


Introduction

My full name is Associate Professor Christopher William Warnock Rogers.

| hold a MAgrSci (hons) in Animals Science and a PhD in Anatomy and Physiology
from Massey University.

I am currently appointed as the Associate Professor in Equine Production and the co-
group leader of the Animal Heaith and Production group within the Massey University
Veterinary School. 1 also have a co-appointment within the Animal Science group,
School of Agriculture and Environment (Massey University) and the University of
Edinburgh (UK). My research interest / speciality is equine production. In this field to
date [ have published over 120 peer reviewed articles, 3 book chapters and more than
120 conference abstracts.

International recognition of my research is reflected in my membership of the
International Surfaces Research Group, recognition by the European Union as an
expert in equine production, and reviewer of equine research proposals within the
European Union Seventh Framework Programme.

I hold Associate Editor or Editorial board positions with five prominent journals within
my field (Animals, Animal Production Science, Equine Veterinary Journal, Journal of
Equine Veterinary Science, and PlosOne).

Scope of Evidence

6.

I have been asked by Sally Linton, consuitant to New Zealand Thoroughbred
Breeders Association and Others, to provide expert evidence on;

a) Equine specific data on potential N loss from horses, as Overseer currently
assumes N loss from horses based on a ruminant of similar bodyweight to a
horse;

b) The need to describe the different equine production systems and the inherent
the complexity of the different equine production systems due to seasonal
changes in stock numbers and stocking density; and

c) Also provided as supporting evidence is a review article focusing on the on-farm
production data available describing the commercial equine farm systems in New
Zealand.

Expert witness code of conduct

7.

| have read the Code of Conduct for Expert Witnesses in the Environment Court
Practice Note 2014. This evidence has been prepared in accordance with it and | agree
to comply with it. I confirm that the opinions | have expressed represent my true and
complete professional opinions. The matters addressed by my evidence are within my
field of professional expertise. | have not omitted to consider material facts known to
me that might alter or detract from the opinions expressed.

Papers to support this Evidence

8. My evidence is supported by the following papers;



a) “Deterministic modelling of nitrogen utilisation by horses managed under
pasture based, intensive and semi-intensive systems with different levels of
pasture intake” YY Chin, PJ Back, EK Gee, CW Rogers. School of Agriculture
and Environment, Massey University; School of Veterinary Science, Massey
University. (Appendix 1, page 6)

b) “Livestock and pasture management on commercial Thoroughbred breeding
farms: Implications for estimating nitrogen loss” YY Chin, PJ Back, EK Gee,
CW Rogers. School of Agriculture and Environment, Massey University; School of
Veterinary Science, Massey University (Appendix 2, page 22)

¢) “Growth and development of the equine athlete” Chris W. Rogers, C, Erica K.
Gee, Chariotte F. Bolwell and Sarah M. Rosanowski Massey Equine, Institute of
Veterinary, Animal and Biomedical Sciences, Massey University, New Zealand.
Veterinary Epidemiology, Economics and Public Health, Royal Veterinary Coflege,
The Royal Veterinary College.{(Appendix 3, page 37)

These papers represent the finding of deterministic modelling of protein turnover in
different classes of equine livestock and the impact of these on different equine farm
systems. The first two papers have undergone peer review and will be published in
the New Zealand Journal of Animal Science and Production. The third article is a
review focusing on the on-farm production data available describing the commercial
equine farm systems in New Zealand.

Executive Summary of Evidence

10. During the last 20 years there has been a contraction in the New Zealand

11.

12.

13.

Thoroughbred industry and to a lesser extent within the Standardbred industry.
These changes have seen an increasing proportion of the market associated with
fewer larger commercial farms.

Many of these farms manage their own mares, and the mares and foals of a number
of clients. This in tumn has increased the similarity of the management of breeding
and young stock within New Zealand. The temperate climate allows the majority of
the management of breeding and young stock to be pasture based. The
predominant pasture is ryegrass / clover mix which has been demonstrated to
provide adequate nutrition for growth and development. The temperate climate also
permits management of horses at pasture year round which is proposed to stimulate
development of the musculoskeletal system.

Apart from a brief period during weaning, most youngstock remain at pasture from
birth until the start of yearling preparation. Free access to pasture exercise provides
the opportunity to stimulate the musculoskeletal system for the future challenges as a
racehorse.

The export focus of many of the equine industries heavily influences the
management decisions. Despite the availability of good quality pasture post weaning,
many foals receive up to 50% of the daily DE requirement as concentrates, possibly
reflecting the emphasis on early sales as yearlings and the drive to optimise growth.
The observations of drench resistance of common internal parasites presents an
emerging problem for pasture based production systems. A large proportion of the
Thoroughbred foal crop are exported as yearlings or ready to run 2-year-olds. There
is an increasing trend for Standardbreds to be sold as yearlings and this has resulted
in changes in the management of Standardbred youngstock.



14. There are limited data on the average nitrogen (N) intake and N loss for the different
classes of equine livestock, and the different equine production systems within New
Zealand. Using a deterministic model, the total nitrogen excreted, and nitrogen
partitioned into animal requirements, urine and faeces were estimated based on the
crude protein requirement, digestible crude protein intake, and crude protein excreted
in urine and faeces. Separate models were generated for five different livestock
classes managed within three different production systems (commercial breeding
farm, sport horse and racehorse).

13. Overall, the N in diet (%), the modelied daily N intake and N losses varied with the
percentage of pasture in the diet. The faecal N loss remained consistent (20-25%)
across diets and horse classes whereas urinary N loss increased with daily N intake
and percentage of pasture in the diet. Total N loss per day was estimated to be 0.18,
0.28, and 0.48 g N/kg body weight in racehorse, sport horse and Thoroughbred
mares respectively.

16. The N excretion per unit weight from young horses, racehorses and sport horses
were substantially lower than that reported for ruminants of similar bodyweight.
Therefore, horse-specific data should be used when modelling farm level nitrogen
excretion.

17. Published data on livestock and pasture management on Thoroughbred breeding
stud farms were collated to model and estimate farm leve! variables required to
estimate nitrogen leaching. On commercial farms, stocking density doubled during
the breeding season (August — December).

18. The effective stocking density increased with farm scale (number of resident mares)
but decreased with farm size (total effective area). Therefore, farm nitrogen output
fluctuates seasonally and is influenced by farm size and scale.

19. Farm size and scale independently affected the stocking and grazing management
(i.e. paddock rotation interval) for the different equine stock classes (empty,
pregnant, mares with foals). Stocking and grazing management influenced the
pasture available and subsequently, the grazing behaviour as determined by the
difference between the pasture mass of lawns (areas preferentially grazed) and
roughs (latrine areas). The difference between pasture mass of lawns and roughs
was reduced with increasing stocking density and decreasing pasture availability,
and increased under conditions of high stocking density (>2 mares/ha) and low
pasture availability (<400 kg DM/ha/horse). Modification in grazing behaviour could
affect the nitrogen leaching potential by modifying the size of manure deposition area
and the N-loading rate on urine and dung patches.

20. The complex relationship between farm, horse and management factors needs to be
included when estimating nitrogen leached from equine properties.

Summary

21. As the N excretion per unit weight from young horses, racehorses and sport horses
was shown to be substantially lower than that reported for ruminants of similar

4



bodyweight, it is my opinion that horse-specific data should be used when modelling
farm level nitrogen loss.

22. The complex relationship between the farm and horse management factors needs to
be included when estimating nitrogen leached from equine properties as well as in
deveioping equine environmental Good Management Practices.

Further Research

23. Given the information provided in these papers and the lack of specific information
for New Zealand equine systems | consider the following research would be valuable
in getting a greater understanding of on farm pasture management and utilisation.
(i) Examination of pasture utilisation and protein turnover in the horse when

managed at pasture under typical New Zealand management conditions
(horse level data).

(i) Examination of the impact of stocking density and grazing pressure on
pasture utilisation and the impact the development of fawns and roughs
(latrine areas) has on N concentration and loss.

(i) Quantifying the impact of the different (stud) farm systems on the seasona
fluctuations in stock numbers and the impact of these on pasture utilisation,
and potential N loss.
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Management and diet

To simulate N excretion specific to management and dietary conditions of different
horse classes, the management data and diets for Thoroughbred weanlings, yearlings,

broodmares, sport-horses and racehorses were reviewed, collated and summarised in Table 1.

[Insert Table 1 here]

Model details

The calculations used to obtain the total N excreted are as described in Table 2.
Briefly, crude protein intake (Equation 4) and crude protein digested (Equation 5) were
calculated to obtain crude protein excreted in facces (Equation 3). Crude protein digested was
then deducted with crude protein requirements to obtain crude protein excreted in urine.
Protein requirements for different horse classes were calculated using Equation 8-17. The
nitrogen excreted in faeces and urine was calculated by dividing urinary and faecal protein
excretion values with 6.25 (Equation 3 and 7). Finally, total nitrogen excreted is nitrogen

excreted plus nitrogen excreted in urine.

The crude protein intake was calculated based on DMI and crude protein content of
food (Equation 4). Total daily DMI of animal was estimated based on percentage body
weight (BWT). Modelling assumptions for BWT and DMI are as listed in Table 3. For horse
classes where diet consists of multiple feedstuffs, estimates of the amount fed for each
feedstuff were obtained from the literature. The pasture DMI was then calculated by

difference between total DMI and the known feed intake of other feeds consisted in the diet.

[Insert Table 2 here]

[Insert Table 3 here]

Results
The N percentage in the diet, modelled N intake (kg/day), N losses in urine and facces

g/aay, percentage N intake), N loss (g) per kg ,and % o intake utilised 1n youn,
(kg/d N intake), N loss (g) per kg BWT, and % of N intake utilised in young

Thoroughbred horses (P10ov) and broodmares receiving 100% pasture (P1oom), young
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Thoroughbred horses (Psoy) and sport horses receiving 50% pasture (Psos), and racehorses
(P11) recetving 11% pasture are presented in Table 4. Overall, the N in diet (%), the
modelled daily N intake and N losses decreased with the percentage of pasture in the diet.

[Insert Table 4 here]
Nitrogen intake

The percentage of N in the diet was 2.2% in the P1oo diets, 1.7-1.8% in Psoy diets, 1.6-
1.8% in Psos diets and 1.3% in Py diet. The daily N intake of Psoy was 0.15 kg/day and 35%
lower than Pjooy (0.23 kg N/day). The daily N intake of Pjoom was 0.43 kg/day, and was 33%
and 49% higher compared to Psos (0.29 kg N/day) and P1; (0.22 kg N/day).

Total, urinary, and faecal nitrogen losses

In Piooy, 57% (0.13 kg N/day) of daily N intake was excreted where 33% (0.07 kg
N/day} was lost in urine and 24% (0.05 kg N/day) lost in faeces. These N loss values are
higher than those modelled for Psoy where 34% (0.05 kg N/day) of daily N were excreted,
with 14% (0.02 kg N/day) lost in urine and 21% (0.03 kg N/day) lost in faeces. For adult
horses, the N loss in Pioom was 69% (0.27 kg N/day) where 43% (0.17 kg N/day) was lost in
urine and 25% (0.1 kg N/day) lost in faeces. Fifty percent of daily N intake was excreted by
Psos. The urinary loss was 28% (0.08 kg N/day) and the faecal loss was 22% (0.06 kg N/day).
P11 receiving lowest proportion of pasture in the diet (11%) had lowest N loss (41%, 0.09kg
N/day) with 21% (0.046 kg N/day) urinary loss and 20% faecal loss (0.046 kg N/day). The
faecal N loss remained consistent (20-25%} across diets and stock classes whereas urinary N
loss increased with daily N intake and percentage of pasture in the diet. The N loss in grams
per kg BWT showed a similar trend in response to changes in N intake and percentage of
pasture in the diet (0.18g/kg BWT (P11); 0.28g/kg BWT (Psos); 0.48g/kg BWT (P1oom);
0.17g/kg BWT (Psoy); 0.40g/kg BWT (Piooy).

Discussion

To date, this is the first deterministic equine model for N utilisation. The DMI, crude
protein content of feed, and crude protein digestibility used in this model were based on a

limited number of available reports (Table 2 and 3). Feeding levels did not affect digestibility
10
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of crude protein in horses (Martin-Rosset et al. 1987). However, it could still affect the N

intake modelled.

In diets consisting multiple types of feed, the pasture DMI were calculated by
difference based on the reported amounts of supplements (grains, concentrate, conserved
forages) fed to horses. This assumption has been previously used when estimating the relative
contribution of different feed sources to total DE (Verhaar et al. 2014). These values do not
represent the actual amount consumed. The substitution of supplement for pasture and its
effect on DMI in horses has not been well described in the literature and may vary due to
pasture quality and quantity on offer. Therefore, this model assumes that animals will

consume food to their recommended total daily DMI.

Studies in ponies showed that protein from hay of different quality affected the
relative, small and large intestine protein digestion and affected the N utilisation. High
protein alfalfa hay had a greater pre-caecal digestibility compared to other types of hay and
promoted more efficient N utilisation (Gibbs et al. 1988). In this model, the crude protein
digested is calculated based on apparent digestibility and assumed to be bioavailable.
Assuming microbial protein is not available to the horse (Santos et al. 2011) and non-protein
N absorbed from hindgut is utilised less efficiently than is dietary protein (Reitnour et al.
1972), then the N available (protein digested) thus the modelled N balance (N excreted in
urine) can be overestimated. However, there are few reports on pre-caecal and caecal-colon
digestion of different equine feedstuffs. The extent of non-protein N utilisation is currently
unclear due to lack of understanding for nitrogen metabolism in horses (Santos et al. 2011).
Hence, these factors cannot be included for modelling until the nitrogen metabolism in the

equine is fully elucidated.

There are few reports on N excretion in horses. N excretion in horses reported from
different sources to be 0.12 kg N/day (Bouwman et al. 1997) and 0.095 (Smil 1999) (values
calculated from annual N excretion values). Values reported by Bouwman et al. (1997) were
calculated by difference (N intake — N requirements, maintenance requirements are
proportionate to metabolic BWT) and assumed nitrogen excretion of horses is similar to that
of buffalo. The data presented by Smil (1999) only accounted for faecal N and the values

were estimated for a 400 kg horse using amount of faeces produced per day and assumed
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faeces contained 3% nitrogen. The estimation from Smil (1999) agrees with the faecal N loss
modelled for mature horse in this study whereas Bouwman et al. (1997) reported a lower total
N excretion rate than the modelled results, possibly due to differences in protein requirements
per unit metabolic BWT, protein intake and digestive systems difference (mono-gastric vs

ruminant) between buffalo and horses (Iilius et al. 1992; Kurar et al. 1981).

In this model, the crude protein percentage of pasture (22%) is higher than that of
supplement feeds (13%). Hence, reduction in the percentage of pasture offered in the diet
reduced N percentage of the diet, and the daily N intake. The faecal N losses decreased with
level of pasture in the diet because crude protein digestibility of pasture (76%) was lower
than that in the supplement feeds (80%). Therefore, in the mixed diets modelled, the urinary
losses decreased with lower N intake along with greater amount of crude protein digested. In
a study that measured N excretion in Standardbred geldings through urine collections,
increase in proportion of hay which had lower crude protein content (6.5%) compared to oats
(13%) led to lower daily N intake and urinary N loss (Karlsson et al. 2000). The lower
urinary N loss observed, however, did not occur with increased digestibility in the diet as the
crude protein digestibility of diets decreased with forage content. In contrast, increased crude
protein digestibility reduced the urinary N loss (39.5 g/day vs 52.7 g/day) in ponies even
when N intake increased (59.6 g/day vs 71.4 g/day) (Gibbs et al. 1988). Modelling results
from this study, and those reported by other studies, show that the feeding management
influences the dietary variables (N intake and digestibility) and will affect the N balance
based on N requirement of different horse classes. Protein turnover varied greatly among
studies due to differences in diet composition, protein quality, age and activity levels
(Freeman et al. 1988; Gibbs et al. 1988; Glade et al. 1986; Karlsson et al. 2000). Therefore,
the modelled results can only be applied to the specific equine stock classes and feeding

systems referred in this study.

Based on a report from the Ministry of Primary Industry for nitrous oxide inventory
development (Luo et al. 2014), the total N excreted in dairy cattle, beef cattle, and sheep were
0.31, 0.202, and 0.04 kg N/animal/day, respectively. Assuming an average BWT of adult
cattle, beef and sheep are 600 kg, 500 kg, and 65 kg respectively, the N excreted would be
0.52 g/lkg BWT, 0.40 g/kg BWT and 0.62 g/ kg BWT, compared to 0.18, 0.28, and 0.48 g
N/kg BWT in racehorse, sport horse and Thoroughbred mares respectively. The N excreted
per kg BWT for growing-finishing beef cattle (calculated with finishing weight), growing
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dairy cattle, and lambs were around 0.33, 0.43, 0.50 g N/kg BWT (Grenet 1983; Guo et al.
2005; Phillips et al. 1995; Zanton et al. 2009), compared to 0.17 g N/kg BWT in young
Thoroughbred horses (fed mixture of concentrate and pasture) (Psoy). The modelled N
excretion per unit BWT in Thoroughbred mares were similar to values in beef cows and dairy
cattle and was lower than those of sheep. The N excretion per unit weight from racehorses,
sport horses and young Thoroughbred horses were substantially lower than that for

ruminants. Therefore, horse specific values should be used when estimating N excretion.

The lower N excretion/kg body weight can be due to higher N utilisation in horses.
The percentage of N intake excreted were reported to be 73.2% (dairy cattle), 65.9% (beef
cattle and sheep), 76% (growing cattle), 86% (growing sheep) hence translating to N
utilisation of 26.8% (cattle), 34.1% (sheep), 24% (growing cattle), 14% (growing sheep)
(Grenet 1983; Luo et al. 2014; Zanton et al. 2009). These values are much lower than the N
utilisation estimated by this model in Thoroughbred mares, sport horses, racehorses, and
young Thoroughbred horses (32%, 51%, 59%, 44%(P100v), 66% (Psov), respectively). This
higher utilisation in horses was due to lower urinary N loss and a similar faecal N loss
compared to ruminants. The supplementation of pasture in the diet with conserved forage and

concentrates increased the disparity between the ruminant data and the horse data.

Conclusion

Based on the comparison between the modelled results and ruminant values, the N
utilisation in horses were generally higher than that of ruminants. Qur model showed that the
different feeding systems alter the quantity and proportion of pasture and other feedstuffs
(concentrates and conserved forages) which in turn affect the nitrogen content and
digestibility. The different stock classes varied in physiological demands for nitrogen.
Together, they influenced N utilisation in the horses. Therefore, modelling N excretion of
horses needs to correspond to the feeding management and stock class. This model estimates
N output at animal level and does not reflect farm-level N output and leaching potential. To
estimate the farm-level N leaching, information on stocking density, pasture, grazing and
manure management on equine farms is required. At present, there are limited reports on
these farm variables for equine properties and no studies have been done to investigate their

impact on N leaching in soil.
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352  Table 1. Management and diets for different classes of horses (Thoroughbred weanlings and
353  yearlings, pregnant and lactating Thoroughbred broodmares, sport horses and racing

354  Thoroughbreds).

Diet

Class Management
Thoroughbred L3.3Weaning at 4-6
weanlings (179d) months of age

Thoroughbred yearlings 2Yearling preparation

(360d) begins between October
and November. Ends at
yearling sales in
January-February the
following year.

Mature horses, Kept on pasture
broodmares (pregnant)

Broodmares (lactating)  *Kept on pasture

Sporthorses Kept on pasture

Racehorses "Stabled for >12
hours/day in a confined
area (<5x5m)

3 Weanlings were kept on pasture and
receive on average 2.9 (range 1-6)
kg of concenirates.

2Most farms used both stabling and
pasture turn out allowing yearlings
access to pasture up to 12 hrs per day.
Fed premixed diets specified for
yearling sales preparation providing
up to 75% of daily digestible energy
requirement.

3Solely pasture diet up to late
pregnancy. Supplements fed are
intended to meet other nutrient
requirements (vitamins, minerals)
rather than macronutrients and
energy.

Solely pasture diet.

SPasture, concentrates (either in the

form of premix feed or grains), with
or without additional roughage, and
conserved forages (hay/haylage).

"Fed 2-8 kg concentrate and <2.25-4.5
kg hay with little or no access to
pasture.

355  'Rogers et al. (2017), *Bolwell et al. (2010), *Rogers et al. (2007), *Fernandes et al. (2015),
356  “Stowers et al. (2009), *Verhaar et al. (2014),”Williamson et al. (2007)
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357
358
359

Table 2. Equations used to model protein requirement, protein intake, protein digested, protein and nitrogen excreted in faeces and urine
(kg/horse/day) by different classes of horses (Thoroughbred weanlings and yearlings, pregnant and lactating Thoroughbred broodmares, sport

horses and racing Thoroughbreds)

Total Nitrogen excreted N excreted in faeces + Nitrogen excreted in urine Equation
Total N excreted (kg/horse/day) Nitrogen excreted in faeces+ nitrogen excreted in urine 1
N excreted in faeces (kg/horse/day) Protein excreted in faeces/6.25 2
Protein excreted in faeces (kg/horse/day) Crude protein intake — Crude protein digested 3
Crude protein intake (kg/day) DMI x Crude protein in food 4
Crude protein content: '22% (pasture), 213% (premixed diet, grains, hay)
Crude protein digested (kg/day) Crude protein intake x crude protein digestibility 5
Crude protein digestibility: *76% (pasture), *80% (concentrates, grains), 470%
(hay/haylage),’62% (yearling preparation diet)
N excreted in urine (kg/horse/day) (Protein digested —~ protein requirement)/6.25 6
Protein requirement (kg/day) Maintenance requirement + physiological requirements 7
Protein requirement (Growing horses) Maintenance BWTx 1.44 g CP/kg BWT 8
SGrowth ADG x 0.2 9
"ADG (150d): 0.85 kg/day
"BADG (360d): 0.63 kg/day
0.2: assuming 20% of daily gain is protein
Protein requirement (Mature horses) SMaintenance BWTx 1.26 g CP/kg BWT 10
Protein requirement (Pregnancy) ‘Maintenance BWT x 1.26 g CP/kg BWT 11
APregnancy (2™ and 3™ Fetal gain = 0.283 kg/day 12

Trimester)
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360
361
362
363
364
365
366
367
368

Protein requirement (Lactating ®Maintenance BWT x 1.44 g CP/kg BWT 13

broodmares) SLactation milk yield x %1830 g CP/kg milk 14
“Milk yield: 13.6 kg/day 15

Protein requirement (Exercise) $Maintenance BWT *1.44g CP/kg BWT 16
SExercise (BWT x muscle gain) + (BWT x sweat loss x 17

7.8g CP/kg sweat)

Muscle gain (moderate exercise): 0.177 g
CP/kg BWT
Sweat loss (moderate exercise): 0.5% BWT

'Seasonal average CP% of equine pasture reported in Hirst (2011), 2Pagan (1998), Grace, Gee, et al. (2002), *Kienzle et al. (2002), *Bishop
(2013), °NRC (2007), "Morel et al. (2007), *Grace et al. (2003), *Mariani et al. (2001), '°Csapé et al. (2009), !'Malacarne et al. (2002)

A Fetal gain was modelled using the model proposed by NRC (2007) and an average fetal gain was obtained for 2" and 3% trimester.

B Crude protein per kg milk fluctuated around 20-32 g/kg milk with highest CP content during early lactation and decrease as pregnancy
progress.

© Milk yield was modelled using mare lactation curve proposed by NRC (2007) and an average value was obtained for the first 5 months of
lactation.

BWT=body weight

CP=crude protein
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369  Table 3. Modelling assumptions for body weight (kg), the total daily dry matter intake (kg DM/day), the dry matter intake (kg DM/day) from
370  pasture, and other feed supplements (concentrates and conserved forages) of different classes of horses (Thoroughbred weanlings and yearlings,
371  pregnant and lactating Thoroughbred broodmares, sport horses and racing Thoroughbreds)

Diet Weight  Total Daily DMI ADaily DMI DMI from other Pasture
(kg) (% BWT) (kg/day) supplements (kg/day) (kg DM/day)
Thoroughbred model
Pasture
Weaning (179d) 261 2 5.22 -
Yearling (360d) 377 212 7.54 -
Mature horse, Broodmare, pregnant 34560 32 11.2 - 11.2 (100)
Broodmare, lactating 4560 9.5 14 - 14 (100)
Mixed
Weaning (179d) 1261 ) 522 2.9 2.6 (50)
Yearling (360d) 1377 27 7.54 Bgs5 D3 (40)
Sport horse model
Mixed
Eventing %524 52 10.48 €4.8 D5.68 (54)
Show jumping %531 10.62 €5.8 Dq 82 (45)
Dressage 550 11 ©7.1 D3.9 (35)
Racehorse model 1011500 52 10 €7.88 P1.12 (11)

372 '(Grace ct al. 2003), (Grace, Gee, et al. 2002), >(Pagan et al. 2006), %(Grace, Shaw, et al. 2002),3(NRC 2007), 5(Oftedal et al. 1983), "(Bishop
373 2013), Y(Rogers et al. 2007), °(Verhaar et al. 2014),'%(Southwood et al. 1993), 1(Suagee et al. 2008)
374 A Calculated by percentage of body weight.

375  BCalculated by assuming concentrates provide 75% of energy requirements of yearlings (Rogers et al. 2017).
376  © Total DMI from concentrates, and other conserved forages.

377 P Calculated by difference (daily dry matter intake — dry matter intake of other supplements).
378  DMI=dry matter intake

379  values in () are percentage of pasture in the diet.
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380  Table 4. The daily nitrogen intake (kg/day), the total, urinary and faecal nitrogen excretion (kg/day) and nitrogen utilisation (%) by different
381  classes of horses (Thoroughbred weanlings and yearlings, pregnant and lactating Thoroughbred broodmares, sport horses and racing
382  Thoroughbreds) modelled under different management systems.

Daily Total daily Urinary Fecal Total N
Management systems/ horse classes Nifrogen nitrogen excretion nitrogen loss  nitrogen loss nitrogen Utilisation
intake (kg/day) (kg/day) (kg/day) excretion (%)
(kg/day) (g/kg BWT)
Thoroughbred stud farm model, young horses
100% pasture (P1ooy)
Weanling 0.185(2.2) 0.098(53) 0.05(29) 0.044(24) 0.38 47
Yearling 0.268(2.2) 0.161(60) 0.097(36) 0.064(24) 0.43 40
Average 0.23 0.13(57) 0.07(33) 0.05(24) 0.40 43
50% pasture (Psoy)
Weanling 0.143(1.8) 0.055(38) 0.024(16) 0.032(22) 0.21 62
Yearling 0.157(1.7) 0.05(31) 0.018(11) 0.031(20) 0.13 69
Average 0.15 0.05(34) 0.02(14) 0.03(21) 0.17 66
Thoroughbred stud farm model, 100 %
pasture (Proom)
Mature horse/ empty mare  0.398(2.2) 0.285(71) 0.189(47) 0.095(24) 0.51 29
Broodmare, pregnant 0.398(2.2) 0.224(75) 0.128(43) 0.095(32) 0.40 25
Broodmare, lactating 0.497(2.2) 0.303(61) 0.184(37) 0.119(24) 0.54 39
Average 0.40 0.27(69) 0.17(43) 0.1(25) 0.48 31
Sport horse model, 50% pasture(Psos)
Show jumping 0.290(1.8) 0.149(51) 0.084(29) 0.065(22) 0.28 49
Dressage 0.267(1.7) 0.121(45) 0.062(23) 0.059(22) 0.22 55
Eventing 0.312(1.6) 0.173(55) 0.103(33) 0.07(22) 0.33 45
Average 0.29 0.147(50) 0.08(28) 0.06(22) 0.28 50.
Racehorse model, 11% pasture {P11) 0.224(1.3) 0.092(41) 0.046(21) 0.046(20) 0.18 59
383  Values in () represents % of nitrogen in diet and nitrogen loss in % of daily intake
384 BWT=body weight
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On grazed pasture systems, protein that is undigested or excess to requirements will be
excreted onto pasture in the faeces and urine (Haynes et al. 1993). Faecal protein and urine
contains nitrogen (N) that can be utilised by plants for dry matter production or converted
into reactive forms (ammonia, nitric oxide, nitrous oxide, nitrate) which can be volatilised
into the atmosphere (ammonia, nitric oxide, nitrous oxide) and leached (nitrate) into ground

and surface water (Galloway et al. 2003).

The nitrate leaching loss is dependent on rate and amount of N deposited on pasture (N —
loading) in relation to the rate of N removal by plants based on plant fertility requirements.
Leaching increases when nitrate accumulates due to N-loading exceeding the plant uptake
capacity (Di et al. 2002). The opportunity for plant to remove N depends on the nitrogen
retention capacity of the soil (Di et al. 2007). The N retention capacity is affected by soil
type, soil conditions (i.c. erosion, compaction, ploughing), season and climate (Bott et al.
2013; Cameron et al. 2017; Di et al. 2002). The main concern of nitrate leaching is the
contamination of drinking water and eutrophication of larger water bodies that can affect the

aquatic ecosystem (Galloway et al. 2003; Hubbard et al. 2004).

In dairy and sheep pasture-based farming systems, relatively large leaching losses occur with
high stocking density, fertiliser application and irrigation (Cameron et al. 2017). A nutrient
budget model such as ‘OVERSEER” is designed to estimate the balance of nutrient inputs
and outputs (available on www.overseer.org.nz). Then, the model uses this information to
estimate nitrate leaching losses (Cameron et al. 2017). The component sub-models within
‘OVERSEER’ that model animal intake and excretion, N distribution and proportion leached
were designed using assumptions derived from studies on ruminants, and dairy and beef

farming systems (Watkins et al. 2015).

On equine Thoroughbred stud farms, there are seasonal fluctuations in stock numbers and
grazing management (as determined by paddock rotation interval). Stocking density increases
during the breeding season (August-December) due to an influx of breeding mares (Hirst
2011; Rogers et al. 2007). Grazing management (rotational grazing, semi set-stocked and set-
stocked) varies between farms and mare categories (Bengtsson et al. 2018). Therefore,
stocking density and grazing management can alter the grazing intensity. Unlike ruminants,
horses exhibit selective grazing and ‘latrine’ behaviour where they avoid grazing in areas
they have previously urinated and defecated in (Bott et al. 2013; Odberg et al. 1976). This

grazing behaviour will lead to formation of ‘roughs’ (arcas where horses avoid grazing) and
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‘lawns’ (preferred grazing area) (Bott et al. 2013; Odberg et al. 1976). When grazing
intensity is high, pasture in the lawns will diminish eventually causing defoliation followed
by soil erosion and increased soil nutrient losses (Bott et al. 2013). Due to thetr ‘latrine’
behaviour, horses exhibit a different facces and urine deposition pattern on pasture in
comparison to ruminants. Thus, in horses, the N-loading rate on urine and dung patches, the
size, and the proportion of paddock covered by urine and dung patches could be different
compared to ruminants which can potentially alter the N leaching losses. Variation in N-
loading rates creates the potential for different N-leaching losses. This variation has been
observed in different types of animal grazing systems (e.g. sheep, dairy, beef) due to a
difference in N-loading rates created by variation in animal size, frequency and volume of

urination, and pasture quality (Di et al. 2007).

When modelling equine Thoroughbred stud farm systems, the ‘OVERSEER’ program
assumes a horse has the protein utilisation of an upscaled small ruminant, and ignores
variables such as the seasonal fluctuations in equine stock numbers and density, grazing
management, and the unique grazing behaviour previously described which can impact the
farm level N output and N leaching estimates. The objective is to model and estimate
appropriate farm level variables required to estimate nitrogen leaching on Thoroughbred

breeding stud farms.
Methods

To model and estimate appropriate farm level variables required to estimate nitrogen leaching
on Thoroughbred breeding stud farms, data from published literature (Bengtsson et al. 2018;
Hirst 2011; Rogers et al. 2007) on pasture mass, paddock dimensions, stocking (stocking
density, number of mares per paddock) and grazing management (paddock rotation interval),
were collated and sorted into a customised database according to farm size (total effective
farm area), farm scale (number of resident mares) and season (breeding and non-breeding).
Pasture mass, paddock dimensions, stocking density, and grazing management data on 4
commercial breeding stud farms during the 2017-2018 breeding season (spring) (Bengtsson
ct al. 2018) were applied within a matrix model to estimate the pasture available (kg
DM/ha/horse), and the difference between ‘lawns” and ‘roughs’. Paddock sizes (ha) were log
transformed. Average paddock rotations were obtained and then converted into weeks.
Pasture available (kg DM/ha/horse), and the difference between ‘lawns’ and ‘roughs’ were

calculated as below:
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94 Pasture available (kg DM/horse/ha) = Pasture DM kg/ ha (‘lawns’)/stocking density

95 (mares/ha)

96 Difference in pasture mass between lawns and roughs = [Pasture DM kg/ha
97 (‘roughs’) - Pasture DM kg/ha

98 (‘lawns’}])/Pasture DM kg/ha (‘roughs’)
99

100 The outputs from the matrix model were then incorporated into the customised database
101 where, (1) the effects of farm size and scale, season, and mare category on stocking density,
102 and (2) the relationship between farm variables (stocking and grazing management), pasture

103 available, and grazing behaviour (difference between lawns and roughs) were modelled.

104  Results

105 Stocking density

106  Within the literature (Hirst 2011; Rogers et al. 2007), farms were categorised based on size
107  (total effective sizes, ha) and scale (number of resident mares) into moderate (<100 ha, <70
108  mares), medium (100-200 ha, 90-199 mares), and large (>200 ha, >200 mares). A

109  comparison of stocking densities during the breeding season between these farm sizes and
110 scales is presented in Fig. 1. On a farm size basis, the stocking density during the breeding
111 season was highest (2 mares/ha) on moderate sized farms (<100ha) followed by large sized
112 farms (>200ha) with 1.2 mares/ha and medium sized farms (100-200ha) with 1 mare/ha. The
113 stocking densities during breeding season were two times higher than during the non-

114  breeding season on all three farm categories. On a farm scale basis, the stocking density

115  increased with number of resident mares. Stocking density was highest on large (>200 mares)
116  farms (1.98 mares/ha) followed by medium (100-199 mares) farms (1.73 mares/ha) and

117  moderate (<70 mares) farms (0.7 mares/ha). Overall, there is a non-linear relationship

118  between stocking density and farm category and scale. The relationship is inversed when

119  farms were categorised based on size instead of number of resident mares.
120
121 [Insert Fig. 1 here]

122
123 Management of different mare categories (empty mares, pregnant mares, and mares with

124 foals)
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The number of mares per paddock was independent of effective farm size for all mare
categories but increased with paddock size (Figs. 2a, 2b, 2¢). The stocking density decreased
when paddock size increased for all three mare categories. The paddock rotation interval of
empty mares (3 weeks) was shorter on a smaller farm (20 ha) compared to empty mares on
larger farms which were semi set-stocked (16 weeks on 86 and 121 ha farms) or set stocked
(160 ha farm) (Fig. 2a). The paddock rotation interval of mares with foals was similar (2.5-3
weeks) regardless of farm size and stocking density and was shorter than that for empty and
pregnant mares. The paddock rotation interval of pregnant mares varied with stocking density
(Fig. 2b). When stocking density was high (4 and 5.9 mares/ha), the paddock rotation interval
decreased (2.5-3 weeks vs 16 weeks-set stocked ) compared to lower stocking densities (1.4
and 2.8 mares/ha). Overall, pregnant mares were kept at a higher average stocking density

(3.5 mares/ha) than empty mares (2.8 mares/ha) and mares with foals (2.2 mares/ha).

[Insert Fig. 2 here]

Effect of equine stocking and grazing management on grazing behaviour and pasture on offer

On all paddock rotation intervals, pasture availability (kg DM/horse/ha) decreased when
stocking density increased (Fig 3). The pasture availability decreased by 30% (set stocked),
50% (16 weeks and 3 weeks) and 70% (2.5 weeks). At a given paddock rotation interval, the
difference between pasture mass of roughs and lawns reduced with increasing stocking
density and decreasing pasture availability (Figs. 3b, 3¢, 3d). However, at high stocking
density ( >2 mares/ha) and with low pasture DM on offer (< 400 kg DM/ha‘horse), the
difference in pasture mass of lawns and roughs increased drastically (Figs. 3a, 3c). Every
increase in 1 mares/ha would increase the difference between pasture mass of roughs and
lawns by 30% when the paddock rotation was 2.5 weeks, and 10% when the paddock rotation
was 16 weeks. Under set stocked conditions, an increase in stocking density by 1 mares/ha
increased the difference between roughs and lawns by 10%. This effect was observed at a
higher pasture DM on offer (628 kg DM/ha/horse) compared to shorter paddock rotations
(<400kg DM/ha/horse at 2.5 weeks and 16 weeks) (Fig. 3d). In summary, changes in
difference between pasture mass of lawns and roughs showed a ‘U’ shaped response towards

decreasing pasture availability and increasing stocking density.
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[Insert Fig 3 here]

Discussion

The identification of farms based on size (total effective farm area) or scale (number of
resident mares) affected the relationship of stocking density and farm category. Stocking
density was highest on moderate sized farms and lower in medium and large sized farms.
Whereas, stocking density was lowest on moderate scaled farms and increased with
increasing farm scales. This can be due to the fact that number of mares varied (25-80%;
Hirst (2011)) at a given farm size, and the farm size varied (up to 80%; Stowers et al. (2009))
at a given farm scale. Therefore, a farm that is operating at larger scale can have a higher
nitrogen output per unit area compared to another farm with similar size that is operating at a
smaller scale. Therefore, the size and scale of equine farms needs to be considered to reflect
the true farm level nitrogen leaching potential. Regardless of farm categories, stocking
density doubled over the breeding season due to an influx of non-resident mares and thus a
50% fluctuation in farm level total nitrogen output between the breeding and non-breeding

season can be expected.

The stocking and grazing management varied with mare category. Pregnant mares were kept
at a higher average stocking density (3.5 mares/ha) than empty mares (2.8 mares/ha) and
mares with foals (2.2 mares/ha). The stocking density varied with number of mares per
paddock and paddock sizes which was independent of the total effective farm area. These
findings suggest that stocking management on equine farms are influenced by mare category,
number of mares per paddock, farm layout and paddock dimensions. These variables need to
be considered when calculating stocking density to avoid underestimation because the
resulting stocking densities were 1-3 times higher than the stocking densities calculated

solely based on total effective farm area.

Mare category along with farm sizes also influenced grazing management. The paddock
rotation interval of empty mares was influenced by farm sizes (shorter on smaller sized
farms) but remained similar (2-3 weeks) regardless of farm size for mares with foals.
Whereas, the paddock rotation interval of pregnant mares was primarily influenced by

stocking density with a shorter rotation interval under higher stocking densities.
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Stocking and grazing management affected pasture on offer and modified the grazing
behaviour of mares. There is a ‘U’ shaped relationship between the difference between
pasture mass of lawns and roughs, and the pasture availability and stocking density. The
difference between pasture mass of lawns and roughs was reduced with increasing stocking
density and decreasing amount of pasture available. However, under conditions of high
stocking density (>2 mares/ha) and low pasture availability (<400 kg DM/ha/horse, 628 kg
DM/ha/horse under set stocked condition), the difference in pasture mass of lawns and roughs
increased. This result suggest that mares become less selective in their grazing (starting to
graze ‘roughs’) when pasture availability decreases which can decrease the area of ‘roughs’.
This could lead to reduction in manure deposition area and in turn could increase the N-
loading rate on urine and dung patches. Under extremely high grazing intensity and low
pasture availability, the selectivity becomes apparent again possibly due to horses stopped
grazing ‘roughs’ when pasture reached a minimum height. Therefore, at high and low
stocking density and pasture availability, a relative change in stocking density and pasture
available can have a different effect on N-loading rate on urine and dung patches in horses.
Results also indicate that mares may tend to be more selective under set-stocked conditions
suggesting that this grazing method can intensify the N-loading on urine and dung patches.
The pasture availability in this study was obtained using pasture mass (kg DM/ha) of ‘lawns’
divided by the stocking density (mares/ha). Therefore, it is not the actual total pasture mass.

Instead, it represents kg DM of pasture available to per horse from per hectare of ‘lawn’.

The stocking density reported for equine farms of different size and scale during breeding
season ranged between 0.7-2 mares/ha (Rogers et al. 2007) and 1-2 mares/ha (First 2011),
respectively. Average nitrogen excretion by Thoroughbred mares on pasture based diet was
estimated to be 0.27 kg N/day (Chin Y'Y et al, unpublished data). Compared to dairy systems,
stocking densities reported for systems 1-5 were 2.5-3.5 mares/ha (Shadbolt 2012) and
nitrogen excretion reported was 0.31 kg N/day for dairy cows (Luo et al. 2014). Therefore,
the nitrogen output per ha would be 0.27-0.54 kg N/ha on an equine stud farm compared to
0.78-1.08 kg N/ha on dairy properties. However, this does not represent the nitrogen leaching
potential on equine stud farms because there are complex farm varjables that can influence

the nitrogen leaching and this needs to be understood with further studies.

The applicability of our results is limited due to small dataset from a limited number of

publications. The pasture and grazing management data were obtained from 4 commercial

29



219
220
221
222
223
224
225
226
227
228

229
230
231
232
233
234
235
236

237

238

239
240
241
242
243
244
245
246
247
248
249

Thoroughbred breeding farms, over one breeding season. Hence, may not reflect all the
practices on the majority of Thoroughbred farms. The implications discussed in this paper
requires confirmation with further studies. At present, no study has been conducted to
investigate the effect of grazing behaviour or ‘lawns’ and ‘roughs’ on the N-loading rate of
urine/dung patches, and N-leaching potential on equine farms. There are anecdotal
observations on the variation in area and number of ‘lawns’ and ‘roughs’ which may be due
to an adjustment in selectivity by horses in response to changes in grazing intensity. However
this observation was never studied hence this hypothesis remains untested. More research is
required to understand the effect of stocking and grazing management on grazing behaviour

and formation of ‘lawns’ and ‘roughs’.

Our findings suggest that farm attributes (farm size, paddock size) and horse factors {mare
category, number of mares per paddock) may have an influence on stocking and grazing
management decisions which in turn would modify the grazing behaviour of mares, and
ultimately, can affect the nitrogen leaching potential. Therefore, estimating nitrogen leaching
on equine breeding stud farms requires a specific modelling framework (Fig. 4). Using this
framework, the greatest nitrogen leaching potential can be expected on large scale
commercial breeding stud farms that operates on a moderate sized property due to increased

effective stocking density and semi-set stocked conditions.
[Insert Fig 4 here]
Conclusion

The stocking density on Thoroughbred stud farms doubled during the breeding season
suggesting that the total farm N output can fluctuate seasonally. The identification of farm
based on size and scale influenced the relationship between stocking density and farm
category hence can affect total N output estimations. Our findings suggest that horse factors
(mare category, number of mares per paddock) and farm attributes (farm size, paddock
dimensions) influenced the stocking and grazing management on equine farms and
subsequently, affected the pasture availability and modified the grazing behaviour of mares
as reflected by the changes in differences between pasture mass of roughs and lawns.
Changes in grazing behaviour can have implications on N leaching estimates because it can
affect the manure and urine deposition area hence the N uptake rate by pasture and the N

loading rate on urine and dung patches. Therefore, estimating nitro gen leaching on equine
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250  breeding stud farms requires a modelling framework that incorporates the complex

251  relationship between farm, horse and management factors.
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Figure 1. Stocking density (during the breeding season) of farms with moderate (<100ha),
medium (100-200ha) and large (>200ha) total effective farm area (‘dotted’ line) and
moderate (<70 mares), medium (90-199 mares), and large (>200 mares) scale (number of
resident mares, ‘solid’ line), and the stocking density of non-breeding (“dotted” bars) and

breeding (“striped’ bars) season on moderate (<100ha), medium (100-200ha) and large
(>200ha) farms .
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Figure 2. Relationship between total effective farm size (farm category, ha), number of mares
(“dotted’ line} and stocking density (solid line)} of (a) empty mares/ha, (b) pregnant mares/ha,

per paddock (‘dotted’ block), paddock rotation interval (*striped’ block) paddock size

(c) mares with foals.
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309
310  Figure 3. The dynamics between paddock size (logHa, “solid’ bar), pasture on offer (kg

311  DM/ha/horse, ‘solid’ line), difference in pasture mass between roughs and lawns (%, ‘dotted’
312 bar, 0.5 is 50%), and stocking density under paddock rotation interval of (a) 2.5 weeks, (b) 3
313 weeks, (c) 16 weeks, (d) set stocked.
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Farm attributes
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Seasonal flux of 1 Cohort size

L Stocking
horse numbers — e t

(horses per paddock)_"‘ density

v L

Grazing management

(semi set-stocked/set-stocked) Pasture available l'
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1 Effective stocking density

314
315  Figure 4. A proposed nitrogen leaching modelling framework for commercial Thoroughbred

316  breeding stud farms.
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