= beef breed bulls. Number represents ages of the group. 0-6 = 0-6 months old, 6-12 =
6—-12 months old, >12 = >12 months old. Source: OSF and Finnish Food Authority, 2023.

793

528

809 3568

= Dairy cows m Suckler cows = Heifers, > 12 months
m Bulls, over 12 months ® Calves, 0-12 months

Figure 4. Total amount of excreted faeces in 2021, expressed as million kilograms of fresh
matter, excreted per year.
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466 2112
368
® Dairy cows m Suckler cows m Heifers, >12 months
m Bulls, >12 months m Calves, 0-12 months

Figure 5. Total amount of excreted urine in 2021, expressed as million litres, excreted per year.

The critical factor of nutrient excretion calculations is to accurately estimate the amounts and
nutrient concentrations of feeds consumed by the animals. There is much less uncertainty in
estimating the amounts of nutrients retained in the animals themselves (growth including
foetus) and in the milk excreted. The detailed steps in the calculations are described in the
following chapters. Finally, an overview of the main results for year 2021 is presented in
Chapter 6 and in the Appendices.

Nitrogen (N) and crude protein (CP) are used interchangeably in the report so that N x 6.25

= CP, except for milk, where N x 6.38 = CP. Equations shown in this report are presented with
three meaningful digits, whereas in the actual calculations, more digits are used to create
more precise outcomes of the calculations. Some data, such as weights of animals at different
phases of their life, are not readily available from the field, so that they have been modelled.
This also facilitates production of consistent data for the time series evaluations. The year in
the calculations is considered to be 365 days, and the effect of leap year has not been taken
into account.

12
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2. Dairy cows

2.1. Outline of the dairy production systems

Dairy production in Finland comprised altogether approximately 5000 farms in 2021. The
number of dairy cows was 253 500 and the total milk yield nationally was 2 247 000 000 li-
tres. The number of dairy farms and cows has decreased steadily throughout the years, from
285 500 cows and 11 200 dairy farms in 2011 (OSF: Number of livestock. 2023). The average
milk yield per cow has on the opposite increased, from 7 859 litres in 2011 to the average of
8900 litres in 2021 (OSF: Milk and milk products statistics. 2023). The most common dairy
breeds are Holstein (56.4 %) and Ayrshire (Nordic red: 41.7%), but some other breeds can be
found in small numbers (ProAgria, 2023). The amount of native Finncattle was 0.8 % in 2021.
The current calculations cover the whole national herd. In case of small (Jersey) or native
Finncattle cows, the results can be scaled for their smaller inputs and outputs for individual
farm evaluations.

Dairy production systems are tightly linked to beef production, since most (63.5%, Table 29)
of the slaughtered animals annually are from dairy breed origin (Niemi & Vare 2018, Finnish
Food Authority 2023). The average culling age of dairy cow was 5.34 years in 2021 (Finnish
Food Authority 2023). A general description of the Finnish livestock sector is available in “Best
available techniques in livestock farming” report (Manni et al. 2023).

The mass balance calculations for dry matter (DM), organic matter (OM), N, P and K are
based on the data about animals, milk production, feed composition and digestibility. Large
data of physiological and milk production experiments conducted in Luke (previously MTT)
was used for basal information and constants. Calculations for dairy cows are conducted sep-
arately for lactating cows and non-lactating cows. Final amounts of excretion per cow per
year are average values weighted by the number of days of lactation and non-lactation pe-
riod.

The source data for the national calculations is obtained annually from the registries of the
Natural Resources Institute Finland (Luke; annual milk production and number of animals)
and Finnish Food Authority (slaughter age, carcass weight and carcass quality at slaughter).
Data of daily feed allowances and diet composition are obtained from ProAgria.

2.2. Calculation of live weight

The live weight (LW) of cows is needed for the determination of energy requirements, reten-
tion and excretion of nutrients. LW describes the current weight of an animal at a certain age
(see Appendix 8). LW is first solved from the average carcass weight (CW). The CW are ob-
tained from the Finnish Food Authority (Table 29). LW at slaughter is calculated from CW us-
ing Equation [2] (Table 5), which is based on the average dressing percentage of the cows
(dressing percentage x 0.01). Calculation of dressing percentage [Eq. 1] is based on McKi-
ernan et al. (2007) and Finnish expert evaluations (Tables 3 and 4). Dressing percentage for
dairy cows was 43.1 in 2021 (Table 29).

Initial data for calculating dressing percentage originates from the Finnish Food Authority
and it comprises the number of slaughtered cows, sum of CW, average carcass fat and

13
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conformation scores, and also the breeds of slaughtered animals, which is needed to define
the breed coefficient (Table 4). Body condition score (BCS) is then calculated from the slaugh-
ter data [Eq. 9] (Table 5). The calculation of BCS is based on Edmonson et al. (1989) and Fox
et al. (1999). The data is edited with SAS program (SAS Inc. 2002-2012, Release 9.4; SAS Inst.
Inc., Cary, NC, USA) to obtain the average fat score on a scale 1-5 and subsequently to calcu-
late the fat coefficient as described in Table 3. The breed coefficient is determined based on
the breed of the animals (Table 4). Cattle group 1 refers to large modern dairy breeds (Hol-
stein, Ayrshire/Nordic Red and Brown Swiss), group 2 to smaller, native dairy breeds and Jer-
sey, Group 3 is for British type suckler cow breeds (Hereford, Aberdeen Angus, Highland,
Dexter and Galloway) and group 4 for continental type suckler cow breeds (Charolais, Limou-
sin, Simmental and Blonde d'Aquitaine) (see Chapter 5).

Table 3. Fat coefficients to calculate dressing percentage. Based on McKiernan et al. (2007).

Carcass weight, | Carcass weight

Fat score Fat coefficient
kg scale

39.0
40.0
41.0
42.5
46.5
42.5
43.5
47.5
49.5
50.5
435
44.5
46.0
49.0
513

<200 kg 1

200-250 kg 2

>250 kg 3

nmnibhlwip|lnN|AlWIN = TUDM WIN |-

Table 4. Breed coefficients for calculating the dressing percentage. Based on McKiernan et al.

(2007).
Cattle group Breed coefficient
1 Dairy cow breeds -1
2 Small dairy cow breeds -1

3 British beef breeds

4 Continental beef breeds

14
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Mature weight (MW) describes the weight of an animal that no longer grows and is achieved
approximately at six years of age in cattle (Appendix 8). After solving the LW at slaughter,
MW at BCS 3.5 (MWs33) is solved by using Richard's function [Eq. 3-6] (Table 5). The MWs3;s is
solved by giving known values for the other parameters (LW and Age) in the Richards’ func-
tion. The given values are LW (LW at slaughter, 685 kg in 2021) and age at slaughter (culling
age), which was 5.34 years in 2021 (Table 29). When doing so, the only remaining unknown
parameter (MW) in the Richards’ equation is solved using the NLIN procedure in SAS pro-
gram. Richard's function is also used to estimate the LW of other cattle groups. The MW3 s for
dairy cows was 766 kg in 2021.

Equations in Table 5 are based on Finnish data and Fox et al. (1999). The LW change (LWC,
[Eq 7-8]) is based on equation 18 in Fox et al. (1999). LW and LWC are needed for different
production stages for the calculation of energy requirement for maintenance and the LWC
(Table 6).

Table 5. Equations for calculating the LW of dairy cows.

No Equation

1. | Dressing percentage = Fat coefficient — 1.25 + breed coefficient
(Table 4; based on McKiernan et al. 2007)

2. | LW at slaughter = CW, kg / (Dressing percentage x 0.01)

LW, without pregnancy, lactating cow, kg = 0.941 x MW35 - 284 + 5.66 x S_age
(based on Fox et al. 1999)

4. | LW, without pregnancy, non-lactating cow, kg = 0.938 x MW35 - 16.8 + 3.36 x S_age
(based on Fox et al. 1999)

5. | LW, with pregnancy, lactating cow, kg = 0.945 x MW35—26.7 + 5.85 x S_age
(based on Fox et al. 1999)

6. | LW, with pregnancy, non-lactating cow, kg = 0.974 x MWs5 + 13.1 + 3.03 x S_age
(based on Fox et al. 1999)

7. | LWC, kg/day, lactating cows = 0.093+ 0.00008 x MW35—0.019 x S_age

8. | LWC, kg/day, non- lactating cows = 0.038+ 0.00002 x MWS3;5 — 0.008 x S_age

9. | BCS =0.1327 x EBWfat (%) + 0.50 (based on Fox et al. 1999, Table 5)

LW = live weight, kg; CW = carcass weight; MWs5 = mature weight in body condition score 3.5, kg; S_age = age at
slaughter, years, LWC = live weight change, kg/day

2.3. Energy requirements

Feed intake and nutrient concentrations of the diets are the key features in nutrient excretion
calculations. Because of lacking measurements of actual feed intake of the national herd, it is
estimated based on total energy requirements (ME.eq) and the ME content (MEgier) of the av-

erage diet. The composition of the diet is described in Chapter 2.4.

Energy requirements for maintenance (MErmain), and milk production (MErmii) are calculated
according to Finnish nutrient requirements (Luke 2023) using Eq. [10] and [11] (Table 6). As a
result of animal breeding, the feed efficiency of cows is continuously improving (Leino et al.
2023), but that effect is not visible in excretion calculations unless the nutrient requirement
values in the Feed Tables are updated. The requirement of ME for pregnancy (MErpregn) and
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LW change (MEruwc) are calculated using Eq. [13-16] (Table 6). The annual milk yield and the
concentrations of milk fat and protein are obtained from Finland’s Official Statistics (OSF: Milk
and milk products statistics. 2023). These data are collected from Finnish dairies and farms.
The length of the lactation period (days in milk) and dry period (days non-lactating) are cal-
culated using Eq. [18] and [19] (Table 6), from the cows’ average age at slaughter, obtained
from Finnish Food Authority. The values for lactation period and non-lactation period were
320 and 45 days, respectively, using data from 2021. The average non-lactation period is
shorter than that of individual cows between drying off and next calving because cows in
their last lactation contribute to days in milk but not to days non-lactating. Interval between
drying off and next calving (dry period) was 66 days in 2021 (ProAgria 2022).

The cow's weight fluctuates greatly over the production cycle due to growing until mature
size is reached, changes in calf (+placenta etc.) weight and changes in the body condition of
the cow (Figure 6), but in the calculation we only present one annual average value for the
LW, which was 723 kg in 2021. However, since the ME required for LW deposition is some-
what greater than the ME obtained from LW loss (Luke 2023), an additional ME requirement
caused by the fluctuation in BCS is added. This value was 1.98 MJ ME/day for lactating cows
and 6.75 MJ ME/day for non-lactating cows in 2021.
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Figure 6. Schematic presentation of cow weight change over first two lactations. The solid line
shows the weight change including the weight of the calf (foetus, placenta, foetal membranes,
foetal water, and growing uterus) and the change in average body condition score (BCS), i.e.,
the observed LW. The line with dots shows the weight change when the effect of calf has been
corrected for. The broken line shows the weight of the cow if she would not become pregnant
and would constantly stay in body condition score 3.5. Based on Fox et al. (1999) and Roche et
al. (2006).
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Table 6. Equations for calculating the energy requirements for dairy cows.

No Equation

10. | MErmainy, MJ/day = 0.515 x LW®"® (Luke 2023)

11. | MErmix, MJ/kg ECM = 5.15 x ECM, kg/d (Luke 2023)

ECM, kg/d = milk yield, kg x (38.3 x Milk fat, g/kg + 24.2 x Milk protein, g/kg +

12 783.3) / 3140 (Sjaunja et al. 1990)

13, MErpregn, lactating cows, MJ/d = 1.67 — 0.0037 x MWS3s + 0.00000357 x MWs5s? (AFRC
1993)

14, MErpregn, NON — lactating cows, MJ/d = 61.1 = 0.133 x MWss + 0.0013 x MWS3s? —

0.270 x S_age (AFRC 1993)

15. | MEnwc, lactating cows, MJ/d = 0.00147 x MW3;s - 0.328 + 15.6 x LWC (Luke 2023)

16. | MErwc, non-lactating cows, MJ/d = 0.00793 x MW3s + 43.5 x LWC (Luke 2023)

17 MEreq, MJ/day = MErmaint + MErm||k + MErpregn + MErI_WC

18. | Days lactating = 365 x (1 - (0.0737 + 0.00917 x S_age)) (Finnish data)

19. | Days non-lactating = 365 x (0.0737 + 0.00917 x S_age) (Finnish data)

MErmaint = requirement of metabolizable energy for maintenance, MJ/day; MErmik = requirement of metabolizable
energy for milk production, MJ/kg ECM; MErpregn = requirement of metabolizable energy for pregnancy, MJ;
MErwc = requirement of metabolizable energy for live weight change, MJ; MEeq = requirement of metabolizable
energy, MJ/day; LW = live weight, kg; ECM = energy corrected milk yield; MW3 s = mature weight, kg in body con-
dition score 3.5; LWC = live weight chance, kg/d; S_age = age at slaughter, years

2.4. Diet composition and intake

The average chemical composition of the diet of dairy cows is annually obtained from
ProAgria. The data originates from herds which belong to milk recording scheme and use the
feed monitoring of CowCompass for their herd. The periodical (daily) calculations of Cow-
Compass for the dairy herds are gathered from the data separately for lactating and non-lac-
tating cows. The number of calculations per herd in the data is variable, so a mean value is
calculated for each herd, and these herd mean values are used to calculate the overall mean.
The average concentrations of corrected metabolizable energy (ME, MJ/kg DM), crude pro-
tein (CP), P and K (g/kg DM) for cows were calculated from the annual data for 2021 (Table 7).
The ME correction based on feeding level and diet composition was calculated according to
Luke (2023) and it is only used for lactating and non-lactating dairy cows, not for any other
cattle group. The feed data includes the grazing season. Feeding of dairy cows comprises
from silage (53%), grazing (1%), cereal grains (19%), compound feeds (12%) and other feeds
(15%) (ProAgria 2022).
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Table 7. Mean composition of the daily ration of lactating and non-lactating dairy cows for
year 2021 (ProAgria 2022).

Lactating cows Non-lactating cows
LJrngcyc:,rlich;E; g:\j}ltabohzable en 116 103
E%r;fc&ijkrggc:/lbohzable en 108 10.5
Gross energy, MJ/kg DM 18.8 18.6
In DM, g/kg
Ash 71.6 77.8
Crude protein 170 139
Crude fat 46.8 40.1
Non-structural carbohydrates 314 207
Neutral detergent fibre 397 536
Phosphorus (P) 4.39 3.48
Potassium (K) 18.6 24.5

"Feeding level corrected ME-value (Luke 2023); DM = Dry matter

Dry matter intake (DMI, kg/d) is calculated as the ME requirement divided by the corrected
diet ME concentration [Eq. 20]. Intake of organic matter (OMI) and nutrients is calculated by
multiplying the nutrient concentrations in feed DM by DMI [Eq. 21-24] (Table 8).

Table 8. Equations for calculating the intake of dry matter, organic matter, nitrogen, phos-
phorus, and potassium.

No Equation

20. | DMI, kg/d = MEeq, MJ/d / MEgier, MJ/kg DM

21. | OMI, kg/d = DMI x (1000 - diet_ash)

22. | Intake of N, g/d = (CP, g/kg DM / 6.25) x DMI, kg/d

23. | Intake of P, g/d = P, g/kg DM x DMI, kg/d

24. | Intake of K, g/d = K, g/kg DM x DM, kg/d

DMI = dry matter intake; MEeq = requirement of metabolizable energy; MEgiet = diet ME concentration; OMI =
organic matter intake; diet_ash = diet ash concentration; CP = crude protein; N = nitrogen; P = phosphorus; K=
potassium

2.5. Retention of nutrients

Retention of N, P, K, and ash to cow’'s LWC and to pregnancy (including foetus, placenta, foe-
tal membranes, foetal water, and growing uterus) is calculated using Equations [25-32] for
lactating cows and Equations [33—-40] for non-lactating cows (Table 9). Equations are based
on Fox et al. (1999). The number of calves per cow per year and the birth weight of calf (BW)
are calculated based on Finnish data and Berglund (1987), Karki (1996) and Sundberg (2005),
using Equations [41-43] (Table 9). Equations [42] and [43] are used to calculate the calf's BW
excluding the effect of the calf's gender. The average BW of the calves based on Equations
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[42] and [43] was 44.4 kilograms for primiparous cows and 51.9 kilograms for multiparous
cows, respectively, in 2021.

Retention of nutrients in the hair of all cattle groups is excluded from the calculations. The
amount is relatively small (approximately 1.5 g N per day; NRC 2001), and the shredded hair
and scurf ends up in the manure, so that the conclusions from calculations are not biased by
neglecting it.

Table 9. Equations for calculating the retention of nutrients in lactating and in non-lactating
dairy cows.

No ‘ Equation

Retention of nutrients in lactating cows

N retained, cow, g/d = (3.94 + 0.0041 x MW35—0.785 x S_age) / 6.25 (Fox et al.

25. 1999)

2. P retained, cow, g/d = 1.18 + 0.0016 x MW3;s - 0.236 x S_age (Chizzotti et al. 2007,
2009; Fox et al. 1999; Schultz et al. 1974)

27 K retained, cow, g/d = 0.138 + 0.0018 x MWs3; - 0.0274 x S_age (Chizzotti et al.

2007, 2009; Fox et al. 1999; Schultz et al. 1974)

28. | Ash retained, cow, g/d = 7.03 + 0.00975 x MWs3;5 -1.40 x S_age (Fox et al. 1999)

N retained, pregnancy, g/d = (9.50 -0.0223 x MWs5 +0.00002 x MWs35% + 0.104 x
29. | S_age)/ 6.25
(ARC 1980)

P retained, pregnancy, g/d = 0.371 — 0.0008 x MW3s . 0.0000008 x MWS3; + 0.0035
30. | x S_age
(ARC 1980)

K retained, pregnancy, g/d = 0.117 — 0.00028 x MWS3;5 + 0.00000027 x MWs5s +
31. | 0.0016 x S_age
(ARC 1980)

Ash retained, pregnancy, g/d = 2.22 - 0.0052 x MWs3s + 0.000005 x MW;s® + 0.024
32. | x S_age
(ARC 1980)

Retention of nutrients in non-lactating cows

N retained, cow, g/d = (1.23 + 0.0131 x MW35 —0.245 x S_age )/6.25 (Fox et al.

3. 1999)

34, P retained, cow, g/d = 0.871 + 0.00059 x MW35—0.174 x S_age
(Chizzotti et al. 2007, 2009; Fox et al. 1999; Schultz et al. 1974)

35, K retained, cow, g/d = 0.0898 + 0.0002 x MW35—0.0179 x S_age

(Chizzotti et al. 2007, 2009; Fox et al. 1999; Schultz et al. 1974)

36. | Ash retained, cow, g/d = 5.17 + 0.00351 x MW35—1.03 x S_age (Fox et al. 1999)

N retained, pregnancy, g/d = (211 - 0.459 x MW3s + 0.0004 x MW35*> — 0.759 x
37. | S_age) /6.25
(ARC 1980)

P retained, pregnancy, g/d = 9.60 — 0.0208 x MWs5s +0.00002 x MW35>~ 0.0398 x

38. S_age (ARC 1980)
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K retained, pregnancy, g/d = 2.22 — 0.0048 x MWss +0.00000462 x MW;5°-0.0078 x
39. | S_age

(ARC 1980)

Ash retained, pregnancy, g/d = 48.9 -0.107 x MW35 + 0.000102 x MW35°— 0.174 x
S_age (ARC 1980)

41. | Number of calves / multiparous cow / year = 0.531 + 0.0378 x S_age (Finnish data)

BW, both genders, primiparous cow = 10.4 + 0.0584 x MW35—0.000018 x MW; 5
(based on Berglund (1987), Karki (1996) and Sundberg (2005))

BW, both genders, multiparous cow = 99.9 — 0.226 x MW3s + 0.000213 x MW;s?
(based on Berglund (1987), Karki (1996) and Sundberg (2005))

N = nitrogen; P = phosphorus; K= potassium; S_age = age at slaughter, years; MW35 = mature weight in body
condition score 3.5; BW = calf's birth weight

40.

42.

43.

2.6. Excretion

To be able to estimate the quantity and composition of faeces, the digestibility of DM (DMD)
is calculated [Eq. 46] (Table 10). DMD is calculated from the digestibility of organic matter
(OMD) using Equation [45] which is calculated from dividing the intake of digestible organic
matter (DOMI) [Eq. 44] by the intake of organic matter [Eqg. 21]. Output of faeces is calculated
by first solving the excreted indigestible dry matter [Eq. 47] and then using Equation [48]. The
output of urine is calculated using Equation [49]. For DM content of faeces, an average value
of 150 g/kg is used based on values determined in feeding experiments conducted at Luke.

Table 10. Equations for calculating the intake of digestible organic matter, digestibility of or-
ganic and dry matter, excreted indigestible dry matter, and output of faeces and urine.

No Equation

44. | Intake of digestible OM (DOMI), kg/d = (MEgiet x DMI) / 16 (Luke 2023)

45. | Digestibility of OM (OMD), g/g = DOMI / (DMI x diet_OM x 0.001) (Luke 2023)

Digestibility of DM (DMD), g/g = (0.977 x OMD x 1000 + 1.4) / 1000

ae. (modified from Ramin & Huhtanen 2013)

47. | Indigestible DM excreted, kg/d = DMI, kg/d x (1 - DMD)

48. | Output of faeces, kg/d = indigestible DM, kg/d / DM concentration of faeces, g/g

49. | Output of urine, I/d = (2.7 + 0.053 x K intake, g/d) (Eriksson 2011)

OM = organic matter; MEgiet =diet ME concentration, MJ/kg DM; DMI = dry matter intake; K = potassium, DM =
dry matter

Nutrients in the lactating cow are either used for maintenance of the body, retained in the
body of the cow or her calf, or excreted in milk, faeces, or urine. Equations used for calculat-
ing the excretion in dairy cows are described in Table 11. The concentration of N in milk
(5.58 g/kg) is calculated from the concentration of protein in milk by dividing it with 6.38
(OSF: Milk and milk products statistics. 2023). The concentrations of DM, ash, P and K of milk
(130 g/kg, 54, 6.9 and 12 g/kg DM in 2021, respectively) are obtained from the Finnish Feed
Tables [Equations 50-53] (Luke 2023). Nitrogen content of urine in Equations [58-61] are
based on Nehring et al. (1965). OM excreted in faeces is calculated as in Eq. [67]. DM ex-
creted in faeces is calculated as in Eq. [68].
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Table 11. Nutrient contents of milk, urine, and faeces of dairy cows.

No Equation

50. | N in milk, g/d =N concentration in milk DM, g/kg x milk DM vyield, kg/d (Luke 2023)

51. | Pin milk, g/d = P concentration in milk DM x milk DM yield, kg/d (Luke 2023)

52. | Kiin milk, g/d = K concentration in milk DM x milk DM yield, kg/d (Luke 2023)

53. | Ash in milk, g/d = ash concentration in milk DM x milk DM yield, kg/d (Luke 2023)

54. | Ninurine, g/d = N in urine, g/d = N intake - N in milk - N in cow - N in calf - N in faeces

55. | Piinurine, g/d = 3 mg x LW (Damgaard Poulsen & Kristensen 1998)

56. | Kiin urine, g/d = K intake - Kin milk - K'in cow - K in calf - K in faeces

57 Ash in urine, g/d = Ash intake, g/d - ash retained in cow, g/d - ash retained in preg-

" | nancy, g/d - ash in faeces, g/d

58. | Nitrogenous OM in urine, g/d = N in urine, g/d x 2.638 (Nehring et al. 1965)

59, Urea in nitrogenous OM in urine, g/d = 0.395 x diet_CP, g/kg DM - 0.207) x 0.01 x
nitrogenous OM in urine, g/d (Nehring et al. 1965)

60. Non-nitrogenous OM in urine, g/d = (-1.13 x diet_CP, g/kg DM + 228) x 0.01 x Urea
in urine, g/d (Nehring et al. 1965)

61. OM in urine = nitrogenous OM in urine + non-nitrogenous OM in urine
(Nehring et al. 1965)

62. | DM in urine, g/d = Ash in urine + OM in urine

63. | Nin faeces, g/d = -17.7 + 6.3 x DMI + 0.108 x N intake (Nousiainen et al. 2011)

64. | P in faeces, g/d = P intake - P in milk - P in urine - P in cow - P in calf

65. | Kin faeces, g/d = K intake x 0.225 (Tuori et al. 2006)

66. | Ash in faeces, g/d = intake of indigestible DM — intake of indigestible OM

67. | OM in faeces, kg/d = OMI, kg/d — DOMI, kg/d

68. | DM in faeces, kg/d = DM intake, kg/d — digestible DM intake, kg/d

N = nitrogen; P = phosphorus; K= potassium; DM = dry matter; OM = organic matter; diet_CP = diet crude pro-
tein concentration, g/kg DM, LW = live weight, kg, OMI = organic matter intake, DOMI = digestible organic mat-
ter intake
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3. Dairy replacement calves and heifers

The nutrient excretion calculations for dairy replacement calves and heifers are based mainly
on the same equations as used for dairy cows. Calculations are divided into three age catego-
ries: 0-6, 6-12 and >12 months. The age of a dairy heifer at 1*! calving was on the average
769 days (25.3 months) in 2021 (ProAgria, 2022) and after 1*! calving the animal is included in
the dairy cow category.

3.1. Calculation of live weight

Estimation of manure and nutrient output of replacement heifers starts by calculation of the
BW [Eqg. 69] and the LW of the heifer using Richard’s function from MW [Eq. 70] (Table 12).

Equations used to estimate BWs of calves and heifers are based on datasets by Berglund
(1987), Karki (1996) and Sundberg (2005). Equations are built based on dams’ MW and BW of
calves of different breeds and genders. Dams’ MW influences the BW of the calf, and based
on this BW, the MW of a heifer can be estimated more precisely.

First, the BW of a dairy replacement calf is iterated based on breed, gender, and dam’s MW in
BCS 3.5 (dMWs35s) [Eq. 69]. This BW equation gives more precise outcome of the actual BW
than Equations [42—43] and takes the gender of the calf into notice. Then, by using Richard’s
function, the MW of a dairy replacement calf and heifer is calculated using the BW [Eq. 70].
The MW is solved from the function by setting the same BW as calculated in Eq. [69] as a re-
sult, i.e. as LW. When solving BW, age of the calf is one day.

Table 12. Equations used to calculate the BW and LW of dairy replacement calf and heifer.

No Equation

69. | BW, dairy cow calf = 71.3 - 0.137 x dMW35 + 0.000138 x dMW3 5

70. | LW dairy heifer = MW x (1 - 0.748 x e 099289 xA9¢)2 (hased on Perotto et al. 1992)

71. | LWG, kg/day = (LW at Age: — LW at Age1) / (Age >—Ager)

BW = calf’s birth weight, dMW3s= dam’s MW in body condition score 3.5, LW= live weight, Age= age, days, LWG
= live weight gain, kg/day, Ages = age at the beginning of the growth interval, days, Age, = Age at the end of the
growth interval, days

Live weight is calculated for different stages of the growth to be able to estimate the average
growth per day (LWG) [Eq. 71] and required amount of metabolizable energy and nutrients
from the diet. For replacement heifers, eight different growth intervals are calculated (1-30
days, 30-60 days, 60-91 days, 91-182 days, 182-365 days, 365-629 days, 629-730 days, and
730-769 days, first number being Age; and second number being Agey).

The average LW gains for dairy replacement heifers between the ages of 0-6, 6-12 and >12
months were 1.06, 0.98, and 0.67 kg/day, respectively, in 2021.
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3.2. Energy requirements

Energy requirements for dairy breed replacement heifers are calculated similarly as for heifers
raised for beef for growth and maintenance (Chapter 4.3). Energy requirements for pregnancy
are calculated as presented in Table 13.

The estimation of ME intake is based on Finnish nutrient requirements (Luke 2023). The ME
consumption is estimated to be identical between replacement and beef calves of dairy
breed under 6 months of age (Tables 14 and 21). Above this age, the ME consumption of re-
placement animals is lower than that of beef calves. The additional energy needed for the
pregnancy is added to the last age category (>12 months).

Table 13. Equations for calculating energy requirements for pregnancy for heifers.

No Equation

72. | MErpreq days 365 — 629 = 3.29-0.083 x Cage +0.000005x Cage? +0.041xBW — 0.00004x Cagex BW

73. MErpreg, dayS 629 - 731 = 359 - 0.90 X Cage + 0.00056 X Cagez + 1.75 X BW_ 0.0020 X Cage X BW

74. MErpreg, dayS 731 - 769 = 709 - 178 X Cage + 0001 X Cagez+ 452 X BW ‘00049 X Cage X BW

Cage= age at calving, 769 days in 2021, BW = calf’s birth weight

3.3. Diet composition and intake

The diets used in calculations for dairy replacement calves and heifers are based on feeding
records collected by ProAgria (Table 14). Dairy calves are fed with full milk for the first five
days after birth and after that they are given mainly milk replacer until weaned at the age of
2 months. The calves under 2 months of age have free access to concentrate and forage. Af-
ter this, the diet is mainly based on grass silage. The diet changes depending on the LW and
production stage of the calves and heifers.

Dry matter and nutrient intake are calculated similarly as for dairy cows (Chapter 2.4, Table 8).

Table 14. The energy and mineral contents of the diet of dairy replacement heifers in differ-
ent age categories.

Age, months 0-6 6-12 >12
Metabolizable energy MJ/kg DM 12.0 12.2 10.8
Gross energy, MJ/kg DM 18.6 19.0 18.6
In DM, g/kg

Ash 80.0 59.7 75.6
Crude protein 158 164 144
Crude fat 50.4 46.7 41.1
Non-structural carbohydrates 366 350 256
Neutral detergent fibre 346 380 483
Phosphorus (P) 475 3.68 3.30
Potassium (K) 171 184 233

DM = Dry matter ME = metabolizable energy; N =nitrogen; P = phosphorus; K = potassium
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Nutrient intake for replacement heifers and calves is calculated similarly as for heifers raised
for beef.

3.4. Retention of nutrients

The intake of nutrients (N, P, K) is divided into retained and excreted fractions. Retention of
the nutrients and growth of animals is calculated as described in Chapter 4.5. Retention to
growth is calculated for eight different intervals (see Chapter 3.1). Pregnancy is included into
the retained fraction as the calculation ends just before calving. Retention to pregnancy is
calculated as in Equations [33-40].

The nutrient retention for calves between 0-6 months is the same as for dairy breed heifers
raised for beef (see Chapter 4, Equations [95-100]) and the nutrient retention for animals
over 6 months is calculated according to Equations [101-104].

3.5. Excretion

Feed intake and nutrient excretion are calculated separately for age categories 0-2, 2-6, 6-12,
12-24 and 24-26 months, which match with the management practices of the lifespan of a
replacement heifer. The results are pooled into three categories (0-6, 6-12 and >12 months)
to match the official reporting (Tables 1 and 2), depending on the end-user. The excretions
follow the method described in Chapter 2.6. Final amounts of excretion per animal per year
are weighted average values within reported categories.
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4. Dairy and beef breed bulls and heifers raised for
beef

4.1. Outline of the beef production systems

In 2021, the total amount of beef produced in Finland was 86 million kilograms and the num-
ber of cattle slaughtered was 259 000, of which approximately 52 % were bulls, 27 % cows
and 21 % heifers (OSF: Meat production. 2023). Bull calves born on dairy farms and heifer
calves which are not needed for dairy herd replacement are delivered at the age of few weeks
to farms specializing in beef production. Calves of suckler cows are reared with their dams in
the herd until weaning at around the age of six months, and then typically delivered to farms
specialized on beef production. Male calves used for beef production are not castrated so
that steers are not used in the Finnish system.

Beef production in Finland is mostly based on dairy breeds (Niemi & Vare 2018). Most com-
mon breeds used in milk production are Ayrshire (Nordic Red) and Holstein. The most com-
mon beef breeds in Finland are Aberdeen Agnus, Charolais, Hereford, Limousin and Simmen-
tal (Faba, 2022). However, the decrease in the dairy cattle population during recent years is
foreseen to reduce the level of beef production. Therefore, beef producers are increasing
suckler cow production. The number of suckler cows has more than doubled during the
2000's in Finland. However, their number (63 700) is still relatively low compared with dairy
cows (253 500) in year 2021 (OSF: Number of livestock. 2023).

4.2. Calculation of live weight

The estimation for BW and LW of calves, bulls and heifers raised for beef is similar to the esti-
mation of BW and LW of dairy replacement calves and heifers (Chapter 3.1.) and is based on
data obtained from Faba.

First, the BW of a calf is iterated based on breed, gender, and dam’s MW in BCS 3.1 (dMWs3.)
[Eg. 75-76] (Table 15). Equations are used to calculate the BW for dam’s MW in BCS 3.1 be-
tween the weights of 550-750 kg, interval being 25 kg. For dairy breed bull calves, MW in
BCS 3.5. for dams is used [Eq. 77]. For dairy breed heifers raised for beef, Equation [69] (Table
12) is used. Then, by using Richard's function in Table 17 [Eq. 80-84], the MW is iterated us-
ing the BW from Eq. [75-77] in the same way as for dairy heifers and calves (Table 12).

Table 15. Equations for calculating the BWs of calves raised for beef.

No Equation
75. | BW, beef breed cow calf = 0.0849 x dMW3; - 0.0000363 x dMWs5 42
76. | BW, beef breed bull calf = 0.0883 x dMWs51 — 0.0000349 x dMWS3 .12

77. | BW, dairy breed bull calf = 77.0 - 0.149 x dMW35 + 0.000151 x dMW; 52
BW = birth weight, dMWs31= dam’s mature weight in BCS 3.1, dMW35= dam’s mature weight in BCS 3.5
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Live weight (LW) for the slaughtered bulls and heifers is estimated by defining dressing per-
centage. Calculation of dressing percentage is based on data collected from six feeding and
beef production experiments of bulls (26 diet observations) and heifers (16 diet observa-
tions). Data of dressing percentages of bulls are based on several datasets (Huuskonen et al.
2007, Huuskonen et al. 2009a, Pesonen et al. 2012, Pesonen et al. 2013, Huuskonen et al.
2014, Vestergaard et al. 2019), and that of heifers on Huuskonen et al. (2009b), Lamminen et
al. (2006), Manninen et al. (2004; 2006), Rinne et al. (1998) and Vestergaard et al. (1993, 2019)

Annual dressing percentages are calculated from national data of slaughtered bulls and heif-
ers, which comprises number of animals slaughtered, their CW, carcass classification and age
at slaughter. Carcass fat and conformation of slaughtered bulls and heifers is classified with
EUROP system (EC 2023), but the conventional 5-point grading scale for fat and confor-
mation is enlarged to 15 grading points as described by Hickey et al. (2007). The calculated
Equations [Eq. 78-79] used to predict LW by carcass quality classification of bulls and heifers
are presented below (Table 16).

Table 16. Equations for calculating the dressing percentages of beef bulls and heifers based
on Finnish experimental data.

No Equation
78 Dressing percentage, bull, % = 48.9 + 0.894 x carcass conformation (1-15) — 0.190 x
" | carcass fat (1- 15)
79 Dressing percentage, heifer, % = 41.2 + 1.48 x carcass conformation (1-15) + 0.3517 x
" | carcass fat (1-15)
65
60 /
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S 55 ]
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5 50
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Figure 7. The effect of carcass fat and conformation score on the dressing percentage (based
on Eq. [63] and [64]). The results have been presented separately for fat scores 1-, 3 and 5+ (on
a scale from 1 to 5).

The LW gain is estimated with Richards” function, similarly as for dairy cows (see chapter 3.1.).

It is first used to solve the MW and birth BW of bulls and heifers. After solving MW, Richards’

function is used to estimate the LW gain. Calculations are made for both genders and breed
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types [Eq. 80-84], as described in Table 17. Equation [83] is iterated to predict LW gain of a
heifer for beef production and for replacement beef heifer (suckler cow production).

For beef bulls and heifers, six to seven age intervals are used to calculate the growth (LWG)
and LW for these intervals. These intervals are 1-30, 30-61, 61-91, 91-182, 182-365, 365-563
or 365-730 and 730-862 days for dairy breed heifers raised for beef, depending on the
slaughter age. For beef breed heifers these growth intervals are 1-30, 30-61, 61-91, 91-182,
182-365, 365-522 or 365-730 and 730-913 days, for dairy breed bulls 1-30, 30-61, 61-91,
91-182, 182-365, 365-600 or 365-730 and 730-862 days and for beef breed bulls 1-30, 30—
61, 61-91, 91-182, 182-365, 365-591 or 365-730 and 730-1041 days. LWG is calculated simi-
larly as for dairy replacement heifers using Eq. [71].

Table 17. Equations for calculating the LW of beef cattle.

No Equation

80. | LW dairy bull = MW x (1 - 0.788 x e %%02°9 *A9%)2(hased on Brown et al. 1972)
81. | LW beef bull = MW x (1 - 0.796 x 000249 xA9¢)2 (hased on Brown et al. 1972)
82. | LW beef heifer = MW x (1 - 0.756 x e 090277 *A%¢)2 (hased on DeNise et al. 1985)
83. | LW small breed” dairy heifer = MW x (1 - 0.763 x g0-00285x Agey2

84. | LW small breed” dairy bull = MW x (1 - 0.802 x 00025 xAge)2
LW =live weight, kg; MW = mature weight, kg (see Table 15 for MW); Age = age, days
DFinn cattle and Jersey

4.3. Energy requirements

Energy consumption of growing bulls and heifers is estimated based on Finnish nutrient re-
quirements (Luke 2023) for calves and growing animals. These requirements are based on the
equation presented by AFRC (1993), but coefficients are modified according to Finnish re-
search results [Eq. 85-88] (Table 18). Energy requirements are presented for dairy breed bulls
and heifers. Beef breed bulls and heifers are assumed to grow with 10 % lower energy con-
sumption than pure dairy breed animals (Luke 2023). Metabolizable energy (ME) intake is cal-
culated separately for animals younger than 6 months and older than 6 months using the
Equations in Tables 19 and 20.

Table 18. Equations used in calculation of metabolizable energy (ME) intake (MJ/d) of dairy
and beef breed bulls and heifers younger than 6 months (based on nutrient requirements;
Luke 2023).

No Breed Equation

85. |Dairy breed heifer [ME, MJ/d = ((28005 — 741 x BW + 193 x LW + (-6007) x (LW / BW)))/182

86. |Dairy breed bull |ME, MJ/d = ((31715—-774 x BW + 175 x LW + (- 5868) x (LW / BW)))/182

87. |Beef breed heifer |ME, MJ/d = (31796 — 862 x BW + 212 x LW + (-6641) x (LW / BW)))/182

88. |Beef breed bull  |ME, MJ/d = ((43662 — 1091 x BW + 225 x LW + (-7807) x (LW / BW)))/182

ME = metabolizable energy, MJ; LW = calculated live weight at age of 182 days, kg; BW = calf birth weight, kg
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Table 19. Equations used in calculation of ME intake (MJ/d) of growing bulls and heifers
older than 6 months calculated from nutrient requirements (Luke, 2023).

No | Gender Equation
89 Heifer ME, MJ/d = (26.4 + 0.010 x ALW - 41.0x LWG - 0.00006 x ALW? + 35.2 x
' LWG?+ 0.12 x ALW x LWG) x C
9 Bull ME, MJ/d = (41.5 + 0.12 x ALW - 52.72 x LWG - 0.00007 x ALW? + 28.8 x

LWG?+ 0.09 x ALW x LWG) x C

ME = metabolizable energy; LWG = Live weight gain, kg/d, C = 1.0 for dairy breed and 0.9 for beef breed heifers
and bulls, ALW = average live weight as calculated in Table 20, kg

A parameter of average live weight (ALW) in Table 19 describes the ALW during each calcu-
lated age interval. ALW is calculated separately for both genders and breed types as shown in
Table 20 [Eq. 91-94].

Table 20. Equations used in calculation of average LW (ALW, kg) of bulls and heifers (inte-
grals from equations presented in Table 16).

No Equation

ALW, kg = (MW / (2 x -0.00289)) x (2 - 0.748 x e[000289 < Aged)2 4 MW/ x
91. |Dairy heifer |[Age2) - (MW / (2 x -0.00289)) x (2-0.748 x e('0-00289 x Agel)2 4 MW/ x
Age1)) / (Age2 - Age1)

ALW, kg = (MW / (2 x -0.00259)) x (2 - 0.788 x e!0.00259 x Age2)2 . MW x
92. |Dairy bull |Age2) - (MW / (2 x -0.00259)) x (2-0.788 x ('0:00259 x Agel))2 1 MW x
Age1)) / (Age2 - Age1)

ALW, kg = (MW / (2 x -0.00277)) x (2 - 0.756 x (000277 x Age2))2 4 MW x
93. |Beef heifer |Age2) - (MW / (2 x -0.00277)) x (2-0.756 x (000277 x Agely21 MW x
Age1)) / (Age2 - Age1)

ALW, kg = (MW / (2 x -0.00249)) x (2 - 0.796 x e-0.00248 x Agedy2 4 MW/
94. |Beef bull Age2) - (MW / (2 x -0.00249)) x (2-0.796 x 000249 x Agely2 4 MW/ x
Age1)) / (Age2 - Age1)

ALW = average live weight of the period from Age1 to Age 2; MW = mature live weight (kg); Age 1= age in the
beginning of period, Age2 = age in the end of period

4.4. Diet composition and intake

Diets used in calculations are based on expert evaluations, designed to fulfil the energy re-
quirements of a growing bull and heifer.

The model diet for dairy breed calves is as follows: They receive milk for the first five days after
their birth and after that they are given milk replacer until they are weaned at the age of two
months. They have free access to starter compound feed and grass silage after the first week of
age. After weaning, the diet is mainly based on silage, protein concentrate (rapeseed meal) and
mixture of barley and oats. Diets are slightly adjusted depending on the LW of the calves.

Beef breed bulls and heifers are fed with milk and grazed until they are weaned at the age of
around six months. After this, diet is mainly based on grass silage and concentrate feeds.
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The chemical compositions of the average diets are presented in Tables 21 and 22.

Table 21. The average diet composition fed to bulls.

Dairy breed bull Beef breed bull

Age, months 0-6 6-12 >12 0-6 6-12 >12
Metabolizable energy, MJ/kg DM 12.0 12.4 116 | 148 119 114
Gross energy, MJ/kg DM 18.5 19.0 18.8 | 207 189 | 187
In DM, g/kg
Ash 81.5 57.3 682 | 878 643 | 706
Crude protein 157 166 156 192 160 153
Crude fat 48.1 472 443 148 455 | 435

Non-structural carbohydrates 385 362 303 335 325 289
Neutral detergent fibre 328 367 429 | 237 405 | 444
Phosphorus (P) 4.97 3.75 346 | 5.85 3.56 | 3.41
Potassium (K) 15.9 17.5 213 | 16.1 200 | 22.1

ME = Metabolizable energy; DM = dry matter
Table 22. The average diet composition fed to heifers.
Dairy breed Beef breed Beef replacement

Age, months 0-6 |6-12 | >12 0-6 6-12 >12 0-6 [6-12| >12
Metabolizable en-
ergy, MJ/kg DM 120 11.5| 106 14.9 11.3 10.6 149 | 11.2 10.1
Gross energy,
MJ/kg DM 186 | 188 | 186 20.8 18.7 18.6 208 | 187 18.5
In DM, g/kg
Ash 802 | 694 | 76.7 833 716 76.7 834 | 722 779
Crude protein 158 | 154 | 141 192 151 142 192 | 151 135
Crude fat 503 | 439 | 40.2 149 42.8 385 149 | 42.8 385

Non-structural 366 | 296| 246| 337| 283| 246| 337 279| 230
carbohydrates
:c\i'sr”etra' detergent | 346 | 436| 496| 238| 451| 495| 238| 456| 518
Phosphorus (P) 476 | 344 | 329 5.74 3.38 3.28 5.74 | 337 3.28
Potassium (K) 171 21.7 | 234 16.1 224 234 16.1| 225 23.1

ME = Metabolizable energy;

DM = dry matter
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4.5. Retention of nutrients

Retention of nutrients is estimated using the nutrient content in empty body weight (EBW) in
the beginning of growth (newborn calf) and in the end of the examined period (slaughter age
in beef animals and 1°! calving in replacement heifers) according to ARC (1980). The estima-
tion begins with the calculation of EBW. EBW is calculated from LW using Eq. [95-97] (Table
23). LW is estimated as described in Eq. [75-77] and [80-84]. Before 3 months of age the
equations [95-97] are weighted according to estimated diet composition.

Table 23. Equations for calculating EBW.

No Equation

95. | Newborn calf on milk only diet EBW, kg = 0.94 x LW (ARC 1980)

Replacement heifer or beef cattle, before 3

= months of age (concentrate rich diet)

EBW, kg = (LW -9.81) / 1.09 (ARC 1980)

Replacement heifer or beef cattle, after 3 EBW, kg = (LW - 15.3) / 1.09 (ARC 1980)

9. months of age

EBW = empty body weight, kg; LW = live weight, kg

For a newborn calf, the nutrient concentrations are calculated from LW using Equations [98-
100] (Table 24). Phosphorus mass for a calf of 40 kg LW is 320 g (8 g/kg LW) and potassium
mass 84 g (2.1 g/kg LW) (ARC 1980).

Table 24. Equations for calculating the nutrient concentration in empty body for newborn
calf.

No Equation
98. Protein mass, kg = 0.185 x LW (ARC 1980)

99. Fat mass, kg = 0.040 x LW (ARC 1980)

100. | Ash mass, kg = 0.043 x LW (ARC 1980)

LW = live weight, kg

The concentrations of fat, protein, water, and ash in EBW is calculated as described in [Eq.
101-104] (Table 25). For replacement animals, the body condition score (BSC) during 1°* calv-
ing is assumed to be 3.5 for dairy breed heifers, and 3.1 for beef breed heifers (scale 1-5).

30



Natural resources and bioeconomy studies 68/2023

Table 25. Equations used for calculating the composition percentages of EBW for replace-
ment animals. Equations [102-104] are based on Schultz et al. (1974), Ferrell et al. (1976;

1984; 1998), Arnold et al. (1985), Gibb et al. (1992), Kirchgessner et al. (1993), Andrew et al.
(1994), Chizzotti et al. (2007) and Yan et al. (2009).

No

Equation

101 | EBWfat% = 7.54 x BCS - 3.77 (Fox et al. 1999)

102. | EBWprot% = 22.1 - 0.170 x EBWfat% -0.0011 x EBWfat%?
103. | EBWwater% = 93.8 - 1.02 x EBWprot% - 0.919 x EBWfat%
104. | EBWash% = 100 - EBWfat% - EBWprot% - EBWwater%

EBW = empty body weight, BCS= body condition score, EBWfat% = fat percentage of the EBW, EBWprot%= pro-
tein percentage of the EBW, EBWwater%= water percentage of the EBW, EBWash%= ash percentage of the EBW

For slaughter animals, the carcass fat and protein concentrations are estimated from confor-
mation and fat scores using Equations of Table 26 and after that fat, protein, water, and ash
concentrations in EBW are calculated using Equations [105-112] (Table 27).

Table 26. Estimation equations for carcass fat and protein concentrations (%) for slaughter
animals. Equation: Y = A + B x Fat score + C x Conformation score + D x Fat score®. Based
on Field et al. (1974) and Kempster et al. (1986).

Animal category Intelr.\cept Fat s;:ore Confsc::rgn::tlon (Fat slgore)2

Y = Carcass fat %

Bull 12-24 months 16.5 -0.480 -0.163 0.119
Bull over 24 months 16.6 -0.479 -0.163 0.119
Cow 15.2 -0.363 -0.405 0.104
Heifer 12-24 months 16.1 -0.481 -0.162 0.119
Heifer over 24 months 16.2 -0.480 -0.164 0.119
Y = Carcass protein %

Bull 12-24 months 19.3 0.151 0.032 -0.029
Bull over 24 months 19.2 0.151 0.033 -0.028
Cow 19.2 0.144 0.085 -0.025
Heifer 12-24 months 19.2 0.151 0.032 -0.029
Heifer over 24 months 19.1 0.151 0.033 -0.029
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Table 27. Equations for calculating the mass percentages of EBW for slaughter animals.
Equations [105-112] are based on several international experimental data sets (Schultz et al.
1974, Ferrell et al. 1976, Ferrell et al. 1984, Arnold et al. 1985, Gibb et al. 1992, Kirchgessner et
al. 1993, Andrew et al. 1994, Ferrell et al. 1998, Chizzotti et al. 2007, Yan et al. 2009).

No Equation

105. | EBWfat% = 0.988 x carcass fat%

106. | EBWprot% = 0.993 x carcass protein%

107. | EBWwater% = 93.8 - 1.02 x EBWprot% - 0.919 x EBWfat%

108. | EBWash% = 100 - EBWfat% - EBWprot% - EBWwater%

109. | EBWphosporus% = 0.180 x EBWash% for animals for animals of 1 months

110. | EBWphosporus% = 0.174 x EBWash% for animals for animals of 2 months

EBWphosporus% = 0.168 x EBWash% for animals >3 months (Chizzotti et al. 2007,

1. 2009; Schultz et al. 1974)

EBWpotassium% = 0.00323 x EBWwater% (Chizzotti et al. 2007, 2009; Schultz et al.

1. 1974)

EBW = empty body weight

Then logarithms (base 10; log10) of EBW, fat, protein, and ash mass of a newborn calf (mass
in the beginning) and corresponding numbers from final EBW (mass in the end) are calcu-
lated as in Eq. [113] (Table 28). After that, the Equations [114-115] are produced to define the
final nutrient mass in EBW (based on ARC 1980).

Table 28. Equations for calculating final mass of nutrients in EBW for slaughter animals (ARC
1980).

No Equation

Coefficient = (log10 (mass in the end) - log10 (mass in the beginning)) / (log10 (end

13. EBW) - log10 (beginning EBW))

114. | Constant = Coefficient x log10 (beginning EBW) x -1 + log10 (mass in the beginning)

115 Final mass in EBW = —]O(constant+coefﬁcient x log10 (EBW))

EBW = empty body weight
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Table 29. Average values calculated from slaughter data of year 2021 (source: Finnish Food

Authority).
Slaughter EBW EBW
Animal category n Age' weight, S?;es‘; NII(W' BCS | fat, | protein,
kg 9% | X9 % %

Dairy cow 59990 | 1950 295 431 767 | 2.71 22.6 17.8
Suckler cow 8470 | 2 822 347 46.5 758 | 2.99 19.6 18.4
Bull, 12-24 months, 1
dairy breed 76109 | 599 357 53.1| 3| 273| 168 19.2
Bull, 12-24 months, beef |,/ 5o3 | 5g; 408 56.5 o721 | 167 19.2
breed 140
Bull, > 24 months, dairy | ¢,/ | gg3 377 532 | 928|273 | 168 19.1
breed
Al & etineiiiens e | e o 402 561 | 856|270 | 166 19.1
breed
Heifer, 12-24 months, 13957 | 564 244 495 | 7281293 | 183 187
dairy breed
Heifer, 12-24 months, | 3, 133 | 559 274 537 | 771|293 | 183 187
beef breed
Heifer, >24 months, 4329 | 863 301 503 | 694 |335| 215 18.0
dairy breed
IS, 22 fmerilis; 2618 | 913 309 537 | 635|330| 21.1 18.0

beef breed

MW = mature weight; BCS = body condition score; EBW = empty body weight

4.6. Excretion

The quantity of DM excreted in faeces equals to the intake of indigestible feed DM. DM di-
gestibility of the diet is estimated with [Eq. 45]. Values for organic matter digestibility (OMD)
are taken from the Finnish Feed Tables (Luke 2023) and labelling of manufactured feeds. For
DM content in faeces, a constant value of 150 g/kg is used. Faecal and urinary output is cal-
culated with Equations [48] and [49]. Equations [46—-49] are the same as the ones used in cal-

culations for dairy cattle.

The faecal and urinary DM, OM and ash are calculated similarly as for dairy cows. Faecal N

output is calculated as intake of indigestible feed N [Eqg. 116] (Table 30). Feed N digestibility
is obtained from the Finnish Feed Tables (Luke 2023). The faecal and urinary DM, OM, ash, K,
P and urinary N are calculated similarly as for dairy cows with Equations [57-62] and [64-68]

(Table 11).

Table 30. Equation to calculate excretion of nitrogen in faeces.

No

Equation

116. | N in faeces (g/d) = N intake — Intake of digestible feed N

N =nitrogen
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5. Suckler cows

5.1. Calculation of live weight

The average live weight (LW) and the live weigh gain (LWG) of a suckler cow is calculated
from MW in BCS of 3.1 (MWS3) using Equations [117-123] (Table 31), similarly as described in
Chapter 2.2. The LW at slaughter [Eqg. 123] is calculated from the CW using the dressing per-
centage. Dressing percentage is calculated similarly as for dairy cows [Eqg. 1] and was 46.5 for
suckler cows in 2021 (Table 29). CW is calculated from the sum of CW divided with the num-
ber of carcasses, which is obtained annually from the Finnish Food Authority.

Table 31. Equations used for calculating the LW of suckler cows (based on Fox et al. 1999).

No Equation

LW, without pregnancy, lactating cow, kg = 0.950 x MW3; - 30.7 + 4.06 x S_age
117.

(Fox et al. 1999)

LW, without pregnancy, non-lactating cow, kg = 0.975 x MW3; - 19.7 + 2.61 x S_age
118.

(Fox et al. 1999)

LW, with pregnancy, lactating cow, kg = 0.951 x MW31—-30.8 + 4.11 x S_age
119.

(Fox et al. 1999)
120 LW, with pregnancy, non- lactating cow, kg = 0. 996 x MWs1—17.1+ 3.12 x S_age

(Fox et al. 1999)
121. | LWC, lactating cow= 0.086 - 0.0108 x S_age
122. | LWC, non-lactating cow = 0.059 + 0.00011 x MW3; — 0.00785 x S_age

123. | LW at slaughter = CW, kg / (Dressing percentage x 0.01)
LW = live weight, kg; MWs,1 = mature weight, kg in body condition score 3.1; S_age = age at slaughter,
years, CW = carcass weight, kg

The first calving was at 839 days, calving interval was one year, and the calculated replace-
ment rate (RR) was 0.18 in 2021. Milk output of a medium size suckler cow was estimated to
be 1 452 kg/year, and length of lactation 189 days. The calving date is set to be on April 10,
which is early enough prior to the starting of the grazing period. The BW of the calves is cal-
culated using Eq. [124-125] (Table 32) and were 42.2 kg and 46.0 kg in 2021 for primiparous
and multiparous cows, respectively.

Table 32. Equations used for calculating the BW of calves (based on Eriksson et al. 2004 and
Faba suckler cow data recording 2000 - 2018).

No Equation
BW, both genders, primiparous dam = (0.0866 x MW -0.0000356 x MWs %) x
124.
0.933
125. | BW, both genders, multiparous dam = (0.0866 x MW31—0.0000356 x MW3?) x 1.02

BW = birth weight of the calf (kg); MW31 = dam’s mature weight at body condition score of 3.1; Equations based
on Eriksson et al. (2004) and data from Faba 2000-2018.
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5.2. Energy requirements

The calculated energy requirement (MErq) of the modelled suckler cow is based on the Finn-
ish nutrient requirements and included the predicted requirement for maintenance [Eq. 5]
and lactation [Eq. 6] (Luke 2023) similarly as for dairy cows. Energy requirements for preg-
nancy (MErpregn) and cows LW change (MEruwc) are calculated using [Eq. 126-130] (Table 33).
Lactation period is calculated as in [Eq. 131-132].

Energy requirement for pregnancy for a lactating suckler cow is set to zero, because the en-
ergy requirement during the first 3 months of pregnancy is very low.

Table 33. Equations used for calculating the energy requirements for suckler cows based on
nutrient requirements (Luke 2023).

No Equation

126. | MErpregn, lactating cows, MJ/d = 0

127. | MErpregn, NON-lactating cows, MJ/d = 0.999 + 0.00826 x MWs3; + 0.221 x S_age

128. | MEruwc, lactating cows, MJ/d = 0.000782 x MW31 + 32.4 x LWC

129. | MEruwc, non-lactating cows, MJ/d = 0.00254 x MWs3 4 + 29.5 x LWC

130 MEreq = MErmaint + MErmilk + MErpregn + MErLWC

131. | Days lactating = 365 x (1 - (0.441 + 0.00523 x S_age))

132. | Days non-lactating = 365 x (0.441 + 0.00523 x S_age))

MErpregn = requirement of metabolizable energy, MJ for pregnancy, MJ/d; MEruwc = requirement of metabolizable
energy, MJ for live weight change; MEeq = requirement of metabolizable energy, MJ; MW = mature weight, kg
in body condition score 3.1; LWC = live weight chance, kg/d; S_age = age at slaughter, years

5.3. Diet composition and intake

The diet offered to suckler cows includes the following three forages: pasture grass, grass si-
lage and dry hay. Grazing period is estimated to be 122 days. Hay and grass silage are fed
during the indoor feeding period. The chemical composition and nutritive values of feeds is
presented in Table 34. The diet is supplemented only with a mineral feed.
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Table 34. Mean composition of the daily ration of lactating and non-lactating suckler cows.

Lactating cows Non- lactating cows
Metabolizable energy, MJ/kg DM 10.5 8.9
Gross energy, MJ/kg DM 18.2 18.2
In DM, g/kg
Ash 102 77.2
Crude protein 157 99.0
Crude fat 345 27.3
Non-structural carbohydrates 146 168
Neutral detergent fibre 560 628
Phosphorus (P) 3.85 2.78
Potassium (K) 289 20.8

DM = Dry matter

Dry matter and nutrient intake are calculated similarly as for dairy cows, based on energy re-
quirements and diet composition.

5.4. Retention of nutrients

Feed N, P and K retained into cow LW gain or pregnancy is calculated using Equations [133-
148] (Table 35). Retention of nutrients in lactating cows during pregnancy is extremely small,
and therefore, in the calculations it is set to be zero.
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Table 35. Equations for calculating retention of nutrients in lactating and non-lactating suck-
ler cows. Effects of weight change on nutrient contents are calculated based on Fox et al.
(1999) and P and K changes similarly as four young stock (Equations [105-115]).

No]

Equation

Lactating cows

133. | N retained, cow, g/d = (7.96 + 0.00153 x MW — 1.05 x S_age)/6.25
134. | P retained, cow, g/d = 0.926 + 0.00112 x MW, -0.122 x S_age

135. | K retained, cow, g/d = 0.142 + 0.000103 x MWs5 - 0.0187 x S_age
136. | Ash retained, cow, g/d = 5.40 + 0.00664 x MWs; - 0.726 x S_age
137. | N retained, pregnancy, g/d = 0

138. | P retained, pregnancy, g/d = 0

139. | K retained, pregnancy, g/d = 0

140. | Ash retained, pregnancy, g/d = 0

Non-lactating cows

141. | N retained, cow, g/d = (2.42 + 0.00992 x MWS3; —0.32 x S_age)/6.25
142. | P retained, cow, g/d = 0.788 + 0.000576 x MWS3; -0.104 x S_age
143. | K retained, cow, g/d = 0.0927 + 0.000155 x MWs3; - 0.0122 x S_age
144. | Ash retained, cow, g/d = 4.68 + 0.00342 x MW3; -0.618 x S_age

N retained, pregnancy, g/d = (- 6.53 + 0.0661 x MWs31-0.0000272 x MWs5+2 + 0.862
145.

x S_age) / 6.25

P retained, pregnancy, g/d = - 0.285 + 0.00289 x MW - 0.00000119 x MWSs 2 +
146.

0.0377 x S_age

K retained, pregnancy, g/d = -0.0722 + 0.000732 x MWS3; -0.0000003 x MWs1* +
147.

0.00954 x S_age
148 Ash retained, pregnancy, g/d = -1.52 + 0.0154 x MW -0.000006 x MW3+* + 0.201

x S_age

N = nitrogen; P = phosphorus; K= potassium; S_age = age at slaughter, years; MW3 1 = mature weight in body
condition score 3.

5.5. Excretion

The N, P and K excreted in milk are calculated with the Equations [149-152] (Table 36). The
concentrations of N, P and K in milk are taken from the Finnish Feed Tables and are 38.9 g/kg
DM for N, 6.90 g/kg DM for P and 12.0 g/kg DM for K (Luke 2023). The DM and ash concen-
trations in milk are 130 g/kg and 54 g/kg DM, respectively.
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Table 36. Equations for calculating the nutrients excreted in milk.

No Equation

149. | N excreted in milk, kg = milk output, kg x 3.22 N, g/kg DM x 0.01 / 6.38

150. | P excreted in milk, kg = milk output, kg x 6.90 P, g/kg DM x 0.13 x 0.001
151. | K excreted in milk, kg = milk output, kg x 12.0 K, g/kg DM x 0.13 x 0.001
152. | Ash excreted in milk, kg = milk output, kg x 54.0 ash, g/kg DM x 0.13 x 0.001

N = nitrogen; P = phosphorus; K= potassium; DM = dry matter

DM excreted in faeces is calculated as intake of indigestible DM [Eq. 68]. The DM digestibility
is calculated using Eq. [46] (modified from Ramin & Huhtanen 2013). The intake of digestible
organic matter (DOM) is calculated based on organic matter digestibility of the correspond-
ing feeds in the Finnish Feed Tables (Luke 2023). For the DM concentration of faeces, a con-
stant value of 150 g/kg is used based on an unpublished dataset from Luke. Faecal output
can be calculated when DM excretion and DM concentration in faeces are known [Eq. 48].
Urinary output is calculated using Eq. [49] (Eriksson et al. 2011).

The faecal N excretion per day is calculated separately for lactating and non-lactating suckler
cows [Eqg. 116] since the digestibility of crude protein is assumed to be slightly different for
them. Faecal and urinary DM, OM, ash, P, K, and urinary N are defined with Equations [54-62]
and [64-68] (Table 11). Equations are the same as used for dairy cows.
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6. Summary of calculated results for all cattle
categories

The appendices showing results for all cattle groups are described in chapter 6.1. Chapter 6.2.
reports total excretion of nitrogen, phosphorus and potassium in year 2021, and chapter 6.3.
shows a time series of the excretion of nitrogen and potassium. In chapter 6.4, a sensitivity
analysis was conducted to evaluate the uncertainties of the calculation models.

6.1. Appendix Tables for all cattle groups

Detailed excretion calculation results for different cattle categories using input data from year
2021 are presented in Appendices as follows:

e Appendix 1: Initial data for the year 2021

e Appendix 2: Dairy cows

¢ Appendix 3: Dairy replacement calves and heifers

¢ Appendix 4: Growing bulls

¢ Appendix 5: Growing heifers raised for beef

e Appendix 6: Suckler cows

¢ Appendix 7: Beef replacement heifers

¢ Appendix 8: Description of different weights used in the calculations

Results are reported as per day and per year. Daily results were converted to annual ones by
multiplying them with a factor of 365. Results shown in appendices present the results of one
animal of that category. Results by each animal category are then multiplied by the annual
amounts of animals per category for the official excretion calculations. All calculations from
different animal groups represent an average animal from the national herd.

Results shown in the appendices accurately represent only the year the calculations are made
from. Calculations are done separately each year with changing initial data (animal numbers,
slaughter data, milk yield, diet composition etc.).

The calculations can be modified separately for large and small breeds by changing the LW
of cows in the calculations, or by the level of production by changing the annual milk produc-
tion. Similarly, the effects of diet composition can be demonstrated. For official calculations, it
is critical that correct national input data are used. In Appendices 1-7, Finnish values for the
year 2021 have been used.

For young cattle (both for dairy and beef) the growing period was divided into three phases:

¢ Animals younger than 6 months

e Animals at age of 6 to 12 months

e Animals at age over 12 months until calving (dairy replacement animals) or until
slaughter (beef cattle).

The average slaughter age of dairy and beef breed bulls and heifers were 600, 591, 563 and
522 days, respectively.
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The total excretion of faeces, urine, nitrogen, phosphorus, and potassium per animal per day
and per year are represented in appendices as described above.

6.2. Total excretion of N, P and K in different animal categories
in 2021

Total excretion of nitrogen, phosphorus, and potassium of year 2021 are shown in Figures 8-

10, classified by different cattle categories. Note that calves include both bulls and heifers.

The higher excretion of heifers compared to bulls is explained by the higher number of heif-

ers (Table 1). Total amounts of faeces and urine excreted are presented in Figures 1 and 2
(see Introduction).

The efficiency of nutrient use is calculated as: nutrient retained / nutrient intake. As an exam-
ple, the N use efficiency for dairy cows (covering both lactating and non-lactating) in Finland
in 2021 was (51.3 kg N in milk + 1.5 kg N retained) / 198 kg N intake = 0.267 (data based on
Appendix 2).
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Figure 8. Total excretion of nitrogen, shown as million kilograms per year in 2021.

40



Natural resources and bioeconomy studies 68/2023
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Figure 9. Total excretion of phosphorus, shown as million kilograms per year in 2021.
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Figure 10. Total excretion of potassium, shown as million kilograms per year in 2021.

6.3. Time series for excretion of nitrogen and phosphorus

Excretion calculations form a continuous time series. The starting point for time series is year
1990, and the time series is updated every year when the calculations are finished.

Figure 11 shows a time series for the nitrogen excretion from year 1990 to 2021. Excretion is
presented as thousands of kilograms per year. Different cattle groups are shown by different
colours. s
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Figure 11. Time series for nitrogen excretion for national cattle herd, shown as thousands of
kilograms per year. DC represents dairy cows, SC suckler cows, B stands for bulls, H for heifers
and C for calves.

Figure 12 shows a time series for the phosphorus excretion from the year 1990 to 2021.
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Figure 12. Time series for phosphorus excretion for national cattle herd, shown as thousands
of kilograms per year. DC represents dairy cows, SC suckler cows, B stands for bulls, H for
heifers and C for calves.

Both nitrogen and phosphorus excretion time series show a drop in the excretion in year
1995. This is due to reduction in the amount of cattle from 1994 (1 233 000) to 1995 (1 147
900) (OSF: Number of livestock. 2023), when Finland joined the European Union. The reduc-
tion in phosphorus excretion in 2005 is due to the reduction of phosphorus requirements
(MTT 2004).
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Figure 13 shows the nitrogen excretion for dairy cows and Figure 14 the nitrogen excretion
for bulls. Excretion is shown as per animal per year on the left y-axis (blue line, kilograms of
nitrogen), and as total excretion of a cattle category per year on the right y-axis (orange line,
millions of kilograms of nitrogen).
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Figure 13. Time series for nitrogen excretion for dairy cows.
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Figure 14. Time series for nitrogen excretion for bulls.
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Figure 15 shows the phosphorus excretion for dairy cows and Figure 16 shows the phospho-
rus excretion for bulls. Excretion is shown as the total excretion of a cattle category per year
on the right y-axis (orange line, millions of kilograms of phosphorus) and per animal per year
on the left y-axis (blue line, kilograms of phosphorus).
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Figure 15. Time series for phosphorus excretion for dairy cows.
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Figure 16. Time series for phosphorus excretion for bulls.

The excretion of phosphorus and nitrogen per animal per year has increased throughout the
years. However, when the amount of cattle has steadily decreased during the last decades,
the total excretion of nitrogen and phosphorus has also decreased within animal categories.
Exception to this is suckler cows, whose amount has on the other hand increased and there-
fore the excretion of their category has also increased (Figures 12 and 13).
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6.4. Sensitivity analysis of dairy cows’ excretion

Since the initial data used for excretion calculations is massive and is gathered from different
sources, a risk for small errors is real. Sensitivity analysis was therefore conducted for some
calculations, so that the effect of these possible errors in the data can be demonstrated.

Sensitivity analyses were conducted so that only one variable from the initial data at a time
was changed. These variables were milk yield, live weight (LW), diet crude protein (CP), phos-
phorus (P) or potassium (K) concentration, and dry matter intake (DMI). Variables were set to
increase or decrease 10 % from the average values used in the original calculations. The com-
position of the diet fed to dairy cows is relatively well known, yet there are some uncertain-
ties considering the exact diet composition fed to dairy cows. Live weight and milk yield on
the other hand are well recorded and can be considered as well-known parameters. The ef-
fect of the changes on the excretion is described in Figures 17-19.

When considering excretion of nutrients, the diet's nutrient concentration and dry matter in-
take of an animal were the greatest influencers on the excretion in whole. If the nutrient in-
take decreases, the excretion decreases, and vice versa if the intake increases, so does the ex-
cretion. Since the nutrients are part of the dry matter of the diet, dry matter intake also has
an influence on the nutrient intake and hence also on the excretion.

Milk yield changes had only minor effects on the excretions, similarly to cow’'s LW, which had
even smaller effect on the excretion than milk yield. Milk yield's slightly greater effect on the
excretions can be explained by the fact that greater milk yield requires more energy, more
dry matter intake, and therefore more nutrient intake (Luke 2023).
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Figure 17. Total nitrogen excretion of a dairy cow (per animal per year) when milk yield, live
weight (LW), diet crude protein concentration (Diet CP) or dry matter intake (DMI) was changed
(-10% or +10%) in the calculation. Grey colour represents 10 % increase and blue 10 % decrease
from the original level. The border between the blue and grey is the average excretion level for
dairy cow in 2021.
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Figure 18. Total phosphorus excretion of a dairy cow (per animal per year) when milk yield,
live weight (LW), diet P concentration (Diet P) or dry matter intake (DMI) was changed (-10%
or +10%) in the calculation. Grey colour represents 10 % increase and blue 10 % decrease from
the original level. The border between the blue and grey is the average excretion level for dairy
cow in 2021.
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Figure 19. Total potassium excretion of a dairy cow (per animal per year) when milk yield, live
weight (LW), diet K concentration (Diet K) or dry matter intake (DMI) was changed (-10% or
+10%) in the calculation. Grey colour represents 10 % increase and blue 10 % decrease from
the original level. The border between the blue and grey is the average excretion level for dairy
cow in 2021.
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Sensitivity analysis gives an insight on the effects of the different variables on the excretion,
yet it is mainly theoretical, and in reality, a change in one variable would have an effect on
other variables as well. For example, if cow’s dry matter intake would decrease, it could also
have an impact on the cow's milk yield and LW as well, especially if the dry matter intake
would contain less metabolizable energy than required. Therefore, to optimize the relation
between nutrient intake and excretion, a total approach to the cow’'s metabolism and pro-
duction must be taken.

To get more certain results from the excretion calculations and to be able to minimize the er-
rors in the calculations, more data on the actual feeding of the cattle would be useful.

47



Natural resources and bioeconomy studies 68/2023

7. References

ARC 1980. Agricultural Research Council. The Nutrient Requirements of Ruminant Livestock.
Technical Review by an Agricultural Research Council Working Party, Commonwealth
Agricultural Bureau, Farnham Royal, UK.

AFRC 1993. Agricultural and Food Research Council. Energy and Protein Requirements of Ru-
minants (An Advisory Manual Prepared by the AFRC Technical Committee on Re-
sponses to Nutrients), CABI, Wallingford, UK.

Andrew, S.M., Waldo, D.R. & Erdman, R.A. 1994. Direct analysis of body composition of dairy
cows at three physiological stages. Journal of Dairy Science 77: 3022-3033.

Arnold, R.N., Hentges, E.J. & Trenkle, A. 1985. Evaluation of the use of deuterium oxide dilu-
tion techniques for determination of body composition of beef steers. Journal of Ani-
mal Science 60: 1188-1200.

Berglund, B. & Philipsson, J. 1987. The influence of relative birth weight and certain other fac-
tors on calving performance in Swedish dairy cattle breeds. Department of Animal
Breeding and Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden.

Brown, J.E., Brown, C.J. & Butts, W.T. 1972. A discussion of the genetic aspects of weight, ma-
ture weight and rate of maturing in Hereford and Angus cattle. Journal of Animal Sci-
ence 34: 525-537

Chizzotti, M.L., Valadares Filho, S.C., Tedeschi, L.O., Chizzotti, F.H.M. & Carstens, G.E. 2007. En-
ergy and protein requirements for growth and maintenance of F1 Nellore x Red Angus
bulls, steers, and heifers. Journal of Animal Science 85: 1971-1981.

Chizzotti, M.L., de Valadares Filho, S.C., Tedeschi, L.O., Paulino, P.V.R,, Paulino, M.F., Valadares,
R.F.D., Amaral, P., Del Benedeti, P.B., Rodrigues, T.I. & Fonseca, M.A. 2009. Net require-
ments of calcium, magnesium, sodium, phosphorus, and potassium for growth of
Nelore x Red Angus bulls, steers, and heifers. Livestock Science 124: 242-247.

Damgaard Poulsen, H. & Kirstensen, V.F. (eds.) 1998. Standard Values for Farm Manure. Re-
port No 7, Danish Institute of Animal Science, Research Centre Foulum, Denmark.

DeNise, R.S.K. & Brinks, J.S. 1985. Genetic and environmental aspects of the growth curve pa-
rameters in beef cows. Journal of Animal Science. 61: 1431-1440.

EC 2023. Regulation (EU) No 1308/2013 of the European Parliament and of the Council of
17 December 2013 establishing a common organisation of the markets in agricultural
products and repealing Council Regulations (EEC) No 922/72, (EEC) No 234/79, (EC)
No 1037/2001 and (EC) No 1234/2007. Referred 16.5.2023. Available at: https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02013R1308-20230101

Edmonson, AJ., Lean, |.J., Weaver, L.D., Farcer, T. & Webster, G. 1989. A body condition scor-
ing chart for Holstein dairy cows. Journal of Dairy Science 72: 68-78.

48


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02013R1308-20230101
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02013R1308-20230101

Natural resources and bioeconomy studies 68/2023

Eriksson, S., Nasholm, A., Johansson, K. & Philipsson, J. 2004 Genetic parameters for calving
difficulty, stillbirth, and birth weight for Hereford and Charolais at first and later pari-
ties. Journal of Animal Science 82: 375-383.

Eriksson, T. 2011. Urine excretion relative to K intake in Swedish Red cattle. In: Proceedings of
the 2" Nordic Feed Science Conference, 15-16 June, 2011, Uppsala, Sweden. Swedish
University of Agricultural Sciences, Department of Animal Nutrition and Management,
Report 277 pp. 101.

FABA 2022. Emolehmatarkkailu 2021. Nauta-lehti, 2/2022.

Ferrell, C.L., Garrett, W.N. & Hinman, N. 1976. Estimation of body composition in pregnant
and non-pregnant heifers. Journal of Animal Science 42: 1158-1166.

Ferrell, C.L. & Jenkins, T.G. 1984. Relationships among various body components of mature
cows. Journal of Animal Science. 58: 222-233.

Ferrell, C.L. & Jenkins, T.G. 1998. Body composition and energy utilization by steers of diverse
genotypes fed a high-concentrate diet during the finishing period: Il. Angus, Boran,
Brahman, Hereford, and Tuli sires. Journal of Animal Science 76: 647-657.

Field, R.A., Riley, M.L., Mello, F.C., Corbridge, J.H. & Kotula, A.W. 1974. Bone composition in
cattle, pigs, sheep and poultry. Journal of Animal Science 39: 493-499.

Forsell, P., Gronfors, K., Kallanto, J., Kareinen, T., Lindh, P., Niinisto, S., Pipatti, R,, Skoglund, K.,
Haakana, M., Heikkinen, J., Henttonen, H., Maanavilja, L., Myllykangas, J.-P., Nousiai-
nen, J., Ollila, P., Perttunen, J., Silfver, T., Tuomainen, T., Virkkala, S., ... Pietikainen, J.
2022. Finland’s National Inventory Report 2022 Referred 12 April 2023. Available at:
https://unfccc.int/documents/271571

Fox, D.G., Van Amburgh, M.E. & Tylutki, T.P. 1999. Predicting requirements for growth, ma-
turity, and body reserves in dairy cattle. Journal of Dairy Science. 82:1968-1977.

Gibb, M.J,, Ivings, W.E., Dhanoa, M.S. & Sutton, J.D. 1992. Changes in body components of
autumn-calving Holstein-Friesian cows over the first 29 weeks of lactation. Animal
Production 55: 339-360.

Holter. J.B. & Urban, H.E., Jr. 1992. Water partitioning and intake prediction in dry and lactat-
ing Holstein cows. Journal of Dairy Science 75: 1472-1479.

Hickey, J.M., Keane, M.G., Kenny, D.A,, Cromie, A.R. & Veerkamp, R.F. 2007. Genetic parame-
ters for EUROP carcass traits within different groups of cattle in Ireland. Journal of Ani-
mal Science. 85: 314-321.

Huuskonen, A., Khalili, H. & Joki-Tokola, E. 2007. Effects of three different concentrate pro-
portions and rapeseed meal supplement to grass silage on animal performance of
dairy-breed bulls with TMR feeding. Livestock Science 110: 154-165.

Huuskonen, A., Tuomisto, L., Joki-Tokola, E. & Kauppinen, R. 2009a. Animal performance and
carcass characteristics of growing Hereford bulls under insulated, uninsulated and out-
door housing conditions in Northern Finland. Agricultural and Food Science 18: 16-26.

49



Natural resources and bioeconomy studies 68/2023

Huuskonen, A., Lamminen, P.; Joki-Tokola, Erkki. 2009b. The effect of concentrate level and
concentrate composition on the performance of growing dairy heifers reared and fin-
ished for beef production. Acta Agriculturae Scandinavica. Section A Animal Science
59: 220-229.

Huuskonen, A., Pesonen, M., Kdmarainen, H. & Kauppinen, R. 2014. Production and carcass
traits of purebred Nordic Red and Nordic Red x beef breed crossbred bulls. Journal of
Agricultural Science 152: 504-517.

Kirchgessner, M., Schwarz, F.J., Otto, R., Reimann, W. & Heindl, U. 1993. Energie- und
Nahrstoffgehalte im Schlacht- und Ganzkdrper wachsender Jungbullen, Ochsen und
Farsen der Rasse Deutsches Fleckvieh bei unterschiedlicher Flitterungsintensitat. Jour-
nal of Animal Physiology and Animal Nutrition. 70: 266-277.

Karki, S. 1996. Lypsyrotuisten vasikoiden syntymapainon perinndlliset tunnusluvut ja yhteydet
muihin ominaisuuksiin. Helsingin yliopisto, kotielaintieteen laitoksen julkaisuja. 49 p.

Laki ruoka- ja luonnonvaratilastoista. 562/2014. Referred 13.2.2023. Available at:
https://www.finlex.fi/fi/laki/smur/2014/20140562.

McKiernan, B., Gaden, B. & Sundstrom, B. 2007. Dressing percentages for cattle. Primefact
340. January 2007.

NRC 2001. Nutrient requirements of dairy cattle. 7th Revised Edition, Subcommittee on Dairy
Cattle Nutrition, Committee on Animal Nutrition, Board on Agriculture and Natural
Resources, National Research Council, National Academy Press, Washington, D.C,,
USA.

Kempster, AJ., Cook, G.L. & Grantley-Smith, M. 1986. National estimates of the body compo-
sition of British cattle, sheep and pigs with special reference to trends in fatness. A re-
view. Meat Science 17: 107-138.

Lamminen, P., Huuskonen, A. & Volanto, P. 2006. Ruokinnan intensiivisyyden vaikutus maito-
rotuisten hiehojen kasvuun ja ruhon laatuun. In: Maataloustieteen Paivat 2006, 11.-
12.1.2006 Helsinki.Toim. Anneli Hopponen. Suomen maataloustieteellisen seuran tie-
dote 21: 7 p.

Leino, M., Kantanen, J. & Mehtid, T. Naudanjalostus. Julkaisussa: Leino, M., Huuskonen, A,
Jansik, C., Jarvenranta, K., Mehtid, T.& Viitala, S. (toim.). Synteesi suomalaisen nautakar-
jatalouden kestavyydesta: Synteesiraportti. Luonnonvara- ja biotalouden tutkimus
7/2023. Luonnonvarakeskus. Helsinki. s. 77-89. Available at: http://urn.fi/URN:-
ISBN:978-952-380-604-7

Luke 2023. Feed tables and nutrient requirements. Natural Resources Institute Finland (Luke).
Referred 2.1.2023. Available at: http://www.luke.fi/feedtables

Luostarinen, S., Jarvenranta, K. & Virkajarvi, P. 2023. Lanta ja biokaasu. Julkaisussa: Leino, M.,
Huuskonen, A., Jansik, C., Jarvenranta, K., Mehtio, T. & Viitala, S. (toim.). Synteesi suo-
malaisen nautakarjatalouden kestavyydesta: Synteesiraportti. Luonnonvara- ja biota-
louden tutkimus 7/2023. Luonnonvarakeskus. Helsinki. s. 60-69. Available at:
http://urn.fi/URN:-ISBN:978-952-380-604-7

50


https://www.finlex.fi/fi/laki/smur/2014/20140562
http://urn.fi/URN:-ISBN:978-952-380-604-7
http://urn.fi/URN:-ISBN:978-952-380-604-7
http://urn.fi/URN:-ISBN:978-952-380-604-7

Natural resources and bioeconomy studies 68/2023

Manni, K., Luostarinen, S., Virkkunen, E., Gronroos, J., Huuskonen, A., Karhapaa, M., Keto, L.,
Koistinen, T., Kuoppala, K., Mughal, M., Pesonen, M., Saastamoinen, M., Tuomisto, L.,
Tuunainen, P. 2023. Paras kayttokelpoinen tekniikka kotieldintaloudessa [Best available
techniques in livestock farming]. Publications of the Ministry of the Environment
2023:12. Available at: https://julkaisut.valtioneuvosto.fi/handle/10024/164817

Manninen, M., Ojajarvi, P. & Suvitie, M. 2004. Kaura-rehuvirnasailérehu teurashiehojen ruo-
kinnassa. In: Toim. Anneli Hopponen ja Marketta Rinne. Maataloustieteen Paivat 2004,
12.-13.1.2004 Viikki, Helsinki. Suomen maataloustieteellisen seuran tiedote 19: 4.

Manninen, M., Nykdnen, A., Musikka, T. & Ojajarvi, P. 2006. Herne ja rypsipuriste teuraaksi
kasvatettavien hereford-hiehojen valkuais-lahteena vieroituksen jalkeisessa ruokin-
nassa. In: Maataloustieteen Paivat 2006, 11.-12.1.2006 Viikki, Helsinki [: esitelmat ja
posterit] / Toim. Anneli Hopponen. Suomen maataloustieteellisen seuran tiedote 21: 6.

MTT 2004. Rehutaulukot ja ruokintasuositukset 2004 marehtijat - siat - siipikarja - turkiselai-
met — hevoset. MTT:n selvityksia 86, 82 s. Available at: https://jukuri.luke.fi/bitstream/-
handle/10024/441298/mtts86.pdf?sequence=1&isAllowed=y

Nehring, K., Zelck, U. & Schliemann, R. 1965. Uber die Zusammensetzung des Harns an
organischen Inhaltsstoffen bei Rindern, Schafen und Schweinen. 2. Zusammensetzung
der organischen Harninhaltsstoffe bei Rindern, Schafen und Schweinen bei Ver-
futterung einiger gemischter Rationen. [Organic components in the composition of
urine of cattle, sheep and pigs. 2. Organic components of urine in cattle, sheep and
pigs fed on mixed rations.] Archiv fir Tiererndhrung 15: 45-52.

Niemi, J. & Vare, M. (Ed.). Suomen maa- ja elintarviketalous 2018. Luonnonvara- ja biotalou-
den tutkimus 34/2018. Luonnonvarakeskus. s. 69-72 Available at:
http://www.urn.fi/URN:ISBN:978-952-326-600-1

Nousiainen, J., Tuori, M., Turtola, E. & Huhtanen, P. 2011. Dairy farm nutrient management
model. 1. Model description and validation. Agricultural Systems 104: 371-382.

Official Statistics of Finland (OSF):_Number of livestock. Natural Resources Institute Finland
(Luke). Referred 2.1.2023. Available at: https://statdb.luke.fi/PXWeb/pxweb/en/LUKE/

Official Statistics of Finland (OSF): Milk and milk products statistics. Natural Resources Insti-
tute Finland (Luke). Referred 2.1.2023. Available at: https://statdb.luke.fi/PXWeb/-
pxweb/en/LUKE/

Official Statistics of Finland (OSF):_Meat production. Natural Resources Institute Finland
(Luke). Referred 13.1.2023. Available at: https://statdb.luke.fi/PXWeb/pxweb/en/LUKE/

Perotto, D., Cue, R.I. & Lee, A.J. 1992. Comparison of nonlinear functions for describing the
growth curve of three genotypes of dairy cattle. Canadian Journal of Animal Science
72:773-782.

Pesonen, M., Honkavaara, M., Huuskonen, A. 2012. Effect of breed on production, carcass traits
and meat quality of Aberdeen Angus, Limousin and Aberdeen AngusxLimousin bulls of-
fered a grass silage-grain-based diet. Agricultural and Food Science 21: 361-369.

51


https://julkaisut.valtioneuvosto.fi/handle/10024/164817
https://jukuri.luke.fi/bitstream/-handle/10024/441298/mtts86.pdf?sequence=1&isAllowed=y
https://jukuri.luke.fi/bitstream/-handle/10024/441298/mtts86.pdf?sequence=1&isAllowed=y
file://///ns.luke.fi/dfs2/groups/Luke/Julkaisupalvelut/Aineistot/Valmisteilla-olevat/Vattulainen/ Available%20at:%20%20http:/www.urn.fi/URN:ISBN:978-952-326-600-1
file://///ns.luke.fi/dfs2/groups/Luke/Julkaisupalvelut/Aineistot/Valmisteilla-olevat/Vattulainen/ Available%20at:%20%20http:/www.urn.fi/URN:ISBN:978-952-326-600-1
https://statdb.luke.fi/PXWeb/-pxweb/en/LUKE/
https://statdb.luke.fi/PXWeb/-pxweb/en/LUKE/
https://statdb.luke.fi/PXWeb/pxweb/en/LUKE/

Natural resources and bioeconomy studies 68/2023

Pesonen, M., Honkavaara, M., Kdmaréainen, H., Tolonen, T., Jaakkola, M., Virtanen, V. & Huus-
konen, A. 2013. Effects of concentrate level and rapeseed meal supplementation on
performance, carcass characteristics, meat quality and valuable cuts of Hereford and
Charolais bulls offered grass silage-barley-based rations. Agricultural and Food Sci-
ence 22: 151-167.

ProAgria 2022. Tuotosseurantakarjojen ruokinta 2021. Available at: https://www.proagria.fi/-
ajankohtaista/maidontuotannon-tulosseminaari-2022.

Ramin, M. & Huhtanen, P. 2013. Development of equations for predicting methane emissions
from ruminants. Journal of Dairy Science 96: 2476-2493.

Rinne, M., Harinen, T., Asikainen, U., Huhta, H. & Aspila, P. 1998. Ruokinnan voimakkuuden
vaikutus teurashiehojen kasvuun. In: Kotieldintieteen paivat 1998. Maaseutukeskusten
Liiton julkaisuja 924: 293-296.

Roche, J.R,, Berry, D.P. & Kolver, E.S. 2006. Holstein-Friesian strain and feed effects on milk
production, body weight, and body condition score profiles in grazing dairy cows.
Journal of Dairy Science 89: 3532-3543.

Schultz, D., Oslage, H.J. & Daenicke, R. 1974. Untersuchungen Uber die Zusammensetzung
der Korpersubstanz sowie den Stoff- und Energieansatz bei wachsenden Mastbullen.
Fortschritte in der Tierphysiologie und Tierernahrung. Beihefte zur Zeitschrift fir Tier-
physiologie, Tierernahrung und Futtermittelkunde. Heft 4.

Sjaunja, L.O., Baevre, L., Junkkarinen, L., Pedersen, J. & Setald, J. 1990. A Nordic proposal for
an energy corrected milk (ECM) formula. International committee for recording the
productivity of milk animals (I.C.R.P.M.A)). 27" session, July 2"-6™ 1990. Paris, France.

Sundberg, T. 2005. Den relativa viktens (kalv/ko) inflytande pa kalvningsegenskaperna hos
SRB och SLB. Examensarbete 275, Sveriges lantbruksuniversitet, Uppsala, Sweden.
Available at: https://stud.epsilon.slu.se/11088/1/sundberg_t_170929.pdf.

Tuori, M., Rinne, M., Vanhatalo, A. & Huhtanen, P. 2006. Omasal sampling technique in esti-
mation of the site and extent of mineral absorption in dairy cows fed rapeseed and
soybean expellers. Agricultural and Food Science 15: 219-234.

Vestergaard, M., Sejrsen, K., Foldager, J., Klastrup, S. & Bauman, D.E. 1993. The effect of bo-
vine growth hormone on growth, carcass composition and meat quality of dairy heif-
ers. Acta Agriculturae Scandinavica, Section A — Animal Science 43: 165-172.

Vestergaard, M., Jargensen, K.F., Cakmakgia, C., Kargo, M., Therkildsen, M., Munk, A. & Kris-
tensen, T. 2019. Performance and carcass quality of crossbred beef x Holstein bull and
heifer calves in comparison with purebred Holstein bull calves slaughtered at 17
months of age in an organic production system. Livestock Science 223: 184-192.

Yan, T., Patterson, D.C., Mayne, C.S., Agnew, R.E. & Porter, M.G. 2009. Prediction of empty
body weight and composition from live weight and other live animal measurements in
lactating dairy cows. Journal of Agricultural Science 147: 241-252.

Ymparistonsuojelulaki. 27.6.2014/527. Referred 13 February 2023. Available at:
https://www.finlex.fi/-fi/laki/ajantasa/2014/20140527#L6P55.

52



Natural resources and bioeconomy studies 68/2023

Appendices
Appendix 1. Initial data for the calculations from 2021.
Age, months Initial weight Weli(gl;ctjag;in,
Dairy cow >25.3, after 1% calving 647* 0.04
Suckler cow >28.0, after 1% calving 649* 0.04
Ren I . 0-6 47.5 1.05
eplacement calves an
heiliers, dairy breed 6-12 231 0.9
>12 410 0.67
0-6 448 0.93
Dairy heifers for beef 6-12 214 0.87
>12 373 0.60
0-6 46.5 1.17
Dairy breed bull 6-12 260 1.18
>12 476 0.84
0-6 46.4 1.21
Beef breed bull 6-12 266 1.28
>12 501 0.98
Ren o . 0-6 435 0.94
>12 387 0.63
0-6 439 0.96
Beef heifers for beef 6-12 218 0.96
>12 392 0.75

*Weight at the first calving
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Appendix 2. Summary of intake and excretion of nutrients of dairy cow and the
amount of faeces and urine, expressed as kg per cow per day and per year in 2021.

Dairy cow Per day | Per year
Intake of nutrients, kg
Dry matter, kg 20.1 7 342
Organic matter, kg 18.7 6813
Nitrogen, kg 0.54 198
Phosphorus, kg 0.09 31.8
Potassium, kg 0.38 139
Excreted in milk
Nitrogen, kg 0.14 51.3
Phosphorus, kg 0.02 8.24
Potassium, kg 0.04 14.3
Retention
Nitrogen, kg 0.14 52.6
Phosphorus, kg 0.02 8.93
Potassium, kg 0.04 14.5
Faecal output
Fresh matter, kg 38.7 14 150
Dry matter, kg 5.81 2123
Organic matter, kg 5.11 1865
Nitrogen, kg 0.17 61.1
Phosphorus, kg 0.06 22.1
Potassium, kg 0.09 314
Urinary output
Dry matter, kg 1.31 480
Organic matter, kg 0.76 276
Nitrogen, kg 0.23 84.0
Phosphorus, kg 0.002 0.79
Potassium, kg 0.26 93.6
Volume, litres 22.9 8 374
Total excretion
Total nitrogen, kg 0.40 145.1
Total phosphorus, kg 0.06 229
Total potassium, kg 0.34 125
Faeces + urine*, kg 61.7 22 524

*One litre of urine was assumed to weigh 1 kg in this calculation, although the volume weight of urine is slightly
over 1 and variable between different animal groups. The value for lactating cows was 1.033 and 1.042 kg/litre for
non-lactating cows according to Holter & Urban (1992).
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Appendix 3. Summary of intake and excretion of nutrients of replacement calves and
heifers and the amount of faeces and urine, expressed as kg per cow per day and per
year in 2021.

The oldest age category has officially been provided with a heading of 12-24 months. Aver-
age calving age was 25.6 months, and the oldest category also contains heifers above two
years old.

Replacer:::}te ::Ives and Per day Per year
Age, months 0-6 6-12 >12 0-6 6-12 >12
Intake of nutrients
Dry matter, kg 3.77 6.81 8.82 1375 2487 3218
Organic matter, kg 3.47 6.41 8.14 1265 2338 2972
Nitrogen, kg 0.10 0.18 0.20 347 65.2 739
Phosphorus, kg 0.02 0.03 0.03 6.54 9.16 10.6
Potassium, kg 0.06 0.13 0.21 23.5 45.8 76.3
Retention
Nitrogen, kg 0.02 0.03 0.02 8.94 9.19 6.59
Phosphorus, kg 0.006 0.007 | 0.005 2.32 2.57 1.87
Potassium, kg 0.002 0.002 | 0.001 0.63 0.58 0.37
Faecal output
Fresh matter, kg 5.73 9.24 17.3 2092 3373 6314
Dry matter, kg 0.86 1.39 2.59 314 506 947
Organic matter, kg 0.73 1.19 2.27 268 436 829
Nitrogen, kg 0.02 0.05 0.06 8.87 16.7 21.5
Phosphorus, kg 0.01 0.02 0.02 4.06 6.24 8.12
Potassium, kg 0.01 0.03 0.05 5.29 10.3 17.2
Urinary output
Volume, litres 6.12 9.35 13.8 2232 3411 5028
Dry matter, kg 0.30 0.53 0.78 108 195 284
Organic matter, kg 0.16 0.36 0.45 58.3 132 166
Nitrogen, kg 0.05 0.11 0.13 16.9 394 45.8
Phosphorus, kg 0.0004 0.001 | 0.002 0.15 0.35 0.60
Potassium, kg 0.05 0.10 0.16 17.6 349 58.7
Total excretion
Nitrogen, kg 0.07 0.15 0.18 25.8 56.1 67.3
Phosphorus, kg 0.01 0.02 0.02 4.21 6.59 8.72
Potassium, kg 0.06 0.12 0.21 229 452 75.9
Faeces + urine, kg 11.8 18.6 31.1 4325 6784 | 11343
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Appendix 4. Summary of intake and excretion of nutrients of growing bulls raised for
beef and the amount of faeces and urine, expressed as kg per cow per day and per year
in 2021.

Dairy breed bull Per day Per year
Age, months 0-6 6-12 >12 0-6 6-12 >12
Intake of nutrients
Dry matter, kg 3.76 7.33 895 | 1373 2675 3266
Organic matter, kg 345 6.91 8.33 | 1261 2520 3040
Nitrogen, kg 0.09 0.19 0.22 34.5 70.8 80.8
Phosphorus, kg 0.02 0.03 0.03 6.82 9.8 11.2
Potassium, kg 0.06 0.13 0.19 21.8 473 70.5
Retention
Nitrogen, kg 0.03 0.03 0.02 10.9 12.0 8.09
Phosphorus, kg 0.008 | 0.009 0.007 2.90 3.44 2.39
Potassium, kg 0.002 | 0.002 0.001 0.73 0.73 0.45
Faecal output
Fresh matter, kg 5.60 9.67 144 | 2043 3530 5264
Dry matter, kg 0.84 1.45 2.16 306 529 790
Organic matter, kg 0.71 1.25 1.88 260 455 685
Nitrogen, kg 0.02 0.05 0.06 8.84 17.9 219
Phosphorus, kg 0.01 0.02 0.02 3.76 6.14 8.22
Potassium, kg 0.01 0.03 0.04 491 10.7 15.9
Urinary output
Volume, litres 5.87 9.57 129 | 2142 3495 4722
Dry matter, kg 0.27 0.54 0.78 99.3 196 284
Organic matter, kg 0.14 0.37 0.49 51.2 137 177
Nitrogen, kg 0.04 0.11 0.14 14.8 40.9 50.8
Phosphorus, kg 0.0004 | 0.001 0.002 0.16 0.40 0.64
Potassium, kg 0.04 0.10 0.15 16.2 36.0 54.2
Total excretion
Nitrogen, kg 0.06 0.16 0.20 23.7 59.0 72.7
Phosphorus, kg 0.01 0.02 0.02 3.92 6.55 8.86
Potassium, kg 0.06 0.13 0.19 21.1 46.6 70.1
Faeces + urine, kg 11.5 19.2 274 | 4185 7025 9986
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Beef breed bull Per day Per year
Age, months 0-6 6-12 >12 0-6 6-12 >12
Intake of nutrients
Dry matter, kg 3.20 7.35 890 | 1168 2 681 3 248
Organic matter, kg 293 6.87 8.25 | 1069 2 506 3010
Nitrogen, kg 0.09 0.19 0.21 325 68.1 78.0
Phosphorus, kg 0.02 0.03 0.03 6.31 9.50 10.8
Potassium, kg 0.05 0.15 0.20 18.7 544 73.6
Retained
Nitrogen, kg 0.03 0.04 0.02 11.1 12.8 8.65
Phosphorus, kg 0.01 0.01 | 0.007 2.96 3.68 2.55
Potassium, kg 0.002 | 0.002 | 0.001 0.75 0.78 0.48
Faecal output
Fresh matter, kg 4.09 11.0 15.5 | 1494 4011 5655
Dry matter, kg 0.61 1.65 2.32 224 602 848
Organic matter, kg 0.51 1.43 2.02 186 520 738
Nitrogen, kg 0.02 0.05 0.06 6.80 18.0 21.7
Phosphorus, kg 0.009 0.01 0.02 3.20 5.41 7.55
Potassium, kg 0.01 0.03 0.05 4.20 12.2 16.6
Urinary output
Urine, litres 5.41 10.6 134 | 1974 3 868 4 884
Dry matter, kg 0.25 0.55 0.77 90.3 200 280
Organic matter, kg 0.13 0.35 0.46 46.8 128 169
Nitrogen, kg 0.04 0.10 0.13 14.6 37.3 47.6
Phosphorus, kg 0.0004 | 0.001 | 0.002 0.16 0.42 0.67
Potassium, kg 0.04 0.11 0.15 13.7 414 56.5
Total excretion
Nitrogen, kg 0.06 0.15 0.19 214 55.3 69.3
Phosphorus, kg 0.009 0.02 | 0.002 3.36 5.82 8.23
Potassium, kg 0.05 0.15 0.2 17.9 53.6 73.1
Faeces + urine, kg 9.50 21.6 289 | 3468 7879 | 10539
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Appendix 5. Summary of intake and excretion of nutrients of heifers raised for beef
and the amount of faeces and urine, expressed as kg per cow per day and per year in
2021.

Dairy breed heifer Per day Per year
Age, months 0-6 6-12 >12 0-6 6-12 >12
Intake of nutrients
Dry matter, kg 3.38 6.24 735 ] 1234 2277 2 682
Organic matter, kg 3.1 5.81 6.78 | 1135 2119 2 475
Nitrogen, kg 0.09 0.15 0.17 31.1 56.2 60.4
Phosphorus, kg 0.02 0.02 0.02 5.88 7.82 8.78
Potassium, kg 0.06 0.14 0.17 21.1 495 63.0
Retained
Nitrogen, kg 0.02 0.04 0.03 8.38 8.55 5.26
Phosphorus, kg 0.01 0.01 0.004 2.21 2.45 1.54
Potassium, kg 0.002 0.001 0.001 0.57 0.52 0.28
Faecal output
Fresh matter, kg 5.14 10.1 149 | 1878 3678 5443
Dry matter, kg 0.77 1.51 2.24 282 552 816
Organic matter, kg 0.66 1.31 1.96 240 479 716
Nitrogen, kg 0.01 0.01 0.02 7.96 15.3 17.8
Phosphorus, kg 0.01 0.01 0.02 3.53 5.05 6.73
Potassium, kg 0.01 0.03 0.04 475 11.1 14.2
Urinary output
Urine, litres 5.76 0.88 11.8 | 2104 3 606 4322
Dry matter, kg 0.26 0.50 0.64 95.0 184 234
Organic matter, kg 0.14 0.31 0.37 51.1 113 136
Nitrogen, kg 0.04 0.09 0.10 14.8 324 373
Phosphorus, kg 0.0004 0.001 0.001 0.14 0.32 0.51
Potassium, kg 0.04 0.10 0.13 15.8 37.8 48.5
Total excretion
Nitrogen, kg 0.06 0.13 0.15 22.8 47.7 55.1
Phosphorus, kg 0.01 0.01 0.02 3.67 537 7.25
Potassium, kg 0.06 0.13 0.17 20.5 48.9 62.7
Faeces + urine, kg 10.9 20.0 26.8 | 3981 7 285 9 765
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Beef breed heifer Per day Per year
Age, months 0-6 6-12 >12 0-6 6-12 >12
Intake of nutrients
Dry matter, kg 2.88 6.23 731 | 1050 2273 2 668
Organic matter, kg 2.64 578 6.74 964 2110 2461
Nitrogen, kg 0.08 0.15 0.16 29.3 54.9 59.8
Phosphorus, kg 0.02 0.02 0.02 5.50 7.67 8.68
Potassium, kg 0.05 0.14 0.17 174 51.0 62.6
Retained
Nitrogen, kg 0.02 0,03 0.02 8.62 9.36 6.65
Phosphorus, kg 0.006 0.007 0.005 2.29 2.70 1.96
Potassium, kg 0.001 0.001 0.001 0.59 0.56 0.36
Faecal output
Fresh matter, kg 3.74 10.7 149 | 1363 3892 5449
Dry matter, kg 0.56 1.60 2.24 205 584 817
Organic matter, kg 0.47 1.39 1.96 171 508 717
Nitrogen, kg 0.02 0.04 0.05 6.12 15.2 17.7
Phosphorus, kg 0.01 0.01 0.02 3.07 4.64 6.21
Potassium, kg 0.01 0.03 0.04 3.92 11.5 14.1
Urinary output
Urine, litres 5.23 10.1 11.8 | 1909 3 688 4 304
Dry matter, kg 0.23 0.49 0.62 84.8 179 225
Organic matter, kg 0.13 0.29 0.35 46.5 107 129
Nitrogen, kg 0.04 0.08 0.10 14.6 30.3 35.5
Phosphorus, kg 0.0003 0.001 0.001 0.14 0.33 0.50
Potassium, kg 0.04 0.11 0.13 12.9 39.0 48.2
Total excretion
Nitrogen, kg 0.06 0.12 0.15 20.7 45.6 53.2
Phosphorus, kg 0.01 0.01 0.02 3.21 4.98 6.72
Potassium, kg 0.05 0.14 017 16.8 504 62.3
Faeces + urine, kg 8.97 20.8 26.7 | 3273 7579 9753
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Appendix 6. Summary of intake and excretion of nutrients of suckler cows and the
amount of faeces and urine, expressed as kg per cow per day and per year in 2021.

Suckler cow Per day Per year
Intake of nutrients
Dry matter, kg 10.3 3745
Organic matter, kg 9.33 3405
Nitrogen, kg 0.21 784
Phosphorus, kg 0.03 12.6
Potassium, kg 0.26 944
Excreted in milk
Nitrogen, kg 0.02 7.34
Phosphorus, kg 0.004 1.30
Potassium, kg 0.006 2.27
Retained
Nitrogen, kg 0.02 8.55
Phosphorus, kg 0.005 1.80
Potassium, kg 0.006 2.37
Faecal output, kg
Fresh matter, kg 22.7 8 286
Dry matter, kg 3.40 1243
Organic matter, kg 2.91 1061
Nitrogen, kg 0.07 23.8
Phosphorus, kg 0.03 9.99
Potassium, kg 0.06 21.3
Urinary output
Urine, litres 16.4 5991
Dry matter, kg 0.85 309
Organic matter, kg 0.45 164
Nitrogen, kg 0.13 46.0
Phosphorus, kg 0.02 0.80
Potassium, kg 0.19 70.8
Total excretion
Nitrogen, kg 0.19 69.8
Phosphorus, kg 0.03 10.8
Potassium, kg 0.25 92.1
Faeces + urine, kg 39.1 14 277
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Appendix 7. Summary of intake and excretion of nutrients of beef replacement heifers
and the amount of faeces and urine, expressed as kg per cow per day and per year in

2021.
Breeeglgge“:g:::r Per day Per year
Age, months 0-6 6-12 c;;‘:’ i;g 0-6 6-12 c;ﬁ, i:g
Intake of nutrients
Dry matter, kg 2.86 6.20 8.08 1045 2 263 2950
Organic matter, kg 2.63 5.75 7.42 960 2 100 2707
Nitrogen, kg 0.08 0.15 0.18 29.2 54.5 64.0
Phosphorus, kg 0.01 0.21 0.03 5.47 7.62 9.22
Potassium, kg 0.05 0.14 0.19 174 51.0 70.8
Retained
Nitrogen, kg 0.02 0.03 0.02 8.54 9.21 6.31
Phosphorus, kg 0.006 0.007 0.005 2.24 2.61 1.82
Potassium, kg 0.001 0.002 0.001 0.59 0.58 0.37
Faecal output, kg
Fresh matter, kg 3.72 10.7 17.6 1358 3 904 6 438
Dry matter, kg 0.56 1.60 2.65 204 586 966
Organic matter, kg 0.47 1.40 2.32 170 510 848
Nitrogen, kg 0.02 0.04 0.05 6.10 15.2 19.4
Phosphorus, kg 0.008 0.01 0.02 3.10 4.69 6.81
Potassium, kg 0.01 0.03 0.04 3.91 11.5 15.9
Urinary output
Urine, litres 5.22 10.1 13.0 1906 3689 4737
Dry matter, kg 0.23 0.49 0.70 84.7 179 255
Organic matter, kg 0.13 0.29 0.39 46.5 107 141
Nitrogen, kg 0.04 0.08 0.10 14.6 30.1 383
Phosphorus, kg 0.0004 0.001 0.002 0.14 0.33 0.59
Potassium, kg 0.04 0.11 0.15 12.9 39.0 54.5
Total excretion
Nitrogen, kg 0.06 0.12 0.16 20.7 453 57.7
Phosphorus, kg 0.01 0.01 0.02 3.23 5.02 7.40
Potassium, kg 0.05 0.14 0.19 16.8 504 704
Faeces + urine, kg 8.94 20.8 30.6 3 265 7 593 11175

61




Natural resources and bioeconomy studies 68/2023

Appendix 8. Description of different weights used in the calculations.

Weight description

Explanation

Source of information

Birth weight (BW)

Weight when the animal is
born.

Equations 41, 42, 68, 74, 75, 76

Live weight (LW)

Weight of a live animal at a
certain age. Includes gastroin-
testinal tract and bladder con-
tents.

Equations 2-6, 69, 79-83, 116-
119, 122

Mature weight (MW)

Weight the animal reaches ap-
proximately at six years of age.
No more structural growth. In-
cludes gastrointestinal tract
and bladder contents.

Equations 3-6, 69, 79-83, 116-
119

Empty body weight
(EBW)

Weight where the gastrointes-
tinal tract and bladder con-
tents have been removed after
slaughter.

Equations 94-96

Carcass weight (CW)

Weight of a carcass; skin, head,
intestines and legs removed.
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