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ABSTRACT

The use of some alternative forages may help sheep farmers to reduce nitrogen (N) leaching
while increasing production. This thesis explores the effects of four forages (perennial
ryegrass/white clover: RGWC; lItalian ryegrass/white clover: IRWC; plantain/white clover:
PWC; and a winter brassica) on sheep performance, urinary N excretion and N loss in drainage
over two and a half years (Year 1: July to December 2019; Year 2: January to December 2020;

Year 3: January to December 2021).

This study was conducted on an artificially drained, fine textured Tokomaru silt loam soil at
Massey University’s Keeble farm, near Palmerston North, Manawatu, New Zealand. The study
design included four self-contained farmlets (each approximately 3.3 ha): three farmlets had
0.8 ha (24% of their grazing area) sown to include one of three alternative forages (IRWC or
PWC or brassica), and the remaining 2.5 ha was sown in a perennial ryegrass/white clover
sward. The entire area (100% of grazing area) of the fourth farmlet was sown in RGWC.
Approximately 0.4 ha of each farmlet was located in a paddock where a series of 20 drainage
plots (each 40 m by 20 m) were established to measure N leaching. Each of the alternative
forages, and the RGWC, were sown on five of the drainage plots i.e., five replicates (combined
area of 0.4 ha), which composed about one-half of the area of each alternative forage on each
farmlet. The amount of N leached through a mole-pipe network on each drainage plot was also
measured. Breeding ewe productivity including liveweight, condition score and lambing
performance, as well as N excretion was also measured. In addition, forage growth and DM

production were monitored along with chemical and botanical composition.

The inclusion of alternative forages into the RGWC system did not affect animal performance.
This was due, in part, to animal management. The N leached under various forages was,

therefore, able to be compared without the confounding effects of differences in animal
i



performance. The daily urinary N excretion per animal by sheep grazing PWC or brassica was
lower (18 to 70%) than the daily urinary N excretion by sheep grazing RGWC or IRWC. It is
likely that the diuretic effect of plantain and a lower N concentration in the brassica caused
lower N concentrations in urine. Nitrate (NOs") leaching losses under RGWC, IRWC and PWC
were very small in Years 1 and 2 (ranging from 0.4 to 0.8 kg N/ha). The poor persistence of
IRWC and PWC at this site and the need to re-establish these forages on the plots resulted in
greater NOs~ leaching under these forages in Year 3, negating some of the advantages
associated with these forages in Years 1 and 2. In contrast, NOs~ leaching losses were greater
under brassica forages (ranging from 0.4 to 6.4 kg N/ha) than under RGWC (ranging from 0.5
to 1.5 kg N/ha). Although sheep grazing brassica forages excreted less urinary N (on an
individual animal basis), leaching losses under the brassica treatments were higher. In addition
to the effect of cultivation, this increased leaching was likely because brassica plots were
grazed for a more extended period during winter than other forages, and there was no crop
(forage) cover until the spring resowing; therefore, the urinary N accumulated during winter
grazing was displaced by subsequent drainage. With the assumption that the cropped area
occupies a relatively small portion of the farm, grazing brassica is likely to result in a relatively

small increase in whole farm NOs™ leaching.

Overall, NOs~ leaching losses under sheep grazing forages were lower (ranging from 0.5 to 9.5
kg N/ha) than those reported under dairy cattle grazing forages, which suggests that sheep
production may offer an alternative land use option for dairying areas where it is difficult to

achieve the large reductions in NOs™~ leaching required to meet water quality objectives.
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COMMON ABBREVIATIONS

The abbreviations are defined at the first use and then without definition throughout this

dissertation. Abbreviations are re-defined in each chapter.

ADF Acid detergent fibre

BCS Body condition scores

Ca Calcium

CEC Cation exchange capacity

CEF Creatinine excretion factor

CP Crude protein

CT Condensed tannins

d Day

DAP Diammonium phosphate

DM Dry matter

DMI Dry matter intake
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CHAPTER 1: GENERAL INTRODUCTION

The New Zealand sheep industry produces 454, 000 tons of meat and 137, 000 tons of wool
annually (Beef + Lamb New Zealand Economic Service 2022a). As the majority is exported,
this produce contributes over 15% of the country’s pastoral export earnings (Beef + Lamb New
Zealand Economic Service 2022a). Over time, sheep farming systems in New Zealand have
intensified as a result of increased fertiliser use, improved ‘per head’ animal performance
and/or higher stocking rates (Morris & Kenyon 2014). However, intensification may result in
a greater loss of nutrients to the environment (Field et al. 1985; Ruz-Jerez et al. 1995). In recent
years, there has been an increased concern about the potential contamination of waterways with
nutrients, in particular the nitrogen (N) leached from pastoral farm systems (Ruz-Jerez et al.

1995; Silva et al. 1999; Houlbrooke et al. 2004; Ministry for the Environment 2020).

Urine patches that are deposited by livestock during grazing are the main sources of leached N
(Haynes & Williams 1993). Leached N, primarily nitrate (NOs") enters the surface and ground
water via water movement through the soil profile. At higher concentrations (> 11.3 mg N/L),
NOs™ can be hazardous to human health and aquatic life (Di & Cameron 2002). An even greater
challenge to freshwater in New Zealand is that even relatively small concentration of NOs~ can
promote undesirable biological growth which, following eutrophication, results in a
deterioration in water quality (Howarth 1988; Smith & Schindler 2009). In New Zealand, NOs~
leaching from dairy cattle systems is relatively well characterised, and regional councils have
begun to place limits on NOs~ leaching rates from dairy farms (Ministry for the Environment
2020). A number of mitigation technologies have been developed to reduce NOs~ leaching
under dairy systems (Houlbrooke 2005; Anastasiadis et al. 2012; Cameron et al. 2013;
Christensen et al. 2019). However, knowledge of the effect of present-day sheep grazing

systems on nutrient leaching and mitigation strategies are currently limited in New Zealand.
3



Furthermore, due to differences in the management of sheep and dairy cows, many of the
mitigation strategies that can be applied to dairy farms may not be feasible for sheep farms, for

example housing, stand-off pads and duration-controlled grazing (Anastasiadis et al. 2012).

There is increasing interest in the use of alternative forages in pastoral agriculture systems in
New Zealand. Some of these forages can be used to reduce NOs~ leaching, i.e., improve
environmental outcomes (e.g., plantain; Plantago lanceolata L. and Italian ryegrass; Lolium
multiflorum Lam.), while others (e.g., winter crops) are used to increase animal performance
in periods of low pasture availability (Anastasiadis et al. 2012; Morris & Kenyon 2014).
Therefore, the use of alternative forages could be beneficial in sheep grazing systems as they

may result in both increased production and/or a reduction in leaching levels.

Previous studies have shown that plantain on dairy farms can help to mitigate NOs~ leaching
losses (Box et al. 2016; Bryant et al. 2019). This is because plantain reduces urine N
concentration and the urinary N excretion rate per patch, as a result of increased urine volume
(Box et al. 2016; Bryant et al. 2019) and a decrease in ammonia production (Navarrete et al.
2016). In addition, the secondary metabolites produced by plantain may inhibit nitrification in
the soil (Dietz et al. 2013; De Klein et al. 2019). Italian ryegrass, a rapidly growing pasture
species, has been shown to exhibit greater N uptake during the winter months and, therefore,
reduce NOs leaching compared to perennial ryegrass (Lolium perenne L.)/white clover
(Trifolium repens) swards when grazed by dairy cows (Woods et al. 2018). Winter crops such
as brassicas e.g., turnips (Brassica rapa ssp. rapa), swedes (Brassica napus ssp. napobrassica),
and kale (Brassica oleracea ssp. acephala) produce large amounts of forage (e.g., 8-15t
DM/ha) and are grazed with high stocking rates during winter when the grass growth rate is
slow (Sprague et al. 2014; Anon 2019). Following grazing, the land is left bare until conditions

are favourable for re-sowing in spring. This process of grazing winter brassica species may
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result in large amounts of N being returned to the soil during winter, which can subsequently
lead to high levels of NOs~ leaching (Monaghan et al. 2013). In addition, greater NOs~ leaching

is often observed following cultivation (Monaghan et al. 2013).

In New Zealand, no long-term studies have been conducted on N leaching under current
intensive sheep production systems, particularly when alternative forages are grazed. The aim
of this study was to evaluate N leaching losses under a range of forage types (perennial
ryegrass/white clover: RGWC; Italian ryegrass/white clover: IRWC; plantain/white clover:
PWC; a winter brassica) and their effect on sheep performance to identify the potential for

forages to reduce N leaching while maintaining or improving sheep performance.

The research objectives of this study were to:

i.  Determine forage production and sheep performance following the incorporation of

different forages into a sheep grazing system.

ii.  Determine the potential of these forages to reduce urinary N excretion to the soil.

iii.  Provide quantitative information on N leaching when sheep graze different forages.

To achieve these objectives, four self-contained contiguous farmlets or “treatments” (each
approximately 3.32 ha) were established in the Manawatu region of New Zealand, on a Pallic
soil with a mole-pipe drainage network. An area of 0.81 ha (24% of the grazing area) of the
three farmlets was sown in one of three alternative forages (IRWC or PWC or brassica), and
the remaining 2.51 ha (76% of grazing area) were sown in a perennial ryegrass/white clover.
The entire area (100% of grazing area) of the fourth farmlet, which acted as the control, was
sown in RGWC. In one paddock, a series of 20 drainage plots (each 40 m by 20 m) were

established to measure N leaching losses. Each of the alternative forages, and the RGWC, were



sown on five of the drainage plots i.e., five replicates (combined area of 0.4 ha), which
comprised about one-half of the total area in the alternative forage species within each farmlet.
This trial design facilitated the measurement of sheep performance, forage intake and N

excretion per sheep and losses of N through drainage.

1.1 Thesis Structure

This thesis consists of seven chapters including the general introduction (Chapter 1), a review
of literature (Chapter 2) and a general methodology (Chapter 3). Chapters 4 to 6 present and
discuss the data collected from the field research which was conducted over a period of two
and a half years. Each of these chapters has been written in the form of a journal paper,
comprising abstract, introduction, methods, results, discussion, and conclusion sections.
Chapter 4 focuses on forage production and sheep performance, Chapter 5 focuses on sheep N
intake and excretion in urine, and Chapter 6 details N losses in drainage. A broad discussion
and conclusions are presented in Chapter 7. A part of the literature review is published (see
Chapter 2; Maheswaran et al. (2022b)). In addition, data collected on nitrate leaching under
sheep grazing systems in 2020 (Year 2) has been published and is included in Appendix 1

(Maheswaran et al. 2021).



CHAPTER 2: LITERATURE REVIEW

This review examines the present status of New Zealand sheep farming (2.1), forages used in
sheep grazing systems (2.2), effects of sheep grazing systems on water quality (2.3), and the
possible mitigation strategies (2.4). A summary identifying gaps in our knowledge concludes
the review (2.5). Section 2.3 has been published in a scientific journal (Maheswaran et al.

2022D).

2.1 Present status of New Zealand sheep farming

The sheep meat and wool industries have contributed significantly to the development of the
New Zealand economy (Cranston et al. 2017), currently producing 454, 000 tons of sheep meat
and 130, 000 tons of wool annually (Beef + Lamb New Zealand Economic Service 2022a) with
the majority being exported, contributing over 15% of export earnings obtained from pastoral
products (Beef + Lamb New Zealand Economic Service 2022a). New Zealand is the largest
exporter of lamb meat in the world, with the majority being exported to North Asia, European
Union and Great Britain, North America and the Middle East (Beef + Lamb New Zealand
Economic Service 2021). The contribution of wool and meat to the total income on sheep farms
has changed relatively over the past years and now is primarily driven by meat production

compared to wool (Table 2.1; Cranston et al. (2017)).

New Zealand’s sheep farms are classified into eight classes based on a combination of farming
system, topography and climatic condition (Cranston et al. 2017). Sheep performance varies
widely among the farm classes and a brief comparison of sheep production data collected from

a subset of farms within each class between the years of 1990/1991 and 2021/2022 are shown



Table 2.1 A comparison of sheep production data collected from a subset of farms within each class between the years of 1990/1991 and
2021/2022.

Year Farm type

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 WA

Area (ha) 1990/1991 10389 1604 607 376 215 381 183 251 514
2021/2022 8096 1500 845 459 280 520 256 355 698

Stock units/ha 1990/1991 0.9 3.6 8.1 10.7 12.0 8.4 12.9 7.1 6.6

2021/2022 1.6 4.5 8.1 9.3 10.1 8.3 10.9 8.7 6.5
Stock numbers at open 1990/1991 9112 4978 3673 2817 1785 2961 2430 1716 2804
2021/2022 12759 6702 6828 4283 2827 4314 2796 3094 4499
Ewe lambing % 1990/1991 84.1 94.6 91.9 100.6 98.3 103.2 120.2 113.7 102.8
2021/2022 107.1 128.3 129.9 130.5 134.5 137.6 134.0 133.3 130.8

Shorn wool sold (kg/sheep) 1990/1991 4.12 4.00 4.27 4.81 4.66 4.24 5.02 4.48 4,52
2021/2022 4.52 4.11 4.49 4.72 4.30 4.38 4.3 2.25 4.41

% of gross income from wool sales 1990/1991 70.6 40.4 31.8 27.6 21.7 32.2 32.2 115 29.9

2021/2022 30.2 6.0 3.7 2.6 14 3.2 3.6 0.5 4.3

% of gross income from sheep sales 1990/1991 13.1 334 25.1 23.4 23.9 41.5 53.7 21.9 31.8
2021/2022 43.2 70.3 62.3 50.5 324 58.8 73.1 125 51.2

Source: Beef + Lamb New Zealand (1992); (Beef + Lamb New Zealand Economic Service 2022a, 2022b)

Class 1: S.1 high country; Class 2: S.1 hill country; Class 3: N.I hard hill country; Class 4: N.I hill country Class 5: N.I intensive finishing farms; Class 6: S.I finishing breeding farms; Class 7: S.I intensive finishing
farms; Class 8: S.I mixed finishing farms; S.1 = South Island, N.I = North Island; WA: Weighted average of all classes

* Weighted average of all classes: These data represent the average of each of eight farm classes weighted by the proportion of farms to total farms.



in Table 2.1 (Beef + Lamb New Zealand 1992, 2021). Farm area has increased in most of the
farm types (except the class 1 and 2) and total stock units per farm increased in all classes;

however, stock units/ha only increased in four farm types (class 1, 2, 3 and 8; Table 2.1).

The total number of sheep in New Zealand decreased from 57.9 million in 1990/1991 to 26 .0
million in 2020/2021 (Beef + Lamb New Zealand Economic Service 2022a). However, there
was a significant improvement in the lambing percentage of ewes and the meat production (kg)
per ewe (Tables 2.1 and 2.2). The weighted average ewe lambing percentage of all classes
increased by 28.7% in the last three decades (Table 2.1). Lamb weight (kg/head) and lamb
production efficiency (kg/ewe) increased by 37 and 118%, respectively, from 1990/1991 to
2020/2021 (Table 2.2). Morris & Kenyon (2014) indicated that even though the total number
of sheep has declined, total production in terms of carcass production across the industries has
been maintained due to the increase in individual sheep performance. Over the past decades,
as stock units and sheep performance have increased N fertiliser application rates have risen

(Table 2.3).

Table 2.2 Comparison of sheep production in New Zealand between 1990/1991 and
2020/2021.

Sheep productivity Unit 1990/1991 2020/2021 change
Lambing performance lambs/100 ewe 102 130 +28%
Lamb weight kg/head 13.9 19.1 +37%
Lamb production kg/ewe 9.8 21.3 +118%
Wool production kg/head 53 5.0 -6%

Source: Beef + Lamb New Zealand Economic Service (2022a)

Table 2.3 Comparison of fertiliser application between 1990/1991 and 2019/2020.

Fertilizer usage Unit 1990/1991 2019/2020
Pasture fertilizer application kg/hal 217 163.2
Pasture nitrogen fertilizer application kg/ha? 1.1 17.0
Pasture phosphorus fertilizer application kg/ha? 9 11.4

Total applied fertiliser includes other nutrients and inactive components to improve application and utilization; 2Effective nutrient; Source:
(Beef + Lamb New Zealand 1992; Beef + Lamb New Zealand Economic Service 2022a).



2.2 Grazed forage systems

Intensive sheep farming in New Zealand has traditionally been based on perennial ryegrass
(Lolium perenne L.) and white clover (Trifolium repens) (RGWC) swards (Kemp et al. 1999).
However, dry matter production and nutritive value of this pasture can be limited during the
summer and autumn period because of moisture and temperature stress (Matthews et al.
1999b). Alternative pasture species such as chicory, plantain, lucerne and red clover have been
used, particularly under dryland systems (Fraser & Rowarth 1996; Kemp et al. 2010; Cranston
2017), and a range of short-term crops (brassicas) have been used to fill feed gaps in winter
and summer (Valentine & Kemp 2007). Due to the present national concern on water quality,
finding alternative species that yield adequately, are of high quality, and reduce N losses into
the environment would be of benefit to the New Zealand sheep industry. This section of the
review covers literature related to perennial ryegrass, white clover, Italian ryegrass (Lolium
multiflorum Lam.), plantain (Plantago lanceolata L.) and brassicas such as turnips (Brassica
rapa ssp. rapa), swedes (Brassica napus ssp. napobrassica) and kale (Brassica oleracea L.) in

relation to use in sheep farming systems in New Zealand.

2.2.1 Perennial ryegrass

Perennial ryegrass is the most widely sown temperate grass in New Zealand (Charlton &
Stewart 1999). Perennial ryegrass is easy to establish and manage and grows well in a wide
range of fertile soils (Charlton & Stewart 1999). It can rapidly regrow quality forage after heavy
grazing (Charlton & Stewart 1999); however, when the soil moisture is inadequate, it performs
poorly in hot and dry seasons (Charlton & Stewart 1999; Easton & StJohn 2001). The annual
dry matter (DM) production of ryegrass in New Zealand varies between 10 and 25 t DM/ha
(Easton & StJohn 2001). The wide variation is due to the differences across regions in

temperature, grazing management, soil moisture, and soil fertility (Kemp et al. 1999).
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Table 2.4 Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), water-
soluble carbohydrate (WSC) and metabolisable energy (ME) content of perennial ryegrass.

Author Herbage quality (g/kg DM) ME
CP NDF ADF WSC (MJ/kg DM)
New Zealand
Summer
Harrington et al. (2006) 232 281
Sun et al. (2012) 217 446 246 67 9.7
Autumn
Harris et al. (1998) 205 527 284 80 10.2
Barrell et al. (2000) 225 483 229 81 11.8
Burke et al. (2000) 155 487 255 91 11.0
Winter
Sun et al. (2012) 150 536 277 106 94
Spring
Hutton et al. (2011)
P140 150 347 196 10.8
L66 80 500 269 9.6
Sun et al. (2012) 150 536 277 106 94
Other Countries
Summer
Fulkerson et al. (2007) 221 515 313 57 9.9
Raeside et al. (2014) 125 544 10.6
Dineen et al. (2021) 177 354 211
Autumn
Moorby et al. (2004) 187 510 303 117
Fulkerson et al. (2007) 240 497 266 53 10.0
Dineen et al. (2021) 191 355 236
Winter
Fulkerson et al. (2007) 243 489 232 78 114
Raeside et al. (2014) 240 364 12,5
Spring
Fulkerson et al. (2007) 263 552 259 63 111
Raeside et al. (2014) 155 402 11.7
Dineen et al. (2021) 214 325 205

P140- ewe pregnancy 140 days, L-66 = 66 days after lambing

Nutrient composition
Across several studies conducted in New Zealand, crude protein (CP), neutral detergent fibre

(NDF) and acid detergent fibre (ADF) contents of perennial ryegrass ranged between 8.0 and
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23.2%, 34.7 and 53.6%, 19.6 and 28.4%, respectively, and metabolisable energy (ME) content

varied between 9.4 and 11.8 MJ/ kg DM (Table 2.4).

The nutritional value of the perennial ryegrass differs depending on the management practices,
season and stage of maturity (Burke et al. 2002). A study by Raeside et al. (2014), conducted
in western Victoria, Australia, observed lowest percentage of CP and highest percentage NDF
during summer (Table 2.4). Hodgson & Brookes (1999) stated that CP, WSC, and digestible
organic matter digestibility (DOMD) values of perennial ryegrass are at their lowest and NDF
is its maximum during summer. Ryegrass provides sufficient minerals for livestock during ad-

libitum feeding; however, the Mg and Na are at marginal concentrations (Grace 1983).

2.2.2  White clover

White clover is a legume commonly sown in a mixed pasture sward with grass, herbs or other
legume species. In a mix, it improves the sward quality, forage intake and utilization rates of
animals and provides N by N fixation (Caradus et al. 1996). White clover is a summer active
legume with optimal growing temperature ranging between 18 and 30°C (Mitchell 1956);
however, productivity can be limited during severe dry summer conditions (Hoglund & Brock
1987; Brock et al. 1989). It can grow well in moderate to highly fertile soils; and therefore, can
be successfully established in a range of soil types throughout New Zealand (Stewart et al.
2014). Compared to other species, white clover is low yielding with yield of 1 to 7 t DM/ha

depending on the pasture management, rainfall and soil fertility (Brock 1973).

Nutrient composition

Across a number of studies conducted in New Zealand, the average CP, WSC, and ME contents
of white clover were higher than the average of perennial ryegrass (Tables 2.4 and 2.5). Ulyatt
(1981) stated that the white clover has a higher level of digestible protein and lower level of

structural carbohydrates compared to perennial ryegrass. Fulkerson et al. (2007) reported
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greater value for CP, WSC and ME contents in white clover during winter compared to other
seasons in Australia (Table 2.5). White clover is rich in readily fermentable carbohydrates and
minerals such as calcium, phosphorus, magnesium, copper, zinc and cobalt; however, it is low

in lipids, sugars, cellulose, lignin, sodium and selenium (Caradus et al. 1996).

Table 2.5 Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), water-
soluble carbohydrate (WSC) and metabolisable energy (ME) content of white clover.

Herbage quality (g/kg DM) ME

Author
CP  NDF ADF WSC (MJ/kg DM)

New Zealand
Summer
Lindsay et al. (2007) 276 263 11.7
Harrington et al. (2006) 270 228
Autumn
Harris et al. (1998) 246 361 237 94 10.7
Barrell et al. (2000) 298 266 201 102 12.2
Other Countries
Summer
Fulkerson et al. (2007) 242 276 210 41 10
Winter
Fulkerson et al. (2007) 298 291 193 90 10.5
Spring
Fulkerson et al. (2007) 281 339 233 75 9.3

2.2.3 Perennial ryegrass and white clover sward

Perennial ryegrass with a component of white clover (RGWC) are the main forage species
sown in New Zealand (Kemp et al. 1999). The seasonal growth patterns of the RGWC
somewhat complement each other (Valentine & Kemp 2007). The growth rate of ryegrass in
winter is 20 kg/ha/day greater than white clover while the growth rate of ryegrass can reach
100 kg/ha/day in spring (Figure 2.1). Moisture stress and growth (reproductive) stage affect
the growth of ryegrass in summer (Valentine & Kemp 2007) while white clover grows over

summer and early autumn when temperatures and day length are highest leading to the highest
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Herbage yield (kg/ha)

levels of N fixation (Carran 1978). Most hill country pastures contain 5% legume or less (Moot

et al. 2007), whereas it can be 10% or more in lowland pastures (Brock & Hay 2001).

100 kg/ha/day

3000 20 kg/ha/day
2000 / / Ryegrass: growth curve
[

i

1000 White clover: growth curve ///////

Winter Spring Summer Autumn

Season
Figure 2.1 Seasonal production of perennial ryegrass and white clover at Palmerston North.

Slopes for 20 and 100 kg/ha/day of dry matter production are indicated by the dashed lines
(Brougham 1959; Valentine & Kemp 2007).

Nutrient composition

Previous studies conducted in New Zealand showed a wide variation in the nutrient content of
RGWC swards across seasons (Table 2.6). The CP content was highest in winter and lowest in
summer (Table 2.6; Somasiri (2014)). The average CP content of RGWC sward was 19.3%
which was higher than the average of perennial ryegrass (Tables 2.4 and 2.6). The average ME
content (10.3 MJ/kg DM) of RGWC sward was closer to the ME (10.4 MJ/kg DM) content of

perennial ryegrass over various New Zealand studies (Tables 2.4 and 2.6).
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Table 2.6 Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF),
organic matter digestibility (OMD) and metabolisable energy (ME) content of perennial

ryegrass/white clover sward.

Author Herbage quality (g/kg DM) ME Clover % in
CP__NDF_ADF_owmD  (MJkgDM) mix
New Zealand
Summer
Kenyon et al. (2010) 90.0 618 644 8.90
Hutton et al. (2011) 920 502 644 9.50 0.2
Somasiri (2014)
2011 187 463 236 694 10.1 115
2012 115 537 283 645 9.50 4.0
Cranston (2014) 210 400 254 740 10.6 18.0
Navarrete (2015) 205 121
Al-Marashdeh et al. (2021)
2017/2018 214 425 248 11.7
2018/2019 223 411 239 12.0
Navarrete et al. (2022) 98.4 477 9.8
Autumn
Golding et al. (2011) 200 480 640 9.0
Somasiri (2014)
2011 198 485 239 677 9.90 7.5
2012 293 395 193 749 10.8 1.0
Navarrete (2015) 184
Box et al. (2017) 234 419 276 899 11.1 25.7
Al-Marashdeh et al. (2021)
2017/2018 260 429 242 12.0
2018/2019 246 422 239 12.2
Navarrete et al. (2022) 205 467 10.0
Winter
Sinhadipathige et al. (2012) 228 396 5.0
Somasiri (2014)
2011 263 432 233 10.2 45
2012 320 3% 212 10.4 2.5
Spring
Kenyon et al. (2010) 131 544 9.2.0
Hutton et al. (2011) 123 362 720 10.6 4.9
Somasiri (2014)
Early spring
2011 247 430 219 711 10.4 5.0
2012 263 418 215 713 10.4 4.5
Late spring
2011 155 482 262 683 10.1 7.0
2012 167 472 236 701 10.3 6.0
Navarrete (2015) 350 204 10.7
Box et al. (2017) 186 460 265 903 117 7.28
Al-Marashdeh et al. (2021)
2017/2018 182 416 233 12.4
2018/2019 226 407 223 12.5
Navarrete et al. (2022) 211 456 10.0
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2.2.4 Italian ryegrass

Italian ryegrass has larger leaves and tillers, with less prolific tillering than perennial ryegrass
(Woods 2017). Italian ryegrass typically lasts 12-18 months in drier areas, and up to three years
under mild summer conditions (DairyNZ 2022a). Endophyte may be present in recently
introduced Italian ryegrass cultivars and potentially has greater persistence, depending upon
the insect pests present (DairyNZ 2022a). Italian ryegrass shows relatively high winter growth
rates and high nutritive value compared with perennial ryegrass (Charlton & Stewart 1999).
However, its growth in summer and autumn tends to be lower than that of the perennial ryegrass
(Figure 2.2; Kemp et al. (1999)). Autumn sowed Italian ryegrass can be grazed two to three
times before spring due to its fast winter growth (Ryan-Salter 2011). It grows rapidly and is
suitable for light grazing 4-6 weeks after sowing under good growing conditions (Stewart et al.
2014). Yields of Italian ryegrass are quite variable, and annual DM production of Italian
ryegrass ranges between 12.5 and 17 t DM/ha (New Zealand Plant Breeding and Research
Association 2021). The DM production is influenced by seeding dates, rainfall, temperature
and fertility (Bagg 2014). Ryan-Salter & Black (2012) observed 41% higher DM annual yield

in Italian ryegrass when mixed with red clover compared to a monoculture of Italian ryegrass.

45
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Perennial ryegrass

Net pasture growth rates
(kg DM/ha/day)

Winter Spring Summer Autumn
Season

Figure 2.2 Seasonal production of perennial ryegrass and lItalian ryegrass (adapted from
Stevens (2016)).
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Table 2.7 Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), water-
soluble carbohydrate (WSC) and metabolisable energy (ME) content of Italian ryegrass.

Herbage quality (g/kg DM)
Author CP NDF _ADF  WSC ME (MJ/kg DM)

New Zealand

Summer

Ryan-Salter & Black (2012)
Early Summer 55.0 11.3
Late Summer 96.0 9.5

Autumn
Ryan-Salter & Black (2012)
Early autumn 143.0 11.7
Late autumn 287 12.7
Winter
De Ruiter et al. (2007)
Early Winter 182 226 142 115 13.3
Mid-Winter 196 383 206 183 12.6
Late Winter 199 462 233 194 12.2
Ryan-Salter & Black (2012) 243 12.7
Spring
Ulyatt et al. (1974)
Early spring 153
Mid spring 190
Late spring 178
Other Countries
Summer
Hopkins (2003) 214 502 292 65.0
Autumn
Thompson et al. (1992) 196 507 356
Winter
Thompson et al. (1992) 202 446 335
Hopkins (2003) 197 510 263 150

Nutrient composition

The CP percentage of Italian ryegrass ranges between 5.5 and 24% (Table 2.7). Ryan-Salter &
Black (2012) stated that the CP content of the Italian ryegrass varies significantly at different
times of the year and is at its maximum in May and July (28.7 and 24.3% respectively), and
reduced considerably during December and February (5.5 and 9.6% respectively). Hopkins
(2003) found a WSC content of 6.5% in a warm climate and 15.0% in cold climate. The
variation in the WSC content depends on the season, with higher WSC in a cool-season due to

the accumulation of plant metabolites (carbohydrate and fructose) in cool condition (Kobayashi
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et al. 2008). The mean ME content of Italian ryegrass was 12.4 MJ/kg DM (Table 2.7), higher
than the ME content of pure ryegrass or ryegrass white clover mixed swards (Tables 2.4 and

2.6).

2.2.5 Plantain

Plantain is a perennial herb that is grown as a monoculture or as a diverse pasture mixed sward
with or without clover (Lee et al. 2015). It can grow quickly under a wide range of soil types
(Stewart 1996). Due to this hardiness, it is widely used in dryland environments to improve dry
matter production in summer (Stewart 1996). Moorhead & Piggot (2009) did not find any
significant difference in the dry matter yield between plantain-based sward which included
plantain, red and white clover and ryegrass during winter and spring. Under New Zealand
grazing management, the annual DM vyield of plantain ranges between 10 and 18 t DM/ha
(Powell et al. 2007; Cranston 2014; Somasiri 2014; Lee et al. 2015; Navarrete 2015) and in a
mixed sward with white and red clover, the yield was 11.7 t DM/ha (Rumball et al. 1997). Pure
sward of plantain can be grazed over at least two to four years (Powell et al. 2007). Plantain
contains biologically active secondary plant compounds including aucubin, iridoid, glucosides
and mucilage at levels up to 3% of DM (Stewart 1996). The effect of secondary compounds on

rumen microbial activity is explained in Section 2.4.

Nutrient composition
The CP percentage of plantain ranges between 9.1 and 30% (Table 2.8) but is typically lower

than perennial ryegrass, white clover, RGWC and Italian ryegrass (Tables 2.4 to 2.7).
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Table 2.8 Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), water-
soluble carbohydrate (WSC) and metabolisable energy (ME) content of plantain.
Herbage quality (g/kg DM)

Author CP_NDE _ADFE_ WSC ME (MJ/kg DM)
New Zealand
Summer
Cranston (2014) 220 276 198 11.6
Cave et al. (2014) 180 330
Lee et al. (2015) 220 345
Pain et al. (2015) 177 340 236 102 10.7
Navarrete (2015) 208 252 181 128 11.4
Navarrete et al. (2022) 166 379 81.7 9.7
Autumn
Harrington et al. (2006) 283 256
Cranston (2014) 210 247 159 11.8
Lee et al. (2015) 240 235
Navarrete (2015) 264 198 152 12.0
Box et al. (2017) 223 305 228 103 11.0
Cranston et al. (2018)
Autumn
Farm 1 208 295 111
Farm 2 207 327 10.7
Farm 3 172 312 10.9
Navarrete et al. (2022) 208 329 64 10.3
Spring
Cranston (2014)
Early spring 238 194 135 12.1
Late spring 247 193 132 12.2
Pain et al. (2015) 91 415 270 135 10.0
Navarrete (2015) 195 285 214 112 114
Box et al. (2016) 195 340 247 60.7 11.8
Navarrete et al. (2022) 180 267 111 10.3
Other countries
Summer
Raeside et al. (2014) 138 420 9.8
Winter
Raeside et al. (2014) 158 267 12.3
Spring
Raeside et al. (2014)
Early spring 117 229 11.8
Late spring 160 299 11.1
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The CP content of the plantain varies with season, being greater in warmer conditions and
lower in cooler conditions (Sanderson et al. 2003). Lee et al. (2015) mentioned that the CP
content of plantain declined with increasing grazing interval due to the extended leaf height
maturity when left un-grazed for longer intervals (Lee et al. 2015). Plantain has lower levels of
NDF and ADF (average percentage) and higher levels of WSC (average percentage) than
perennial ryegrass (Tables 2.4 and 2.8). Compared to perennial ryegrass (10.4 MJ/kg DM)
improved level of ME content (11.4 MJ/kg DM) content was reported in the previous New

Zealand studies (Tables 2.4 and 2.8).

2.2.6 Brassicas

Brassicas are used as annual crops to fill periods of feed deficits, particularly in winter and
summer (Valentine & Kemp 2007). Brassicas are highly productive and may be ready to graze
from 45 - 250 days from sowing, depending on the species and variety (Valentine & Kemp
2007). Leaves and bulb of the brassicas are highly digestible and a rich source of soluble
carbohydrate (starch and soluble sugars; De Ruiter et al. (2007)). Bulbs of brassica contain a
higher proportion of readily fermentable CHO than grass, while they have similar CP content
(Barry 2013). Forage brassicas such as turnips, swedes and kale are high in ME (12.0-13.8 MJ
ME/kg DM) and low in DM% and fibre (Litherland & Lambert 2007). These species have
adequate CP content for optimum live weight gain (Litherland & Lambert 2007). The
important trace minerals like copper, cobalt and selenium are low in brassicas. Also, they are

low in iodine and can cause thyroid and reproductive problems (De Ruiter et al. 2007).

Turnips

Bulb turnips are one of the main brassicas’ crops used for supplementation of poor pasture
growth in winter due to their high potential for growth and yield during winter (Moot et al.
2007). Turnips are quicker maturing than swedes, and cultivar like “Green Globe” take
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approximately 110 days to mature (White & Hodgson 1999). Turnips are a more favoured
winter feed than swedes in areas where a cool, short growing season limits the use of slower
maturing crops (Moot et al. 2007). The DM production of the brassicas is influenced by thermal
time and interception of radiation (Moot et al. 2007). Annual DM yield of bulb turnips is highly

variable (6 to 15 t DM/ha), with earlier sown crops producing greater yields (Moot et al. 2007).

Swedes

Swedes are normally used as a winter feed crop to fill the winter feed deficit (De Ruiter et al.
2007). Swedes produce a higher yield over a longer period (5 months) of the growing season
than turnips (White & Hodgson 1999) because of their longer vegetative growth period. They
perform well in cooler, moist environments as they have a low tolerance to drought; however,
they cannot grow well in waterlogged areas (DairyNZ 2022d). Yields of 12-16 t DM/ha can be
obtained under good growing conditions, although this varies with soil type, fertility, disease
severity, and available moisture (DairyNZ 2022d). The keeping quality of swedes is greater
than turnips and they can be grazed from early to late winter (White & Hodgson 1999).
However, adverse weather and disease damage during winter can cause yield declines

(DairyNZ 2022d).

Kale

Kale is normally used as a second brassica crop, especially after swedes, because of its
tolerance to club root and dry rot (DairyNZ 2022c). It has a deep root system, and therefore
has good drought tolerance (DairyNZ 2022c). Kestrel, a short to medium kale type, produces
high-quality stems and can carry higher leaf percentages through the winter (PGG Wrightson
Seeds 2017). Combining high leaf percentages with soft quality stems, Kestrel can offer a high
ME feed that is suitable for chasing live weight targets in priority stock classes (PGG
Wrightson Seeds 2017). The potential DM yield of short to medium cultivars is around 12 to
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15 t DM/ha under good growing conditions (DairyNZ 2022c); however, yields are variable

depending on the soil type, fertility and available moisture.

Nutrient composition of turnips, swedes and kale

Nutritional compositions of turnips, swedes and kale are given in Tables 2.9 to 2.11. Across a
number of studies conducted in New Zealand, the mean CP and ME contents of turnips and
swede leaf were higher than the bulb (Tables 2.9 and 2.10). Pelletier et al. (1976) stated that
the CP content of brassica is greater in leaves than bulbs, but bulbs accumulated more nitrate
than leaves. The nutritional content of brassicas varies with environmental conditions and
degree of maturity of the plant at the time of harvest (Winkler 2017). The average WSC content
of swede bulb is almost double that of the WSC of both swede leaf and turnip leaf (Tables 2.9

and 2.10).

Table 2.9 Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), water-
soluble carbohydrate (WSC) and metabolisable energy (ME) content of turnips.

Author Herbage quality (g/kg DM) MEém;/kg
CP NDF ADF WSC
New Zealand
Winter
Barry & Drew (1978) Leaf 199
Bulb 172
De Ruiter et al. (2007) Bulb 127 237 183 579 111
Whole plant 158 177 278 270 12.3
Westwood & Mulcock (2012) Whole plant 143 232 189 263 114
Dalley et al. (2017) Leaf 218 262 221 197
Bulb 134 266 199 380

Whole plant 126 417 328 233
Other Countries

Winter
Koch et al. (2002) Leaf 109 269 246
Keim et al. (2020) Wholeplant 174 179
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Table 2.10 Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF),
water-soluble carbohydrate (WSC) and metabolisable energy (ME) content of swedes.

Herbage quality (g/kg DM)

Author CP _NDE _ADE _ WSC ME (MJ/kg DM)
New Zealand
Winter
Drew et al. (1974) Whole plant 179
Barry & Drew (1978) Leaf 163
Bulb 172
De Ruiter et al. (2007) Whole plant 119 213 175 481 11.6
Sun et al. (2012) Whole plant 162 176 121 301 14.1
Westwood & Mulcock (2012) Whole plant 145 160 150 473 13.7
Dalley et al. (2017) Leaf 245 171 169 191
Bulb 113 154 145 473
Thant et al. (2020) Whole plant 149 218 194 275 10.2
Other countries
Winter
Keogh et al. (2009) Whole plant 114 265 253
Winkler (2017)
Major plus Leaf 242 227 160
Bulb 143 412 323
Am.Purple Top Leaf 256 237 183
Bulb 156 421 329
Dominion Leaf 252 229 168
Bulb 156 421 329
Keim et al. (2020) Whole plant 132 300
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Table 2.11 Crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF),
water-soluble carbohydrate (WSC) and metabolisable energy (ME) content of kale.

Herbage quality (g/kg DM)

Author cp NDE  ADFE  WSC ME (MJ/kg DM)
New Zealand

Winter

De Ruiter et al. (2007) 131 271 226 387 115
Westwood & Mulcock (2012) 138 246 213 280 11.7
Dalley et al. (2017) 135 342 252 270

Thant et al. (2020) 93 353 279 242 9.13
DairyNZ (2022c) 12 or more

Other countries
Winter
Keim et al. (2020) 110 300

2.2.7 Animal performance on different forages

Ewe weight gain and BCS change during late pregnancy and lactation.

Research conducted in Canterbury, New Zealand, found that ewes grazed on plantain during
late pregnancy and lactation had increased live weight gain compared to ewes grazed on
perennial ryegrass (Table 2.12; Judson et al. (2009)). One of the possibilities for the above
could be the ability of plantain to supply more metabolisable protein than the perennial ryegrass
(Judson et al. 2009). In contrast, research conducted at Palmerston North, New Zealand
(Kenyon et al. 2010) and Victoria, Australia (Raeside et al. 2014) found that mixed swards of
plantain (Raeside et al. 2014) or plantain/perennial ryegrass (Kenyon et al. 2010; Raeside et al.

2014) did not improve ewe performance relative to RGWC swards (Table 2.12).

Lamb birth weight
Raeside et al. (2014) did not find any significant differences in the birth weight of the lambs of
ewes grazed on perennial ryegrass or plantain at the same level of birth type (twins or singles)

(Table 2.13),
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Lamb growth to weaning and weaning weight

Judson et al. (2009) reported that the lambs grazed on plantain displayed improved live weight
gain to weaning and live weight at weaning compared to lambs grazed on perennial ryegrass
(Table 2.13). However, Kenyon et al. (2010) did not find any significant differences in lambs’
growth to weaning between the lambs grazed on RGWC and those grazed on plantain/perennial
ryegrass mixed swards (Table 2.13). Similarly, Raeside et al. (2014) did not find any significant
differences in weaning weight of the lambs grazed on perennial ryegrass or plantain from the

same birth type (twins or singles) (Table 2.13).

Lamb post-weaning growth and carcass weight

Lambs fed with RGWC had greater live weight gain from weaning to slaughter (Table 2.13;
Eerens & Ryan (2000)) than lambs fed perennial ryegrass. Pure swards of perennial ryegrass
may not be enough for all livestock to obtain their potential growth (Barry 1981; Fraser &
Rowarth 1996). This is due to the higher feeding value of the white clover than that of ryegrass
(Ulyatt 1981). Harris et al. (1997) reported that the higher level of white clover in a mixture of
RGWC sward enhances the digestibility and intake of protein and energy. Farmers can produce
nearly 25% more dry matter, 40% more carcass weight and 25% more wool from RGWC sward

than from pastures with ryegrass alone receiving 270 kg N/ha/year (Eerens & Ryan 2000).

Lamb grazing on plantain did not improve lamb performance relative to perennial ryegrass
(Fraser & Rowarth 1996) and RGWC sward (Appleton 2011) (Table 2.13). In contrast,
Somasiri (2014) reported that the plantain and clover sward can support greater lamb live
weight gains and carcass weight than RGWC sward (Table 2.13). Similarly, Deaker (1994)
observed greater carcass weight in the lambs fed with plantain than the perennial ryegrass

(Table 2.13). This variation could be due to the differences in the cultivar used. Fraser &
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Rowarth (1996) used Lancelot which is not as good as Tonic. Other studies (Deaker 1994;

Somasiri 2014) used Tonic.

The plants with greater nutrient composition would likely have resulted in higher feeding
values (Waghorn et al. 2007). The greater energy content of the plantain than that of the
perennial ryegrass (Tables 2.4 and 2.6) would result in higher growth rate in lambs in
plantain/white clover mix compared to RGWC sward (Table 2.13). Further, the fibre content
of perennial ryegrass was higher than that for plantain, which can limit feed intake (Waghorn
et al. 2007) and can affect lamb growth negatively (Somasiri 2014). Further, Somasiri (2014)
recommended using plantain/white clover swards to improve lamb carcass weights and value

over RGWC swards.

Studies comparing the performance of young sheep grazing brassica have shown that sheep
grazing turnips, or a mixture of swedes and Italian ryegrass, gained more weight than sheep

grazing swedes alone (Table 2.14).
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Table 2.12 Effect of grazing ewe on perennial ryegrass (RG), ryegrass/white clover (RGWC), Italian ryegrass (IR), plantain (P) and
ryegrass/plantain (RG/P) during late pregnancy and lactation on ewe live weight change to weaning and ewe body conditioning score (BCS).

Means within rows with different superscripts are significantly different at P<0.05 level.

Ewe live weight change from late pregnancy to

Ewe BCS change from late pregnancy to weaning

Author :
weaning (kg)
RG RGWC P RG/P RGWC RG/P
Judson et al. (2009)
Year 1 -7.5% 6.6
Year 2 -2.3? 7.2°
Kenyon et al. (2010) -9.3 -11.8 -0.1 -0.3
Raeside et al. (2014)
Single 0.73 1.68
Twin -7.26 -7.88
Cranston et al. (2016)
L59 70.6 70.7 2.7 2.7
L 96 75.9 75.5 2.9 2.9

L59: 59 days after the midpoint of lambing; L96: 96 days after the midpoint of lambing.
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Table 2.13 Effect of grazing ewe on perennial ryegrass (RG), ryegrass/white clover (RGWC), Italian ryegrass (IR), plantain (P) and plantain/white
clover (PWC) on their lamb birth weight, lamb live weight gain to weaning, lamb survival to weaning % and lamb weight at weaning. Means
within rows with different superscripts are significantly different at P<0.05 level.

Lamb birth Lamb growth to weaning (g/day) Lamb growth (g/day)

Author weight (kg) between L50 and Log  —omP weight at weaning (kg)
RGWC P RG RGWC P PWC RGWC PWC RG  RGWC P
Eerens & Ryan (2000) 247.0°  276.0% 21.6° 23.92
Judson et al. (2009)
Year 1 296.0° 376.0° 33.9° 41.12
Year 2 309.0° 346.0° 30.7° 33.9%
Kenyon et al. (2010) 242.0 249.2
Raeside et al. (2014)
Single 5.3 5.6 35.6 29.9
Twin 3.9 4.6 25.7 28.0
Cranston et al. (2016) 318 327

L59: 59 days after the midpoint of lambing; L96: 96 days after the midpoint of lambing.

Table 2.14 Effect of grazing sheep on turnips, swedes and swedes/Italian ryegrass mixture on daily weight gain of young sheep.

Turnips Swedes Swedes/Italian ryegrass (20%)
Author Weight gain (g/day) Weight gain (g/day) Weight gain (g/day)
Winter
Drew et al. (1974) Wether hoggets 111 101
Barry & Drew (1978) Wether hoggets 116 101
Stevens et al. (1994) Young sheep 109 132
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2.3 Sheep grazing system effects on nitrate leaching

Publication

Maheswaran S, Cranston LM, Millner JP, Horne DJ, Hanly JA, Kenyon PR, Kemp PD 2022.
Effects of sheep grazing systems on water quality with a focus on nitrate leaching. Agriculture

12: 758. https://doi.org/10.3390/agriculture12060758.

2.3.1 Abstract

This article reviews the literature on nitrate (NO3") leaching under sheep grazing systems and
focuses on identifying future research needs. Urinary nitrogen (N) is an important source of
the NOs™ leached from pastoral agriculture. Urinary N excretion can be measured or simulated
using models and has been well characterised for dairy systems. It is difficult to continuously
monitor the urinary N excretion of sheep under field conditions, consequently, measurements
of N excretion in sheep urine are limited. Urination events by sheep vary greatly in volume
(0.5 L to 6.9 L), concentration (3 to 13.7 g N/L) and frequency (8 to 23 events/day): this
variation results in a corresponding variation in N loading rates in urine patches. The amount
of NOs™ leached under pastures grazed by sheep has typically varied between 1 and 50 kg
N/halyear, but rates as high as 300 kg N/ha/year have been reported. The quantity of NOs
leached under sheep depends on; season, climate, quantity and timing of drainage and the
interaction between forage production and stocking rate, fertiliser applied, N fixation by
legumes, forage type and grazing management. Most studies examining NO3™ leaching under
sheep grazing systems are more than 20 years old, so there is little recent information on NOz
leaching under modern, pasture-based sheep production systems. Further research is required
to; quantify NOgz™ leaching levels under current sheep farming practices, understand the impacts
of this leaching on water quality and, to help identify effective strategies to reduce the transfer

of N from grazed paddocks to receiving water bodies. This additional information will help
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provide information for decision support tools, including models, and management practices,

to help sheep farmers minimise their impact on the aquatic environment.

Keywords: climate; nitrogen; pasture system; season; soil, urine

2.3.2 Introduction

Nitrogen (N) losses in drainage and runoff from agricultural soils, particularly from intensively
grazed pasture, can be a significant cause of water quality deterioration in many parts of the
world (Ruz-Jerez et al. 1995; Cuttle et al. 1996; Silva et al. 1999; Di & Cameron 2002;
Houlbrooke et al. 2004). Nitrate (NOgz") is the most common form of N in drainage water
(Haynes & Williams 1993; Monaghan et al. 2002). At higher concentrations (> 11.3 mg N/L),
NOs™ can be hazardous to human health and aquatic life (Di & Cameron 2002): more
problematically, a relatively small concentration of NOz™ can promote undesirable biological
growth, which following eutrophication, results in a deterioration in water quality (Di &
Cameron 2002). Nitrate has a negative charge and is repelled by cation exchange sites on soil
surface (Garwood & Ryden 1986); therefore, it is easily leached when water drains through
soil (Di & Cameron 2002). In comparison, ammonium (NH4") does not generally move far
within the soil profile because it is attracted to cation exchange sites (Haynes & Williams 1993;

Monaghan et al. 2002).

Nitrogen cycling in a grazing system is influenced by the grazing animal’s diet and the
partitioning of ingested N within the animal (Williams & Haynes 1994). Generally, between
75-95% of ingested N is returned to the soil, and approximately 70% of this N is excreted in
urine (Figure 2.3). Thus, the primary source of NOs™ leached from grazed pasture is livestock

urine (Figure 2.3). Nitrogen in faeces is present in more complex organic forms that are less
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rapidly mineralised; therefore, it is not a significant contributor to NO3™ leaching (Wachendorf

et al. 2005).

Product loss 1.5 kg N/ha/day

Pasture 20 kg N/ha/day

Urine 3.5 kg N/ha/day
Dung 5 kg N/ha/day

Figure 2.3 Nitrogen (N) transfer in a sheep grazing system, for one day’s grazing assuming
533 sheep/ha ingesting 800 kg DM pasture @ 2.5% N. Based on Haynes & Williams (1993).

Nitrate leaching is widely believed to be significantly lower under sheep farming than dairy
cow systems (Williams & Haynes 1994; Hoogendoorn et al. 2011). However, in order to
remain economically viable, sheep production systems in New Zealand, particularly those on
flat or undulating landscapes, have intensified over time, with greater use of N fertiliser and
higher stocking rates (Morris & Kenyon 2014). Therefore, it is likely that NO3™ leaching rates
from sheep systems is greater than those previously reported in New Zealand, necessitating a
reassessment of N losses, especially under intensive grazing practices. Currently, there are no
long-term studies of NOs™ leaching from modern pastoral-based sheep production systems in
New Zealand. Due to the potentially adverse environmental effects of intensive farming on
water quality (Cameron et al. 2013), some regional councils have placed NOs™ leaching caps
on dairy farms (Ministry for the Environment 2020). In the future, these restrictions may be
extended to other livestock industries, including intensive sheep farming. Therefore,

knowledge of potential leaching rates and mitigation measures will be of benefit.
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This review aims to explicitly examine the current knowledge of N excretion in sheep urine
and how urination behaviour and other factors determine the extent of NOs™ leaching under
sheep grazing systems. Further, it aims to identify the areas of research and development that
are required to enhance knowledge and understanding of NOs™ leaching under modern sheep
grazing systems, including N application/loading, grazing management and alternative

pastures.

2.3.3 Measurements of nitrate leaching under sheep grazing systems

The few studies to date that have measured NOz leaching under typical sheep grazing
conditions have mostly used soil core samples, suction cups or lysimeter methods, and reported
NOs" leaching rates ranged from 2 to 94 kg N/hal/year (Table 2.15). Nitrate leaching rates
greater than 100 kg N/ ha were reported in New Zealand when the N fertiliser level was above
200 kg N/ha (Table 2.15). In contrast, in a UK study (Cuttle et al. 1996), NO3™ leaching rate
remained below 50 kg N/ha even when N fertiliser rate was above 200 kg N/ha. The few studies
that measured NOgz" leaching from mole and pipe drains (Table 2.16) have reported NO3
leaching ranging from 8.6 to 50 kg N/ha/year (Heng et al. 1991; Magesan et al. 1996; White et
al. 1998). In studies of mole and pipe drainage, NOs leaching under different N fertiliser rates
(0, 50 and 120 kg N/ha) were compared (Heng et al. 1991; Magesan et al. 1996; White et al.
1998): no differences in NO3™ leaching were found between no N fertiliser and the other two

moderate N application rates.

Summarising Table 2.15, NO3™ leaching under sheep grazing varies depending on; the amount
of fertiliser applied (Hoogendoorn et al. 2017), the level of soil fertility (Parfitt et al. 2009), the
amount of N fixed by legumes in the pasture (Field et al. 1985) and stocking rate (Cuttle &
Scholefield 1995). The following sections discuss what is or is not known regarding factors

affecting leaching levels under sheep grazing.
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2.3.4 Sheep urination

Nitrogen losses under grazing systems are primarily driven by the amount of urinary-N
excreted by animals (Williams & Haynes 1994) for a particular soil type, climate context, and
the season of the urinary-N return. For example, although the N content in urine in spring may
be relatively high, it may not significantly impact NOs™ leaching due to rapid pasture growth
and associated N uptake at this time of the year (Shepherd & Lucci 2013). The total quantity
of N deposited in sheep urine patches over a given period is influenced by the concentration of
N in the urine, the number of urination events, the volume of urine voided at each urination
event and the size of the urination patch (Haynes & Williams 1993). Sheep urination events
under grazing conditions are highly variable in volume, concentration and frequency
(Betteridge et al. 2010; Hoogendoorn et al. 2010; Marsden et al. 2020). This variation can lead

to larger differences in urine-N loading to soils (Li et al. 2012).

Currently, information on sheep urination events under pastoral grazing conditions is limited
due to the difficulty of continuously monitoring urination by sheep (David et al. 2015; Marsden
et al. 2020). Consequently, most data have been derived from indoor, full-collection studies in
which animals are penned for sampling (Jonker et al. 2015; Lindsay 2016; O'Connell et al.
2016; McGusty 2017). However, some studies have utilised sensors (thermistors) in
conjunction with GPS to determine the spatial distribution of sheep urination events (Betteridge
et al. 2010). In dairy cattle, advanced technologies, including sensors and urine meters, have
been successfully utilised to measure urination behaviour, including urine volume and
frequency (Marshall et al. 2020). Tri-axial accelerometer sensors are beginning to be trailed on
sheep (Lush et al. 2018). If successful, these technologies would allow more comprehensive

studies of sheep urination behaviour to be undertaken under field conditions.
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Table 2.15 Summary of nitrate-nitrogen (N) leaching in sheep grazing pasture systems measured using lysimeter or ceramic cups at different
depths.

Fertiliser-N Drainage Total Nitrate N
Reference Soil texture Stocking rate or urine application applied
(mm) leached (kg/ha)
(kg N/ha)
New Zealand
Monaghan et al. (1989) Silt loam Sheep urine applied equivalent to 265 kg N/ ha 0 7-136 19-37
Hoogendoorn et al. (2011) Sand Rotational grazing of sheep for many days 0 100 20-31
Hoogendoorn et al. (2017) Silty clay loam  Rotational grazing of non-lactating ewes (200-250 0 47-74
toclay loam  ewes/ha for 3-4-day grazing and 10-14 times/year) 100 43-67
200 37-94
300 113-176
400 152-227
500 235-315
750 238-368
Williams & Haynes (1994) Silt loam Sheep urine equivalent to 290 kg N/ ha (5.6 g N/L) 3-16
Di & Cameron (2007) Silt loam Cow urine equivalent to sheep urine 20
Urine-N applied at the rates of 300 kg N/ha 60
Urine-N applied at the rates of 300 kg N/ha + DCD 10
Australia
Melland et al. (2008) Coarse sand to 26 su/ha at set stocking high P 5.8-7.7
clay loam and 19 su/ha at set stocking low P 3.5-5.2
light to heavy 27-28 SU/ha at rotational grazing high P 3.2-5.0
clay 27-28 SU/ha at rotational grazing high P 4.6-5.1
UK
Cuttle et al. (1996) Fineloam  Ewes + PreWL 18.8 unit/ha, PostWL: 24.9 lambs/ha 0 5.4-13.3
Ewes + PreWL 21.6 unit/ha, PostWL.: 25.2 lambs/ha 398 5.6
Ewes + PreWL 18.8 unit/ha, PostWL.: 22.7 lambs/ha 467 13.6
Ewes + PreWL 17.8 unit/ha, PostWL: 25.7 lambs/ha 462 10.3
Cuttle et al. (1998) Fine loam Continuous stocking of ewes and lambs 0 454-692 6-34
152-197 8-46

SU: stocking unit; PreWL: Pre-weaning lambs; PostWL: Post-weaning lamb.
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Table 2.16 Summary of nitrate-nitrogen (N) leaching in sheep grazing pasture systems measured using mole and pipe drainage systems.

Fertiliser-N

Total Nitrate-N

Reference Soil texture Stocking rate or urine application applied Drainage leached
(kgN/hay (MM (kg N/ha)
New Zealand
Heng et al. (1991) Silt loam No grazing 0 87-304 8.6-12.6
40-50 sheep grazed one week 50 100-118 14.9-19.7
Magesan et al. (1996) Silt loam No grazing 0 304-339 9-23
No grazing 50 257-300 13-17
Intensively grazed by sheep for several days 0 118-266 19-50
Intensively grazed by sheep for several days 50 100-236 15-44
White et al. (1998) Silt loam 40 sheep for one week 0 35
40 sheep for one week 120 23
21 sheep for 5 days 0 43
21 sheep for 5 days 120 17
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Urine volume

Indoor sheep studies utilising metabolic crates report a wide range in total daily urinary volume,
ranging from 0.5 L to 6.9 L/day (Marsden et al. 2020). Urine volume is influenced by season
and forage type (O'Connell et al. 2016; McGusty 2017; Marsden et al. 2020). Under field
conditions, Doak (1952) reported that the average daily urine volume usually varied between
1.7 and 3.8 L. Maximum daily urine volumes (11 L/day) were observed in October (spring);
this was a reflection of high foliage water content (Doak 1952). However, in a recent UK study,
ewes grazing ad libitum on a perennial ryegrass dominated sward had greater individual urine
event volumes and daily urine volumes during a hot autumn (mean temperature of 16.4 °C, 377
ml urine/event and 3.13 L urine/day) compared to a cool summer (mean temperature of 14.5
°C, 239 ml urine/event and 2.02 L urine/day) or spring (mean temperature of 11.3 °C, 177 ml
urine/event and 2.03 L urine/day) (Marsden et al. 2020). They suggested that feed and water
intake could be drivers for these differences in the production of urine volume (Marsden et al.
2020), but these factors were not measured. Recent studies have shown that forage species,
such as plantain, influence urinary volume, which is discussed in detail in later sections

(Section 2.3.5).

Measuring the urine volume of sheep is a very laborious process and usually involves placing
animals in metabolic crates (David et al. 2015). Currently, it is not practical to collect accurate
measurements of urine volume from sheep under pastoral grazing conditions and so alternative
indicators are often employed. Muscle creatinine (a metabolite formed in muscle by removing
water from creatinine phosphate) is produced daily at what is thought to be a constant rate,
determined by the sheep’s live weight (per kilogram of animal muscle mass), and is exclusively
excreted via urine (David et al. 2015). Therefore, measurements of urine creatinine
concentration along with the ratio of daily creatinine excretion per unit of live weight (LW) are

commonly used to predict daily urine output (L/day). This method has predicted values of 1.4
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to 7.6 L/day (Table 2.17). However, Jonker et al. (2021) have recently indicated that creatinine
excretion per kg of body weight is not as constant as initially thought, leading to
underestimations of the urine output of sheep fed with low DM forage crops. Accordingly, they
attempted to develop a model using multiple data inputs to improve the prediction of sheep’s
daily urine output (Jonker et al. 2021). However, when these equations were applied to
creatinine concentrations based on spot urine samples collected in the authors’ study
(Maheswaran et al. 2022a), predicted urine volumes ranged from 0.5 to 49 L/day (Table 2.17).
The equations that use creatinine concentration to predict sheep urinary N output lack
consistency and often produce unrealistic values (i.e., well above 10 L/day). If spot urine
samples are to be successfully used to predict total urine output (based on creatinine), further
studies are required to understand how creatinine excretion is influenced by time of the day,

forage type, water intake and animal live weight and physiological stage.

Urine-N concentration

Nitrogen concentration in urine is another primary determinant of soil N loading rates via urine
patches (Hoogendoorn et al. 2010). The concentration of N excreted in each urination event
depends on the amount of excess metabolised N excreted and urine volume (Hoogendoorn et
al. 2010). Therefore, understanding N concentrations in sheep urine helps to explain N leaching
rates. Across several studies, the N concentration of sheep urine has been shown to vary from
3 to 13.7 g N/L (Table 2.18). Urine-N concentration appears to vary with: pasture type, N
intake, water intake, season, and animal reproductive status (Selbie et al. 2015). Increasing N
intake has been shown to increase the excretion of urine-N; however, high N feeds do not
necessarily correspond to higher urine-N concentration because it also depends on water intake
(Selbie et al. 2015). The effect of forage species on sheep urine-N concentration is explained

in Section 2.3.5.
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Hoogendoorn et al. (2010) measured the N concentration of urine from ewes (12 to 18-month-
old) grazing a ryegrass/cocksfoot-based pasture over three periods for three consecutive days
during spring and autumn. They observed variations in N concentration between individual
urination events within days, between days and between individual sheep. Their study showed
higher urinary N concentration in the afternoon relative to the morning (Hoogendoorn et al.
2010). The reason for this variation was not explained by Hoogendoorn et al. (2010), but
previous studies have shown that the water-soluble carbohydrates (WSC) and CP contents of
pastures fluctuated throughout the day, with a lower WSC/CP ratio in the morning and higher
in the afternoon (Avondo et al. 2008). Therefore, a significant intake of reduced WSC pastures
in the morning may lead to an increase in the N concentration in the urine excreted during the
afternoon. Variation in morning and afternoon N concentrations are not likely to affect annual
leaching. However, it is important to consider this variation when sampling urine and making

comparisons between studies.

Urination frequency

There are few data on the average daily urination frequency of sheep under grazing conditions.
The available data indicate that urination frequency in sheep varies from 8 to 23 events/day
(Betteridge et al. 2010; Marsden et al. 2020). In a field study, the frequency of urination
recorded using sensors was between 13 and 23 events/day (Betteridge et al. 2010) while ewes
grazing pasture and placed in pens for six-hour periods to facilitate the capture of urination
data, had a mean urination frequency of 9.7 events/day, with a range of 8 to 12 events/day
(Marsden et al. 2020). However, care is required when interpreting these data and extrapolating
to 24 hours under grazing conditions, as penning itself could affect frequency. Betteridge et al.
(2010) reported that the frequency of urination in sheep increased from morning (09:00 hrs)
and reached a maximum in the evening (20:00 hrs). This variation across the day might be

explained by fluctuations in air temperature (Betteridge et al. 2010). In addition, Betteridge et
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al. (2010) mentioned that as foraging activity increases, sheep urinate more frequently during
the day than at night (Betteridge et al. 2010). More studies are required to measure the urination

frequency of sheep when roaming and grazing pastures.

Urine patch area

Many variables determine the size of the urine patch. These factors include urine volume, soil
moisture content, soil surface microtopography, the presence and size of pores open to the soil
surface, vegetation cover, slope and wind (Haynes & Williams 1993). Williams & Haynes
(1994) used bromide to trace the physical movement of sheep urine through a silt loam to
determine the shape and size of the soil volume wetted by urine. They reported that sheep urine
moved in both horizontal and vertical directions in the soil profile (the soil water content ranged
from 20 to 30%), covering an area of 0.043-0.055 m? and a maximum depth of 0.15 m
(Williams & Haynes 1994). Other studies using *>N-labelled urine reported similar urinary spot

areas (0.03-0.05 m?) (Doak 1952).

If we assume sheep grazing at a set stocking rate of 12 ewes per ha per year, then the area
covered in urine spots will be 8.64 m? (12 ewes x 16 urination x 0.045 m?) after 24 hours of
grazing. Assuming there is no overlap of urine patches, then after a year of grazing, urine
deposition will cover approximately 32% of the pasture area (8.64 m? x 365 days x 0.0001

ha/m?).

39



Table 2.17 Published equations for predicting daily creatinine excretion (DCE; mg) and urine volume (L/day), including their published ranges
(min and max) and calculated DCE values and urine volume using data collected over two years in authors’ study (Maheswaran et al. 2022a) based
on these equations (average, min and max in parentheses).

Sheep _ Calculated values
Reference Description Equations Literature
(number of q values DCE (mgy2  Urine volume
animals) (mg) (L/day)
Daily creatinine excretion DCE (mg)
. - . 614.8 6.7
— 0.896
Brody (1945) Ewes (15) Mean daily creatinine excretion (mg)= (12.7LW?8%) (479.1-751.4) (0.45-17.8)
. - . _ 1692 18.4
Langlands (1966)  Wethers (15) Mean daily creatinine excretion (mg)=1.825 LW + 305 801-1466 (1354-2039) (1.23-48.6)
. - . _ 1619 17.6°
Langlands (1966) Ewes (13) Mean daily creatinine excretion (mg)=1.825LW + 232 728-1393 (1281-1966) (1.18-46.8)

1473 16

Field et al. (1974) Ewes (59) Mean daily creatinine excretion (mg)=18.16LW + 93.14 852-1082 (1137-1818) (1.09-43)
Urine volume Urine volume
E— (L/day)
Urine output (ml/day) = (-1271.4 * creatinine concentration i 5.0
McGusty (2017) Hoggets (20) (mmol/L)) + 6289.9 3.0-7.0 (0-10.0)
Jonker et al. In urine output (L/day) = 5.474 — 0.8718 In creatinine 15.6
(2021) Ewes (155) concentration (mg/L) + 0.01663 LW 14-1.6 (1.7-41.6)

!Data calculated based on the six published equations
2Daily creatinine excretion was calculated using the live weight (LW) of the ewes (mixed age between 2 and 4 years old) and the creatinine concentration of the spot urine samples collected over two years in the
authors’ study (Maheswaran et al. 2022a).
urinary creatinine excretion (mg/kg daily LW) x LW (kg) -
creatinine concentration (mg/deciliter) (Da\”d etal. 2015)'

“Calculated urine volume =
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Table 2.18 Individual and total urine volume (L/day), urine-nitrogen (N) concentration (g N/L) and urinary N excretion (g N/day) of sheep grazing

pasture measured at various stages using various techniques.

_ _ Urine volume Urine-N Urinary N

Reference Type of sheep Method of urine collection (L/day) concentration  excretion
(g N/L) (g N/day)

New Zealand
Doak (1952) Wethers Outdoor study (Electrical counters) 2.9 8.68
Ledgard et al. (2008) Ram lambs Indoor study (Metabolic crates) 2
Hoogendoorn et al. (2010) Ewe Outdoor study (Airway obstruction) 5.2-9.6
Jonker et al. (2015) Wethers Indoor study (Metabolic crates) 9.2-20.8
O'Connell et al. (2016) Ewe lambs Indoor study (Metabolic crates) 2.9-4.6
Lindsay (2016) Ewe lambs Indoor study (Metabolic crates) 2.5-3.3 3.0-5.0
McGusty (2017) Ewe lambs Indoor study (Metabolic crates) 1.7-3.8
Al-Marashdeh et al. (2020) Ram lambs Outdoor study (Airway obstruction) 17.8-19.7
Australia
Lynch et al. (1973) Ewes Outdoor study (Catheters) 1.75
UK
Field et al. (1974) Ewe 6.0-22.2
Bristow et al. (1992) Ewes Outdoor study (Polythene buckets) 3.0-13.7
Marsden et al. (2020) Ewes Partial outdoor study (Pens outside) 0.5-6.9 4.5-7.0 9.8-26.7
David et al. (2015) Ewe Indoor study (Metabolic crates) 2.2-2.7
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2.3.5 Impact of climate and pasture uptake on nitrate leaching

Environmental conditions (temperature, soil moisture, rainfall) and soil characteristics (soil
texture, drainage class, soil temperature) are among the primary factors that determine the
magnitude of N losses from animal excreta (Thomas et al. 1988). Soon after urination,
hydrolyses converts urea-N to ammonium, and this is mostly completed within 24 hours of
deposition. Some of this ammonium may be recovered by plants, lost as ammonia or
immobilised in soil organic matter, but most is nitrified within about two weeks of deposition

(Ball & Keeney 1983; Thomas et al. 1988).

The quantity of NO3™ leached in drainage water depends on the NO3™ content in the soil profile,
the volume of drainage, and how drainage water moves through the pore volume (White &
Magesan 1991). The total quantity of drainage is determined principally by climate. In
temperate regions, drainage does not typically occur in summer and early autumn, due to the
high evaporation rate and lower rainfall, and most leaching occurs over winter and early spring
when the volume of drainage is greatest (Magesan et al. 1996). In general terms, for farms of
comparable stocking rate and performance, the magnitude of NO3™ leaching will increase with
increasing rainfall (Monaghan et al. 2010). As drainage quantity increases, there is more water
movement to depth, which will leach NO3z™ from the profile (Cameron et al. 2013). This is
particularly so for coarse-textured soils where larger quantities of drainage will ‘flush’ the pore
space more times than is the case for fine-textured soils (Cameron et al. 2013; Selbie et al.

2015).

In addition, the quantity of NOs™ available for leaching is also affected by the interactions
between season and climate, plant uptake, soil fertility and fertiliser application, stocking rate

and urination traits (Di & Cameron 2002).
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Pasture production in New Zealand peaks in spring due to good soil moisture levels, increasing
soil temperatures and increasing day length (Matthews et al. 1999b) and is lower during late
autumn and winter due to cooler temperatures (Matthews et al. 1999a). The rate at which any
particular plant takes up NOs™ depends on plant growth rate, the depth and vigour of its roots,
soil temperature and general soil health (Di & Cameron 2007). When the soil temperature is
lower than 7°C, the growth of forages slows, and the plant’s absorption of N is significantly
reduced. If pasture growth is slow and drainage events occur, the potential for NOs™ leaching
is greater (Di & Cameron 2007). Thomas et al. (1988) measured the fate of sheep urine-N
(equivalent to 40-52 g N m™) applied to a grass sward in the United Kingdom (UK) under
warm and dry, cool, and cool and wet environmental conditions. They found that when sheep
urine was applied under different environmental conditions, the conversion of urine-N in the
soil followed the same temporal pattern, and NO3s™ appeared about 14 days after application
regardless of season (Thomas et al. 1988). However, the degree of nitrification varied
significantly with environmental conditions and was greatest under cool conditions when up to
76% of the inorganic soil N was in the form of NOs  while, in all other environmental
conditions, NOs™ levels were relatively lower. Although NO3z™ was relatively low in some
circumstances, it was still the major form of inorganic N (Thomas et al. 1988). Further, Thomas
et al. (1988) observed that from all the applications, only 10 to 30% of the sheep urine-N (at a
rate equivalent to 78 kg N/ha) was recovered in pastures. Similarly Ball & Keeney (1983)
studied the effect of season on average apparent recovery of N in a ryegrass/clover pasture after
the application of urine-N (at rates equivalent to 300 kg N/ha) under three different
environmental conditions (cool-moist, warm-moist and warm-dry) in New Zealand. They
reported that the average recovery rate of urinary-N was 30%, with higher (53%) and lower
(10%) recovery rates under warm-moist and warm-dry conditions, respectively. A UK study

by Cuttle & Bourne (1993) mentioned that the recovery percentage of N in the pastures was
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very low (<0.1%) when urine was applied (equivalent to 300 kg N/ha) in the latter part of
autumn. Cuttle & Bourne (1993) further reported that approximately 60% (18.6 g N m) of
applied N (30 g N m?) was leached under urine treated plots and, in contrast, NOs leaching

was negligible (0.7 g N m) under untreated plots.

2.3.6 Impact of nitrogen inputs on nitrate leaching

Nitrate leaching under pastoral grazing conditions generally increases with increasing stocking
rates and fertiliser rates (Barraclough et al. 1992; Garrett et al. 1992). The direct NO3 leaching
of fertiliser-N may be low if the timing and rate of fertiliser application are well matched with
plant demand (Cameron et al. 2013). However, additional fertiliser input increases dry matter
production, N uptake and recycling in animal excreta, which leads to an increased risk of N
loss to the environment (Hatch et al. 2007). A recent New Zealand study (Hoogendoorn et al.
2017) has shown that NOs™ leaching from a sheep-grazed pasture steadily increased as fertiliser-
N application increased above 100 kg N/ha (Figure 2.4). It is now prohibited in New Zealand
to apply N fertiliser rates above 190 kg N/halyear to grazed pasture (Ministry for the
Environment 2020). For sheep pastures, most N application rates would be less than 100 kg
N/halyear, although, as noted, this rate is increasing on some intensively managed farms.
However, the high levels of fertiliser-N, included in Figure 2.4, are now not likely to occur in
the near future in New Zealand but can be used to compare with NOs™ leaching in other
temperate countries. In addition, with low to moderate N fertiliser use, urine patches will be
the primary source of NOs™ leaching. The Parfitt et al. (2009) study suggests that even at a

fertiliser rate of 300 kg N/ha, that urine patches are still the main source of leaching.
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Figure 2.4 Nitrate leached from sheep grazed pasture systems under different nitrogen (N)
fertiliser rates. Data adapted from Hoogendoorn et al. (2017).

Although there are numerous suggestions that fertiliser application onto urine-affected areas
can lead to an increased risk of NO3™ leaching and reduce fertiliser-N use efficiency (Cameron
et al. 2013), few studies have quantitatively investigated the interactions between the
concurrent application of fertiliser-N and urine-N deposition and NOs™ leaching (Cuttle &
Bourne 1993). As shown in Figure 2.5, there is a clear relationship between fertiliser-N rate
and stocking rate and NOs leaching. In a six-year study, which compared NO3 leaching from
a perennial ryegrass pasture that received 150 to 200 kg/ha fertiliser-N to a ryegrass/white
clover pasture that received no N fertiliser, there was a positive relationship between stocking
rate (15 to 60 lambs/ha) and the quantity of NOs™ leached from both treatments during the
following winter (Figure 2.5). Cuttle & Scholefield (1995) explained that stocking rate and,
therefore, the proportion of pasture affected by excreta were the main factors determining the
magnitude of NOs™ leaching. This finding matches the calculation made in Section 2.3.4 (i.e.,
a greater number of animals leads to more urine patches and more N loss). However, this
depends on the seasonality as well: a lot of stock in spring may not have as much influence as

a lot of stock in autumn.
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Figure 2.5 Relationship between quantities of annual nitrate-nitrogen (N) leached and mean
stocking rates (post-weaning) for a ryegrass sward receiving 150 to 200 kg/ha fertiliser-N (open

symbols) and an non-fertilised grass/clover sward (solid symbols): 1987-1993 (Culttle et al.
(1992); Adapted from Cuttle & Scholefield (1995).

It is important to note that, New Zealand pastures also receive N from biological N fixation by
clovers (Ruz-Jerez et al. 1995). The amount of N fixed by legumes per year ranges depending
on legume content: with pastures containing 3-40% of white clover fixing N at the rates of 20
to 250 kg N/ha/year (Crush et al. 1983; Goh et al. 1996; Kumar & Goh 2000). In a comparative
study between sheep grazing a RGWC, and a perennial ryegrass monoculture without N
fertiliser, Field et al. (1985) observed that the amount of NO3™ leaching under the ryegrass/white
clover sward was about 50% greater than that of a perennial ryegrass monoculture sward. A
UK study of sheep grazed pasture compared NOs™ leaching under perennial ryegrass/clover
pastures (15% clover component) with a perennial ryegrass monoculture fertilised with
approximately 200 kg N/ha/year (Cuttle et al. 1992). The monoculture pastures with N fertiliser
had slightly higher NOs™ leaching, which was attributed to the difference in stocking rates
(Cuttle et al. 1992; Cuttle et al. 1998). Stocking rates were higher on the fertiliser treatment
and, therefore, NOgz™ leaching rates were also higher on the fertiliser treatments. Cuttle et al.
(1992) noted that if the stocking rates are similar, NO3™ leaching rates are similar under non-

fertilised ryegrass/clover pastures and highly N-fertilised (150 to 200 kg N/ha /year) ryegrass
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monocultures. This suggests that NO3z™ leaching depends on the amount of N consumed by
sheep rather than the source of N (fertiliser-N or urinary N or N fixed by legume). In support
of this argument Culttle et al. (1998) found that the NO3™ leaching was similar in non-fertilised
ryegrass/clover pastures treatment and highly N-fertilised treatment under similar rates of N

inputs regardless of whether they contained clover or not.

2.3.7 Effect of other forages on reducing nitrate leaching

The use of alternative forage species to minimise or mitigate NOs™ leaching from pastoral
systems is gaining increasing interest and research attention. Forage species with high rumen
utilisable protein (RUP), which diverts more of the dietary N away from urine (Woodward et
al. 2012), or forages with high WSC to CP ratios (e.g. high sugar ryegrass) can help to reduce
urine-N excretion (De Klein et al. 2019). A growing body of evidence indicates that, compared
to RGWC swards, the grazing of plantain can help reduce the N concentration of urine, the
amount of urea N excretion in urine and potentially the nitrification and denitrification rates in
soils (Woodward et al. 2012; Box et al. 2016; Navarrete et al. 2016; Cheng et al. 2017; Gardiner
et al. 2018; Bryant et al. 2019). The presence of the secondary compounds (Deaker 1994),
smaller DM percentage and higher mineral load (sodium content) of plantain could potentially
cause diuresis (Box et al. 2016). The diuretic effect has been shown to reduce urine-N
concentration in individual urine patches by increasing the frequency of urination in dairy cows
(Box et al. 2016; Cheng et al. 2017). Recent indoor feeding studies in New Zealand have also
shown that intake of plantain causes greater water diuresis in sheep when compared with a diet
of ryegrass (Lindsay 2016; O'Connell et al. 2016; McGusty 2017). Sheep that were fed plantain
produced 0.8 to 1.9 L (7 to 19%) more urine than sheep that were fed ryegrass (Lindsay 2016;
O'Connell et al. 2016; McGusty 2017). In addition, Lindsay (2016) noted that sheep that were
fed plantain had a lower urine-N concentration (2.98 g N/L) compared to sheep fed ryegrass

(4.97 g N/L). The interactions of the aforementioned factors likely explain the lower N
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concentration, and higher urinary volume produced by the sheep that were fed plantain by
Lindsay (2016). However, the effect of secondary compounds on diuresis was not measured in
their study. Although several dairy studies have quantified the benefits of plantain to NOs’
leaching (Box et al. 2017; Marshall et al. 2020), there is currently limited measurements of the

effect of plantain on the amount of NOs™ leached under sheep grazing.

Italian ryegrass shows greater N uptake during winter due to its faster growth rate which results
in reduced NOs leaching (Moir et al. 2012; Malcolm et al. 2014; Malcolm et al. 2015). Studies
with dairy cattle have shown that the N uptake by Italian ryegrass in winter was 1.4 to 1.9 times
greater than that of perennial ryegrass, and that the NOs™ leaching was 20 to 50% lower than
that of perennial ryegrass (Moir et al. 2013; Malcolm et al. 2014; Woods et al. 2016; Maxwell
et al. 2019). However, there are few published data on the effects of Italian ryegrass grazing

on N leaching under sheep.

2.3.8 Summary
This review highlights existing knowledge of the factors influencing NO3™ leaching under sheep
grazing pasture systems in New Zealand and other countries, and the factors influencing NOz

leaching rates. Further work is required on the following issues:

e Quantifying the excretion of N in sheep urine under grazing conditions.

e Determining the quantity of NOz™ leaching under modern sheep farming systems.
e Comparisons of NOs™ leaching under alternative pasture species grazed by sheep.
e Formulating accurate models to determine farm-level NOs™ leaching under

commercial sheep grazing systems.
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2.4 Management options to reduce the nitrogen loss to the environment

Various mitigation strategies for reducing the amount of N leached from grazing land to the
environment have been investigated. These include split application of N fertiliser, reducing
stocking rates, using pasture species with greater winter activity to utilise more soil N for plant
growth, applying nitrification inhibitors, decreasing urine inputs to pasture or the concentration
of N in urine through reducing crude protein content in animal diets and reducing grazing
durations (Smith et al. 1990; Moir et al. 2012; Malcolm et al. 2014). Most of these strategies
have been assessed for use on dairy cattle farms and little is known about sheep grazing
systems. Some of the practices used to reduce N leaching in dairy systems, for example,
housing, are not practical or cost-effective options for sheep farming (Anastasiadis et al. 2012).
The use of alternative forages such as plantain and winter active Italian ryegrass, could be
beneficial to sheep grazing systems in that their use may result in reduction in N leaching. In
addition to the information given in section 2.3.7, this section discusses in greater detail the

effects of Italian ryegrass, plantain, and brassicas on N leaching from grazing systems.

Italian ryegrass

Italian ryegrass has the greatest potential for reducing N leaching losses compared to perennial
ryegrass because it has faster growth during cooler seasons and can take up more N (Moir et
al. 2012; Malcolm et al. 2015). Nitrogen uptake in Italian ryegrass across a range of N
application rates has been well studied in New Zealand (Table 2.19). Moir et al. (2012) reported
that N uptake of Italian ryegrass was 1.4-1.9 times greater than perennial ryegrass cultivars
with the application of 300-700 kg N/ha cow urine (Table 2.19). Similarly, Malcolm et al.
(2015) observed 20% greater N uptake in an lItalian ryegrass/white clover sward over two
winter seasons than a RGWC sward (Table 2.19). The authors suggested that the combination
of rooting depth and seasonal growth activity of Italian ryegrass allowed for more N uptake

compared with other pasture species (Malcolm et al. 2015; Maxwell et al. 2019).
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Table 2.19 Nitrogen uptake, N leaching, drainage volume, and dry matter yield of Italian ryegrass (IR) compared to perennial ryegrass (RG).
N loading N leaching

Author Pasture species rate loss N uptake  Leachate nitrate C_:umulative DM vyield
(kg N/ha) (kg N/ha) (kg N/ha) (CmgNOzN/L) drainage V (mm) (t DM/ha)
New Zealand
Moir et al. (2012) RG 0 3-4 11-12 344-348
IR 0 3-4 9-10 343-344
RG 300 55-66 202-210 233-261
IR 300 6-8 261-275 171-181
RG 700 280-310 254-322 192-262
IR 700 130-134 444-484 72-122
Malcolm et al. (2015)
2010-2011 RG and WC 1000 300 473 14.3
IR and WC 1000 230 675 16.9
2011-2012 RG and WC 1000 416 614 25.2
IR and WC 1000 317 603 23.6
Woods et al. (2016)
RG and WC 700 205 811 275 24.3
IR 700 133 629 200 20.0
Woods et al. (2018) RG and WC No urine 542 18.7
RG and WC Urine 112.7 744 3325 25.0
RG and WC 700 1134 744 24.5
IR, P and WC No urine 561 20.6
IR, P and WC Urine 12.5 679 256.4 24.0
IR, P and WC 700 61.8 656 23.6
Maxwell et al. (2019) RG 700 214-267 331 146-228 308 12,5
IR 700 143 463 119 165 17.2
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In addition, Italian ryegrass produced less drainage than perennial ryegrass (Table 2.19). For
example, Maxwell et al. (2019) reported 46—-31% less cumulative drainage volume from Italian
ryegrass than perennial ryegrass (Table 2.19). The ability of Italian ryegrass to produce greater
DM vyield and uptake more N, combined with lower drainage volume leading to the lower (24-
55%; (Cuttle et al. 1998; Moir et al. 2012; Malcolm et al. 2015; Woods et al. 2018; Maxwell
et al. 2019) N leaching loss compared to perennial ryegrass (Table 2.19). Although Italian
ryegrass has been shown to reduce the N loss, the effectiveness of Italian ryegrass for mitigating

N loss over the long term is limited due to its short-lived life cycle (Maxwell et al. 2019).

Plantain

Plantain in pure or mixed swards has the potential to reduce N leaching while maintaining
similar herbage yields to standard RGWC (Woodward et al. 2012; Edwards et al. 2015; Box et
al. 2016; Cheng et al. 2017). The presence of secondary compounds, minerals and lower DM

percentage of plantain may lead to reduce N leaching in plantain (Box et al. 2016).

Secondary metabolites produced by plantain have the potential to reduce the urinary N
concentration of the animals (Bowatte et al. 2018; Luo et al. 2018; Carlton et al. 2019). These
metabolites include acteoside (syn. Verbascoside), aucubin, catalpol, iridoid and
phenylpropanoid glycoside (Navarrete et al. 2016; Gardiner et al. 2018), which are potential
sources of biological nitrification inhibition (BNI) (Dietz et al. 2013). Aucubin inhibits rumen
fermentation while acteoside increases gas production by acting as an energy source for
microbial growth (Navarrete et al. 2016). Thus, these compounds reduce N losses in both soils
(De Klein et al. 2019) and rumen fluid (Navarrete et al. 2016). In an in vivo study, Navarrete
et al. (2016) observed a reduced level of NHs production in rumen fluid. In several soil
incubation studies, the application of plantain leaf materials, plantain extract or aucubin

inhibited nitrification and N mineralisation (Dietz et al. 2013; Gardiner et al. 2018).
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Plantain (7.36 g/kg DM) contains higher sodium content than ryegrass (5.36 g/kg DM; Lindsay
(2016)). Sodium content of plantain influenced the urine production in the sheep by osmosis
(McGusty 2017). In addition, lower DM content of the plantain may have led to increased water
intake and subsequently, increased urine volume and leading to dilute N concentration (Cheng
et al. 2017). The presence of secondary compounds (Deaker 1994), lower DM percentage and
mineral load (sodium content) of plantain may cause diuresis (Box et al. 2016). Diuretics are
substances that increase the production of urine, and its presence interferes with homeostatic
mechanisms (i.e. anti-diuretic hormone (ADH) for maintaining body water balance) (Bryant et
al. 2018). Common forms of diuresis include water diuresis, which is caused by excessive
consumption of water (inhibiting ADH), and osmotic diuresis, which is caused by the presence
of high concentrations of solutes restricting the reabsorption of water in the convoluted tubules
of the renal system (Mathisen et al. 1981). In an indoor feeding study, O'Connell et al. (2016)
investigated the effect of plantain on the diuresis effect on sheep and showed that plantain
causes greater water diuresis in sheep compared with ryegrass. Sheep fed plantain produced
1.7 L (59%) more urine on the first day of the experiment compared with sheep fed ryegrass,
and 0.5 L (17%) more on 5 subsequent collection days (Table 2.20; O'Connell et al. (2016)).
Diuretic properties of plantain had the potential to reduce the urine N concentration in
individual urine patches by increasing the frequency of urination (Box et al. 2016; O'Connell
et al. 2016; Cheng et al. 2017; De Klein et al. 2019). McGusty (2017) investigated the effect
of high plantain sodium content on urine production in sheep and suggested that higher sodium
content of plantain was partially responsible for an increase in urine production, due to osmotic
diuresis. Sheep fed plantain produced 2 L (54%) more urine compared with sheep fed ryegrass

(McGusty 2017).

In sheep, lower urinary N concentration was observed from sheep fed on plantain compared

with a diet containing ryegrass (Table 2.20). Similarly, in cattle studies, lower urinary N
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concentration was reported in plantain fed dairy cows compared to cows on ryegrass (Table
2.20). For example, Box et al. (2017) found lower N concentration of urine excreted from 100%
plantain than RGWC sward or a 50:50 plantain: RGWC sward (Table 2.20). In addition, lower
levels of NHs, urea, and creatinine were observed in the urine of cows grazed on the plantain
than on perennial ryegrass (Box et al. 2017). Similarly, in a recent study, Navarrete et al. (2022)
reported lower urinary N concentrations and reduced urinary N loads in cows grazing plantain
compared with cows grazing RGWC (Table 2.20). In addition, cows grazing on a sward
mixture containing 20% Italian ryegrass and 50% plantain showed a reduction in urinary-N
excretion of 3.3-8.1% as compared to cows grazing on a standard RGWC sward (Table 2.20;

Woods et al. (2018)).

Some studies have shown that the inclusion of condensed tannin (CT) in ruminant feed reduced
the urinary N excretion by improving the N retention in the animal and by increasing the N
partitioning into dung (Carulla et al. 2005; Misselbrook et al. 2005). Plantain contains CT
(Ramirez-Restrepo & Barry 2005) and this could be one of the possible reasons for the

reduction of urinary N excreted from cows fed on plantain (De Klein et al. 2019).
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Table 2.20 Frequency, volume and components of urine excreted from animals fed on plantain compared to perennial ryegrass.

Author Pasture fUrmatlon Urine N Urinary U"ne. Urinary allantoin  Urinary creatinine Urine Urlnary N
species requency (g N/L) urea ammonia (mmol/L) (mmol/L) volume excretion
(times/day) (mmol/L) (mmol/L) (L/day) (g/day)
Totty et al. (2013) (Dairy cow)
RG 0.66 5.26 1.2 438.3
HSD 0.36 3.55 0.88 353.8
O'Connell et al. (2016) (Ewe lamb)
Day 1 RG 29
P 4.6
Day 2-26 RG 3.0
P 35
Lindsay (2016) RG (Sheep) 75.6 8.02 2.3 97.5
P 116.6 16.52 3.6 114
McGusty (2017) RG (Ewe hogget) 120.4 1.2
P 59.6 2.1
Box et al. (2017) (Dairy cow)
Late lactation RGWC 18.0 5.4 144.3 1.98 5.78 1.67 46.5 251
50% RG and 50% P 18.3 3.6 94.8 1.35 4.91 1.27 59.1 213
P 20 2.4 61.5 0.97 3.05 0.88 73.8 177
Early lactation RGWC 155 4.7 113.8 1.17 9.71 1.66 43.6 205
50% RG and 50% P 115 3.4 71.8 1.30 8.81 1.49 33.6 114
P 18.3 2.2 445 1.69 6.63 1.26 54.1 119
Cheng et al. (2017) 50% RG and 50% P 13.2 2.4 51 3.1 1.0 72
P 9.6 2.8 67 3.6 1.2 80
Spring RGWC 10.5 4.8 110 5.9 1.8 116
50% G and 50% P 8.4 3.5 76 4.3 1.3 103
P 8.7 2.9 65 4.1 1.4 87
Navarrete et al. (2022) (Dairy cow)
Spring RGWC 3.2 43.9
P 29 275
PWC and RC 29 38.4
Summer RGWC 4.6 112.2
P 3.9 102
PWC and RC 4.4 119.5
Autumn RGWC 6.5 158
P 4.8 111
PWC and RC 6.0 151

RGWTC: Perennial ryegrass/ white clover; HSD: Mix of ryegrass, chicory, plantain, lotus, high-sugar ryegrass, and white clover; P: Plantain; WC mix: White clover mixture; RC: Red clover.
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Table 2.21 Nitrogen leaching loss under brassica.

N loading N leaching

Author SPa:(t:ling N source rate loss Soil type
P (kg N/ha) (kg N/ha)
Shepherd et al. (2012) Swedes/kale . Dal_ry cow Freely draln_lng
(Sampling using porous cups) Taupo pumice
2008 (May-Oct) 132
2009 (Jun-Oct) 173
Cow urine Pukemutu silt
Monaghan et al. (2013) Kale (Hydrologically isolated plots) loam
2006 399 79.22
2007 528 34.37
2008 528 44.39
Cow urine free-draining stony
Malcolm et al. (2016) Fodder beet (Lysimeter study) silt loam
2012 0 10.3
300 63.5
2013 0 11.1
250 78.7
Dairy cow Tokomaru silt
Hanly etal. (2017) (Mole and pipe drainage study) loam
2006 Pasture 11.3
*ST 32.8
2007 Pasture 6.4
*ST 14.7
2008 Pasture 14.6
*ST 11.2

*Summer turnips (ST) forage contribution to farm average 10%.
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Brassica (Turnips or Swedes or Kale)

The number of studies directly related to N leaching by sheep grazing brassica forages are
limited. Intensive grazing of brassica during winter may cause greater loss of N into drainage
(Malcolm et al. 2016). Brassica forages can accumulate large amounts of N at maturity
(Shepherd et al. 2012). For example, in the Central North Island, Lucci et al. (2013) reported
that a yield of kale-swedes mixes of 10 t DM/ha contained 220 kg N/ha. In Canterbury, kale
produced yields of 12-16 t DM/ha, with a CP content of 12.5%, equivalent to 240-300 kg

N/ha (Edwards et al. 2015).

Grazing brassica crops returns large amounts of excreted N back to the soil during winter
when the risk of leaching is high (Shepherd et al. 2012). Subsequently, it makes a large
contribution to annual N leaching despite representing a relatively small area of the farming
system (Monaghan et al. 2007). Shepherd et al. (2012) measured leaching of 130-170 kg N
from cows grazing a kale-swedes mixed crop. In a lysimeter study, Malcolm et al. (2016)
reported that 21-32% of urinary N applied mid-late June could be leached over winter from
bare soil in Canterbury (Table 2.21). In a mole and pipe drainage water study, Hanly et al.
(2017) reported that cultivation of 10% of a dairy farm area for summer turnips (forage crop)
resulted in an annual increase of 6% in average whole-farm N losses in drainage water (turnips

contributed 0.7 kg N/ha/year to the weighted farm average of 11.6 kg N/ha/year).

2.5 Summary

This review reveals that sheep production systems in New Zealand, particularly those on flat
or undulating landscapes, have intensified over time to remain economically viable, with the
greater use of N fertiliser and higher stocking rates than in the past. Interestingly, many New
Zealand sheep farmers, like their dairy counterparts, have started to sow a range of alternative

forages on their farmland to overcome seasonal pasture shortages to improve their income.
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Forages such as brassica, which produce substantial amounts of forage during the winter, have
also been widely used to carry more animals during the winter months. However, there is a
need to conduct long-term studies to measure the production of these alternative forages

across the entire farm on a year-round basis.

There is an increasing concern about quality, particularly N leaching under pastoral farming.
However, most studies investigating N leaching under sheep grazing systems were done over
20 years ago, and there is limited recent information regarding N leaching under modern,
pasture-based sheep production systems. Due to changes in sheep farming practices, N losses
may be greater than previously reported in New Zealand, making it necessary to reassess N

losses, especially under intensive sheep farming systems.

Several recent dairy studies have focused on reducing N leaching from dairy farms to reduce
the potential adverse environmental impacts of dairy farming on water quality. In these
studies, forages such as plantain and Italian ryegrass have been shown to reduce N leaching
under dairy systems in comparison to traditional ryegrass due to their ability to reduce urinary
N excretion or absorb more NOz™ during the critical winter months. In contrast, there is a
greater risk of N loss under brassica forages. However, there is currently limited information

on the effect of alternative forages on the amount of N leached under sheep grazing systems.

This review indicates the need to quantify N leaching under current sheep farming practices.
The research objectives of this study seek to fill the knowledge gaps identified above and to
extend the understanding of the advantages of alternative forages to environmental protection
and to increase sheep productivity. In short, the objectives of this study are to measure forage

production, sheep performance, urinary N excretion and N losses to water through drainage.
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CHAPTER 3: GENERAL METHODOLOGY

The experiment was undertaken over two and a half consecutive production years (from June
2019 to December 2021). The years will be referred to as “Year 1 (July to December 2019)”,
“Year 2 (January to December 2020)”, and “Year 3 (January to December 2021)”,
respectively. The study began on 26 June 2019. Each year was divided into four seasons:
winter (June to August), spring (September to December), summer (January to March) and

autumn (April to June).

3.1 Experimental site and treatments

The study was carried out at Massey University’s Keeble farm, 5 km southeast of Palmerston
North, Manawatu, New Zealand (40°24'02.0"S 175°35'52.8"E). The site was located in a flat
to easy-rolling landscape (c. 3% slope) on the Tokomaru silt loam soil, a Fragic Perch-gley
Pallic Soil (Hewitt 1998). The design included four farmlets (total area of 13.28 ha, each
approximately 3.32 ha), which had different combinations of forages (Figure 3.1; Tables 3.1
and 3.2). Each farmlet was stocked at 14 ewes/ha for the entirety of the experiment (46 ewes
per farmlet) and was reflective of an intensive sheep-farming operation for this farm class and

area (Beef + Lamb New Zealand Economic Service 2021).

Table 3.1 Specific and total area of forages included in each farmlet (treatment).

. Non-drainage plot area Percentage (%) of area
Drainage
(ha) Total area
Treatment plot area
(ha) Perennial  Alternative (ha) Perennial  Alternative
ryegrass forage ryegrass forage

RGWC 0.40 2.91 0.00 3.31 100 0
IRWC 0.40 2.49 0.41 3.30 75.5 24.5
PWC 0.40 2.51 0.41 3.32 75.6 24.4
Brassica 0.40 2.54 0.41 3.35 75.8 24.2

RGWC: Perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: Plantain/white clover; Brassica: turnips or swedes or kale

in rotation.
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The research site included an area with 20 drainage plots (five plots/treatment; Figure 3.2).
Each plot was 40 m x 20 m and contained a hydrologically isolated mole and pipe drainage
system. The drainage plots were established in the Autumn of 2019 (21 March 2019) with a
roller drill and chain harrows and sown with the pasture species reflective of their treatment
(Table 3.2). The plantain/white clover (PWC) and Italian ryegrass/white clover (IRWC) plots
were over-sown in Autumn 2020 (9 April 2020). Further in Autumn 2021, the plantain plots
were identified as having a significant dock (Rumex obtusifolius) infestation, and the IRWC
had reduced tiller numbers and, therefore, these forages were sprayed with glyphosate (360
g/litre) at 6 L/ha and harmony 30g/ha. Plantain plots were resown on 15 March 2021, and
IRWC plots were resown on 14 April 2021 using a direct drill; however, due to the high
percentage of dock weeds identified in PWC plots at the seedling stage, PWC plots were
resown again on 14 April 2021. Swedes and kale, which were sown in spring 2019 (23
December 2019) and spring 2020 (15 December 2020) were used as the brassica treatment in

Years 2 and 3, respectively (Table 3.2).
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Figure 3.1 Layout of the farmlets (drainage plot and numbers in non-drainage plot area are paddock number; IRWC: Italian ryegrass/white clover;
PWC: plantain/white clover; Brassica: turnips or swedes or kale in rotation; G: Perennial ryegrass/white clover (RGWC) for RGWC farmlet; I
RGWC for IRWC farmlet; P: RGWC for PWC farmlet; B: RGWC for brassica farmlet; area in ha also given).
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Figure 3.2 Layout of the drainage plots (four treatments with five replicates; RGWC: Perennial ryegrass/white clover sward; IRWC: Italian
ryegrass/white clover sward; PWC: Plantain/white clover sward; Brassica: turnips or swedes or kale in rotation; X: drainage water collection site).

62



Table 3.2 Description of forage treatment, cultivars, and seed rate.

Species and Sowing rate! Over-so;/vmg Resowing rate®
Forage treatment cultivars (ka/ha) rate (ka/ha)
g (kg/ha) g
Perennial ryegrass: 19
RGWC Platform AR37 5
WC: Quartz
Italian ryegrass:
IRWC Lush AR37 264 32 264
WC: Quartz
Plantain: AgriTonic 8 8
PWC plantain 5 9 5
WC: Quartz
Brassica Turnips: Green
Turnips* Globe 1.25
Swedes” Swedes: Aparima 3
Gold swedes
Kale® Kale: Kestrel 3.5

RGWC: Perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: Plantain/white clover.
“Turnips were autumn sown in Year 1 as brassica treatment; *Swedes were spring sown in Year 2 as brassica treatment in place of turnips

® Kale was summer sown in Year 3 as brassica treatment in place of swedes; *Sowing date: 21% March 2019; 2Over-sown in autumn 9 April 2020
3Resown in autumn 14" April 2021.

3.2 Soil fertility and fertiliser application

Soil samples were collected in May 2019 at depth of 7.5 cm. This included 15 soil cores

combined to provide a bulked sample from each paddock within each farmlet and a bulked

soil sample (15 soil cores per sample) from the entire drainage site. In Year 2, a bulked soil

sample (15 soil cores per sample) was collected from four of the paddocks in the farmlets (one

per treatment) in October 2020 (Table 3.3). Soil samples were analysed for pH, Olsen P (mg

P/L soil), sulphate sulphur (S) (mg S/kg soil), potassium (K) (me/100 g), calcium (Ca)

(me/100 g), magnesium (Mg) (me/100 g) and cation exchange capacity (CEC) (me/100 g) at

Hill laboratory, Hamilton, New Zealand. These soil fertility data were used to determine the

annual fertiliser application rates. The timing and rates of fertiliser applied during the study

period are shown in Table 3.4.
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Table 3.3 Soil test results for the drainage plot and non-drainage plot areas measured in Years 1 (July to December 2019) and 2 (January to
December 2020).

Soil test Ph Olsen P (mg/L) Sulphate S Potassium Calcium Magnesium Sodium CEC
(mg/kg) (me/100 g) (me/100 g) (me/100 g) (me/100 g) (me/100 g)
Year1
Non-drainage plots
Bl and 12 5.6 19 37 0.18 7.5 0.71 0.12 14
G3and 14 5.5 14 35 0.18 7.1 0.69 0.12 14
P5and T6 5.5 12 17 0.20 6.3 0.85 0.15 14
P7 55 22 15 0.30 7.5 1.01 0.14 15
G8 55 18 16 0.26 54 0.88 0.14 12
B9 5.6 22 35 0.28 6.0 0.76 0.11 13
110 5.4 13 18 0.22 4.7 0.91 0.14 13
P11 5.3 18 24 0.21 3.7 0.79 0.13 11
G12 5.2 16 25 0.20 4.1 0.81 0.15 13
119 and G20 5.3 37 18 0.33 4.1 0.97 0.14 13
B17 and P18 54 30 17 0.36 5.4 1.09 0.17 15
116 and G15 5.2 30 19 0.52 4.0 1.20 0.14 14
P13 and B14 5.4 34 15 0.33 4.0 0.95 0.13 13
S‘é‘fsrage of non-drainage 5 4 22 22 0.30 5.3 0.90 0.10 13
P22: PWC 5.3 36 28 0.34 4.9 0.88 0.13 13
G23: RGWC 54 32 14 0.43 55 1.17 0.15 15
124: IRWC 55 27 20 0.33 4.4 1.02 0.13 12
B25 Brassica 5.3 32 14 0.27 3.6 0.95 0.15 12
Drainage plots 5.7 24 18 0.2 6.7 0.79 0.10 12
Year 2
T1land 12 55 23 12 0.14 9.2 0.67 0.08 20
P5and T6 5.7 23 8.9 0.41 7.8 0.92 0.10 19
P7 5.7 31 9.6 0.32 7.8 1.04 0.11 19
116 5.3 40 7.3 0.51 4.8 1.27 0.09 20
Average of farmlet 5.6 25.7 10.2 0.3 8.3 0.9 0.1 19.3

IRWC: Italian ryegrass/white clover; PWC: plantain/white clover; Brassica: turnips or swedes or kale in rotation G: Perennial ryegrass/white clover (RGWC) for RGWC treatment; I: RGWC for IRWC treatment; P:
RGWC for PWC treatment; B: RGWC for brassica treatment: Numbers: Paddock number.
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Table 3.4 Fertiliser applications (kg/ha) to the drainage plot and non-drainage plot areas in Years 1 (July to December 2019), 2 (January to
December 2020), and 3 (January to December 2021).

Year 1 (kg/ha) Year 2 (kg/ha) Year 3 (kg/ha)
Fertiliser Drainage plots Non-drainage plots Drainage plots Non-pollgzilsnage Drainage plots Non-drainage plots
Urea 30 - RGWC, IRWC, 30 - PN 22, 23 (Sep) 30 - B (Mar) 30-PN 24 30 - RGWC, 30 - PN 1 to 16,
PWC (Oct) 30 - PN 21(Dec) 30 - RGWC, IRWC, (Apr) IRWC (Mar) PN18 to 24 (Mar)

30 - PWC (Dec) PWC (Oct) 50 - B (Mar)
Diammonium 100 - RGWC, IRWC, 100 - PN 1 to 23 (Mar)
phosphate (DAP) PWC and B (Mar)
30% Superphosphate 500-PN1to 12
(kg P/ha) 350 - PN 7 and 9 (Dec)
Nitrophoska 200 - RGWC,

IRWC, PWC (Apr)
Balance Super 10 150- RGWC,
(N95KO0OP10S0) IRWC, PWC (Apr)
(N26 P24 K 25 S 30) 380-PN1to23
(Apr)
Flexi N complete 350 - RGWC,
(N:P:K:S, 6.9, 6.4, 6.5, IRWC, PWC
7.8) (May)
Cropmaster 15 250 - B (Dec) 250 - PN24 (Dec) 250 - B (Dec) 250 - PN17
(Dec)

RGWTC: Perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: Plantain/white clover; B: Brassica (turnips or swedes or kale in rotation); PN: Perennial ryegrass/white clover paddock number in non-drainage

plot areas.
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3.3 Animal management
This study was carried out with the approval of the Massey University Animal Ethics

Committee (MUAEC 19/20; MUAEC 21/14 amended 05/20).

3.3.1 Ewe management

Set-up for study

A total of 184 pregnant (bred in April 2019) mixed age (range of 2 to 4 years of age) Romney
ewes were selected from “Keeble” flock at the start of the study (27 June 2019). The ewes
were stratified by live weight (LW) and number of foetuses carried (single/twin/triplet) and
allocated to the four forage treatment groups (n=46 at start) to ensure treatments did not differ
in LW or number of foetuses carried. Ewes were identified using flexi tags and electronic tags
and the treatments were sprayed a coloured mark (perennial ryegrass/white clover (RGWC):

green; IRWC: orange; PWC: pink; brassica: yellow).

Romney rams (two rams per farmlet of 46 ewes) were introduced on 9 April 2020 in Year 2
and on 1 April 2021 in Year 3, for a period of 34 days. The rams were rotated among mobs
on Day 17, to avoid the potential impact of ram performance on pregnancy rate. All ewes
were pregnancy diagnosed (non-pregnant, single, twin- or triplet-bearing) using trans-
abdominal ultrasound on 1 July 2020 and 24 June 2021. Ewes which were diagnosed as non-
pregnant were replaced by pregnant ewes of similar stage of gestation (n=3 in Year 2, n=5in
Year 3). Ewes which died or those culled were replaced at the next main yarding event with

ewes of a similar LW (n=4in Year 1, n=14 in Year 2 and, n=9 in Year 3).

3.3.2 Yearly animal management

Grazing management
Each mob of ewes was rotationally grazed within their farmlet. The duration of grazing and

interval among paddocks was adjusted based on pasture growth rate and cover, which were
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visually assessed every day and estimated with a rising plate meter fortnightly (see 3.4.1 for
details of measurement). When the ewes grazed the drainage plots, each mob was separated
into five smaller mobs to enable all five replicates to be grazed at the same time
(approximately nine ewes/replicate). All replicates within a forage treatment were always
grazed for the same number of days and ewes were moved when the minimum target post-
grazing residual was reached in any replicate. Therefore, all four treatments were not
necessarily grazed for the same duration (i.e., each treatment had its own target post-grazing
residual). Where appropriate, treatments on the drainage plots were grazed at the same time

to minimise the effect of differing weather conditions (Table 3.5).

Each farmlet was grazed according to best practice for each forage type. Topping of RGWC
species was employed when it was necessary to maintain pasture quality in farmlets and
drainage plots. Excess pasture from farmlets was also removed by grazing with additional
animals or conserved as bales (Table 3.6). Shortages in feed supply were met with
supplementation when required (summer and winter) with pasture (off-grazing) or hay (Table
3.6). The PWC sward was not grazed during late pregnancy or early lactation as the high
calcium content in plantain can result in an increased occurrence of hypocalcemia and
hypomagnesemia in ewes when grazed during late pregnancy or early lactation (Judson &
Moorhead 2014). The brassica crop treatment was grazed continuously during winter, after
the ewes were gradually adjusted to the diet using on-off grazing with increasing grazing
durations of brassica each day (2, 4, 6, 8, hours on days one through four) before continuous

grazing.
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Table 3.5 Number of days sheep grazed each of the forage treatment (RGWC: perennial
ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: plantain/white clover; B:
brassica (turnips/swedes/kale in rotations) on the drainage plot areas in Years 1 (July to
December 2019), 2 (January to December 2020), and 3 (January to December 2021).

Grazing month

Grazing date

Drainage plots

Year1l
August
September
October

November

December
Year 2
January

March
May
June
July
August
October

November
December

Year 3
January

February
March

May
June

July

August

October

2 August to 13 August (11 days)

19 September to 23 September (4 days)
24 October to 28 October (4 days)
24 October to 30 October (6 days)

25 November to 27 November (2 days)

25 November to 28 November (3 days)

16 December to 19 December (3 days)

15 January to 23 January (8 days)
17 March to 20 March (3 days)
17 March to 21 March (4 days)
17 March to 22 March (5 days)

15 May to 18 May (3 days)

12 June to 16 June (4 days)

20 July to 26 July (6 days)
20 July to 22 August (33 days)

18 August to 22 August (4 days)
15 October to 20 October (5 days)
15 October to 22 October (7 days)

9 November to 13 November (4 days)
7 December to 9 December (2 days)
7 December to 11 December (4 days)

3 January to 8 January (5 days)
3 January to 9 January (6 days)
1 February to 5 February (4 days)
6 March to 9 March (3 days)
26 March to 30 March (4 days)
5 May to 9 May (4 days)

15 June to 18 June (3 days)

15 June to 19 June (4 days)

31 May to 5 July (35 days)

12 July to 15 July (3 days)

12 July to 16 July (4 days)

12 August to 14 August (2 days)
12 August to 16 August (4 days)
4 October to 12 October (7 days)
22 October to 24 October (2 days)
22 October to 25 October (3 days)

RGWC, IRWC, B
RGWC, IRWC, PWC
PWC
RGWC, IRWC
PWC
RGWC, IRWC
RGWC, IRWC, PWC

RGWC, IRWC, PWC
PWC
RGWC
IRWC
RGWC, IRWC
RGWC, IRWC, PWC
RGWC, IRWC
B
RGWC, IRWC
PWC
RGWC, IRWC
RGWC, IRWC, PWC
PWC
RGWC, IRWC

IRWC
RGWC, PWC
RGWC, IRWC, PWC
RGWC
RGWC
RGWC
IRWC
RGWC
B
IRWC, PWC
RGWC
RGWC
IRWC
RGWC, IRWC, PWC
RGWC, PWC
IRWC
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Table 3.6 Supplementary feed balance (kg DM/ha) of treatments (RGWC: Perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover;
PWC: plantain/white clover; brassica) in winter and spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring of
Years 2 (January to December 2020) and 3 (January to December 2021). Data are presented as average.

Conserved or grazed by other animals Grazing outside of the farmlet
(kg DM/ha) (kg DM/ha) Balance (kg DM/ha)
Summer Late-autumn  Winter  Spring Summer Late-autumn  Winter  Spring
Year 1
RGWC - - - 2394 - - - - 2394
IRWC - - 3101 5027 - - - - 8128
PWC - - - 632 - - - - 632
Brassica - - 2000 257 - - - - 2257
Year 2
RGWC - - - - - - - - -
IRWC - - - - - - - - -
PWC - - - - - - 2165 - -2165
Brassica - - 2591" - - 644 - 1947 -
Year 3
RGWC 2240 - 914 - - - - - 3154
IRWC 3871 - 981 - 569 773 - - 3510
PWC 2415 - 1148 - - 214 1485 - 1864
Brassica 496 680 1135 - 658 - - - 1653

*6,562 kg DM/ha of brassica was not utilised; Turnips, swedes and kale were used as a brassica treatment in Years 1, 2 and 3, respectively).
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Approximately one week before the planned start of lambing (21 August 2019 in Year 1, 26
August 2020 in Year 2, 16 August 2021 in Year 3), pregnant ewes were set stocked on the
RGWC area of each farmlet at a stocking rate of 18 ewes/ha until the end of lambing (34 days
in Year 1, 46 days in Year 2, 47 days in Year 3). Ewes did not lamb on any of the drainage
plots or alternative forage paddocks. Ewes and lambs within each treatment were then
rotationally grazed as one mob until weaning (2 December 2019 in Year 1, 12 December 2020

in Year 2 and 1 December 2021 in Year 3).

Ewe live weight and BCS measurements

Ewes were weighed (10 times annually in Years 2 and 3) at approximately monthly intervals
(prior to mating, at mid-pregnancy, late-pregnancy, docking, weaning). Ewe body condition
score (BCS), scale 1-5 including half units (Jefferies 1961), was assessed at each weighing by

a single operator.

3.3.3 Lamb management and measurements

Within 24 hours of birth, all lambs were weighed, ear tagged with electronic ear tags on the
right ear and colour flex tag in the left ear, according to the forage treatment. In addition, the
dam number, litter size and sex of the lamb were recorded. Dates of lambing began, docking
and weaning for the Years 1, 2 and 3 are displayed in Table 3.7. Lambs were weighed at

docking and weaning and then removed from the study.

Table 3.7 Lambing, docking and weaning dates for Years 1 (July to December 2019), 2
(January to December 2020), and 3 (January to December 2021).

Lambing began Docking Weaning
Year 1 27 August 2019 8 October 2019 2 December 2019
Year 2 1 September 2020 12 October 2020 12 December 2020
Year 3 25 August 2021 1 October 2021 1 December 2021
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Animal health management

Faecal worm egg counts (FEC) were measured (approximately at breeding, docking and
weaning) from 10 randomly selected ewes per treatments to monitor the build-up of internal
parasites. Drenching was given as required when FEC reached an average of 400 or more

eggs/g per 10 random samples. No drenching was required during the study period.

Ewes were vaccinated for clostridial diseases using Ultravac® 5inl (Zoetis, New Zealand)

annually, approximately three weeks prior to lambing.

Ewes within brassica treatment were injected with 1.5 ml of stock iodine 2.5% (FIL, New
Zealand) approximately one month before grazing brassica (Year 1) or not less than two
months before lambing (Years 2 and 3) to prevent iodine deficiency in the ewe and growing

foetus.

Ewes were shorn twice a year, in December and May.

3.4 Forage measurements

3.4.1 Forage dry matter mass measurement

The details of DM mass measurement of each forage in drainage and non-drainage plots areas
are summarised in Table 3.8. Ryegrass/white clover herbage within each farmlet was
measured fortnightly using a rising plate meter (RPM, Filip’s Manual Folding Plate Meter,
Development and Prototype Engineering,170 Railway Road, Palmerston North, New
Zealand). At least 50 compressed pasture height measurements were recorded in each
paddock, from within each farmlet. The formula to determine pasture mass (kg DM/ha) was
“average compressed pasture height” (Readings from RPM) x 158 (the multiplier) + 200

(Sanderson et al. 2001).
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In the drainage plots, three random quadrat cuts (0.1 m? each) were taken to ground level from
each of the RGWC, IRWC and PWC plots before and after each grazing using an electric
shearing handpiece (Frame 1993). Samples were oven-dried (60 to 70°C) for a minimum of
48 hours to a constant weight to estimate pre- and post-grazing herbage mass (kg DM/ha).
Pre-and post-grazing herbage mass (kg DM/ha) of the brassica were determined by pulling
all plants from a 1 m length of row with ten samples randomly chosen from each experimental
plot (rows were 0.15 m apart, so each 1 m length of row represented 0.15 m?). Samples were
then washed to remove soil contamination and separated to leaves and bulbs and then oven-
dried for a minimum of 48 hours (60 to 70°C) to a constant weight. The measurement method
of brassica and PWC forages used for adaptation was also the same as explained in the
drainage plots of each forage. But for the IRWC, RPM measurement was taken as described

for RGWC in the farmlet (Table 3.8).

3.4.2 Botanical and chemical compositions of forages on drainage plots

Pre-grazing samples for botanical composition and nutritive value analysis were collected
from each forage treatment once per season (excluding the brassica which was only collected
prior to the start of winter grazing; Table 3.9). At each sampling date, one ‘hand-plucked’
grab sample (Frame, 1993) of approximately 300 g wet weight was collected in each replicate
by walking in a random pattern within that plot (five samples per treatment). To determine
the botanical composition, the sample was further subsampled (100 g wet sample) and sorted
into sown species (perennial ryegrass and white clover for RGWC sward, Italian ryegrass and
white clover for IRWC sward and plantain and white clover for PWC sward), weeds and dead
material and then oven-dried at 70°C to a constant weight. The botanical composition was
calculated on a dry weight basis. The remaining samples (200 g) were freeze-dried and then
ground (Wiley mill; Arthur H. Thomas, Philadelphia, PA) to pass through a 1 mm sieve before
analysis.

72



Table 3.8 Method of herbage dry matter mass measurement in drainage and non-drainage plots areas.

Non-drainage plots

Farmlet Drainage plots Perennial ryegrass Alternative forages

RGWC Cutting to ground levels (0.1 m? quadrats) Rising plate meter -

IRWC Cutting to ground levels (0.1 m? quadrats) Rising plate meter Rising plate meter

PWC Cutting to ground levels (0.1 m? quadrats) Rising plate meter Cutting to ground levels (0.1 m? quadrats)

Brassica Pulling all plants (1_ m length, 15 cm row Rising plate meter Pulling all plants (1_ m length, 15 cm row
width) width)

RGWTC: Perennial Ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: Plantain/white clover sward; Brassica: Turnips/ swedes/ kale in rotation: -: not applicable.
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Table 3.9 Forage and animal (blood, urine, and faeces) sample collection dates in winter and
spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring of Years
2 (January to December 2020), and 3 (January to December 2021).

Seasons Forage samples collection date Animal sample collection date
Year 1l
Winter 1 August 2019 (RGWC, IRWC and B) 16 August 2019 (RGWC, IRWC and B)
Spring 23 October 2019 (RGWC, IRWC and PWC) 01 November 2019 (RGWC, IRWC and PWC)
Year 2
Summer 16 March 2020 (RGWC, IRWC and PWC) 20 March 2020 (RGWC, IRWC and PWC)
Late-Autumn 11 June 2020 (RGWC, IRWC and PWC) 16 June 2020 (RGWC, IRWC and PWC)
Winter 19 July 2020 (RGWC, IRWC and B) 22 July 2020 (RGWC, IRWC and B)
Spring 8 November 2020 (RGWC, IRWC and PWC) 10 November 2020 (RGWC, IRWC and PWC)
Year 3
Summer 31 January 2021 (RGWC, IRWC and PWC) 5 February 2021 (RGWC, IRWC and PWC)
Late-Autumn 14 June 2021 (RGWC, IRWC and B) 17 June 2021 (RGWC, IRWC and B)
Winter 1 July 2021 (B) 2 July 2021 (B)
11 July 2021 (RGWC, IRWC and PWC) 14 July 2021 (RGWC, IRWC and PWC)

Spring 3 October 2021 (RGWC, IRWC and PWC) 5 October 2021 (RGWC, IRWC and PWC)

RGWC: Perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover treatment; PWC: Plantain/white clover treatment; B:
Brassica (turnips/ swedes/ kale in rotations).

Freeze-dried ground samples were scanned by near infra-red spectrophotometer (NIRS) to
estimate metabolisable energy (ME), organic matter digestibility (OMD), ash, dry matter
(DM), crude protein (CP), acid detergent fibre (ADF) and neutral detergent fibre (NDF), and
starch and soluble sugars (SSS) (Corson et al. 1999). Calibrations for each component have
been developed (Massey University Nutrition Laboratory, Palmerston North, New Zealand)
using NIRS after scanning finely-ground pasture samples in the range of 400 to 2500 nm. A
Bruker MPA NIRS (Ettlingen, Germany) was used to scan the samples, and the resulting NIRS
spectra were analysed using Optic user software version 5.0. (Ettlingen, Germany). The
resulting NIRS calibration typically had a correlation of 0.90 when compared to the wet

chemistry results for each component.

At each sampling date, a grab sample of approximately 400 g (pulling 8-10 whole plants)
brassica sample was collected from each plot by walking in a random pattern within that plot
(five samples per treatment). Samples were then washed for removing soil contamination and

separated into leaves and bulbs. Leaves and bulbs were freeze dried and then ground to pass
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through a 1 mm sieve before analysis. Freeze-dried, ground samples were analysed for in vitro
organic matter digestibility (OMD; Roughan & Holland (1977)) and CP (Dumas’ procedure,
AOAC method 968.06 using a Leco total combustion method, LECO Corporation, St. Joseph,
MI, USA; AOAC, 2007), ADF and neutral detergent fibore NDF (AOAC method 973.18 using
Tecator Fibretec System, AOAC, 2002.04), DM (AOAC 925.10, 930.16) and ash (Furnace
550°C, AOAC 942.05). Metabolisable energy content was calculated (MJ ME/kg

DM =0.16 x DOMD) using the organic matter digestibility (Roughan & Holland 1977).

A sub-sample of all forages was also wet acid digested with nitric and perchloric acid mixture
to determine concentrations of minerals (calcium: Ca; sodium: Na; phosphorus: P) by
Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) using a Thermo
Jarrell Ash IRIS instrument (Thermo Jarrell Ash Corporation, Franklin, MA) (Rubio et al.
2012). In addition, secondary compounds (catalpol, aucubin, and acteoside) of the pure plantain
samples were also analysed using high-performance liquid chromatography (HPLC) by

adopting procedures outlined by Tamura & Nishibe (2002).
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CHAPTER 4: EFFECT OF ALTERNATIVE FORAGES ON BREEDING EWE AND THEIR
LAMB PERFORMANCES

4.1 Abstract

A system-scale field study was conducted at Massey University’s ‘Keeble’ farm over a period
of two and a half years to evaluate the effects of integrating alternative forages into a perennial
ryegrass/white clover system on the performance of breeding ewes and their lambs. The four
treatments, or farmlets, included forages on the drainage and non-drainage plot areas. On three
of the farmlets, 0.81 ha (0.4 ha of drainage plots and 0.41 ha of non-drainage plots) were sown
(~24% of grazing area) in one of three alternative forages (i.e., plantain/white clover or Italian
ryegrass/white clover or brassica). The remaining area (~2.5 ha) of each farmlet was in
perennial ryegrass/white clover (RGWC) and was not drained. The fourth farmlet was entirely
(100%) RGWC (including both the 0.4 ha drainage plots and 2.91 ha of non-drainage plots).
Each farmlet was stocked with 14 ewes per hectare (46 ewes per treatment) over the entire
study period. Each mob of ewes was rotationally grazed within their farmlet according to the
best practices for each forage type. Dry matter (DM) masses of RGWC in non-drainage plot
areas were measured fortnightly using a rising plate meter, whereas pre-and post-grazing DM
masses of various alternative forages in drainage plot areas were measured using standard
methods at each grazing event. The chemical and botanical compositions of forages in drainage
plot areas were also measured once in each season. Results indicated that neither DM nor
nutrients were restricted in any of the treatments; in addition, the forage treatments had no
impact (P>0.05) on the performance traits of ewes or their lambs. The lack of positive or
negative effects on animal performance suggests that farmers should not be concerned about
adverse impacts on animal performance when the used alternative forages are incorporated into

24% of the land area, with the remaining area being RGWC, and lambs are sold at weaning.

Keywords: Brassica, dry matter intake, perennial ryegrass, Italian ryegrass, plantain.
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4.2 Introduction

New Zealand sheep pastoral-based farming systems, which are grazed year-round, have been
somewhat focused on intensification to increase profitability and to help meet the growing
demand for food, especially protein (Morris & Kenyon 2014; Farrell et al. 2020). Thus,
productivity on New Zealand sheep farms has increased over time in terms of both lambing
percentage and lamb growth rates (Morris & Kenyon 2014). Profitability of a sheep system can
be improved by increasing the total lamb carcass weight per ewe per year: by either increasing
the number of weaned lambs and/or individual carcass weight (Morris & Kenyon 2014; Farrell
et al. 2020). The quantity and quality of pastures grown drive the performance of the sheep
flock; therefore it is important to ensure an adequate supply of high quality forage throughout

the production year (Raeside et al. 2014).

Sheep farming systems in New Zealand are typically based on grass-clover mixes, with
perennial ryegrass (Lolium perenne L.)/white clover (Trifolium repens) the predominant mix
in the improved intensive farming pasture systems (Kemp et al. 1999; Cranston et al. 2017).
However, these pasture-based systems can be characterised by fluctuations in both quantity
(dry matter production) and quality (nutritive value) of available pasture across seasons (Kemp
et al. 1999; Cranston et al. 2017). Pasture production generally peaks in spring (Matthews et
al. 1999a) and can be limited during summer due to moisture stress and in winter due to cold
temperature (Matthews et al. 1999a). Lambing is often timed to occur in late winter/early spring
to ensure the high feed demand requirements of the ewes, and her lambs coincide with the
spring pasture peak and, therefore, it can be challenging to ensure adequate pasture availability
in late winter to meet the nutritional requirements of ewes (Young et al. 2011; Kenyon et al.
2014). Dry summer conditions can result in suboptimal herbage growth and quality, negatively

influencing ewe body condition scores (BCS) and resulting reproductive performance (Young
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et al. 2011; Kenyon et al. 2014) and the growth of weaned lambs (Somasiri et al. 2015).
Therefore, farmers often utilise alternative forages to fill these feed gaps in summer and late
winter/early spring to provide an adequate and high-quality feed. As a result, the use of
alternative forages have gained increasing interest (Valentine & Kemp 2007; Kemp et al.
2010). New Zealand sheep farmers sow a varying percentage of their farm area in alternative
forages to flatten the pasture supply curve and minimise times of seasonal pasture shortage

(Kemp et al. 2010; Beef + lamb 2018; Stevens et al. 2021).

Forages such as plantain (Judson et al. 2009), Italian ryegrass (Rae et al. 1964) and brassica
species (Drew et al. 1974; Barry & Drew 1978) or a mix of forages such as plantain and white
clover (Judson et al. 2009; Raeside et al. 2014; Cranston et al. 2015a), or a brassica and Italian
ryegrass (Stevens et al. 1994) have been shown to improve sheep performance. Plantain
(Plantago lanceolata L.) is a summer active alternative perennial forage (Powell et al. 2007)
and, when mixed with white clover, is generally associated with higher feeding value and
metabolisable energy (ME) compared to a perennial ryegrass/white clover mix (Kemp et al.
2010). Grazing a plantain/clover mix compared to perennial ryegrass/clover mix can improve
ewe and lamb weaning weights (Judson et al. 2009; Raeside et al. 2014; Cranston et al. 2015a)
and post-weaning lamb growth rates (Somasiri 2014; Kenyon et al. 2017). Italian ryegrass
(Lolium multiflorum Lam.) has a slightly higher nutritive value and greater winter growth rate
than perennial ryegrass (Charlton & Stewart 1999; Burns et al. 2015). Consequently, Italian
ryegrass can support greater live-weight gains of sheep during winter, compared to perennial
ryegrass (Rae et al. 1964). Brassica species such as swedes (Brassica napus ssp. napobrassica)
turnips (Brassica rapa ssp. Rapa) and kale (Brassica oleracea ssp. Acephala) sown in spring
or early summer can also provide a large amount of feed in winter (Cranston et al. 2017).

Brassicas typically yield 8-14 t/ha (Valentine & Kemp 2007) and can be energy-dense (ME
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typically >12.0 MJ/kg DM; Litherland & Lambert (2007)). Therefore, a small area of these

crops can be grazed with a high stocking rate during winter (Cranston et al. 2017).

While these studies indicate the benefits of these forages, their growth profile is somewhat
limited to certain seasons/periods of the year. Therefore, in a pastoral system, only a proportion
(10-20%) of the farm can be planted in alternative forages to achieve specific roles such as
increasing ewe milk production and lamb survival (Kemp et al. 2010). However, a farmer needs
to consider production on a year-round basis across the entire farm, so it is important to
consider the impacts of these alternative forage species over the entire year. The objective of
the present study was to compare the long-term (July 2019 to December 2021) effects of
incorporating alternative forages (Italian ryegrass, plantain and/or a brassica) on approximately
24% of the overall grazing area, within a perennial ryegrass/white clover farmlet system, on
the performance of breeding ewes and their lambs compared to a perennial ryegrass/white

clover system.

4.3 Materials and methods

4.3.1 Brief summary

The experimental site and farmlet systems are fully described in Chapter 3. Briefly, the design
of this study included four self-contained farmlets or “treatments;” each of approximately 3.32
ha, representing different forages (Table 4.1). Each treatment included forages from both the
drainage and non-drainage plot areas (Figure 4.1 and Table 4.1). Briefly, three of the treatments
had 0.81 ha (0.4 ha of drainage plots and 0.41 ha of non-drainage plots), and were sown in one
of three alternative forages, i.e., plantain/white clover (PWC) or Italian ryegrass/white clover
(IRWC) or brassica (turnips in 2019 or swedes in 2020 or kale in 2021). The remaining area
(approximately 2.5 ha) of each treatment was in perennial ryegrass/white clover (RGWC) and

was not drained. The fourth treatment was entirely RGWC (0.4 ha drainage plots and 2.91 ha
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of non-drainage plots). Each treatment was stocked at 14 ewes/ha for the entirety of the
experiment (46 ewes per treatment), which was reflective of an intensive sheep-farming

operation for this farm class and area (Beef + Lamb New Zealand Economic Service 2022a).

The data collected over two and a half consecutive production years (from June 2019 to
December 2021) are presented in this chapter. The years will be referred as “Year 1 (July to
December 2019)”, “Year 2 (January to December 2020)”, and “Year 3 (January to December

2021)”.

Table 4.1 Specific and total area of forages included in each treatment.

Drainage plots’ Non-drainage plots (ha)

Treatment (ha) Perennial Alternative ~ Total area (ha)
ryegrass forages®

RGWC 0.40 2.91 0.00 3.31

IRWC 0.40 2.49 041 3.30

PWC 0.40 2.51 041 3.32

Brassica 0.40 2.54 0.41 3.35

RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: plantain/white clover; brassica: turnips or swedes or
kale in rotation over two and a half years. *Drainage area consisted of RGWC, IRWC, PWC and brassica for RGWC, IRWC, PWC and
brassica treatments. *Alternative forage is the forage specific to the treatment.

Each mob of ewes was rotationally grazed within their treatment (see Chapter 3 for details of
grazing management). Each treatment was grazed according to best practice for each forage
type. Mowing of RGWC species was employed when it was necessary to maintain pasture
quality by removing seedheads in the non-drainage plot areas. Excess forages from non-
drainage plot areas were also removed by grazing with additional animals or conserved as
baleage or hay. Shortages in feed supply were met with supplementation when required
(summer and winter) with pasture (off-grazing) or hay. The PWC in drainage and non-drainage
plot areas were not grazed during late pregnancy or early lactation as the high calcium content
in plantain can increase hypocalcemia and hypomagnesemia in ewes grazing plantain at these

times (Judson & Moorhead 2014). The brassica crops in drainage and non-drainage areas were
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grazed continuously during winter after the ewes were gradually adjusted to the diet using the
on-off grazing method, with increasing grazing durations of brassica in non-drainage plot areas

each day (2, 4, 6, 8, hours on days one through to days four) before continuous grazing started

on day five.

Figure 4.1 Layout of the treatments (RGWC: perennial ryegrass/white clover; IRWC: Italian
ryegrass/white clover; PWC: plantain/white clover; brassica in drainage and non-drainage plot
areas and I: RGWC in IRWC treatment; P: RGWC in PWC treatment; B: RGWC in brassica
treatment in non-drainage plot areas).

4.3.2 Forage measurements

The details of DM mass measurement of each forage in drainage and non-drainage plot areas
are summarised in Table 4.2. Dry matter masses (kg DM/ha) of RGWC and IRWC in non-
drainage plot areas were measured fortnightly using a rising plate meter (see Chapter 3 for

measurement details). Pre-and post-grazing herbage mass (kg DM/ha) of RGWC and IRWC in

drainage plot areas and PWC in drainage and non-drainage plot areas were determined by
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cutting to ground level using random quadrat (0.1 m? each, 20 quadrats per treatment). Pre-and
post-grazing herbage mass (kg DM/ha) of the brassica in drainage and non-drainage plot areas
were determined by pulling all plants from a 1 m length of the row (20 sticks per treatment).
Chemical and botanical compositions of forages were measured in drainage plot areas only

with samples collected from each plot (see Chapter 3 for details and sampling frequency).

Table 4.2 Method of herbage dry matter mass measurement in drainage and non-drainage plots.

Non-drainage plots

Treatment Drainage plots Perennial .
Alternative forages
ryegrass

RGWC Cutting to ground level (0.1 m? quadrats) RPM n/a
IRWC Cutting to ground level (0.1 m? quadrats) RPM RPM
PWC Cutting to ground level (0.1 m? quadrats) RPM Cutting to ground levels (0.1 m? quadrats)
Brassica Pulling plants (1 m length, 15 cm row RPM Pulling all plants (1 m length, 15 cm

width) width)

RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: plantain/white clover; RPM: Rising plate meter; n/a: not
applicable.

4.3.3 Animal measurements

Ewes were weighed and body condition scored at breeding, pre-lambing, docking and weaning.
Ewe body condition score (BCS) was assessed using a 1-5 scale including half units (Jefferies
1961), undertaken at each weighing by a single operator. Lambs were weighed at birth, docking

and weaning (see Chapter 3 for details of animal management and measurements).

4.3.4 Statistical analysis

All data were tested for normality and outliers using Minitab 16 statistical software before
analysis in SAS version 9.4 (Statistical Analysis System, version 9.4; SAS Institute Inc., Cary,
NC, USA). Data were subjected to analysis of variance using the MIXED or GLM procedure

in SAS version 9.4 (SAS Institute 2015).
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Forage mass in non-drainage and drainage plot areas

Forage mass measured fortnightly in non-drainage plot areas were analysed using a model
containing fixed effects of treatment (RGWC, IRWC, PWC or brassica), measurement time
(day), Year (1, 2 and 3) and their three-way interaction. The model also included paddocks

nested within treatment as a random effect.

Pre- and post-grazing DM mass of forages in the drainage plot areas were analysed using a
model containing the fixed effects of treatment (RGWC, IRWC, PWC or brassica),
measurement time (months), Year (1, 2 and 3) and their three-way interaction. The models also

included plots (replicates) nested within treatment as a random effect.

Herbage quality and composition of forages in the drainage plot areas

Herbage CP, OMD, ME, NDF, ADF and ash content of forages in the drainage plot areas were
analysed using a mixed model that contained the fixed effects of year, treatment, and the season
of sample collection (winter and spring in Year 1, summer, late-autumn, winter and spring in
Years 2 and 3) and their three-way interaction. The botanical composition of forages in the
drainage plot areas were analysed using a mixed model that contained the fixed effects of year,
treatment, the season of sample collection (spring in Year 1, summer, late-autumn, winter and
spring in Years 1 and 2) and their three-way interaction. The models also included replicates

nested within treatment as a random effect.

Ewe measures

The effect of different treatments on ewes’ LW was analysed using a mixed model that
contained the fixed effects of year, treatment, event (pre-mating, scanning, pre-lambing,
docking and weaning) and their two-and three-way interactions. The model also contained the
covariate of ewe LW at scanning each year. Ewe body condition score was analysed using a

Poisson distribution and logit transformation using the GENMOD procedure in SAS. The
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Poisson distribution was chosen as it is a nonlinear regression model for discrete outcomes.
The model included the fixed effects of year, treatment and event and their two-and three-way
interactions. The ewe LW and BCS models included ewe nested within treatment as a random

effect.

Lamb measures

Lamb LW measured at docking (approximately 5 weeks after the start of lambing), and
weaning (approximately 13 weeks after the start of lambing) were adjusted based on their
actual average age (docking weight adjusted for 35 days and weaning weight adjusted for 90
days) using date of birth and measurement date data. The model of lamb LW contained the
fixed effect of year, treatment, event (birth, docking and weaning), birth rank (i.e., number of
siblings born i.e., single or twins or triplets), and the two-way interaction of treatment and year,
treatment and event and their three-way interaction of treatment, year and event. Ewe LW at
pre-lambing was included as a covariate in the model. The model also included lamb nested

within treatment as a random effect.

Lamb liveweight gains (LWG) from birth to docking, docking to weaning and birth to weaning
were calculated using their LW-adjusted for actual average age. The models of lamb LWG
from birth to docking and birth to weaning included the fixed effects of year, treatment, birth
rank, rearing rank (i.e., number of lambs reared to weaning — single or twin or triplet), and two-
way interaction of treatment and year. The model of lamb LWG from docking to weaning
contained the fixed effect of treatment, year, rearing rank, and two-way interaction of treatment
and year. Ewe LW at pre-lambing was included as a covariate in the models of LWG from
birth to weaning and docking to weaning but not included in the LWG from birth to docking
model as it was not significant (P>0.05). The models also included lamb nested within

treatment as a random effect.
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Number of foetuses per ewe put to the ram, number of lambs born per ewe put to the ram and
number of lambs weaned per ewe put to the ram were analysed using mixed models that
contained the fixed effects of treatment, year and two-way interaction of treatment and year.
The models included animal nested within treatment as a random effect. Ewe LW at pre-

lambing was not included as a covariate in the models as it was not significant (P>0.05).

Lamb survival to weaning (i.e., number of lambs weaned alive per number of lambs born) was
analysed as a binominal trait after logit transformation using SAS for categorical data
modelling (GENMOD). Main effects of treatment, year, and their interactions were tested. Data

are also presented as back-transformed percentages.

The total weight of lamb weaned per ewe put to the ram was calculated as the combined LW
of all lambs alive at weaning (actual LW approximately 90 days after mid-point of lambing)
plus a nominal value of 0 kg for lambs that had died. The total weight of lamb weaned per ewe
was analysed using a mixed model that included the fixed effects of treatment, year, birth rank,
rearing rank and two-way interactions of treatment and year. The model included ewe nested
within treatment as a random effect. Ewe LW at pre-lambing was not included as a covariate

in the model as it was not significant (P>0.05).
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4.4 Results

Table 4.3 Ten-year average (2008-2018) monthly rainfall (mm) and mean air temperatures (°C) from NIWA/Ag Research, Palmerston North
meteorological station (approximately 2 km from study site), and actual monthly rainfall and mean air temperatures during the trial period (Year
1: July to December 2019; Year 2: January to December 2020; Year 3: January to December 2021).

Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Rainfall (mm)

10-year average 62.4  68.9 57.6 95.0 98.7 89.9 78.2 80.6 92.9 85.2 79.2 79.2
Year 1 - - - - - 1114 1154 117 60.6 97.6 78.8 124.2
Year 2 316 348 48.8 65.6 66.4 64.4 65 40 137.6 63 1074  101.8
Year 3 858 242 102.6 59 45 105.8 43.8 1154  120.8 76.4 76.8 228.2

Mean air temperature (°C)

10-year average 183 18.6 16.7 14.4 11.6 9.6 8.7 9.9 111 12.6 14.4 17.2
Year 1 - - - - - 8.8 10 9.3 10.9 12.3 154 16.9
Year 2 178 194 16.4 14 11.9 11.7 9.2 10.3 111 13.7 15.2 16.4
Year 3 178 18.2 16.6 13.9 115 9.3 8.7 9.4 11 12.5 14.2 16.4
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Figure 4.2 Mean forage mass of treatments (approximately 2.9 ha) in non-drainage plot areas (within non-drainage plots, each treatment included
the following areas: perennial ryegrass/white clover (RGWC): 2.91 ha of RGWC,; Italian ryegrass/white clover (IRWC): 2.49 ha of RGWC plus
0.41 ha of IRWC; plantain/white clover (PWC): 2.51 ha of the area of RGWC plus 0.41 ha of PWC; brassica: 2.54 ha of RGWC plus 0.41 ha of
brassica) over three years (Year 1: July to December 2019; Year 2: January to December 2020; Year 3: January to December 2021). Decision
process involved that resulted in extra animals grazing the treatment area (*) or off grazing (i.e., grazing sheep outside of the treatment area; é);
Values are least-squares means + SE bars.
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Table 4.4 Supplementary feed balance (kg DM/ha) for treatments (RGWC: Perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover;
PWC: plantain/white clover; brassica) in winter and spring of Year 1 (July to December 2019) and summer, autumn, winter and spring of Years 2

(January to December 2020), and 3 (January to December 2021). Values are presented as average.

Conserved or grazed by other animals Grazing outside of the treatment area Overall yearly
(kg DM/ha) (kg DM/ha) balance
Summer Autumn Winter Spring Summer Autumn  Winter  Spring (kg DM/ha)
Year 1
RGWC X X 2394 X X X X 2394
IRWC x x 3101 5027 x X X X 8128
PWC X X 632 X X X X 632
Brassica X X 2000 257 x X X X 2257
Year 2
RGWC X X X X X X X X X
IRWC X X X X X X X X X
PWC X X x X X X 2165 X -2165
Brassica X X 25911 X X 644 X 1947 X
Year 3
RGWC 2240 x 914 x x X X X 3154
IRWC 3871 X 981 X 569 773 X X 3510
PWC 2415 x 1148 X x 214 1485 X 1864
Brassica 496 680 1135 X 658 X X X 1653

X: no supplementation or grazing outside of the treatment area or overall yearly balance. 16,562 kg DM of brassica was not utilised in winter of Year 2: Perennial ryegrass/white clover

(RGWCQ), Italian ryegrass/WC (IRWC), plantain/WC (PWC), and brassica (turnips in Year 1, swedes in Year 2 and kale in Year 3).
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4.4.1 Rainfall and Temperature

Actual monthly averages for rainfall and temperature over the study period are shown in Table
4.3, in addition to 10-year (2008-2018) mean values. In most months, especially during winter
and spring, there was substantial year to year variation in rainfall. Compared to other years,

Year 2 had less rainfall in June, July, and August.

4.4.2 Forage mass

Forage mass in non-drainage plot areas (approximately 2.9 ha for each treatment: 88% of
the total area of each treatment)

The pattern of forage mass in non-drainage plot areas of each treatment over the study period
is shown in Figure 4.2 (see Appendix 2 for numerical values). Mean forage mass varied little
among treatments, but all treatments showed similar trends of forage mass over the period. The
average forage covers of all treatments were above 1200 kg DM/ha in the non-drainage plot
areas during the study with the exception of the PWC treatment, which was lower than 1200

kg DM/hain September and early October of Year 2.

In winter (July 2019) of Year 1, IRWC and brassica had excess forage cover, resulting in extra
animals (it refers to animals other than those in the trial) grazing those treatments (Figure 4.2
and Table 4.4). In the spring of Year 1, all treatments had excess forage yield, resulting in extra
animal grazing in those treatments (IRWC, PWC and brassica in October 2019) or conserved
as baleage (RGWC and IRWC in December 2019). In November or December of 2020, surplus
forages from all treatments were not conserved (due to a malfunction in the machinery),
therefore excess forages were carried forward to Year 3 which resulted in extra animals grazing
in January 2021 (summer). In Year 3, all treatments had excess forages in winter (July 2021)
and had been grazed by extra animals. In the late-autumn (May 2021) of Year 3, brassica
paddocks were grazed by the extra animals (Figure 4.2 and Table 4.4).
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In winter (July 2020) of Year 2, the ewes in PWC treatment grazed outside of their treatment
area due to the low forage covers (Figure 4.2 and Table 4.4), while ewes on brassica treatment
grazed outside of their area in late-autumn (April 2020) and spring (October and December
2020). Ewes in PWC grazed outside of the treatment area in late-autumn (May 2021) and winter
(August 2021) of Year 3, while ewes in the IRWC and brassica treatments grazed outside of

their treatment areas in the summer (March 2021).

Forage mass in drainage plot areas

The pre-and post-grazing DM mass of treatments in drainage plot areas fluctuated from month
to month, with the higher (P>0.05) DM harvested at the beginning of the experiment for
RGWC, IRWC and PWC (Figure 4.3). There were no differences (P>0.05) in the total DM
harvested among RGWC, IRWC and PWC in Years 1 and 2, but in Year 3, greater (P<0.05)
total DM yield was harvested from RGWC compared to IRWC and PWC (Table 4.5). Across
the study period, the lowest (P<0.05) pre-grazing (1380, 923 and 1039 kg DM/ha) and post-
grazing mass (483, 447 and 650 kg DM/ha) were observed in Year 3 for RGWC, IRWC and
PWC, respectively (Figure 4.3). The total DM harvested from IRWC and PWC in Year 3 was

one third (P<0.05) of that in Years 1 and 2 (Table 4.5).

The three-year mean indicated that total DM harvested differed significantly among treatments,
with higher (P<0.05) DM harvested in RGWC and IRWC and lower DM harvested in brassica
(Table 4.5). Likewise, averaged across the four treatments, total DM harvested in Years 1 (9180
kg DM/ha/year) and 2 (9473 kg DM/halyear) were twice (P<0.05) that in Year 3 (4364 kg
DM/halyear). Compared to the RGWC, the PWC had fewer grazing days over the trial period
(Table 4.5). Perennial ryegrass/WC and IRWC had nearly the same number of grazing days in

Years 1 and 2, but IRWC had fewer grazing days in Year 3. It should be noted that, in Year 2
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of the study, ewes began grazing the brassica in drainage areas in the latter part of the winter
and had not completely utilised the crop before set-stocking for lambing.

Quality of the forages measured in drainage plot areas (approximately 0.4 ha for each
treatment: 12% of total area of each treatment)

Forage chemical composition showed a significant (P<0.05) three-way interaction between
treatment, season and year (Tables 4.6 and 4.7; Appendix 3). The CP concentrations of RGWC
and IRWC did not differ (P>0.05) within seasons for a given year except in the winter of Year
1 and the late-autumn and spring of Year 3. Italian ryegrass/WC had higher (P<0.05) CP
concentration in the late-autumn of Year 3, compared to other treatments and or seasons. In the
summer of Years 2 and 3, PWC had greater (P<0.05) CP concentrations compared to RGWC.
Crude protein content in brassica leaves were greater (P<0.05) than in either the bulb or stem
in each season it was measured. Ryegrass/WC, IRWC and PWC had lower (P<0.05) CP and
ME in the summer of Year 2, compared to all other seasons. Compared to RGWC and IRWC,
brassica had lower (P<0.05) NDF concentrations in all years.

Botanical composition of forages measured in drainage plot areas (approximately 0.4 ha for
each treatment: 12% of total area of each treatment)

Perennial ryegrass/WC and IRWC had lower (P>0.05) crop (i.e., green forage) percentages in
the summer of Year 2 compared to the crop percentages of RGWC and IRWC in other seasons
(Figure 4.4). Overall, compared with other seasons of the experiment, PWC had the highest
(P<0.05) percentage of weed in the spring of Year 3, which resulted in the lowest (P>0.05)
crop percentage spring of Year 3. Overall, the WC percentages of RGWC and IRWC were less
than 4%, while PWC had a greater (P<0.05) WC percentage in the spring of Year 2 and summer

of Year 3.
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Figure 4.3 Pre- and post-grazing forage mass (kg DM/ha) in drainage plot areas over three
years (Year 1: July to December 2019; Year 2: January to December 2020; Year 3: January to

December 2021). Values are least-squares means + SE.



Table 4.5 Total DM harvested (kg DM/ha), number of grazing days on the drainage plot areas
over three years (Year 1: July to December 2019; Year 2: January to December 2020; Year 3:
January to December 2021). Values are least-squares means = SEM.

RGWC IRWC PWC Brassica
Total DM harvested per year *
Year 1 9909*°+702 11479%+702  9753*°+702 58159+1551
Year 2 10438%¢+702 12345%+702  9162°4702  59449+702
Year 3 58229+702 3203°+702 29294702  55019+702
3-year mean 8723*+491 9009*+491 7281Y+491  5754*t674

Number of grazing days per year?

Year 1 27 27 13 11
Year 2 46 47 26 33
Year 3 40 29 22 35
3-year average 38 34 20 26

&dSyperscripts with different letters indicate that means are significantly different among treatments (P<0.05). ‘Total
DM harvested per year (kg DM/ha/year) was calculated as the sum of differences between post- and pre-grazing per
grazing event. 2The number of grazing days/ewes was calculated as the sum of the grazing days the ewes grazed on
drainage plot areas during each grazing event.

Table 4.6 P-value of main effects of treatment (T), season (S) and year () and their three-way
interaction (T*Y*S) on forage chemical composition (CP: crude protein; ash; NDF: neutral
detergent fibre; ADF: acid detergent fibre; OMD: organic matter digestibility ME:
metabolisable energy), and botanical composition (crop, dead, white clover and weed)
determined in drainage plot areas in winter and spring of Year 1 (July to December 2019) and
summer, late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January
to December 2021).

Treatment (T) Season (S) Year (Y) T*S*Y
CP (g kg/DM) <.0001 <.0001 0.0024 <.0001
Ash <.0001 <.0001 <.0001 <.0001
NDF (g kg/DM) <.0001 <.0001 <.0001 <.0001
ADF (g kg/DM) <.0001 <.0001 <.0001 <.0001
OMD (g kg/DM) <.0001 <.0001 <.0001 <.0001
ME (MJ/kg) <.0001 <.0001 <.0001 <.0001
Crop (% of total DM) <.0001 <.0001 <.0001 <.0001
Dead materials (% of total <0001 <0001 <0001 <0001
DM)
White clover (% of total DM) <.0001 0.0003 <.0001 <.0001
Weed (% of total DM) <.0001 <.0001 <.0001 <.0001
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Table 4.7 Crude protein (CP; g kg/DM), neutral detergent fibre (NDF; g kg/DM), and metabolisable energy (ME; MJ kg/DM) content of RGWC
(perennial ryegrass/white clover), IRWC (Italian ryegrass/WC), PWC (plantain/WC), BL (brassica leaf) and BB (bulb or stem) measured in
drainage plot areas in winter and spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring of Years 2 (January to
December 2020), and 3 (January to December 2021).Values are least-squares means + SEM.

Year 1 Year 2 Year 3
Winter Spring Summer At?:;n Winter Spring Summer At?lj;n Winter Spring  SEM
CP RGWC 1931 210N 113° 2139 284Pc 244° 1901 303° 280 2041 6.6
IRWC 151Km 203 124m° 2220 288P¢ 243° 1821k 3418 277 1684
PWC ns 2199n 143mn 228 ns 262% 229 ns 269 182k
Brassica
BL 267¢ - - - 229 - - 109° 137mn -
BB 148'm - - - 64° - - 67" 71° -
NDF RGWC 424° 467 578° 481° 3829 437¢ 456¢% 393 3609 409°f 8.1
IRWC 481° 357 6272 283K 3849 436° 473 357h 321 3839
PWC - 486° 4017 471¢ - 328 309 - 258! 357N
Brassica
BL 211m - - - 161" - - 218M 132" -
BB 216™ - - - 147°p - - 175" 204™ -
ME RGWC 11.10 10. 8k 9.2m 10.6¥ 11.9°7 11.3" 10.9% 11.69" 12, 1ccef 12.1%%F 0,12
IRWC 10.54 10.0' 8.6" 11.5" 12.0¢f 11.3M 11.114 12.45¢ 12.45¢ 12.2bcd
PWC ns 10.7% 9.4m 10.8K ns 10.8K 11.4M ns 12,2bcde 11.8f
Brassica
BL 11.9defo - - - 12.5° - - 12.3%¢ 12.1cdef -
BB 12.Qbodef - - - 13.22 - - 12.2bcd 12, Qcdef -

aPSuperscripts with different letters indicate that means are significantly different among treatments within each parameter across years (P<0.05); ns: not sampled as PWC were not grazed in
winter of Years 1 and 2, and late-autumn of Year 3; -: no forage was present to sample as brassica was only present in winter of Years 1 and 2, and late-autumn and winter of Year 3.
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Figure 4.4 Botanical composition of the perennial ryegrass/white clover (RGWC), Italian
ryegrass/WC (IRWC) and plantain/WC (PWC) swards measured in drainage plot areas in
spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring of Years
2 (January to December 2020), and 3 (January to December 2021). Values are least-squares
means. Plantain/WC was not grazed in winter of Year 2 and late-autumn of Year 3, therefore,
PWC was not sampled in those seasons.
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4.4.3 Animal performance

Ewe live weight and body condition score

Overall, the LW and BCS of ewes did not differ (P>0.05) within the treatments (see Appendix
4). However, ewe LW showed a significant (P<0.05) three-way interaction within year,
treatment and monitoring events (Table 4.8). In Year 1, at pre-lambing, ewes grazing PWC
were heavier (P<0.05) than the ewes grazing RGWC and IRWC, but no difference was
observed (P>0.05) among the treatments at docking and weaning (Figure 4.5). In Year 2, ewes
in PWC were heavier (P<0.05) than all other treatments at breeding and were heavier (P<0.05)
than the ewes in brassica at pre-lambing but not (P>0.05) at docking and weaning. In Year 3,
ewes grazing brassica were heavier (P<0.05) than the ewes grazing PWC at pre-lambing, in
contrast, at docking and weaning, ewes grazing PWC were heavier (P<0.05) than ewes grazing
brassica. Further, in Year 3, ewes grazing RGWC were heavier (P<0.05) than ewes fed brassica

at docking and weaning but not (P>0.05) at breeding and pre-lambing.

Table 4.8 P-value of main effects of treatment (T), animal monitoring event (E), year (Y), and
their three-way interaction (T*E*Y) on ewe live weight (LW), ewe performances and lamb
LW and liveweight gain (LWG) measured at each event in Year 1 (July to December 2019)
Year 2 (January to December 2020) and Year 3 (January to December 2021).

Treatment Event Year

M ® m 07
Ewe
Ewe LW! 0.9036 <.0001 <.0001 <.0001
Number of foetuses per ewe put to the ram 0.9326 - 0.3274 -
Number of lambs born per ewe put to the ram 0.9451 - 0.5077 -
Lamb survival to weaning 0.2726 - 0.0011
Number of lambs weaned per ewe mated 0.3778 - 0.0694 -
Total weight of lamb per ewe at weaning (kg) 0.5570 - 0.0254 -
Lamb
Lamb LW? 0.0248 <.0001 0.0001 <.0001
LWG birth to weaning 0.0040 - <.0001 -

'Ewe LWs were measured at breeding, pre-lambing, docking and weaning. 2Lamb LWs were measured at birth, docking and weaning. P-value less

than 0.05 (typically < 0.05) is statistically significant.
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Figure 4.5 Effect of forage treatment (perennial ryegrass/white clover (RGWC): 100% of grazing area was RGWC; Italian ryegrass/white clover
(IRWC): 24% of grazing area was IRWC and remaining 76% of area was RGWC; plantain/white clover (PWC): 24% of grazing area was PWC
and remaining 76% of area was RGWC; brassica: 24% of grazing area was brassica and remaining 76% of area was RGWC) on live weight (kg)
of ewes at breeding, pre-lambing, docking and weaning in Year 1 (July to December 2019) Year 2 (January to December 2020) and Year 3 (January
to December 2021). Live weight data are presented as least-squares means + SE. ®Superscripts with different letters indicate that means are
significantly different among treatments within measuring day (D; P<0.05).
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Figure 4.6 Effect of forage treatment (perennial ryegrass/white clover (RGWC): 100% of grazing area was RGWC; Italian ryegrass/white clover
(IRWC): 24% of grazing area was IRWC and remaining 76% of area was RGWC; plantain/white clover (PWC): 24% of grazing area was PWC
and remaining 76% of area was RGWC; brassica: 24% of grazing area was brassica and remaining 76% of area was RGWC) on body condition
score of ewes at breeding, pre-lambing, docking and weaning in Year 1 (July to December 2019) Year 2 (January to December 2020) and Year 3
(January to December 2021). Results displayed as back-transformed logit mean + SE; ®Superscripts with different letters indicate that means are
significantly different among treatments within measuring day (D; P<0.05).

99



Table 4.9 Effect of forage treatment (perennial ryegrass/white clover (RGWC): 100% of grazing area was RGWC; Italian ryegrass/white clover
(IRWC): 24% of grazing area was IRWC and remaining 76% of area was RGWC; plantain/white clover (PWC): 24% of grazing area was PWC
and remaining 76% of area was RGWC; brassica: 24% of grazing area was brassica and remaining 76% of area was RGWC) on live weight (LW;
kg) of lambs at birth and adjusted LW* at docking and weaning, and liveweight gain (LWG; g/day) from birth to weaning? in Year 1 (July to
December 2019) Year 2 (January to December 2020) and Year 3 (January to December 2021). Values are least-squares means £ SEM.

- LW (l_<g) - LWG (g/day) from
Birth Docking Weaning ) .
. n I I birth to weaning
weight weight weight
Year 1
RGWC 87 5.1+08 68  14.7°9+0.8 68  26.8%%+0.8 68 245.6%+55
IRWC 85 55+08 64 14.8%%+08 62 27.5%°+0.8 62 250.9%+5.6
PWC 89 54+08 73 14.6%+0.8 72 28.0%+0.8 72 253.0%+5.3
Brassica 88 54408 64  151*+08 63 27.2%°+0.8 63 246.3+5.6
Year 2
RGWC 87 4808 66  14.5°+08 63 26.7°%9+0.8 63 223.4%457
IRWC 87 5.1+08 62 14.09+0.8 55 24.6°+0.8 55 193.8™+5.7
PWC 93  4.9+08 74 14.9%9+08 68 23.8°+0.8 68 197.1%+5.3
Brassica 92 5.0+08 67 15.5%+0.8 64 25.89+0.8 64 217.0°+5.4
Year 3
RGWC 93  4.9+08 62 15.9%+0.8 53 27.3%°+0.8 53 243.0%¢+5.7
IRWC 93 5.0+08 61 14.6%+0.8 56 26.29+0.8 56 229.1°%+5 5
PWC 84  4.9+08 60 13.99+0.8 58 25.89+0.8 58 227.0%+55
Brassica 91 5.2+08 65 15.0"°+0.8 64 26.5%9+0.8 64 235.6°99+5 2

Data within columns with different letters differ significantly (P<0.05). 'Weights were adjusted based on their average age (docking weight adjusted for 35
days and weaning weight adjusted for 90 days) using date of birth and measurement date data. 2Liveweight gains were calculated based on the adjusted LW
at docking (docking weight adjusted for 35 days) and weaning (weaning weight adjusted for 90 days).
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Table 4.10 Effect of forage treatment (RGWC: 100% of grazing area was perennial ryegrass/white clover (RGWC); IRWC: 24% of grazing area
was Italian ryegrass/white clover and remaining 76% of area was RGWC; PWC: 24% of grazing area was plantain/white clover and remaining
76% of area was RGWC; brassica: 24% of grazing area was brassica and remaining 76% of area was RGWC) on ewe reproductive traits (number
of foetuses per ewe exposed to the ram, number of lambs born per ewe exposed to the ram, number of lambs weaned per ewe exposed to the ram
and total weight of lamb weaned per ewe exposed to the ram) and lamb survival over three years (Year 1: July to December 2019; Year 2: January
to December 2020; Year 3: January to December 2021). Values are least-squares means + SEM.

N Number of lambs born Lamb survival to weaning* (%) Number of lambs Total weight of lamb
umber of foetuses per .
ewe exposed to the ram per ewe exposed to the (no of lamb weaned alive/no of weaned per ewe weaned per ew;a
ram lamb born) exposed to the ram exposed to the ram? (kg)
Year
1 1.91+0.05 1.90+0.05 1.16*+0.13 (76.1) 1.44+0.06 38.7*+1.47
2 1.96+0.05 1.95+0.05 0.83%+0.12 (69.7) 1.36+0.06 35.5%+1.47
3 2.01+0.05 1.97+0.05 0.55Y+0.11 (63.3) 1.27+0.06 33.4Y+1.47
Treatment
RGWC 1.98+0.06 1.95+0.06 0.84+0.14 (69.9) 1.34+0.07 35.7+£1.90
IRWC 1.93+0.06 1.92+0.06 0.65+0.13 (65.7) 1.27+0.07 33.74£1.92
PWC 1.96+0.06 1.93+0.06 1.02+0.14 (73.6) 1.43+0.07 37.4£1.90
Brassica 1.97+0.06 1.96+0.06 0.87+0.13 (70.5) 1.39+0.07 36.7+£1.93
Year X Treatment
Year 1
RGWC 1.91+0.10 1.89+0.10 1.28%+0.26 (78.2) 1.48+0.11 38.780+2.94
IRWC 1.87+0.10 1.85+0.10 0.99%¢+0.24 (72.9) 1.35+0.11 36.8%+2.94
PWC 1.93+0.10 1.93+0.10 1.442+0.27 (80.9) 1.56+0.11 42.43+2 .94
Brassica 1.91+0.10 1.91+0.10 0.922°+0.24 (71.6) 1.37+0.11 36.8%+2.94
Year 2
RGWC 1.93+0.10 1.89+0.10 0.97%°+0.24 (72.4) 1.37+0.11 37.08+2.94
IRWC 1.89+0.10 1.89+0.10 0.54%9+0.22 (63.2) 1.20+0.11 31.45+2.94
PWC 2.02+0.10 2.02+0.10 1.00%¢+0.23 (73.1) 1.48+0.11 36.9%+2.94
Brassica 2.00£0.10 2.00£0.10 0.8323¢4+0.23 (69.6) 1.40+0.11 36.7%+2.94
Year 3
RGWC 2.09+0.10 2.07+0.10 0.28%+0.21 (57.0) 1.18+0.11 31.2°+2.97
IRWC 2.02+0.10 2.02+0.10 0.41%4+0.21 (60.2) 1.23+0.11 33.0°+2.94
PWC 1.94+0.10 1.83+0.10 0.76%9+0.22 (68.1) 1.26+0.11 33.0°+2.94
Brassica 1.98+0.10 1.98+0.10 0.862°¢9+0.23 (70.3) 1.39+0.11 36.5%+2.94

Within column and within year or treatment or the tested interaction of year and treatment data with different letters differ significantly (P<0.05); ‘Data for lamb survival to weaning are shown as the logit-transformed mean
+ SEM, with the back-transformed percentage given in parentheses. 2Total weights of lamb weaned per ewe put to the ram were calculated from the live weight of the lambs at weaning.
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At pre-lambing in Year 1, ewes grazing PWC had greater (P<0.05) BCS than the ewes grazing
RGWC and IRWC; however, at docking, the BCS of ewes in PWC was lower than the BCS of
the ewes grazing IRWC and brassica. There were no differences (P>0.05) among the treatments
at weaning (Figure 4.6). In Year 2, at breeding, ewes grazing brassica had greater (P<0.05)
BCS compared to the ewes grazing RGWC but did not differ (P>0.05) at pre-lambing or
weaning. Similarly, in Year 3, ewes grazing brassica had greater (P<0.05) BCS compared to

the ewes grazing RGWC at breeding but not (P>0.05) at pre-lambing and weaning.

Lamb live weight and liveweight gain

Overall, lamb LW of RGWC and brassica treatments were heavier (P<0.05) compared to
IRWC lambs (see Appendix 5). However, there was a significant three-way interaction of year,
treatment and event (Table 4.8). In Year 1, the LW of the lambs did not differ (P>0.05) within
the treatments at birth, docking or weaning (Table 4.9). Lamb LW at birth did not differ
(P>0.05) among treatments in Year 2, but lambs in the brassica treatment had heavier (P<0.05)
adjusted LW at docking compared to RGWC and IRWC. However, lambs in brassica and
RGWC treatments had greater (P<0.05) adjusted LW than those in the other treatments at
weaning. In Year 3, lambs in the RGWC treatment were heavier (P<0.05) than all other
treatments at docking. Further, brassica lambs were heavier (P<0.05) than IRWC and PWC at

weaning.

Overall, lamb LWG from docking to weaning did not differ (P>0.05) among treatments;
however, lambs in RGWC and brassica had greater (P<0.05) LW gain from birth to weaning
compared to the lambs in IRWC and PWC (see Appendix 5). Lamb LWG from birth to weaning
did not differ (P> 0.05) among treatments in Year 1 (Table 4.9). In Year 2, lambs in RGWC

and brassica had greater (P<0.05) LW gain from birth to weaning compared to the lambs in
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PWC and IRWC. In Year 3, the lambs in PWC gained less (P<0.05) LW from birth to weaning

compared to the lambs in RGWC.

Ewe reproductive traits and lamb survival

The number of foetuses, lambs born, number of lambs weaned, and the total weight of lamb
weaned per ewe exposed to the ram did not differ (P>0.05) among treatments (Table 4.10).
Lamb survival was also not affected (P>0.05) by treatments. The number of foetuses, lambs
born per ewe and lambs weaned per ewe put to the ram did not differ (P>0.05) between years.
However, lamb survival to weaning and the total weight of lamb weaned per ewe put to the
ram were greater (P<0.05) in Year 1 compared to Year 3. No differences (P>0.05) were found

among treatments for any of the traits measured within a given year.

4.5 Discussion

The objective of this study was to determine that on both an individual and on a per ha basis,
the performance of ewes and their lambs on the treatments with 24% of alternative forages
(IRWC, PWC and brassica) would be similar to or greater than that of the RGWC treatment
due to the herbage quality traits of the forages and their seasonal growth pattern. Overall, all
treatments generally showed similar performance over two and a half years period. The level
of performance in terms of lambing percentage was high (i.e., higher than 120%) in all
treatments across years and well above the top Quintile for North Island finishing farms in

2021, 126% (Class 5; Beef + Lamb New Zealand (2021).

Ewe nutrition, especially during gestation and lactation, can affect lamb growth rates (Lambert
et al. 1999; Raeside et al. 2014). Overall, the herbage mass and quality data measured in the
present study indicated that ewes were not under nutritional restriction. Previous studies have
shown that, under ryegrass white clover grazing conditions, to ensure ewe intake is not

restricted, grazing mass should not go below 1200 kg DM/ha (Morris & Kenyon 2004). Given
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that the perennial ryegrass/white clover area was at least 76% of the total grazed area in all
treatments and that the average perennial ryegrass/white clover covers measured were
consistently above 1200 kg DM/ha, the results indicate animal intakes were not restricted for
extended periods. However, in New Zealand, after weaning, lambs are typically raised to
slaughter weight; therefore, there is a high demand for forages during the summer and early
autumn because of the moisture and temperature stress. Consequently, pasture cover is reduced

during the autumn months, but in this study, the lambs were sold at weaning.

In the present study, pre-and post-grazing masses of the alternative forages were only measured
in the drainage plots. The pre-grazing masses of plantain/white clover in the drainage-plot areas
were typically greater than 1500 kg DM/ha. Previous studies have shown that to maximise
sheep production, plantain should be grazed at a sward height of at least 70 mm or 1500-1700
kg DM/ha (Somasiri et al. 2015; Somasiri et al. 2020) and grazing avoided during the late-
autumn and winter months (Cranston et al. 2015b). These recommendations were followed in
the current study, ensuring animal performance was not limited. Forage cover of Italian
ryegrass/white clover on the drainage areas was also typically greater than 1500 kg DM/ha,
which is higher than the minimum optimal level reported for ryegrass/white clover (Morris &
Kenyon 2004), a similar sward. In mid-to-late pregnancy, ewes (bearing twins with the average
lamb weight of 4 kg) should be offered 14 to 18 MJ ME/ewe/day (Nicol & Brookes 2007). In
the brassica forage, ewes were allocated feed at a rate of 1.8 kg DM/day, with an average forage
utilisation rate of 85%, indicating intake was not restricted when ewes were on the various

brassica forages.

Forages containing a ME content of 10-12 MJ ME/kg DM (Nichol 2007; Cranston et al. 2017)
and CP content of 8-16% (National Research Council 2007; Hynd 2019) are adequate for sheep

production. The ME and CP values of the various forages were only recorded in the drainage
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area for each treatment. Perennial ryegrass/white clover and Italian ryegrass/white clover
forages remained within the recommended levels for both quality traits in all periods except
the summer of Year 2, while for the plantain/white clover forage, CP and ME levels were
higher or equivalent to the optimum level in most seasons. The ME content of the brassica
forages in drainage areas remained above 12.0 MJ ME/kg DM over the study period. It is well-
known that brassicas (whole crop) have a lower CP content than that which is required for
optimum rumen microbial protein synthesis (Cranston et al. 2017), and it is known to be
considerably lower than for perennial ryegrass/white clover (Dalley et al. 2017). The CP levels
of brassica in Years 2 (bulb) and three were below the optimal, but not in Year 1. Brassica
leaves are known to contain a greater level of CP than their bulbs (De Ruiter et al. 2007; Dalley
et al. 2017). Given that the ewes had eaten all the brassica leaves in Year 2, but residual bulb
biomass was substantial (approximately 45% of the bulbs were not utilised), the CP may not
have been limited in Year 2. It is also important to note that ewes were on brassica forages for
approximately two, seven and ten weeks, in Years 1, 2 and 3, respectively. Overall, the results
indicate that ME and CP levels observed would not have limited ewe performance on any of

the forage treatments.

The forage covers, feed allocations and forage quality utilised in this study indicate that ewes
in all treatments were well-fed. This probably explains the very good BCS of ewes in all
treatments (Kenyon et al. 2014). Previous studies have suggested that sheep BCS should be
above 2.5-3.0 throughout the year for maximum overall performance (Kenyon & Webby 2007;

Kenyon et al. 2014; Kenyon et al. 2019). This was achieved in all treatment groups.

The CP and OMD values of plantain/white clover mix were higher compared to RGWC during
summer while ME was similar across seasons. Previous studies have reported plantain, white

and/or red clover mix to have higher nutritive value during summer, compared to
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ryegrass/white clover (Cranston 2014; Somasiri et al. 2016). Both perennial ryegrass/white
clover and Italian ryegrass/white clover had lower CP, ME and OMD levels during summer,
compared to other seasons. It has also been previously reported that Italian ryegrass has higher
levels of CP and ME in winter than in summer (Ryan-Salter & Black 2012). Perennial
ryegrass/white clover has also been shown to have lower levels of CP and ME levels in summer
compared to the other seasons in previous studies (Fulkerson et al. 2007; Raeside et al. 2014;

Somasiri et al. 2016).

In the present study, brassica forages showed a greater CP concentration in Year 1 than in
Years 2 and 3. It is important to note, in this study, that different varieties of brassica were
sown in Years 1 (turnips), 2 (swedes) and 3 (kale). Crops were established by ploughing
permanent pastures in the first year; this process can release significant amounts of mineral N
in the soil (Cameron et al. 2013) as a result of organic matter decomposition, which may have
contributed to the higher CP of the turnips (brassica) in Year 1, compared to swedes and kale
in the later years. The CP concentrations of turnip bulbs and leaves observed in this study were
within the range reported in previous studies (De Ruiter et al. 2007; Dalley et al. 2017). In
contrast, the CP concentrations of swede bulbs (Dalley et al. 2017; Winkler 2017) and kale
were lower than that reported previously (De Ruiter et al. 2007). The N fertiliser applied to the
brassica forages (30-80 kg N/ha/year) in this study was much lower than the N requirement
(250 to 500 kg N/ha) recommended for brassica crops in New Zealand (De Ruiter et al. 2009),

which may explain why the CP concentrations in Years 2 and 3 were lower.

Significant growth of broad-leaved dock (Rumex obtusifolius) was observed in plantain/white
clover from the spring of Year 2. Chemical and mechanical control methods were utilised
without successful eradication. The presence of this weed may have affected plantain growth

and perhaps decreased the proportion of plantain in the mix of plantain and white clover. When
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the sown species is replaced by a weed species, it results in a decline in the plant density of the
sown species, which eventually reduces the DM contribution of the sown species (Tozer et al.
2011a; Tozer et al. 2011b). The presence of high levels of broad-leaved dock in the spring of
Year 2 and in all seasons of Year 3 likely contributed to the reduced DM production of plantain

in drainage areas in Year 3.

In the summer of Year 3, the number of tillers in the Italian ryegrass had reduced. Therefore,
the Italian ryegrass/white clover in drainage areas was sprayed-out and resown using a direct-
drill in April 2021. However, the Italian ryegrass/white clover was patchy following resowing.
Consequently, this likely drove the reduction in DM production in Italian ryegrass/white clover

in Year 3.

Ewe reproductive traits and lamb survival were not affected by forage treatment. Under both
pastoral and indoor conditions, Kenyon et al. (2019) reported average lamb survival rates of
89.5 (range from 71 to 100%), 85.5 (range from 74 to 100%), and 67.5% (range from 45 to
89%) for singles, twins, and triplets, respectively. It has been reported previously that triplets
are more likely to be born when the prolificacy increases from 1.5 to 2.1 lambs per ewe
lambing (Amer et al. 1999). In this study, the number of foetuses carried and, therefore, lambs
born to each ewe exposed to a ram ranged between 1.9 and 2.1. Based on a scanning percentage
of 2.0, the modelling of Amer et al. (1999) suggests approximately 20% triplets and 60% twin
lambs. This high rate of triplets likely contributed to the low lamb survival rates in all

treatments (Kenyon et al. 2019).

Finally, it is important to note that under the conditions of the study, feed intake could not be
restricted, or ewe stocking rates could not be increased as this would not have allowed for

testing of the environmental impacts (see later Chapters 5 and 6) over the two-and-a-half-year
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period under consistent management conditions. Further studies are required to examine how
sheep would respond to lower feed levels and/or a higher stocking rate when grazing these

forage species.

4.6 Conclusions

Based on the results of the current study, it can be concluded that, in a farmlet system that
consists of 24% of the land area in alternative forage and the remaining area being perennial
ryegrass/white clover, and where lambs are sold at weaning, the ewes and lambs performed no
differently from those grazing perennial ryegrass/white clover only when stocked at 14 ewes
per hectare. This suggests that farmers should not be concerned about adverse effects on animal
performance; however, further studies would likely be required to gain an understanding of

how sheep might perform at lower feeding levels with these alternative forages.
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CHAPTER 5: URINARY NITROGEN EXCRETION OF SHEEP GRAZING FORAGES

5.1 Abstract

The use of some alternative forages can reduce urinary nitrogen (N) loads to soil and
subsequently to the environment. The potential extent to which a forage reduces N loads in
comparison to traditional ryegrass/white clover pastures can be assessed by quantifying the N
excretion in urine and faeces. The effects of four forages (perennial ryegrass/white clover:
RGWOC; lItalian ryegrass/white clover: IRWC; plantain/ white clover: PWC; brassica) on N
partitioning and excretion in breeding ewes were studied at Massey University’s ‘Keeble’ farm
over two and a half years (Year 1: July to December 2019; Year 2: January to December 2020;
Year 3: January to December 2021). Perennial ryegrass/WC and IRWC were grazed in all
seasons, whereas PWC was only grazed in the spring of Years 1, 2 and 3, summer of Years 2
and 3, and autumn of Year 2 and winter of Year 3. Brassica crops were only grazed in the
winter of Years 1, 2 and 3 and in the autumn of Year 3. The apparent N intakes of the ewes
were calculated as the difference between pre-and post-grazing herbage mass and forage N
concentrations. The N concentrations of urine and faeces were determined using spot samples
collected from five ewes per treatment during each season. There were no (P>0.05) differences
in apparent dry matter intake among treatments, but ewes grazing brassica had a lower (P<0.05)
apparent N intake compared with ewes grazing other treatments. Overall, the estimated daily
urinary N excretion levels (based on spot samples) across all seasons and forages ranged from
9 to 27 g N/sheep/d. The urinary N concentrations of ewes grazing on PWC, and brassica
treatments were lower (P<0.05) than those grazing on RGWC in all seasons where it was
compared. The results suggest that PWC and brassica can reduce urinary N load per animal in

the soil via a diuretic effect and lower herbage N concentrations, respectively.

Keywords: Alternative forages, breeding ewes, faeces N, N intake, plasma N, urinary N.
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5.2 Introduction

Nutrient leaching from agricultural soils, particularly from intensively grazed pasture, is a
significant cause of water quality deterioration in many parts of the world (Ruz-Jerez et al.
1995; Silva et al. 1999; Di & Cameron 2002; Houlbrooke et al. 2004). Nitrogen (N) cycling in
a grazing system is influenced by the grazing animal’s diet and the partitioning of ingested N
within the animal (Williams & Haynes 1994). In sheep, approximately 7-17% of ingested N is
partitioned into products, including; meat, milk, fibre (Gillingham & During 1973; Williams
& Haynes 1990; Kohn et al. 2005). Most of the remaining N is excreted in urine (55-67%) and
faeces (17-28%) (Gillingham & During 1973; Williams & Haynes 1990; Kohn et al. 2005).
Urinary N typically consists of 70 to 90% urea, which is rapidly hydrolysed to NH4" and
subsequently nitrified to NO3s™ within the soil, where it can be readily leached, particularly
during periods of high rainfall (Whitehead & Bristow 1990). Faecal N is in a stable form
(organic), and consequently, it is not a major contributor to N leaching (Wachendorf et al.

2005).

Sheep production systems in New Zealand are predominantly based on grazing a grass
(perennial ryegrass: Lolium perenne L.) and white clover (Trifolium repens) mix (Cranston et
al. 2017). However, this grass-based mix has a high N content relative to dietary energy
requirement, especially in spring and late-autumn, resulting in low efficiency of incorporating
feed N into animal product N, consequently which results in high urinary N excretion (Cheng
et al. 2013; Jonker et al. 2015). Therefore, alternative forages have been sought to mitigate
leaching losses (Bryant et al. 2018). For example, forage species with high rumen-utilisable
protein (RUP), which divert the dietary N away from urine (Woodward et al. 2012), or forages
with lower crude protein (CP) concentrations, can reduce the excretion of urinary N (Miller et

al. 2001). Forage species with more readily available water-soluble carbohydrates (WSC)
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relative to slowly fermentable neutral detergent fibre (NDF) or CP have also been shown to
improve the energy-to-N balance within the rumen and reduce urinary N excretion (Edwards
et al. 2007; Jonker et al. 2015). For example, brassicas such as swedes (Brassica napus ssp.
napobrassica) have a low CP (10 t016%) and a high WSC (25 to 50%) content (De Ruiter et
al. 2007), which reduce N excretion on an individual animal basis by maximising N utilisation
efficiency in the rumen (Dalley et al. 2017). In contrast, ryegrass has CP and WSC contents of

17-27% (Litherland & Lambert 2007) and 16-22% (Edwards et al. 2007), respectively.

Forages such as plantain (Plantago lanceolata L.) contain secondary metabolites (including
acteoside syn. verbascoside, aucubin, catalpol, iridoid and phenylpropanoid glycosides)
(Navarrete et al. 2016; Gardiner et al. 2018), which may reduce urinary N losses by inhibiting
biological nitrification (Dietz et al. 2013). Aucubin inhibits rumen fermentation, while
acteoside increases gas production by acting as an energy source for rumen microbial growth
(Navarrete et al. 2016). In addition, the presence of secondary metabolites (Deaker 1994),
mineral load (e.g., sodium content) and the higher water content of plantain can result in
diuresis, and consequently, reduce urinary N concentration (Box et al. 2016; De Klein et al.
2019; Dineen et al. 2021). In addition to the above attributes, plantain contains condensed
tannins (CT), which have been shown to reduce the urinary N excretion (De Klein et al. 2019)

by increasing the portioning of faecal N relative to urine (Carulla et al. 2005).

Winter-active forages such as Italian ryegrass (Lolium multiflorum Lam.) (Moir et al. 2012;
Malcolm et al. 2015) can reduce the accumulation of NO3™ in the soil profile through high
uptake of NO3", which otherwise would be susceptible to leaching during winter (Nichols &
Crush 2007; Moir et al. 2013; Woods et al. 2016; Maxwell et al. 2019). However, little is

known about N partitioning in animals grazing Italian ryegrass.
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The use of alternative forages to reduce the urinary N excretion load from grazing dairy cows
is well recognised (De Klein et al. 2019); however, little is known about their ability to reduce
N excretion from sheep in New Zealand. The quantification of total urinary and faecal N
excretion is essential to determine the potential of a given forage to reduce urinary N excretion
and N loading to the soil (Marsden et al. 2020). Due to the difficulty of continuous monitoring
of urination events of sheep under grazing conditions (David et al. 2015; Marsden et al. 2020),
indirect methods such as urinary creatinine excretion have been suggested as an alternative
method to determine the urine volume produced by grazing sheep (David et al. 2015). In
addition, the partitioning of N between urine and dung can be measured from the urine and
faeces N (Kohn et al. 2005). This study aimed to determine the quantity of N ingested by sheep
grazing four forage types/mixes (perennial ryegrass/white clover, plantain/white clover, Italian
ryegrass/white clover, brassica) and to compare the impact of these forages on N partitioning

and excretion by sheep as assessed by spot sampling.

5.3 Materials and methods

This study was carried out with the approval of the Massey University Animal Ethics
Committee (MUAEC 19/20; MUAEC 21/14 amended 05/20). See Chapter 3.0 for details of
the experimental site, treatments, and forage sample analysis. Forage data collected from
drainage plots, and animal samples (urine, blood and faeces) collected from ewes while grazing
on the forages for a minimum of 48 hours (refer to Table 3.9 for sampling dates) over two and
a half consecutive production years (from June 2019 to December 2021), were used for this
study. The years will be referred to as “Year 1 (July to December 2019)”, “Year 2 (January to

December 2020)”, and “Year 3 (January to December 2021)”.
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5.3.1 Blood, urine and faeces sample collection and analyses

The number of samples collected over the grazing experiments to evaluate the effects of
perennial ryegrass/white clover (RGWC), Italian ryegrass/white clover (IRWC), plantain/
white clover (PWC) and brassica on N partitioning of sheep are summarised in Table 5.1. Once
in each season (winter, spring, summer, and late-autumn), in the late morning (between 10 a.m.
and 11.30 a.m.), after the ewes had been grazing the forages for a minimum of 48 hours, blood,
faeces and urine samples were collected from a random subset of five ewes, from each forage
treatment (i.e., five samples per treatment). The ewe’s vulva was wiped prior to sampling to
clean off any faecal material before its nasal and oral passages were obstructed (manually). A
urine sample would generally be produced within 5 to 10 seconds (30 seconds maximum) of
airway obstruction (transitory apnoea) (Benech et al. 2015). Obstruction of the ewe’s airways
was halted as soon as approximately 40 ml of midstream urine was obtained. The samples were
separated into two parts (about 20 ml each) and then placed in polypropylene screw-capped
containers. One part of each sample (for analysis of N and NH3) was acidified to a pH of 4.0
or below with concentrated sulphuric acid (6N) to prevent NH3z volatilisation. Acidified and

non-acidified samples were stored at -20°C until analysis.
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Table 5.1 Description of the number (n) of samples (forage, urine, blood and faeces) collected in winter and spring of Year 1 (July to December
2019) and summer, late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021) to evaluate the
effects of perennial ryegrass/white clover (RGWC), Italian ryegrass/white clover (IRWC), plantain/white clover (PWC) and brassica on N
partitioning in sheep.

Year 1 Year 2 Year 3

Winter  Spring Summer Late-Autumn  Winter  Spring Summer Late-Autumn  Winter  Spring

Treatment included RGWC RGWC RGWC RGWC RGWC RGWC RGWC RGWC RGWC RGWC

IRWC IRWC IRWC IRWC IRWC IRWC IRWC IRWC IRWC IRWC
- PWC PWC PWC - PWC PWC - PWC PWC
Brassica - - - Brassica - - Brassica Brassica -
Number of samples?

Forages n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=20 n=15
Urine n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=20 n=15
Blood n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=20 n=15
Faeces n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=15 n=20 n=15

!Five samples per forage treatment were collected
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The N content of thawed urine subsamples was determined by an autoanalyser (Dumas’
procedure, AOAC method 968.06 using a Leco total combustion method, LECO Corporation,
St. Joseph, MI, USA; AOAC, 2007). Creatinine concentration in urine samples was determined
by colorimetric analysis (Bartels & Bohmer 1972; Henry et al. 1974) using a Daytona Plus
clinical analyser (Randox, Crumlin, Co. Antrim, UK) (Box et al. 2017; Bryant et al. 2017).
Urine uric acid concentration was determined using an enzymatic colorimetric technique
(Barham & Trinder 1972; Fossati et al. 1980) in a Daytona Plus clinical analyser (Randox,
Crumlin, Co. Antrim, UK) and urea concentration was determined using a commercial
enzymatic Kinetic technique (Ulrich 1965; Tietz 1976) in a Daytona Plus clinical analyser
(Randox, Crumlin, Co. Antrim, UK) (Box et al. 2017; Bryant et al. 2017). Allantoin
concentration was measured using a colorimetric analysis by adapting the procedure outlined
by Chen & Gomes (1992) (Chen & @rskov 2004; Ben Salem & Makkar 2009). Ammonia
concentration of acidified urine samples was analysed using the Glutamate dehydrogenate
enzymatic method as described by Neeley & Phillipson (1988) (Marshall et al. 2020). During
the winter of 2019, urine samples were not acidified; therefore, non-acidified urine samples

were used for NHsz analysis.

Faecal samples were collected by rectal stimulation or as the animal defecated, and frozen at -
20°C until analysis. Faeces were then freeze-dried and ground through a 1-mm sieve. Faecal N
content was determined by an autoanalyser (Dumas’ procedure, AOAC method 968.06 using
a Leco total combustion method, LECO Corporation, St. Joseph, MI, USA (AOAC 2007). In
Year 1 (winter 1 and spring 2), faeces samples were not freeze-dried, and therefore the results

are not included here.

Blood samples were collected by jugular venepuncture using 10 mL of K2E (EDTA) Vacuette

blood collection tubes (BD Vacutainer, Plymouth, PL6 7BP, UK). Blood samples were placed
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on ice and then centrifuged at 3,000 x g at 4°C for 15 min. The separated plasma was stored at
—20°C until analysis. Urea and creatinine concentrations of the plasma samples were

determined as per the method used for the urine samples.

All chemical analyses of plasma, faeces and urine were undertaken at the Nutrition Laboratory,

Massey University (Palmerston North, New Zealand).

5.3.2 Calculations

Chemical composition and mineral components of brassica treatment

The chemical composition and mineral contents of leaves and bulb or stem of the brassica
forage were measured separately. Therefore, the yield of leaf and stem or bulb components

were used to calculate the chemical composition of the whole crop.

Apparent dry matter intake (DMI) and apparent nitrogen (N) intake

The apparent daily DM intake (DMI) per ewe per day was calculated according to Matthews
et al. (1999a) by dividing the difference between pre-and post-grazing DM mass for each
grazing event by the number of sheep grazing days. In the calculation of the DMI of brassica,

it was assumed that the ewes grazing brassica consumed 100% of leaves.

Apparent N intake was calculated by multiplying DMI by the N% of each forage type.

Urine output and daily urinary N excretion measurements using urine creatinine concentration

Urine output (L/day) and total urinary N excretion (g/day) were estimated using the following

equations as described by Pacheco et al. (2007).
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Urine volume (L/day)
_ CEF (mg/kg LW) x LW (kg)
~ Urinary creatinine concentration in the spot urine sample (mg/L)

or

Urine volume (L/day)
Mean daily creatinine excretion (mg)

~ Urinary creatinine concentration in the spot urine sample (mg/L)

. . 8
Urinary N excetion (-£.)
rinary N excretion day

_ ( CEF (mg/kg LW) x LW (kg) )
~ \Urinary creatinine concentration in the spot urine sample (mg/kg)
X urine N concentration in the spot urine sample (g/kg)

or

: . 8
Urinary N exereton (-£-)
rinary N excretion day
_ ( Mean daily creatinine excretion (mg) )

Urinary creatinine concentration in the spot urine sample (mg/kg)
X urine N concentration in the spot urine sample (g/kg)

Creatinine excretion factor (CEF; mg/kg LW) was calculated using Brody’s equation:
CEF (mg/kg LW) = Mean daily creatinine excretion (mg)/LW where mean daily creatinine

excretion = (12.7 x LW %8%) (Brody 1945; David et al. 2015); LW: live weight.

Daily N excretion measurement using plasma urea concentration

Daily urinary N excretion (g/day) was estimated using the following equation as described by
Kohn et al. (2005):

Urinary N excretion (i) = CR (

i x PUN (g/L) x LW (kg)

day kg BW)
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In the calculation, CR content was assumed to be 1.2 based on a regression equation developed
by Kohn et al. (2005); CR: N clearance rate, L of blood cleared of PUN/day kg BW; PUN:

Plasma urea concentration; LW: Live weight.

Estimation of microbial N supply using urine purine derivatives

Rumen microbial activity was calculated from the ratio of purine derivatives (PD) to creatinine
in spot samples of urine (Chen & Gomes 1992). The resulting PD index is a relative measure

of microbial protein synthesis.

) total PD (mmol/L) 075
PD index = — x LW97
creatinine (mmol/L)

Where total PD = allantoin + uric acid + xanthin + hypoxanthine (Chen & Gomes 1992); In
sheep, allantoin, uric acid and xanthin plus hypoxanthine range between 60 and 80%, 30 and
10% and 10 and 5%, respectively (Chen & Gomes 1992). In the present study, as the xanthine
plus hypoxanthine were not measured in the spot samples, the combined xanthin and
hypoxanthine contents were estimated based on the allantoin concentration ratio given in Chen

& Gomes (1992).

allantoin concentration (mmol/L) X(5/100)
(80/100)

Xanthine plus hypoxanthine =

5.3.3 Statistical analysis

All data were tested for outliers and normality using Minitab 16 statistical software before
analysis was carried out in SAS version 9.4 (Statistical Analysis System, version 9.4; SAS

Institute Inc., Cary, NC, USA).

This study was carried out over a three-year period: the first year of the study included the
winter and spring while the second and third years included all four seasons (summer, late-

autumn, winter and spring). Four forage types were investigated, but not all forages were
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grazed in all four seasons. For example, RGWC and IRWC were grazed in all seasons, whereas
PWC was grazed in spring of Years 1, 2 and 3, summer of Year 2 and 3, and late-autumn of
Year 2 and winter of Year 3. Brassica crops were grazed in winter of Years 1, 2 and 3 and late-
autumn of Year 3. The herbage and animal components were analysed using a mixed model
containing the fixed effects of year (1 or 2 or 3), forage treatment, and season (winter and
spring in Year 1, summer, late-autumn, winter and spring in Years 2 and 3). Where appropriate,
the three-way interaction among year, season and forage treatment was included in the model.
Because of missing data, two-way interactions were not included in the analysis. The results
of three-way interactions are presented in this chapter, and the main effects are presented in
Appendices 6 and 7. However, the key results from analysis of the main effects are introduced
in this chapter. Ewes were not allocated to the same plot (replicate) at each grazing event (due
to culling, deaths and subsequent replacement); therefore, repeated measures could not be

undertaken.

Herbage measures

Herbage pre-and post-grazing DM mass, soluble sugars and starch (SSS), SSS:CP, SSS:NDF,
Na, Ca and P, and botanical composition data were analysed using a mixed model. The model
included replicates (plots) nested within the treatment as a random effect. Means were

separated using the LSD procedure in proc GLM.

Animal measures
Non-normally distributed data (urine N and urea N concentration of urine and plasma uric acid
concentration) were log-transformed prior to analysis to comply with the assumption of

residuals normality for the analysis of variance. Back transformed means are reported.

Effect of forage treatment on urine, faecal, plasma composition and urinary N excretion were

analysed using a mixed model. The model included ewe nested within the treatment, season
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and year as a random effect. For the analysis of urine volume, urinary N excretion, and
ammonia, ewe live weight at the sample collection time (£ 15 days) was included as a covariate.

Means were separated using the LSD procedure in proc GLM.

5.4 Results

5.4.1 Dry matter intake and pasture quality

The results of the main effects for DM intake and chemical composition of forages (Appendix
6), show that, overall, there was no difference (P>0.05) in DMI among treatments (P>0.05),
and that the CP content of brassica was significantly lower (P<0.05) than the other forages.
Therefore, lower (P<0.05) estimate of N intake was most often observed in ewes grazing
brassica compared to the N intakes of ewes grazing other treatments. The brassica had higher
(P<0.05) ME, SSS, SSS:CP and SSS:NDF concentrations than other forages but there were no
differences (P>0.05) among other forages. Plantain/WC had the lowest (P<0.05) DM% and
highest (P<0.05) Na and P concentrations compared to other forages. The lowest (P<0.05) CP

and highest DM% (P<0.05) were observed in summer.

Forage parameters showed a significant (P<0.05) three-way interaction among treatment,
season and year (Table 5.2). Herbage characteristics and chemical compositions of the forage
treatments are shown in Tables 5.3 and 5.4 and Figures 5.1 to 5.4. The pre-grazing masses of
the RGWC and IRWC did not differ (P>0.05) within seasons of a given year, except (P<0.05)
the winter of Year 1 and late-autumn of Year 3. The pre-grazing masses of PWC and RGWC
did not differ (P>0.05) in spring of Year 1 and summer, winter, and spring of Year 3, whereas
in Year 2, pre-grazing masses of PWC were lower (P<0.05) compared to RGWC in summer
and late-autumn. In contrast, PWC had greater (P<0.05) pre-grazing mass in spring. Ewes

grazing PWC had greater (P<0.05) apparent DMI compared to the ewes grazing RGWC and
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IRWC in the spring of experimental Year 2 and summer of Year 3 but did not differ (P>0.05)

in other seasons.

Table 5.2 P-value of main effects (forage treatment, season, year) and their three-way
interaction (Treatment: T* Season: S* Year: Y) of forage characteristics (DM: dry matter;
apparent DMI: dry matter intake; apparent dietary N intake), pre-grazing chemical (CP: crude
protein; N: Nitrogen; ME: metabolisable energy; SSS: soluble sugars and starch; NDF: neutral
detergent fibre; SSS:CP; SSS:NDF; ADF: acid detergent fibre; OMD: organic matter
digestibility), mineral (calcium: Ca; phosphorus: P; sodium: Na), bioactive glycoside contents
(catalpol, aucubin, acteoside) and botanical composition (crop; dead materials; white clover;
weed) of forage treatments measured in winter and spring of Year 1 (July to December 2019)
and summer, late-autumn, winter and spring of Years 2 (January to December 2020), and 3
(January to December 2021).

F
orage treatment Season (S) Year (Y) T*S*Y

M

Pre-grazing pasture mass (kg DM/ha) <.0001 <.0001 <.0001 <.0001
Apparent DMI (kg/ewe/d) 0.1095 0.0197 <.0001 0.0203
CP (g/kg DM) <.0001 <.0001 <.0001 <.0001
Apparent dietary N intake (g/d) 0.0117 <0.0001 <0.0001 <0.0001
DM (%) <.0001 <.0001 <.0001 <.0001
ME (MJ/kg) <.0001 <.0001 <.0001 <.0001
SSS (g/lkg DM) <.0001 <.0001 <.0001 <.0001
SSS:CP <.0001 <.0001 0.0003 <.0001
SSS:NDF <.0001 <.0001 0.0003 <.0001
ADF (g/kg DM) <.0001 <.0001 <.0001 <.0001
NDF (g/kg DM) <.0001 <.0001 <.0001 <.0001
OMD (g/kg DM) <.0001 <.0001 <.0001 <.0001
Ca! (mg/kg DM) <.0001 <.0001 <.0001 <.0001
P! (mg/kg) <.0001 <.0001 0.4571 <.0001
Na® (mg/kg) <.0001 <.0001 <.0001 <.0001
Catalpol* n/a <.0001 <.0001 n/a

Aucubin? n/a 0.0003 0.9933 n/a

Acteoside? n/a 0.0208 0.7380 n/a

Crop? (% of total DM) <.0001 <.0001 <.0001 <.0001
Dead materials? (% of total DM) <.0001 <.0001 <.0001 <.0001
White clover? (% of total DM) <.0001 <.0001 <.0001 <.0001
Weed? (% of total DM) <.0001 <.0001 <.0001 <.0001

n/a: not applicable as it was measured only in one treatment; ‘Not measured in winter and spring of Year 1 and summer, late-autumn, winter and
spring of Year 3; 2Not measured in winter of Year 1.

Perennial ryegrass/WC had higher (P<0.05) DM% compared to IRWC in the spring of Year 1
and summer, late-autumn and winter of Year 3 (Figure 5.1). The PWC had lower (P<0.05)
DM% compared to RGWC in all seasons it was measured. Compared to RGWC, brassica had

lower (P<0.05) DM% in the winter of Years 2 and 3.
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The CP concentrations in RGWC and IRWC did not differ (P>0.05) within seasons for a given
year except winter of Year 1 and late-autumn and spring of Year 3. Compared to IRWC,
RGWC had greater (P<0.05) CP concentration in spring and lower (P<0.05) CP concentration
in late-autumn of Year 3 (Table 5.4). In the summer of Years 2 and 3, PWC had higher (P<0.05)
CP concentrations compared to RGWC and IRWC, whereas in the spring of Year 3, compared
to RGWC, PWC had a lower (P<0.05) CP concentration. Brassica had lower (P<0.05) CP
concentrations compared to other treatments in winter of Year 2 and winter and late-autumn of
Year 3. The CP concentration of brassica in winter of Year 1 was double (P<0.05) than that in

winter of Year 2 and late-autumn and winter of Year 3.

Apparent N intakes of ewes grazing RGWC and IRWC did not differ (P>0.05) within the
seasons of a given year (Figure 5.2). Ewes grazing PWC had greater (P<0.05) apparent N intake
compared to ewes grazing RGWC in the spring of Year 2 and summer of Year 3 and compared
to ewes grazing IRWC in late-autumn and spring of Year 2 and summer of Year 3. Ewes
grazing brassica had greater (P<0.05) apparent N intakes compared to the ewes grazing IRWC
and RGWC in the winter of Year 1. Further, in contrast, the apparent N intakes of ewes grazing
brassica were lower (P<0.05) compared to the apparent N intakes of ewes grazing RGWC and

IRWC in winter of Year 2 and late-autumn of Year 3.

There were no differences (P>0.05) in SSS:CP ratios among RGWC, IRWC and PWC
treatments in all seasons it was measured, except late-autumn of Year 2 and summer and spring
of Year 3 (Figure 5.3). On the other hand, the brassica treatment had higher (P<0.05) SSS: CP
and SSS: NDF ratios compared to other treatments in all seasons it was measured (Figures 5.3

and 5.4).
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Within the seasons of a given year, PWC had greater (P<0.05) Na concentrations compared to
other forage treatments. Compared to RGWC and IRWC, PWC had greater (P<0.05) Ca
concentrations within the seasons of a given year (Table 5.5). Brassica had higher (P<0.05) Ca
concentrations in the late-autumn and winter of experimental Year 3, with the Ca concentration

of brassica only measured in the third year of the experiment.

The concentration of bioactive compounds naturally present in plantain samples harvested in
Years 2 and 3 are presented in Table 5.5. Among the measured compounds, catalpol was
detected at low concentrations ranging from 0.06 to 0.60 mg/g DM, whereas acteoside was

detected at high concentrations ranging from 8 to 25 mg/g DM.

The botanical composition (grass, clover, weeds and dead material) for the RGWC, IRWC and
PWC treatments is given in Table 5.6. Perennial ryegrass/WC and IRWC had high grass
(>69%) contents in most seasons (except the summer of Year 2). Initially (spring of Year 1 and
summer and late-autumn of Year 2), the PWC treatment had high (>69%) plantain content, but
weed content increased significantly for the remainder of Year 2 and all of Year 3. Overall, the
W(C percentages of RGWC and IRWC were small and accounted for less than 4% of botanical
composition. Although, PWC had around 2-6% of WC in summer and late-autumn of Year 2
and winter and spring of Year 3, relatively greater (approximately 15-20%) percentage of WC

was observed in the spring of Year 2 and summer of Year 3.
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Table 5.3 Pre-grazing forage mass (kg DM/ha) and apparent dry matter intake (DMI; kg DM ewe/day) of forages’ (RGWC: perennial
ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: plantain/white clover; brassica) in winter and spring of Year 1 (July to December
2019) and summer, late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). Values are least-

squares means.

" Forage Year 1 - Year 2 - Year 3 -
easure . . ate- . . ate- . .
type Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring

Pre-grazing forage RGWC 4711¢ 32889 3848 34209 34349 2442'm 28371 2109mn 1380° 1920" 177
mass (kg DM/ha) IRWC 5529¢ 35849 4312¢f 3023hiik 32969N 24964m 25631Kim 974° 923° 2027mn

PWC nm 3034Mi 2507 kimn 2390'mn nm 3050" 28791 nm 1039° 2157mn

Brassica 8012° - - - 114062 - - 6386° - -
Apparent DMI? RGWC 2.47bcd 2.88% 2.80%¢ 2.13bedef 2.4Qpcde 1.49defghi 0.809ni 2.06Pedef 0.98N 0.819ni 0.34
(kg/ewe/d) IRWC 2.85% 2.98% 2.06bodef 1.870cdef 2.Qbodef 1.69%f9 0.60M 1.57¢fgn 1.50¢fghi 0.52

PWC nm 3.162 1,97 bedef 2.57%cd nm 2.87% 2.1gbedef nm 1,129 0.58M

Brassica 3.622 - , - 1.56¢fan - - 1,36 _ _

&°Superscripts with different letters indicate that means are significantly different among forage treatments within each parameter (P<0.05); nm: not measured as PWC were not grazed in winter of Years 1 and 2,

and late-autumn of Year 3; _: no forage was present to sample as brassica was only present in winter for Years 1 and 2, and late-autumn and winter in Year 3.

The pre-grazing forage mass and DMI reported here are only from one of several grazing events per season.

2Apparent DMI = this was calculated based on Mathews et al., (1999) by dividing the difference between pre-and post-grazing DM mass for each grazing event by the number of grazing days.
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Table 5.4 Chemical composition! (CP: crude protein g/lkg DM; ME: metabolisable energy MJ/kg DM; SSS: soluble sugars and starch g/kg DM;
ADF: acid detergent fibre g/kg DM; NDF: neutral detergent fibre g/kg DM) of forages (RGWC: perennial ryegrass/white clover; IRWC: Italian
ryegrass/white clover; PWC: plantain/white clover; brassica) in winter and spring of Year 1 (July to December 2019) and summer, late-autumn,
winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). Values are least-squares means.

Forage Year 1 Year 2 Year 3 ,
Measure . . Late- . . Late- . . EM
type Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring
CP (g/kg DM) RGWC 194 2109 1130 2139 284¢ 244 1901 303° 280 204" 6.62
IRWC 151Km 203" 1220 2229 288be 243¢f 1821 3412 277 1684
PWC nm 2199 143m 228 nm 2620% 229 nm 269 1821k
Brassica 224fgh - - - 85rP - - 890°p 107m° -
ME (MJ/kg DM) RGWC 11.170 10.8K 9.19m 10.6K 11.9¢f% 11.30 10.9K 11.69" 12,1 bedef 12,1 00ef 0.13
IRWC 10.54 10.0' 8.57" 11.4n 12.0%f9 11.3" 11.10 12.4° 12.4b¢ 12,2bcde
PWC nm 10.7Kk 9.43M 10.8K nm 10.8ik 11.4n nm 12,2bcde 11.8%
Brassica 12cdefg - - - 13.12 - - 12.3bcd 12.cdef -
SSS (g/lkg DM) RGWC 164¢f 119" 86k 8gik 72Kim 114h 1279 g1kim 162¢f 150f 6.10
IRWC 2019 71m 66™ 1389 69'm 119N 1219 70'm 1944 182¢d
PWC nm 1249n 99il 72!m nm 64m 1011 nm 169¢ 174¢
Brassica na - - - 4362 - - 342b 311° -
ADF (g/kg DM) RGWC 231¢f 233¢f 320° 239¢f 1734 2059 237¢f 1744 1764 194shi 5.31
IRWC 264 2079 3482 167' 171 2019 242¢ 136° 146 191N
PWC nm 247¢ 269°¢ 231¢ nm 178K 180K nm 147m° 1861k
Brassica 167'm - - - 108p - - 152mn 1320 -
NDF (g/kg DM) RGWC 4249%f 467¢ 578P 481° 3829 4374 4564 393¢f 3609" 407¢f 8.39
IRWC 481° 357" 6272 2841 384fo 4364 472° 357" 321 383f
PWC nm 486° 401¢f 471° nm 328 309 nm 258K 357"
Brassica 213 - - - 149" - - 179m 189'm -

apSuperscripts with different letters indicate that means are significantly different among forage treatments within each parameter across years (P<0.05); nm: not measured as PWC was not grazed in winter of Years
1 and 2, and late-autumn of Year 3; _: no forage was present to sample as brassica was only present in winter of Years 1 and 2, and late-autumn and winter of Year 3.
1The chemical composition of forages was determined only once per season.
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Figure 5.1 Dry matter percentages (least-squares mean + SE) of forages (RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white
clover; PWC: plantain/white clover; brassica) in winter and spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring
of Years 2 (January to December 2020), and 3 (January to December 2021). *“superscripts with different letters indicate that means are
significantly different among forage treatments within each season (P<0.05). The DM % of forages were determined only once per season. Brassica
was only present in the winter of Years 1 and 2 and late-autumn and winter of Year 3, and ewes did not graze PWC in the winter of Years 1 and 2
and late-autumn of Year 3.
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Figure 5.2 Apparent dietary nitrogen (N) intake (g/ewe/d; least-squares mean + SE) of forages (RGWC: perennial ryegrass/white clover; IRWC:
Italian ryegrass/white clover; PWC: plantain/white clover; brassica) in winter and spring of Year 1 (July to December 2019) and summer, late-
autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). **superscripts with different letters indicate
that means are significantly different among forage treatments within each season (P<0.05). The apparent dietary N intake reported here are only
from one of several grazing events per season. Brassica was only present in the winter of Years 1 and 2 and late-autumn and winter of Year 3, and
ewes did not graze PWC in the winter of Years 1 and 2 and late-autumn of Year 3.
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Figure 5.3 Soluble sugars and starch (SSS):crude protein (CP) ratio (least-squares mean + SE) of forages (RGWC: perennial ryegrass/white clover;
IRWC: Italian ryegrass/white clover; PWC: plantain/white clover; brassica) in winter and spring of Year 1 (July to December 2019) and summer,
late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). ®“superscripts with different letters
indicate that means are significantly different among forage treatments within each season (P<0.05). The SSS:CP ratio of forages were determined
only once per season. The SSS content of brassica was not measured in Year 1. Brassica was only present in the winter of Years 1 and 2 and late-
autumn and winter of Year 3, and ewes did not graze PWC in the winter of Years 1 and 2 and late-autumn of Year 3.

128



3.5 1 ® RGWC IRWC X PWC W Brassica
3.25 4
a
3 A [ ]
2.75 A
2.5 4
2.25 4
RS a
& 27 []
[T a
o 1.75 A
= |
@ 15 -
n
1.25 -
1 -
b
0.75 A
a X a
0.5 A C X
°
- . a b b ” b y o?
0.25 A pX o 4 n b
) % b b
0 T T T T T T T T T 1
Winter Spring Summer Late- Winter Spring Summer Late- Winter Spring
‘ Autumn ) ‘ Autumn |
Year 1 Ye'ar 2 Ye'ar 3

Season

Figure 5.4 Soluble sugars and starch (SSS):neutral detergent fibre (NDF) ratio (least-squares mean = SE) of forages (RGWC: perennial
ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: plantain/white clover; brassica) in winter and spring of Year 1 (July to December
2019) and summer, late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). **superscripts
with different letters indicate that means are significantly different among forage treatments within each season (P<0.05). The SSS:NDF ratio of
forages were determined only once per season. Brassica was only present in the winter of experimental Years 1 and 2 and the late-autumn and
winter of Year 3, and ewes did not graze PWC in winter of Years 1 and 2 and late-autumn of Year 3.
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Table 5.5 Mean forage mineral concentrations® (calcium: Ca; phosphorus: P; sodium: Na; mg/g DM) for all forages (RGWC: perennial
ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: plantain/white clover; brassica) and bioactive glycoside (catalpol; aucubin;
acteoside; mg/g DM) concentrations® of PWC only in late-autumn and spring of Year 2 (January to December 2020) and summer, late-autumn,
winter and spring of Year 3 (January to December 2021). Values are least-squares means.

Year 2 Year 3
Late- . Late- . : SEM
Autumn Spring Summer Autumn Winter Spring
Ca RGWC 6.2 6.0°f 6.6° 5.3% 4.6 6.5° 0.55
IRWC 5.4°f 5.8°f 5.9°f 4.6 3.69 6.5°
PWC 17.3° 16.9° 19.0° nm 10.5¢ 9.2
Brassica . - - 13.2¢ 14.1° -
P RGWC 4.8° 4.5% 3.8° 6.1 5.3 4.0° 0.10
IRWC 5.3 4.8° 3.9° 6.0° 4.5¢ 3.8°
PWC 4.6% 4.8 4.5 nm 4.7 3.9°
Brassica . - - 2.8¢ 3.3 .
Na RGWC 4.3° 3.4™ 2,79 2.7 2.79" 2.1 0.30
IRWC 4.3¢f 2.59M 1.7 5.8 4.0°f 1.8k
PWC 8.0% 7.6 8.9° nm 6.9° 4.5°
Brassica . - - 1.1¢ 0.8' .
Catalpol PWC 0.1¢ 0.6 0.1°¢ nm 0.3° 0.1b¢ 0.06
Aucubin PWC 4.3 5.9 2.8° nm 8.5% 4.0 0.79
Acteoside PWC 8.3 24.8% 23.0% nm 12.2%¢ 18.23¢ 4.00
&Superscripts with different letters indicate that means are significantly different among forage treatments within each parameter across years (P<0.05); nm: not measured as PWC
was not grazed in late-autumn of Year 3; _: no forage was present to sample as brassica was only present in winter of Year 2, and late-autumn and winter of Year 3. !

Mineral composition and bioactive glycoside concentrations of forages were determined only once per season.
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Table 5.6 Botanical composition® (% of total DM) of the forages (RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover;
PWC: plantain/white clover) in spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring of Years 2 (January to

December 2020), and 3 (January to December 2021). Values are least-squares means.

Year 1 Year 2 Year 3
. Late- . . Late- . . SEM
Spring Summer Autumn Winter Spring Summer Autumn Winter Spring
Grass/herb RGWC 80.5%f 54.3 74.77h 82.5bcdef g4 ghbedef 73.3%" 92.3%c 93.6% 93.0% 3.7
IRWC 87.6%0cde 55.0' 79.08fon 94.1% 94.8% 78.08f9n 93.5% 95.82 94.92
PWC 90.130cd 69.5" 78.88fon nm 47.21 46.81 nm 55.8! 423
White clover RGWC 0.3¢ 0.2¢ 2.5¢de 0.1¢ 1.1cce 4,0cde 1.5¢de 0.6% 3.30e 14
IRWC 0.1¢ 0.1¢ 0.3¢ 0.4¢ 0.1¢ 1,700 1.4¢ce 1.10ce 2.9¢de
PWC 0.6% 6.2¢ 4.7¢ nm 19.78 15.32 nm 2.20de 4.9¢
Dead hij b d fgh f hij hij hij
. RGWC 2.89M 40.0 18.4¢ 5.7 5.7 12.4¢ 2.79M 2.79M 2.89M 14
materials
IRWC 2.09nii 4472 20.9¢ 5.5fdh 4 71oni 14.8¢% 0.3 1.7hi 2,19
PWC 7.9f 21.3¢ 5.8 nm 1.2i 0.1 ns 0.81 0.71
Weeds RGWC 16.4¢ 5.5¢fan 4 5efoh 11.8¢% 8.7¢%f 10.49%f 3.5 3.0fo 0.89" 2.9
IRWC 10.49%f 0.3" 0.1 0.1 0.4" 5.5¢fan 4.gefon 1.49" 0.1"
PWC 1.49" 3.1fh 4.0¢foh nm 26.2¢ 30.1¢ nm 41.6° 52.18

#ISuperscripts with different letters indicate that means are significantly different among forage treatments within each parameter across years (P<0.05); nm: not measured as PWC was not grazed in winter

of Years 2 and late-autumn of Year 3. * Botanical composition of forages were determined only once per season.
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5.4.2 Plasma, faecal and urinary nitrogen

The results of the main effect for urine, plasma and faecal N compositions are shown in
Appendix 7. Overall, ewes grazing PWC and brassica treatments had lower (P<0.05) urine N,
NHs, urea N, and creatinine concentrations compared with ewes grazing RGWC. Urine N, NH3
and urea N concentrations of ewes grazing IRWC were lower (P<0.05) than those grazing
RGWC. The ewes in RGWC had 30 to 40% lower (P<0.05) estimated total urine volumes than
those in other forages. Based on urine creatinine concentrations, ewes grazing brassica had
lower (P<0.05) urinary N excretion than those grazing other forages. However, based on the
plasma urea N concentration, the estimated N excretion of ewes grazing PWC and brassica
were lower (P<0.05) than in RGWC. Across all forages, higher (P<0.05) urinary N composition
and lower (P<0.05) daily urine output were observed in summer. However, greater (P<0.05)

urinary N excretions were estimated in late-autumn and winter seasons than in other seasons.

Urine, plasma and faeces N characteristics of spot samples showed a significant (P<0.05) three-
way interaction among year, treatment and season, whereas the three-way interaction for

creatinine excretion factor and uric acid concentration were not significant (P>0.05; Table 5.7).
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Table 5.7 P-value of main effects (forage treatment, year, season) and their three-way
interaction (Treatment: T*Season: S*Year: Y) of spots samples of urine, plasma and faecal N
compositions of breeding ewes grazing perennial ryegrass/white clover, Italian ryegrass/white
clover, plantain/white clover and brassica in winter and spring of Year 1 (July to December
2019) and summer, late-autumn, winter and spring of Years 2 (January to December 2020),
and 3 (January to December 2021).

Forage Season  Year  T*S*Y
treatment
Urine

Urine N concentration* (g N/L) <.0001 <.0001 0.0100 0.0007
NHz (mmol/L) <.0001 <.0001 0.0481 <.0001
Urea N* (mmol/L) <.0001 <.0001 0.0308 <.0001
Creatinine (mmol/L) <0001 <.0001 0.0900 0.010
Creatinine excretion factor 0.94 0.3200 0.2600 0.0800
Estimated urine volume (L/ewe/d) <.0001 <.0001 0.0005 <.0001
Urine N% <.0001 <.0001 0.0100 0.0007

Estimated urinary N excretion (g/ewe/d) <.0001 <.0001 <.0001 <.0001

Purine derivatives (PD)

Uric acid (mmol/L) 0.0017 <0.0001 0.0292 0.0687
Allantoin (mmol/L) <0.0001 <0.0001 0.0220 0.0026
Total PD (mmol/L) <0.0001 <0.0001 0.0054 0.0002
PD index 0.0446  <.0001 <.0001 <.0001
Plasma
Plasma urea N (mmol/L) <0001 <0001 <.0001 <.0001
Creatinine (umol/L) 0.0028 <.0001 0.031 <.0001
Uric acid* (umol/L) 0.0215 0.4568 <.0001 <.0001

Estimated urinary N excretion (g/ewe/d) <.0001 <.0001 <.0001 <.0001

Faecal N* % <.0001 <.0001 <.0001 <.0001

* P values for log-transformed data; ‘Data collected in winter and spring of Year 1 are not included.
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Table 5.8 Composition of N in spot samples of urine sampled from breeding ewes grazing perennial ryegrass/white clover (RGWC), Italian
ryegrass/white clover (IRWC), plantain/white clover (PWC) and brassica in winter and spring of Year 1 (July to December 2019) and summer,
late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). Values are least-squares means.

Year 1 Year 2 Year 3
. . Late- . X Late- . i SEM
Winter Spring Summer Autumn Winter Spring Summer Auturmn Winter Spring
NHs (mmol/L) RGWC 1.8¢ 0.9¢ 10.52 nd 0.2¢ 7.3v 8.6% 4.3 4.3 2.10e
IRWC 0.58 0.68 6.4b¢ 2.0% nd 2.1¢ 8.6 1.0¢ 0.9¢ 1.5¢ 0.79
PWC nm 0.8¢ 2.6% 2.0de nm 0.3¢ 1.18 nm 0.3¢ 1.3¢ '
Brassica 0.4¢ nm nm nm nd nm nm 1.53¢ 0.8¢ nm
Urea N* (mmol/L) RGWC 88.0¢fahii 71.89hijkim 210.1% 76.779niik 57 .5iikimn 153,5abcde 148, abcdef 113, 3bcdefghi 250.72 172,530
IRWC 41.9Imnop 44'6hijklm 208.0ab 126.0bcdefgh 45.6jklmnop 168.23de 165.0abcd 82'2efghijk 144_5abcdefg 44.1klmnop
PWC nm 66.3hikim 116.QPcdefgh 37.6Mnopd nm 91 .4cdefghij 123, bedefgh nm 51.3iikimno 30.9m°rq 121
Brassica 28.6%P" nm nm nm 17.47 nm nm 20.37" 26.0par nm
Creatinine (mmol/L) RGWC 1.4fohi 1.8¢f0 4.42 0.6Mi 0.7"i 1.6¢foh 2.6bcde 0.6Mi 2. cdef 2.6bcd
IRWC 0.5 0.7hii 3.58 1.3fahij 0.4i 1.8cdef 3.4% 0.3 0.8hii 1.19hi 0.35
PWC nm 0.7hii 2.9bc 0.6Mi nm 0.6 1.6¢fah nm 0.51 0.41 '
Brassica 0.4i nm nm nm 1.10hii nm nm 0.52i 0.6hi nm
Creatinine excretion RGWC 8.1a 8.1@ 8.0b 8.0 8.12 8.12 8.12 8.22 8.0¢ 8.12
factor (mg/kg/LW)* IRWC 8.1 8.1a 8.1a0 8.1a 8.120 8.22 8.1a0 8.18 8.18 8.0v 0.04
PWC nm 8.1@ 8.22 8.1@ nm 8.12 8.12 nm 8.12 8.0b '
Brassica 8.1a nm nm nm 8.1 nm nm 8.1 8.0¢ nm
Estimated urine N RGWC 13.3¢fohifk 10.91K 6.0mn 12.09hiik 15, 7¢cdefgh 15, 5cdefgh 9. 7KIm 29.92 20.0be 16.9¢def
excretion IRWC 13.1¢fghijk 12.0hilk 7.2mnl 16.4cdefgh 17.9bed 14 Gdefonii 10.2ikim 32.92 22.1° 12.7fahijk
(g/eweld)? PWC nm 17.2cde 6.8mnl 10.3ikim nm 9.1kIm 14 7defghi nm 17.1cdef 15.9edefgh 1.58
Brassica 11.01K nm nm nm 3.8" nm nm 6.gmn! 6.6mn! nm

*4Superscripts with different letters indicate that means are significantly different among forage treatments within each parameter across years (P<0.05); nm: not measured in all the seasons as ewes did not graze PWC in winter of
experimental Years 1 and 2 and late-autumn of Year 3, and brassica was grazed only in winter of Years 1 and 2 and late-autumn and winter of Year 3; nd: not detected.
* Back transformed urinary N and urea N concentrations (mean and SEM); *Creatinine excretion factor (mg/kg LW) was calculated using Brody’s equation: Mean daily creatinine excretion (mg) = (12.7 X LW °8%); LW: live weight

(BI’Ody 1945; David et al. 2015) Urinary N excretion (g/day) = creatinine excretion factor (mg/kg) x live weight (kg) x (
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Table 5.9 Nitrogen (N) composition of plasma collected from breeding ewes grazing perennial ryegrass/white clover (RGWC), Italian
ryegrass/white clover (IRWC), plantain/white clover (PWC) and brassica in winter and spring of Year 1 (July to December 2019) and summer,

late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). Values are least-squares means.

Year 1 Year 2 Year 3
. . Late- . . Late- . . SEM
Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring
Urea N (mmol/L) RGWC 6.9¢TaMi 6.2MiK 4.6mo B.OfORT 7 1%fR g 7efahiik 8.0c% 10.2% 9.3% 6.7¢WMik 054
IRWC 6.1hijklm 6_4ghijk 6_0ijklm 4_6Imn0 8_5cd 8_2cde 6.6fghijk 11.72 7.7cdefg 5_1klmn
PWC nm 6.7efghijk 4.6Imno 6'59hijk nm 7.5defgh 7.1defghi nm 7_5defghi 4.3nop
Brassica 5, 4ikimn nm nm nm 2.19 nm nm 3.0pd 3.50pq nm
Creatinine RGWC 73.8cdefgh 72.8cdefgh 89.52 80.18bcd 63.6MiK 63.3hiikl 73.]cdefgh 57.4iK 81.gabe 74,1 cdefgh 3.69
(nmol/L) IRWC 76.60def 74 .8edefg 87.8a 73.9cdefgh 70.0defghi 64 4K 78.1bode 56.6' 60.9iik 76.4¢cdef
PWC nm 67.2faniik 77 .5bedef 64.89hikl nm 60.0iK! 72.5cdefgh nm 61.0iK 71 3defghi
Brassica 69.8defghi nm nm nm 78.Qbcde nm nm 68.7¢foni 73.9¢defgh nm
Uric acid* RGWC 12.20 12.0bcd 12.0bcd 11 .9bede 11.9bede 11.godef 11, 7cdefgi 11.6¢fon 11.5f9ni 11.41 0.13
umol/L IRWC 12.Qbed 12.20 12.Qbed 11.9bede 11 .gedef 11 . gedef 11, 7¢cdefoi 11.6¢foh 11.5fhi 11.4i
PWC nm 12.2b 12.0bed 11 .9bede nm 11.7¢defg 11.6efoni nm 11.5f9ni 13.12
Brassica 12.0bcd nm nm nm 11,godef nm nm 11.6¢fn 11,5foni nm
Estimated urine N RGWC 177600 15 gfoni 11,64 17.7¢0h  1gdeln 17 Gefoh 19.4%1 25.8% 24.4b¢ 17400 141
excretion IRWC 15.5hilk 15.71hii 14 ghiik 11.9Kimn 21.7bcd 20.0¢% 16.7¢foni 29,52 20.2¢de 13.0ikim
(g/ewe/d)* PWC nm 16.7¢fahii 11.9Kimn 16.5¢fohii nm 19.5¢df 17.9defgh nm 18.8¢efg 10.9mno
Brassica 13.ghiikim nm nm nm 5.1p nm nm 7.5 8.9nop nm

*ASuperscripts with different letters indicate that means are significantly different among forage treatments within each parameter across years (P<0.05); nm: not measured in all the seasons as ewes did not graze PWC in winter
of Years 1 and 2 and late-autumn of Year 3, and brassica was grazed only in winter of Years 1 and 2 and late-autumn and winter of Year 3.
* Back transformed plasma uric acid concentration (mean and SEM); *Urinary N excretion (g/day) = 1.2 X plasma urea concentration (g/L) X liveweight (kg), based on Kohn et al. (2005).
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Figure 5.5 Nitrogen percentage (least-squares mean + SE) of spot samples of urine (a) and
faeces (b) collected from breeding ewes grazing perennial ryegrass/white clover (RGWC),
Italian ryegrass/white clover (IRWC), plantain/white clover (PWC) and brassica in winter and
spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring of
Years 2 (January to December 2020), and 3 (January to December 2021). ®“superscripts with
different letters indicate that means are significantly different among forage treatment within
seasons (P<0.05). Ewes grazing PWC and brassica were not sampled in all the seasons as
brassica was only present in winter of Year 2 and late-autumn and winter of Year 3, and PWC
was not grazed in winter of Year 2 and late-autumn of Year 3. The faeces samples were not
freeze-dried in Year 1; therefore, the results from Years 2 and 3 are presented here.
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The variation in chemical properties of spot urine and plasma samples split by season and
forage treatment are shown in Tables 5.8 and 5.9. For all treatments, the mean individual urine
N concentration of spot samples was 3.2 £ 0.2 g N/L and ranged between 0.7 and 8.0 g N/L.
The urinary N concentration of spot samples fluctuated across the seasons and showed a
general trend of being higher in the summer (Figure 5.5 a). There was no significant (P>0.05)
difference in urine N concentration between ewes grazing RGWC and IRWC within season of
a given year, except winter and spring of Year 3. Ewes grazing the PWC treatment had lower
(P<0.05) urinary N concentrations than those ewes that grazed RGWC in summer and spring
of Year 2 and winter and spring of Year 3 (Figure 5.5 a). In addition, ewes in the brassica
treatment had lower (P<0.05) urinary N and urea concentrations compared to those on RGWC
within all seasons it was measured (Table 5.8; Figure 5.5 a). Faecal N content ranged from 2
to 4% (Figure 5.5 b) with faecal N content of ewes grazing PWC being 0.4-0.7% higher
(P<0.05) than those in RGWC in all seasons, except summer and spring of Year 2 (Figure 5.5

b).

The estimated mean daily urine volume of treatments ranged between 0.7 and 15.2 L/ewe/d
(Figure 5.6). Estimated daily urine volume fluctuated across the seasons and showed a general
trend of being lower (P<0.05) in the summer (Figure 5.6). Ewes grazing PWC had greater
(P<0.05) estimated daily urine volume than those grazing RGWC within the seasons it was
measured, except summer of Years 2 and 3 (Figure 5.6). Ewes grazing IRWC had greater
(P<0.05) estimated urine volume in winter of Years 1 and 2 and late-autumn and spring of Year

3, compared to ewes grazing RGWC (Figure 5.6).

The differences between the estimated daily urinary N excretion based on urine creatinine and
plasma urea concentrations were small (£ 10 g: Tables 5.8 and 5.9). Overall, N excretion under

sheep grazing forage treatments was low (<33 g N/ewe/d; Tables 5.8 and 5.9). The estimated
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daily urinary N excretion of ewes grazing IRWC and RGWC did not differ (P>0.05) within
seasons of a given year. Ewes grazing brassica excreted significantly less (P<0.05) urinary N
than all other treatments in all seasons where brassica was grazed in Years 2 and 3 (Tables 5.8
and 5.9). Daily urinary N excretion of ewes grazing PWC was lower (P<0.05) than that on
RGWLC in spring of Year 2, whereas (based on plasma urea concentration and live weight),
daily urinary N excretion of ewes grazing PWC was lower (P<0.05) in the winter and spring

of Year 3 (Tables 5.8 and 5.9).
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Figure 5.6 Estimated urine volume (L/ewe/d; least-squares mean + SE) based on the urine
creatinine concentrations of the spot urine samples collected from breeding ewes grazing
perennial ryegrass/white clover (RGWC), Italian ryegrass/white clover (IRWC), plantain/white
clover (PWC) and brassica in winter and spring of Year 1 (July to December 2019) and
summer, late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January
to December 2021). °superscripts with different letters indicate that means are significantly
different among forage treatments within seasons (P<0.05); lurine volume was calculated
based on Pacheco et al. (2007) and David et al. (2015). Ewes grazing PWC and brassica were
not sampled in all the seasons as brassica was only present in winter of Years 1 and 2 and late-
autumn and winter of Year 3, and PWC was not grazed in winter of Years 1 and 2 and late-
autumn of Year 3.
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5.4.3 Urine purine derivatives

Purine derivatives (PD) and the PD index calculations associated with estimates of microbial
N supply are given in Table 5.10. Uric acid concentrations of ewes grazing RGWC and IRWC
did not differ (P>0.05) within the seasons of a given year, except (P<0.05) for the spring of
experimental Years 2 and 3. Compared to ewes grazing RGWC, ewes grazing PWC had lower
(P<0.05) uric acid concentrations in the summer and spring of Year 2 and the spring of Year 3
but did not differ (P>0.05) in any other season for a given year. The sum of PD ranged from
1.8 to 14.8 mmol/L. The PD index values ranged between 52 and 159 mmol/L: mmol/L. kg
WO, The PD index of ewes grazing RGWC and IRWC did not differ (P>0.05) within the
seasons of a given year, except (P<0.05) for the winter and spring of Year 3. Similarly, PD
indexes of ewes grazing PWC and RGWC did not differ (P>0.05) within the seasons of a given
year it was measured except the summer of Year 3. Ewes grazing RGWC and ewes grazing

brassica had similar (P>0.05) PD index in winter of Year 1 and late-autumn of Year 3.
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Table 5.10 Urine purine derivative (PD) concentrations (mmol/L) of spots samples collected from breeding ewes grazing perennial ryegrass/white
clover (RGWC), Italian ryegrass/white clover (IRWC), plantain/white clover (PWC) and brassica in winter and spring of Year 1 (July to December
2019) and summer, late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). Values are least-

squares means.

Year 1 Year 2 Year 3
) ) Late- ) . Late- ) ) SEM
Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring
Allantoin PRWC 4,99%efg 4,1¢foh 12.72 3.09" 2.49h 7 .4bcde 9.0be 2.89" 8.5b¢ 9.9a 1.12
(mmol/L) IRWC 1.7 2.7% 9.3b¢ 4 4defgh 2.09n 7.5bed 8.9bc 1.79n 4.1fen 2.69
PWC nm 2.69 6.3cdef 2.19n nm 3.6 7.5bed nm 1.5 2.7
Brassica 1.89n nm nm nm 2.49h nm nm 1.99n 1.4h nm
Uric acid PRWC 0.5¢f 0. 7¢def 1.4 0.4 0.3 1.Qbede 1.12bcd 0.4 0.69%f9 1.3% 0.18
(mmol/L) IRWC 0.29 0.3f¢ 1.38¢ 0.6¢f 0.3 1.62 1.3 0.2f 0.69%f9 0. 7¢%f
PWC nm 0.69%fg 0.79%fg 0.3 nm 0.4 1,1bcd nm 0.3 0.6
Brassica 0.3 nm nm nm 0.4 nm nm 0.3 0.3 nm
Total PD? PRWC 5.8¢cde 5.0¢fan 14.82 3.6¢foh 2.9¢foh 8.9bed 10.6° 3.3¢fon 8.9bcd 11.7% 1.25
(mmol/L) IRWC 2.0fan 3.2¢fgh 10.9° 5,2defgh 2.3¢fh 11.42 10.8P 2.1fh 5, Gedef 3,2¢fgh
PWC nm 3.3¢foh 5. 5cdefg 2.6¢fon nm 4 5efoh 9.0b¢ nm 1.8 3.5¢fgh
Brassica 2.2fan nm nm nm 3.0¢foh nm nm 2.3fh 1.89" nm
PDindex? PRWC 110.Qdefgnijkim 194, 5fghijkimn 60.6°P 98, 7iikimn 108.Qefohiikim 139 pabed 84.5!mno 132 4abcdfeg 125 pedefghij 135 g7abcde 10.75
IRWC 103llghijklmn 106.3efghijklm 57.99p 101.5hijklmn 117.9cdefghij 133.5abcdef 81 .4mnop 148'1abc 158'6ab 115.8defghijkl
PWC nm 128, QPedefghi 52.4P 108, 7¢fghijkim nm 1177 cdefanij 139,9abcd nm 95, pikimn 160.42
Brassica  130.5abcdefh nm nm nm 75.6mP nm nm 116.9defohik g3 Gkimn nm

aPSuperscripts with different letters indicate that means are significantly different among forage treatments within each parameter across years (P<0.05); nm: not measured in all the seasons as ewes did not graze PWC in
winter of Years 1 and 2 and late-autumn of Year 3, and brassica was grazed only in winter of Years 1 and 2 and late-autumn and winter of Year 3.

Total PD = allantoin (mmol/L) + uric acid (mmol/L) + *xanthine plus hypoxanthine (mmol/L) (Chen & Gomes 1992);* Xanthine plus hypoxanthine =

total PD (mmol/L)
creatinine (mmol/L)

°PD index = x LWOo78
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5.5 Discussion

The aim of this study was to examine the effect of alternative forages on N partitioning and
excretion in breeding ewes. In general, ewes grazing brassica forages showed reduced urinary
N excretion compared to other forages. Although daily urinary N excretion of ewes grazing
PWC and RGWC did not differ in all seasons studied, ewes grazing PWC had larger urinary
volumes and lower N concentrations than ewes grazing RGWC. Several dairy studies have
indicated that increased urine volume can result in a greater spread of urine-N at lower N-
loading rates as the frequency of urination increases (Mangwe et al. 2019; Minnee et al.
2020). This suggests that PWC and brassica have the potential to reduce urinary N load per

urine patch. However, both these species have some management limitations.

The estimated daily urinary N excretion levels across all seasons and forage types in this study
were similar to those previously reported in indoor (9 to 27 g N/sheep/d; Jonker et al. (2015)
and Marsden et al. (2020)) and outdoor studies (14 to 27 g N/sheep/d; Kohn et al. (2005) and

Al-Marashdeh et al. (2020)).

Ewes grazing PWC had consistently lower urinary N concentration in spot samples compared
to ewes grazing either RGWC or IRWC. The reduction in urinary N concentration from ewes
grazing PWC compared with RGWC supported previous studies in sheep (Lindsay 2016) and
dairy cows (Woodward et al. 2012; Box et al. 2016; Navarrete et al. 2016; Cheng et al. 2017;
Gardiner et al. 2018; Bryant et al. 2019). This difference has been reported to be driven by (i)
reduced rumen ammonia production, (ii) increased rumen microbial activity (Bryant et al.
2019; De Klein et al. 2019), (iii) shifting of N from urine to faeces, and (iv) increased urine
volume as a result of the diuretic effect of plantain in sheep (Lindsay 2016; O'Connell et al.
2016; McGusty 2017). In the current study, daily urine volume of ewes grazing PWC was

approximately 30% greater than that of RGWC. Urine volume is generally influenced by water
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and/or minerals such as Na intake (O'Connell et al. 2016; Box et al. 2017) and/or secondary
compounds (Box et al. 2016). Plantain has a lower DM% than RGWC (Box et al. 2017;
Mangwe et al. 2019). While the apparent DMI did not differ between the ewes in RGWC and
PWC (Table 5.3), the feed water intake from PWC would be 10 to 14% higher than the water
intake from RGWC. High Na in plantain has been found to cause diuresis (Lindsay 2016; Box
et al. 2017; Bryant et al. 2017; Cheng et al. 2017; McGusty 2017). In the current study, Na

concentration was also higher in PWC than RGWC.

In-vitro studies indicate aucubin and acteoside (bioactive compounds found in plantain) may
reduce rumen ammonia production (Navarrete et al. 2016). The aucubin and acteoside
concentrations of PWC in the present study were similar to those reported by Navarrete et al.
(2016). The presence of aucubin in plantain is known to stimulate the removal of uric acid from
tissues and stimulate uric acid excretion from kidneys (Kato 1946; Tamura & Nishibe 2002).
However, in the present study and in a dairy cow study (Box et al. 2017), uric acid
concentrations of ewes grazing PWC were lower than those in ewes grazing RGWC. Plantain
contains condensed tannin (CT), which may increase the ratio of N in faeces relative to urine
(Carulla et al. 2005). Although CT was not measured in the present study, interestingly, greater
faecal N% in relation to lower urinary N% was observed in ewes grazing PWC. The purine
derivatives (PD) index sometimes explains lower urinary N concentrations (Chen et al. 1995);
however, in this study, the PD index did not differ between ewes grazing RGWC and PWC. It
is important to note that PWC was not grazed during the winter period, following best practice
grazing guidelines (Cranston et al. 2015a). Consequently, other winter grazing options may be

required for systems reliant on PWC pastures.

Ewes grazing brassica in the present study had lower N intake (~30 to 50%) compared to the

ewes grazing RGWC, resulting in significantly lower N excretion, especially in Years 2 and 3.
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Nitrogen intake has been identified as a major factor influencing urinary N excretion (Decandia
etal. 2011; Totty et al. 2013). The positive relationship between CP content and N excretion is
well recognised (Decandia et al. 2011; Totty et al. 2013). Similar observations have been made
in dairy cows grazing leafy turnips (Kyamanywa et al. 2021). In this study, different varieties
of brassica were sown in Years 1 (turnips), 2 (swedes) and 3 (kale). In Year 1, ewes in the
brassica treatment had greater CP concentrations relative to other years. In the first year,
forages had just been established by ploughing permanent pastures; this process can release
significant amounts of mineral N in the soil (Cameron et al. 2013) as a result of organic matter
decomposition, and this may have led to the higher CP of the brassica in Year 1, compared to
later years. Moreover, ewes grazing brassica had a greater DM intake than ewes grazing
RGWC in winter of Year 1. Given the higher daily intake and greater CP concentration of the
forage, the daily N intake of ewes fed brassica was approximately 20% higher than RGWC,
which probably explains why lower N excretion was not observed in ewes grazing brassica in
Year 1. Edwards et al. (2007) indicated that a high ratio of WSC:CP in a diet improves the

rumen energy balance, which is associated with reduced urinary N excretion.

In the present study, brassica consistently showed a higher soluble carbohydrate:CP ratio and
reduced urinary N excretion. The daily urinary N excretion rate per day was calculated for an
individual animal. However, brassica forages were grazed continuously for an extended time
during the critical winter period. Therefore, the urine N load was likely to have been high in
brassica plots. Based on urine N excretion during the winters of Years 2 and 3, the urinary N
load under brassica (7.2 g urinary N excretion/ewe *35 days*46 ewes/0.4ha) and RGWC (22.8
g urinary N excretion/ewe*10 days*46 ewes/0.4ha) plots was estimated to be 26 and 29 kg
N/ha, respectively. Since sheep urine patches are relatively small and dispersed, most of the N

load under RGWC plots will be quickly taken up. However, due to the absence of plant cover
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on brassica plots, most of the N deposited under brassica plots would potentially be leached

during subsequent drainage events, as discussed in Chapter 6.

Under typical grazing conditions (i.e., brassica grazed in winter and PWC not grazed in winter),
the ewes grazing PWC showed lower urinary N concentrations in late-autumn, summer and
spring compared to ewes grazing RGWC or IRWC. In winter, ewes grazing brassica had lower
urinary N concentrations compared to the ewes grazing RGWC. It is important to note that
brassica yield was lower in Years 2 and 3 than expected for swedes (Year 2) and kale (Year 3):
this may be due to less N in the soil being available (fertiliser application and release from
cultivation). Moreover, in Year 2, ewes had not completely eaten all the bulbs before set
stocking for lambing. As a result, there is a risk of greater urinary N excreted if the ewes had
been able to graze for a longer duration. This suggests that PWC in late-autumn, summer and
spring and brassica in winter have the potential to reduce urinary N load per animal if well
managed. Nitrogen content in urine in spring may not have a significant impact on N leaching
due to rapid pasture growth and associated N uptake at this time of the year (Shepherd & Lucci
2013) so it will be important to establish plant cover as soon as possible after the brassica is

grazed.

It is important to note that, in New Zealand, rather than PWC, a mix of plantain, ryegrass, and
clover is commonly used in sheep grazing systems (Cranston 2017). Although this study did
not investigate urinary N excretion under a mixed grass-based sward, lower urinary N excretion
has been reported under cows grazing swards of plantain and RGWC compared to cows grazing
only RGWC (Box et al. 2017). Moreover, winter crops are generally grazed at high stocking
rates during winter (Sprague et al. 2014; Agricom 2018). Following winter grazing, the land is
left bare until conditions allow for re-sowing in spring. This process of grazing winter brassica

species may return large amounts of N to the soil during winter, and subsequently may result
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in very high rates of N leaching (Monaghan et al. 2013). High N leaching was observed under
the brassica in Years 2 and 3 (Chapter 6). Therefore, the grazing of winter brassica with a
higher stocking rate may in fact return large amounts of N to the soil during winter and lead to

high N leaching, something future studies should consider.

While RGWC and IRWC had similar nutrient composition, particularly CP, SSS:CP and
SSS:NDF, variables which in turn have a direct effect on urinary N concentration (Edwards et
al. 2007; Jonker et al. 2015), IRWC showed a reduction in urinary N, NHs and urea N
concentrations compared to RGWC. This may be explained by increased urine volume leading
to lower urinary N concentrations in ewes grazing IRWC. Forage factors such as increased
water intake (due to lower DM content), the presence of diuretic compounds and higher Na
levels have been shown to increase urine volume previously in livestock grazing plantain
(Bryant et al. 2019; De Klein et al. 2019). However, in the present study, there were no
differences in forage DM % between RGWC and IRWC and it is unclear why a difference in
urine volume was observed. Further grazing studies are required to determine of these results

for IRWC can be reproduced and explained.

5.6 Conclusions

These results demonstrate the potential for using alternative forages in sheep grazing systems
to reduce the environmental impacts. Overall, IRWC, PWC and brassica displayed lower
urinary N concentrations compared to the RGWC. Urinary N excretion was smaller from ewes
grazing PWC and brassica compared to ewes grazing RGWC. The diuretic effect of plantain
contributed to the smaller excretion observed on PWC treatment. The smaller CP concentration
of brassica seemed to be the major factor contributing to the smaller N excretion rate by sheep
grazing the brassica crops. The urinary N concentration, urine volume and urinary N excretion

results indicate that PWC and brassica have the potential to reduce the urinary N excretion per
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animal. However, the timing and number of animals grazing brassica crops is also an important
consideration. It is important to note that urinary N composition and faecal N concentrations
were measured in spot samples and in order to provide a clear and unequivocal conclusion, it

is suggested that total urine and faecal samples be collected in future studies.
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CHAPTER 6: NITROGEN LEACHING UNDER ALTERNATIVE FORAGES GRAZED BY
SHEEP

6.1 Abstract

Sheep farmers in New Zealand can increase production levels as a means to improve economic
outcomes. However, this intensification can potentially result in more nitrogen (N) leaching
which is at odds with the increasing pressure on farmers to reduce the quantity of N lost into
the environment. Therefore, there is increasing interest in the use of alternative forages which
could potentially allow farmers to increase production while decreasing N leaching. The
objective of this study was to quantify and compare N leaching levels under sheep grazing four
different forages: perennial ryegrass/white clover (RGWC), Italian ryegrass/WC (IRWC),
plantain/WC (PWC) and a winter brassica within a farmlet system with an overall stocking rate
of 14 ewes/ha. Five replicates of each forage were established on plots of 800 m? (40 m x 20
m) each of which were arranged in a randomised complete block design. Each plot had an
independent mole-pipe drain system. Drainage volume and N concentrations (nitrate-N: NO™-
N; ammonium-N: NH4™-N; total-N: TN) in drainage water collected from the drainage setup
were used to estimate N losses. The forages were grazed according to the best grazing
management for each forage type (i.e., different grazing days for different forages) over a two-
and-a-half-year period (Year 1: July-December 2019; Year 2: January-December 2020; and
Year 3: January-December 2021). Nitrate-N losses in drainage under RGWC, which ranged
from 0.5 kg N/ha in Year 1 to 1.5 kg N/ha in Year 3, were very small and much lower than
previously reported values. In the first two years of this study, the NOs-N losses from IRWC
and PWC were also very small (ranging from 0.4 to 0.5 kg N/ha), and they were not different
(P>0.05) from those under RGWC. However, in Year 3, the leaching losses under IRWC and
PWC treatments were greater (P<0.05) than that under RGWC. This increased leaching was

probably due to the need to re-establish these pastures, and as a consequence the IRWC and
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PWC plots were fallow during the key late summer-autumn period. The poor persistence of
IRWC and PWC on this fine-textured soil and the greater NOs~ leaching associated with
renovation of these forages in Year 3 undermined some of the advantages associated with the
small leaching rate measured in Years 1 and 2. In contrast, NOs™-N leaching losses under
brassica forages in Year 2 (6.4 kg N/ha) and Year 3 (3.5 kg N/ha) were greater (P<0.05) than
under RGWC. However, based on the assumption that the cropped area would occupy a
relatively small portion of the farm, increases in whole farm NOs~ leaching may be relatively
small when sheep production systems practise fodder cropping. Overall, the leaching losses
measured under sheep grazing forages were lower than those reported under dairy cattle

studies.

Keywords: Modern sheep production systems, mole-pipe drain systems, nitrate leaching,

water quality.

6.2 Introduction

In recent years, there has been an increased concern about the contamination of waterways with
nutrients, in particular the N leached from pastoral farms (Ruz-Jerez et al. 1995; Silva et al.
1999; Houlbrooke et al. 2004; Ministry for the Environment 2020). Nitrate (NOs") is the most
common form of N contaminant in drainage water (Haynes & Williams 1993). At higher
concentrations (>11.3 mg N/L), NOs™ can be hazardous to human health and aquatic life (Di &
Cameron 2002). More problematically, a relatively small concentration of NOs~ can promote
undesirable biological growth which, following eutrophication, results in a deterioration in
water quality (Di & Cameron 2002). In pastoral systems, urine N deposited by livestock on
pastures is the primary source of NOs~ leaching (Williams & Haynes 1990). The surplus
inorganic soil N that is not taken up by plants is subsequently susceptible to leaching when

drainage occurs (Haynes & Williams 1993).
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Nitrate leaching from sheep farming systems is typically considered to be considerably lower
than that from dairy farming systems (Williams & Haynes 1994). However, in order to remain
economically viable, sheep production systems in New Zealand have become more intensive
over time, with greater use of fertiliser, improved ‘per head’ animal performance and/or higher
stocking rates (Morris & Kenyon 2014). Consequently, it is possible that NOs~ leaching losses
are greater than historical figures indicate and, therefore, should be reassessed under modern
intensive practices. In New Zealand, NOs~ leaching from dairy cattle systems is relatively well
characterised, and regional councils have begun to place limits on NOs~ leaching rates from
dairy farms (Ministry for the Environment 2020). Therefore, a number of mitigation
technologies have been developed to reduce NOs~ leaching under dairy systems (Houlbrooke
2005; Anastasiadis et al. 2012; Cameron et al. 2013; Christensen et al. 2019). However, due to
differences between sheep and dairy cows and their management, many of the mitigation
strategies that can be applied to dairy farms may not be feasible for sheep farms, such as

housing, stand-off pads and duration-controlled grazing (Anastasiadis et al. 2012).

There is an increasing interest in the use of alternative forages in pastoral agriculture in New
Zealand. Some of these forages are known to reduce NOs  leaching, i.e., improve
environmental outcomes (e.g., plantain; Plantago lanceolata L. and Italian ryegrass; Lolium
multiflorum Lam.), while others are used to increase animal performance (e.g., winter crops).
Previous studies have shown that plantain on dairy farms can help to mitigate NOs™ leaching
losses (Box et al. 2016; Bryant et al. 2019). This is because plantain reduces the urine N
concentration and amount of urinary N excreted as a result of an increase in urine production
(Box et al. 2016; Bryant et al. 2019) and a decrease in ammonia production (Navarrete et al.
2016). In addition, the secondary metabolites produced by plantain may inhibit nitrification in
the soil (Dietz et al. 2013; De Klein et al. 2019). Italian ryegrass, a rapidly growing pasture

species, has been shown to exhibit greater N uptake during the winter months and, therefore,

149



reduce NOs~ leaching compared to perennial ryegrass (Lolium perenne L.)/white clover
(Trifolium repens) swards when grazed by dairy cows (Woods et al. 2018). In contrast, winter
crops such as brassicas (e.g., swedes, turnips and kale) produce large amounts of forage (e.g.,
8-15 t DM/ha) and are grazed with high stocking rates during winter when the grass growth
rate is slow (Sprague et al. 2014; Agricom 2018). Following grazing, the land is left bare until
conditions are favourable for re-sowing in spring. This process of grazing winter brassica
species may result in large amounts of N being returned to the soil during winter, which can

subsequently lead to high levels of NOs~ leaching (Monaghan et al. 2013).

To date, most studies that have measured NOs~ leaching under typical sheep grazing conditions
have mostly used soil core samples, suction cups or lysimeter methods, and have reported
NOs™-N leaching rates ranging from 2 to 94 kg N/ha/year (Monaghan et al. 1989; Cuttle et al.
1992; Williams & Haynes 1994; Cuttle et al. 1996; Cuttle et al. 1998). A limited number of
studies, which were conducted twenty years ago, have measured NOs™ leaching using mole and
pipe drains and have reported NOs™-N leaching levels ranging from 8.6 to 50 kg N/ha/year
(Heng et al. 1991; Magesan et al. 1996; White et al. 1998). At present, no studies have been
conducted on leaching under current intensive sheep production systems, particularly when
alternative forages are grazed. Therefore, the present study used larger plots on a Pallic soil
with a mole-pipe drainage network which allows for the capture of nearly all of the drainage
water and leached N. The aim of this study was to quantify and compare N leaching under four
different forage types (perennial ryegrass/white clover (RGWC), plantain/white clover (PWC),

Italian ryegrass/white clover (IRWC) and brassica) which were grazed intensively by sheep.
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6.3 Materials and methods

6.3.1 Brief summary

This study was carried out at Massey University’s ‘Keeble’ farm, which is located
approximately 5 km southeast of Palmerston North, Manawatu, New Zealand (40°24'02.0"S
175°35'52.8"E). The site is located in a flat landscape (c. 3% slope) on the Tokomaru silt loam

soil, a Fragic Perch-gley Pallic Soil (Hewitt 1998).

The details of the farmlet systems and ewe management are provided in Chapter 3. Briefly, the
study area included four self-contained, contiguous farmlets (each approximately 3.32 ha),
each of which consisted of a different combination of forages. The alternative forages or
treatments were; IRWC, PWC, and brassica (turnips: Brassica rapa ssp. rapa in 2019, swedes:
Brassica napus ssp. Napobrassica in 2020 and kale: Brassica oleracea var. acephala in 2021.
On each farmlet, 0.81 ha was sown in the alternative forage and the remaining 2.51 ha were
sown in a perennial ryegrass/white clover sward. The entire area of the fourth farmlet, which
acted as the control, was sown in RGWC. A series of 20 drainage plots (each 40 m by 20 m)
were established to measure N leaching losses. Each of the alternative forages, and the RGWC,
were sown on five of the plots i.e., five replicates (the combined area of the treatments was 0.4
ha). That is, there were five drainage plots allocated to each farmlet. The area of the drainage
plots accounted for approximately one-half of the area of the alternative forage area for each

farmlet.

Each farmlet was stocked at 14 ewes/ha for the entirety of the experiment (46 ewes per
treatment), which is typical of an intensive sheep-farming operation for this farm class and area
(Beef + Lamb New Zealand 2021). Each mob of ewes was rotationally grazed within their
farmlet. The duration of grazing and the interval between the grazing of paddocks were

adjusted according to pasture growth rate and cover (see Chapter 3 for details of
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measurements). When the ewes grazed the drainage plots, each mob was separated into five
smaller mobs (i.e., into each replicate) to enable all five replicates to be grazed at the same time
(approximately nine ewes/replicate). At any grazing event, all the replicate plots of a forage
treatment were grazed for the same number of days and ewes were moved when the target post-
grazing residual was reached in any replicate. Where appropriate, treatments on the drainage
plots were grazed at the same time to minimise the effect of differing weather conditions on N
leaching post grazing (Figure 6.1). However, the brassica crop was grazed continuously during
winter, after the ewes were gradually adjusted to the diet using on-off grazing with increasing
grazing durations of brassica each day (2, 4, 6, 8, hours on days one through four) before
continuous grazing. Due to mild winter conditions in 2020, the brassica yield was considerably
higher than had been predicted, and ewes were unable to graze all the bulb material before set-
stocking (26 August 2020) in non-drainage plot areas, with an estimated 5,461 kg DM/ha

remaining.

The data collected from drainage plots over two and a half consecutive production years (from
June 2019 to December 2021) is presented in this chapter. The years will be referred as “Year
1 (July to December 2019)”, “Year 2 (January to December 2020)”, and “Year 3 (January to

December 2021)”.

6.3.2 Experimental design and treatments

The dimensions of each of the drainage plots were 40 m x 20 m and each plot was drained by
a mole-pipe drainage system. Identical drainage systems and monitoring equipment have been
used to successfully measure nutrient leaching in other studies (Houlbrooke 2005; Hanly et al.
2017; Christensen et al. 2019). The plots were sown with the treatment forages in the autumn
of Year 1 (21 March 2019) with a roller drill and chain harrows. The PWC and IRWC plots

were over-sown in Year 2 (13 April 2020). Furthermore, in the late summer to autumn of Year
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3, the PWC plots developed a significant dock (Rumex obtusifolius) infestation, and the IRWC
had reduced tiller numbers. Therefore, these forages were sprayed with herbicide (glyphosate:
6 L/ha; harmony: 30 g/ha), and the PWC and IRWC plots were resown on 15 March and 14
April 2021, respectively, using a direct drill. The brassica crops were sown by direct drilling;
turnips on 21 March 2019 (Year 1 crop), swedes on 23 December 2019 (Year 2 crop) and kale
on 15 December 2020 (Year 3 crop). Details of fertiliser applications are given in Table 6.1.
The plots were grazed according to the accumulation of forage and using best grazing

management practices for these crop species.
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Figure 6.1 Number of days the sheep grazed each forage treatment (RGWC: perennial
ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: plantain/white clover;
brassica) on the drainage plots area during Years 1 (July to December 2019), 2 (January to
December 2020) and 3 (January to December 2021).
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Table 6.1 Fertiliser applied (kg/ha) to the drainage plots in Year 1 (July to December 2019), Year 2 (January to December 2020), and Year 3

(January to December 2021).

Fertiliser Year 1

Year 2

Year 3

Urea (46% N) 30 kg/ha for RGWC, IRWC, PWC in October
30 kg/ha for PWC in December
Diammonium phosphate

(DAP) (18% N and 46%
P)

100 kg/ha for RGWC, IRWC, PWC, brassica in
March

Nitrophoska (12% N)

Balance Super 10 (0% N
and 9% P)

Flexi N complete (25%
N)

Cropmaster 15 (15.1% N

and 10% of P) 250 kg/ha for Brassica in December

30 kg/ha for brassica in March

30 kg/ha for RGWC, IRWC, PWC in
October

200 kg/ha for RGWC, IRWC, PWC in
April

150 kg/ha for RGWC, IRWC, PWC in
April

250 kg/ha for Brassica in December

30 kg/ha for RGWC, IRWC in March

50 kg/ha for brassica in March

350 kg/ha for RGWC, IRWC, PWC in
May

RGWC: Perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC: Plantain/white clover
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6.3.3 Drainage measurement and water analysis

Rainfall data were sourced from the National Institute of Water and Atmospheric Research
(NIWA) site, located approximately 2 km from the research area. Drainage water from each
plot was channelled through drainage pipes into individual tipping-bucket flow meters located
in sampling pits nearby (Figure 6.2). The flow rate of drainage water was measured with
individual tipping bucket (~5 L) for each plot (replicate). Water from the bucket was tipped
over a pipe with a small hole in it which passed the sub-sample (~0.5 ml) to a larger container
for storage until the completion of the drainage event. After the completion of each drainage
event, water samples (~100 ml) were collected manually from the storage container for water

quality analysis (Christensen et al. 2019).

In the laboratory, approximately 50 ml of the subsample was filtered through a 0.45 um filter.
The filtered and unfiltered (~50 ml) subsamples were then frozen until analysis. Filtered
samples were analysed for nitrate-N (NOs™-N) and ammonium-N (NH4*-N) using a Technicon
Auto Analyser (Blakemore et al. 1987). The unfiltered samples were analysed for total N (TN)
content using the persulphate digestion method of Hosomi & Sudo (1986). The various forms
of N in the sample were converted to NOs-N. Total organic N (TON) was estimated from the
differences between TN and inorganic N (NOs-N and NH4*-N). The amount of NOs-N, NH."-
N and TN losses were calculated as the product of the measured drainage volume and their

concentrations (Christensen et al. 2019).
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Figure 6.2 Individual tipping buckets and collection area for drainage water.

6.3.4 Statistical analysis

All data were tested for normality and outliers using Minitab 16 statistical software before the
analysis in SAS version 9.4 (Statistical Analysis System, version 9.4; SAS Institute Inc., Cary,
NC, USA). All data were subjected to analysis of variance using the MIXED or GLM
procedure in SAS version 9.4 (SAS Institute 2015). The NOs-N and TN concentrations of
drainage water samples were analysed separately for each year, using a model containing the
fixed effects of treatment (RGWC, IRWC, PWC or brassica) and sampling date and their two-
way interaction. The models also included replicates (plots) nested within treatment as a

random effect.

Effect of forage treatment (RGWC, IRWC, PWC and brassica) on cumulative drainage (mm)
and cumulative losses of TN and NOs-N were analysed using a mixed model that contained
the fixed effect of year, forage treatment and the two-way interaction of treatment with year.

The model included replicates (plots) nested within the treatment as a random effect. In Year
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2, drainage (mm) from one of the PWC plots was five times greater than the average of the
other plots and was deemed to be an outlier caused by a leak in a reticulated water pipe.
Therefore, in the calculation of cumulative drainage and N losses, the data collected from this

particular plot were omitted.

6.4 Results

6.4.1 Rainfall and drainage

The actual annual rainfall data at the meteorological station in 2019, 2020 and 2021 were 977,

824 and 1084 mm, respectively. Monthly rainfall for each month of the study period is shown

in Figure 6.3.

250 - 02019 82020 m2021 0O 10-year average

200 A
150 A

100 A
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Rainfall (mm)

Figure 6.3 Ten-year average monthly rainfall and actual monthly rainfall for the trial site
(sourced from NIWA/AgResearch, Palmerston North meteorological station, 2 km from study
site) during 2019, 2020 and 2021.
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Figure 6.4 Mean drainage, rainfall, soil temperature and modelled soil water deficit for 2019-
2021. Soil water deficit and drainage are absolute values but are displayed as negative values
to add clarity to the figure.

The measured drainage events generally coincided with periods of soil water surplus, as
predicted by the soil water balance of Scotter et al. (1979) (Figure 6.4). The average (across all

plots) annual drainage (mm) did not differ (P>0.05) among treatments in Years 1 and 3;
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however, PWC had less drainage (P<0.05) than the RGWC and brassica treatments in Year 2
(Figure 6.5). The variation in drainage observed across the plots was typical of that reported
for field-scale studies of mole and pipe drainage (Houlbrooke et al. 2003). The commencement
and spread of the drainage season varied from year to year (Figures 6.4 and 6.5). In Year 1, the
water balance suggested that approximately 163 mm of drainage occurred before the
commencement of monitoring in July. After monitoring started, the average quantity of
drainage measured across all plots was 106 mm for the remainder of Year 1 (Figure 6.5).
Therefore, the total quantity of drainage estimated for the entire Year 1 drainage season was

about 269 mm.

The drainage season in Year 2 began in late April and ended in December (Figure 6.5). The
spring was very wet compared to the winter, with a dry period in August followed by high
rainfall (137 mm) in September (Figure 6.3). The average annual quantity of measured drainage
across all plots in Year 2 was low, being only 80 mm (Figure 6.5). The size of drainage events
from April to September was relatively consistent across the treatments but towards the end of
the season some differences among treatments developed. In the last three months of the year,
higher (76 mm; P<0.05) and lower (33 mm; P<0.05) drainage were observed for the brassica

and PWC treatments, respectively.

The drainage season and sample collection in Year 3 began in early May and ended in October.
A total of 113 mm of measured drainage occurred across all plots on average, during the sample

collection period in Year 3 (Figure 6.5).
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Figure 6.5 Cumulative measured drainage (mm) and concentrations of NOs-N (mg/L) in
mole-pipe drainage from July 2019 to October 2021 (Year 1: July to December 2019; Year 2:
January to December 2020; Year 3: January to December 2021) under the forage treatments
(RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC:
plantain/white clover and brassica) grazed by sheep. Values are least-squares means. Error bars
represent standard error values at each sampling event.
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Figure 6.6 Cumulative measured drainage (mm) and total nitrogen (TN) concentrations (mg/L)
in mole-pipe drainage from July 2019 to October 2021 (Year 1: July to December 2019; Year
2: January to December 2020; Year 3: January to December 2021) under the forage treatments
(RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC:
plantain/white clover and brassica) grazed by sheep. Values are least-squares means. Error bars
represent standard error values at each sampling event.

162



16

14

12

10

16

14

12

10

16

14

12

10

Cumulative N (NO3™-N and total nitrogen -TN) leached per year (kg/ha)

Year 1

RGWC NO3™-N
IRWC NOs™-N
PWC NOs;™-N
Brassica NO3™-N
- = = RGWCTN

= IRWCTN

= PWCTN

= = =Brassica TN

PR R R b
¢

-

Year 2

Year 3 y

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec

Month

Figure 6.7 Cumulative leaching (kg/ha) of nitrate-nitrogen (NOs-N) and total nitrogen (TN)
in mole-pipe drainage from July 2019 to October 2021 (Year 1: July to December 2019; Year
2: January to December 2020; Year 3: January to December 2021) under the forage treatments
(RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC:
plantain/white clover and brassica) grazed by sheep. Values are least-squares means.
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6.4.2 Drainage water nitrogen

Inorganic N concentrations and cumulative losses

The NOs-N concentrations for all four treatments were <1 mg N/L (P>0.05) for drainage
events monitored in the latter part of the Year 1, from July, drainage season (Figure 6.5). The
majority of leaching losses under grazed pasture on this soil type tended to occur in the early
drainage events (i.e., typically the first 100-150 mm), and drainage events in the later part of
the season tended to have low N concentrations (Hanly et al. 2017; Christensen et al. 2019;

Howes 2019).

In Year 2, the drainage NOs~ concentration fluctuated among treatments over the year. The
RGWC, IRWC and PWC treatments had higher concentrations of NOs™-N (>5 mg N/L) in the
initial drainage events i.e., the first 15 to 20 mm of drainage (Figure 6.5). In comparison,
drainage under brassica had high NOs~ concentrations in both the first three drainage events
and the last three drainage events that occurred in December. The NOs-N concentration in
December drainage under brassica was greater (P<0.05; >8 mg N/L) than concentrations in
drainage from the other treatments. The peak concentrations of NOs-N in RGWC, IRWC,

PWC and brassica were 8, 6, 5 and 17 mg N/L, respectively.

In Year 3, irrespective of forage treatments, larger concentrations (5 to 25 mg N/L) of NOs-N
occurred in the initial drainage events i.e., the first 40 to 60 mm of drainage (Figure 6.5). The
NOs-N concentrations in IRWC (range from 7 to 27 mg N/L) and PWC (range from 6 to 41
mg N/L) were greater (P<0.05) than those in RGWC during early drainage events that occurred
from May to August. The larger concentrations in the initial drainage events were followed by
a rapid decrease in the concentrations of NOs™ in the subsequent drainage events. The peak
NOs"-N concentrations of RGWC, IRWC, PWC and brassica were 7, 27, 41 and 20 mg N/L,

respectively.
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The NH4"-N concentrations in the drainage events monitored over the study period were very

low (<0.1 mg N/L), therefore, the data were not presented.

Table 6.2 Total amounts of nitrate-nitrogen (NOs-N) and Total-N leached (kg/ha) in mole-
pipe drainage from July 2019 to October 2021 (Year 1: July to December 2019; Year 2: January
to December 2020; Year 3: January to December 2021) under sheep grazing of the forage
treatments (RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover;
PWC: plantain/white clover).

RGWC IRWC PWC Brassica P-value
Treatment
NOs—-N 0.90°+0.38  3.24*+0.38  3.50°+0.38  3.41*+0.38 0.0004
Total-N 2.49°+0.64  4.98%+0.64 4.92°+0.64 5.81%+0.64 0.0129

Year X Treatment
NOs-N <0.0001

Year1  0.469+0.59  0.42°t0.59 0.37%t0.59  0.379+0.59
Year2  0.75%0.59  0.53%t0.59  0.45%t0.66  6.35°+0.59
Year3  1.49%0.59  8.77°+0.59  9.68%+0.59  3.51°+0.59

Total-N <0.0001
Yearl  1.49°40.93 1.26°40.93  1.79°40.93  1.52°¢0.93
Year2  2.60°+0.93 2.10°+0.93  1.51°+1.04 9.49°+0.93
Year3  3.37°+0.93 11.6%+0.93  11.5+0.93  6.43°+0.93

*cSuperscripts with different letters indicate that means are significantly different among forage treatments within each parameter (P<0.05).

Cumulative NOs-N losses from all treatments in Year 1 were less than 0.5 kg N/ha (Figure
6.7) and did not differ (P<0.05) across treatments. In Year 2, NOs-N losses from all treatments
remained < 0.2 kg N/ha (P>0.05) until the beginning of September. In subsequent drainage
events (Figure 6.7), the losses from the brassica treatment increased (P<0.05) from 0.2 to 6.3
kg N/ha, while the losses from other treatments remained relatively small (0.15 to 0.75 kg
N/ha). The cumulative leaching of NOs-N from RGWC, IRWC and PWC were <1 kg N/ha
and did not differ (P>0.05) among treatments, whereas the cumulative leaching of NOs~ from

brassica was greater (P<0.05) than in other treatments.

In Year 3, the cumulative leaching of NOs-N from RGWC was 1.5 kg N/ha, which was lower

(P<0.05) than other treatments. The cumulative leaching of NOs™-N from IRWC (8.8 kg N/ha)
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and PWC (9.7 kg N/ha) were greater (P<0.05) than those from the RGWC and brassica
treatments (Table 6.2), with large differences observed particularly during the early part of the
drainage season (Figure 6.7). The cumulative leaching of NOs-N from brassica was 3.5 kg

N/ha, which was greater (P<0.05) than RGWC and lower (P<0.05) than IRWC or PWC.

The annual amount of NH4* that was leached in drainage was very small, with less than 0.12
kg NH4*-N/ha being leached from any treatment in any year. Given that NH4* made only a

minor contribution to TN losses in drainage, the data have not been presented.

Total N (TN) concentrations and cumulative losses

Concentrations of TN and the cumulative leaching in drainage water exhibited patterns similar
to those observed for NOs~ (Figures 6.6 and 6.7). In Year 1 (July onwards), the TN
concentrations in drainage water were less than 3 mg N/L for all four treatments (Figure 6.6).
In Year 2, the RGWC, IRWC and PWC treatments had peak TN concentrations of 14, 15 and
10 mg N/L in the initial drainage events, respectively, while the brassica treatment had a peak
TN concentration of 21 mg N/L in the last drainage event of the Year. In Year 3, RGWC,
IRWC, PWC and brassica treatments had peak TN concentrations of 9, 37, 44 and 33 mg N/L,

respectively, in the first two to three drainage events.

The cumulative amount of TN leached in Year 1 was small (< 1.8 kg N/ha) for all treatments
and did not differ (P>0.05) across treatments (Table 6.2). In Year 2, cumulative leaching loads
of TN for the RGWC, IRWC and PWC treatments were < 2.6 kg N/ha and did not differ
(P>0.05) among the treatments. While the cumulative leaching load of TN from the brassica
treatment was 9.5 kg N/ha, which was three times greater (P<0.05) than the losses from the
other three treatments (Table 6.2), with large differences observed, particularly in the latter part
of the drainage season (Figure 6.7). In Year 3, the TN leached from PWC and IRWC treatments

(~11.5 kg N/ha) were two to three times greater (P<0.05) than from the RGWC (3.4 kg N/ha)
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and brassica (6.4 kg N/ha) treatments (Table 6.2). The leaching of TN from brassica treatment

was greater (P<0.05) than RGWC and lower (P<0.05) than IRWC or PWC treatments.

While the annual NOs™ load in drainage varied among treatments and years (loss of NH4" was
negligible), the remaining component of TN, referred to as total organic N (TON), was
relatively uniform among treatments (average of 2, 2, 1 and 1 kg TON/ha for the RGWC,
IRWC, PWC and brassica treatments, respectively) and years (1, 2 and 2 TON/ha for Years 1,

2 and 3, respectively).

6.4.3 Sheep performance and forage production

The effect of forage treatments on the performance of ewes and their lambs was described in
Chapter 4. Overall, there was no significant difference (P>0.05) in animal performance among

forage treatments (see Tables 4.8 to 4.10; Figures 4.5 and 4.6).

Sheep grazing days in drainage plots
The RGWC and IRWC treatments in the drainage plots were grazed five times for a total of 27
days in Year 1. The PWC treatment plots were grazed four times (13 days), while brassica plots

were grazed once for a period of 11 days during the winter (Figure 6.1).

In Year 2, the RGWC and IRWC treatments in the drainage plots were grazed nine times each
throughout the year (Figure 6.1) for a total of 46 and 47 days, respectively. The PWC treatment
plots were grazed six times with a relatively small number of grazing days (26 days). The

brassica treatment plots were grazed continuously for 33 days during winter.

During the sample collection period in Year 3, the RGWC and IRWC treatment plots were
grazed seven times (Figure 6.1) for a total of 41 and 29 days, respectively. The PWC treatment
plots were grazed four times, with a relatively small number of grazing days (20 days). The

brassica treatment plots were continuously grazed for approximately 35 days during the winter.
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Forage mass of treatments in drainage plots

The pre-and post-grazing DM mass of treatments plots are explained in Chapter 4 (see Figure
4.3). There was no difference (P>0.05) in total DM accumulation between the RGWC (9,909
and 10,438 kg DM/hain Years 1 and 2, respectively), IRWC (11,479 and 12,345 kg DM/hain
Years 1 and 2, respectively) and PWC (9,753 and 9,162 kg DM/ha in Years 1 and 2,
respectively) treatments in Years 1 and 2. However, in Year 3, total DM vyield was greater
(P<0.05) in the RGWC treatment (5,822 kg DM/ha) and was higher (P<0.05) than for the
IRWC (3,203 kg DM/ha) and PWC (2,929 kg DM/ha; see Table 4.5) treatments. There was no
significant difference (P>0.05) in total DM accumulation for the brassica treatment from year

to year (5,815, 5,944 and 5,501 kg DM/hain Years 1, 2 and 3, respectively).

Botanical composition of forage treatments

The botanical composition (grass, clover, weeds and dead material) for the RGWC, IRWC and
PWC treatments is given in Table 6.3. In most seasons, RGWC and IRWC had high grass
contents (>69%, except in the summer of Year 2). For the PWC treatment, the plantain content
was high (>69%) initially (spring of Year 1 and summer and late-autumn of Year 2), but
subsequently decreased to < 60% for the remainder of Year 2 and for all of Year 3. This decline
in plantain content coincided with an increase in weed content, which was as high as 52.1% of
the botanical composition by the spring of Year 3. Overall, the WC percentages of RGWC and
IRWC were small and accounted for less than 4% of botanical composition. Although, PWC
had around 2-6% of WC in summer and late-autumn of Year 2 and winter and spring of Year
3, a relatively greater (approximately 15-20%) percentage of WC was observed in the spring

of Year 2 and summer of Year 3.
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Table 6.3 Botanical composition® (% of total DM) of the forages (RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover;
PWC: plantain/white clover) in spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring of Years 2 (January to
December 2020), and 3 (January to December 2021). Values are least-squares means.

Year 1 Year 2 Year 3
Species type . Late- . . Late- . . SEM
Spring Summer Autumn Winter Spring Summer Autumn Winter Spring
Grass/herb RGWC 80.50%f 54.3 74.7%h 82.5bcdef g4 ghbedef 73.3% 92.33¢ 93.6% 93.0% 3.7
IRWC 87.pabede 55.0' 79.0¢fa 94.1% 94.8% 78.0¢°fa 93.5% 95.82 94.92
PWC 90.18bcd 69.5" 78.8¢°fan nm 47.21 46.8" nm 55.8 42.3
White clover RGWC 0.3¢ 0.2¢ 2.5¢0e 0.1° 1,100 4,0c0 1.5¢d 0.6% 3.3¢de 14
IRWC 0.1° 0.1° 0.3¢ 0.4¢ 0.1¢ 1.7¢de 1.4 1,100 2.9¢de
PWC 0.6% 6.2° 4.7 nm 19.72 15.32 nm 2.2¢de 4.9
Weeds RGWC 16.44 5.5¢foh 4,5¢fon 11.8% 8.7¢%f9 10.49%f 3.5fn 3.0 0.89" 2.9
IRWC 10.4%f 0.3" 0.1 0.1 0.4 5.5¢efoh 4.8efoh 1.49 0.1
PWC 1.49 3.1fn 4.0efon nm 26.2° 30.1° nm 41.6° 52.12
Dead . RGWC 2.89Ni 40.0° 18.4¢ 5.7fn 5.7 12.4¢ 2,79 2,79 2.89Mi 1.4
material
IRWC 2.09M 44,72 20.9¢ 5.5fn 4,7 14.8% 0.3 1.7hi 2,190
PWC 7.9f 21.3¢ 5.8 nm 1.21 0.1 nm 0.8 0.7}

*iSuperscripts with different letters indicate that means are significantly different among forage treatments within species type across years (P<0.05); nm: not measured as PWC was not grazed in winter of
Year 2, and late-autumn of Year 3. 'Botanical composition of forages were determined only once per season.
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6.4.4 Sheep nitrogen intake and excretion

Nitrogen concentration of forages

In Chapter 5, crude protein (CP) concentration, apparent daily DM intake (DMI) and apparent
N intake (NI) of the forage treatments are described in more detail (see Tables 5.3 and 5.4, and
Figure 5.2). There was no difference (P>0.05) in N concentrations between the RGWC and
IRWC treatments within seasons for a given year except in the winter of Year 1 and the late-
autumn and spring of Year 3 (Table 6.4). The IRWC treatment had a higher (P<0.05) N
concentration in the late-autumn of Year 3 than other treatments and/or seasons. In the summer
of Years 2 and 3, PWC had greater (P<0.05) N concentrations compared to the RGWC
treatment. The leaves of the brassica crop had higher (P<0.05) N concentrations than in either

the bulb or stem.

Apparent N intake and urinary N excretion

More detailed information on apparent N intake and urinary N excretion are discussed in
Chapter 5. No differences (P>0.05) were observed in apparent N intake between ewes grazing
RGWC and IRWC within the seasons of a given year (see Figure 5.2). Ewes grazing PWC had
greater (P<0.05) apparent N intake compared to ewes grazing RGWC in the spring of Year 2
(120 vs. 59 g/ewe/d, respectively) and summer of Year 3 (79 vs. 25 g/ewe/d, respectively).
Ewes grazing brassica had greater (P<0.05) apparent N intakes compared to the ewes grazing
RGWOC in the winter of 2019 (155 vs. 74 g/ewe/d, respectively). In contrast, the apparent N
intakes of ewes grazing brassica were lower (P<0.05) than those grazing RGWC in the winter
of Year 2 (40 vs. 107 g/ewe/ d, respectively) and late-autumn of Year 3 (21 vs. 100 g/ewe d,

respectively; see Figure 5.2).
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Table 6.4 Nitrogen concentration (g/kg DM) of forages (RGWC: perennial ryegrass/white clover; IRWC: Italian ryegrass/white clover; PWC:
plantain/white clover; brassica in winter and spring of Year 1 (July to December 2019) and summer, late-autumn, winter and spring of Years 2
(January to December 2020), and 3 (January to December 2021). Values are least-squares means.

Year 1 Year 2 Year 3
Winter Spring Summer At?lj(;n Winter Spring Summer At?lj?r-m Winter Spring MSE
RGWC 31.01 33.69" 18.1" 34.19n 45.4° 39.0°f 30.5Y 48.5° 44.8% 327N 1.10
IRWC 24.2Km 32.5M 19.8" 35.49n 46.1°° 38.8°f 29.1 54.6% 443 26,94
PWC nm 35.09" 22.9m 36.4" nm 41.9¢% 36.6 nm 43,1 29,2k
Brassica 35.8fon - - - 13.6° - - 14.3% 17.1™ -

=ISuperscripts with different letters indicate that means are significantly different (P<0.05) among forage treatments across the entire Table; nm: not measured as PWC was not grazed in winter of Years 1 and 2, and
late-autumn of Year 3; -: no forage was present to sample as brassica was only present in winter of Years 1 and 2, and late-autumn and winter of Year 3.
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Overall, N excretion was low under sheep grazing forage treatments (<33 g N/ewe/d; see
Tables 5.8 and 5.9). The estimated daily urinary N excretion of ewes grazing IRWC and RGWC
did not differ (P>0.05) within seasons of a given year. Daily urinary N excretion (based on
creatinine concentration) of ewes grazing PWC was lower (P<0.05) than for the RGWC
treatment in the spring of Year 2, whereas (based on plasma urea concentration and live
weight), daily urinary N excretion of ewes grazing PWC was lower (P<0.05) in the winter and
spring of Year 3 (see Tables 5.8 and 5.9). In Years 2 and 3, ewes grazing brassica had
significantly lower (P<0.05) levels of urinary N than other treatments, but it was not

significantly different (P>0.05) in Year 1 (see Tables 5.8 and 5.9).

The N intake, urinary N excretion and the NOs™ leaching losses under sheep grazing different
forages measured in Year 2 are presented in Table 6.5. In Year 2, lower (P<0.05) urinary N per
sheep was excreted under sheep grazing the brassica treatment. In contrast, greater (P<0.05)

NOs™ leaching losses were observed under brassica compared to other treatments.

Table 6.5 Effect of forages on apparent nitrogen (N) intake and excretion in urine and faeces,
and nitrate N losses under sheep grazing in Year 2 (2020). Values are least-squares means +SE.

RGWC IRWC

PWC Brassica

Apparent dietary nitrogen (N) intake (g/ewe/d)* 69.2°+7  69.0°+7

Urine N concentration (g N/L) 4.0°£0.5 4.1%4+05
Estimated urine volume (L/ewe/d)? 4.6"+0.7 5.4°+0.7
Estimated urinary N excretion (g/ewe/d)® 12.6%+1.0 13.8%+1.0
Estimated urinary N excretion (g/ewe/d)* 16.8°+1.0 16.6°t£1.0
Faecal N'% 3.1°+0.1 3.3%+0.1
NOs-N loss (kg/ha/year) 0.8°+0.6  0.5°+0.6
NOs-N loss (g/ewe/halyear)® 53.6°+43 37.9°+43

88.3%+8  30.6°+14
2.2°+05 1.8°+0.9
777409 45%+15
9.2°+1.2  2.0°+2.1
16.6%+1.1 2.8°+2.1
3.5%40.1 2.7°+0.1
0.5°+0.7  6.4%+0.6
32.1°450 453.6%+43

This was calculated based on Mathews et al., (1999) by dividing the difference between pre-and post-grazing DM mass for each grazing

event by the number of grazing days and N concentration of the forages. 2Urine volume (L/day) =
urinary creatinine excretion (mg/kg daily of liveweight) x live weight (kg) .
creatinine concentration (mg/deciliter)  based on David etal. (2015)'

1

creatinine excretion factor (mg/kg) X live welght (kg) X (m

3Urinary N excretion (g/day) =
) x urine N (g/kg), based on David et al. (2015).

*Urinary N excretion (g/day) = 1.2 X plasma urea concentration(g/L) X liveweight (kg), based on Kohn et al. (2005). *NOs-N loss

(kg/ha) was divided by stocking rate of 14 ewes/ha.

6.5 Discussion

The impact of NOs~ leaching under grazing systems, particularly dairy farms, on water quality

is well known, and a number of mitigation practices have been developed to reduce NOs~
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leaching (Houlbrooke 2005; Anastasiadis et al. 2012; Cameron et al. 2013; Christensen et al.
2019). However, many of the mitigation strategies suggested for dairy systems cannot be easily
applied to sheep grazing systems due to the differences in the management systems and the
relative profitability, e.g., housing (Anastasiadis et al. 2012). Fortunately, at least one of the
mitigation options, that of alternative forages such as plantain and winter active Italian
ryegrass, could be beneficial to sheep grazing systems in that their use may result in both an
increase in production and a reduction in NOs™ leaching. Therefore, this study was conducted
to investigate how these forages influence NOs~ leaching under modern, intensive sheep

grazing systems.

The NOs™ losses in drainage under RGWC were very small in all three years. The NOs-N
leaching rates under RGWC ranged from 0.5 kg N/ha in Year 1, where only the latter part of
the drainage season (July onwards) was monitored, to 1.5 kg N/ha in Year 3. The leaching rates
of NOs-N measured under sheep grazing forages were very small when compared with losses
of 12 to 23 kg N/ha measured during the same period at a very similar research site on a
neighbouring dairy farm (approximately 500 m distance; Nguyen et al. (2022)). The amounts
of NOs™ leached per ha observed in this study were much lower than those previously reported
(8 to 50 kg N/ha) for sheep grazing RGWC on the same soil type (Heng et al. 1991; Magesan
et al. 1996; White et al. 1998). Differences in the stocking rate and grazing time may explain
the differences among the sheep studies. For example, White et al. (1998) stocked 2,800 sheep
grazing days/ha in May 1990 and 840 sheep grazing days/ha in July 1991 and reported losses
of 35 and 43 kg N/ha, respectively, whereas in the current study, the stocking rate was kept
constant (46 sheep in an area of 0.4 ha), and so there was an average of only 575 sheep grazing

days/hain May and July (Figure 6.1).
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The small leaching losses measured under RGWC may be explained by the interaction between
urine N load, plant uptake, and drainage (mm). Under a urine patch, the overall N load was
estimated to be about 200 kg N/ha based on urine volume of 180 ml, urine N concentration of
4.5 g N/L, and patch size of 0.04 m2. If the urine N load is small and spread throughout the
plot, the potential for plant uptake is greater. In addition, the amount of drainage measured
during the study period was low (< 150 mm/year). However, future studies are needed to
confirm the effect of plant uptake, number and size of urine patches. It is also important to
consider other soil factors, including the soil carbon to N ratio and the fertility of the soil. In
addition, there is a possibility that some of the urine N might be oxidized and lost as nitrous
oxide, but further research is required to confirm this. The Tokomaru silt loam soil is vulnerable

to denitrification because of its fine texture (Saggar et al. 2004).

In terms of NOs™ leaching, these data suggest that on this soil type (fine textured with mole and
pipe drainage), sheep grazing of RGWC pastures has a very significant advantage over dairy
cattle systems. Sheep farming, including dairy sheep, might be a mitigation option in cow
dairying areas where it is difficult to achieve large reductions in NOs~ leaching required to meet
water quality objectives and/or N loss allocations imposed by regional councils. It is often
argued that the relative profitability of sheep versus dairy farms mitigates against any such land
use change. However, given the very small leaching losses measured in the current study, there
would appear to be substantial scope to increase the livestock intensity within sheep farms
which would allow for improved financial performance while maintaining ‘acceptable’ N
leaching rates. However, stocking rates may be limited by forage production, and further

research is required as to how such increases might be achieved.

For the first two years of this study, the NOs-N losses from IRWC and PWC were very small

(ranging from 0.4 to 0.5 kg N/ha), and they were not different from losses under RGWC. As
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noted above, there is evidence that NOs~ leaching under IRWC (Moir et al. 2012; Malcolm et
al. 2014; Malcolm et al. 2015) and PWC swards by dairy cows can be markedly smaller than
losses under RGWC. However, no such reduction was observed in this study, but this is not

surprising given the very small losses measured under all treatments in the first two years.

Interestingly, in Year 3 when there were differences in NOs™~ leaching losses between RGWC
and IRWC or PWC treatments, the losses for the RGWC treatment were lower, not greater,
than the other two treatments. However, this increase in leaching under the alternative pastures
may have been less due to an intrinsic feature of the plants themselves, but rather the time that
the plots with these treatments were fallow during the key late summer-autumn period. In the
summer of Year 3, the PWC plots suffered from significant dock infestations, and the IRWC
plots had reduced tiller numbers. Therefore, these plots were sprayed and resown in the autumn
(14 April 2021) of Year 3, using a direct drill. As a consequence, after grazing in the late-
summer of Year 3 (February 2021), there was limited forage cover in the PWC and IRWC plots
until early May 2021. Urine N deposited in the latter part of February was likely leached in the
drainage that occurred in May and June due to insufficient foliage cover to absorb the
NOs. Even with the resowing, PWC plots still comprised 55% of docks in the winter and
spring of Year 3, which resulted in greater leaching from these plots in July. Additionally, the
IRWC plots had patchy growth after resowing, so the plots did not have sufficient foliage cover
to take up the deposited N. The poor establishment and growth of the IRWC sward (the amount
of total DM harvested in Years 1 and 2 was ~12000 kg DM/year, whereas, in Year 3, it was
~3000 kg DM/year; see Chapter 4) could explain the high concentrations of NOs-N in drainage
in May and June. If these alternative forages, such as IRWC and PWC fail to persist in certain
soil and climate conditions and need be renewed every two to three years, with the attendant
increase in NOs~ leaching observed in this study, then this feature will erode the benefits of

small leaching losses in the intervening years. If the focus is on achieving an environmental
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benefit from the use of these forages, efficient and timely resowing is of vital importance. On
a free draining soil, where N leaching rates are likely to be greater, these alternative forages
may be well established, and so their benefits to NOs~ leaching may be greater and more

consistent.

It is important to consider the clover content of the sward mix because a high clover content is
likely to cause a rise in the level of N in the biological system (Ruz-Jerez et al. 1995), which
could then result in greater losses of NOs~ (Rodriguez 2020). According to dairy cattle research,
to reduce the leaching of NOs~ from plantain-based pastoral systems, it should contain at least
30% plantain (Navarrete et al. 2022) and not more than 20% clover (Rodriguez
2020). However, in this study, clover content was less than 20% in all treatments throughout

the study period, suggesting that clover would have had a limited influence on NOs leaching.

Leaching of NOs~ was significantly greater in Year 2 under the brassica treatment than under
other treatments and leaching under the brassica was also greater than losses from RGWC in
Year 3. The impact of fodder crops on NOs™ leaching is well documented (Shepherd et al. 2012;
Monaghan et al. 2013; Malcolm et al. 2016). Although leaching losses under the brassica crops
grown in the current study were greater than those measured for the other treatments in Year
2, they were still smaller than rates reported in other dairy cattle studies (Shepherd et al. 2012;
Monaghan et al. 2013; Malcolm et al. 2016). Furthermore, leaching of NOs~ under brassica in
Year 2 was likely greater than normal because the drainage season extended to December,

which is not typical in most years.

A fodder crop (brassica) was selected as a treatment because of the role that these crops play
in intensive sheep production systems. At key times in the year, these crops can provide the
feed required to maintain greater stocking rates and improve animal performance (Sprague et

al. 2014; Agricom 2018). The results presented here suggest that while more NOs~ may leach
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from areas of the farm growing a brassica crop, this increase will be small for the farm system.
Given that the cropped area of a pastoral farm typically occupies a relatively small portion of
the farm, any increases in whole farm NOs~ leaching will be minor when sheep production
systems practise fodder cropping. Further, while on this area at a higher stocking rate, the

remainder of the farm, which is the greater area, will have fewer livestock.

Leaching losses of TN followed a similar pattern to that of NOs~, mostly because TN contains
a large proportion of NOs~ (Christensen et al. 2019). Studies conducted at the neighbouring
dairy cattle farm site have reported that NOs~ accounts for 54 to 82% of the amount of TN in
drainage (Hanly et al. 2017; Christensen et al. 2019). Likewise, in this study, regardless of
forage treatment, NOs~ comprised between 55 and 84% of TN when losses exceeded 6 kg
TN/ha, while NOs~ comprised around 21-44% of TN when losses were small (<3 kg TN/ha).
This reflects that relatively constant amount of TON leached from all treatments, which
appeared not to be affected by forage treatments and years. Total ON is likely to be generated
by the decomposition of plant litter and soil organic matter (Haynes & Williams 1993). The
consistent TON losses suggest that 1-3 kg N ha™* year™* of TON is leached regardless of the

forage treatment and subsequent urine deposition.

The results reported here are best explained by the quantity of excess NOs™ that accumulates in
the soil profile and the timing of drainage events, particularly the first events of the season. In
general terms, the NOs~ concentration of drainage followed the pattern commonly observed in
studies of leaching from this soil under this climate (Hanly et al. 2017; Christensen et al. 2019;
Howes 2019). Most of the NOs™ leaching under pastures in this study occurred in the first 40
mm or so of drainage, and drainage events in the latter part of the season tended to result in
only marginal increases in leaching. This pattern in leaching can be explained by changes in

the NOs~ concentration in drainage. The mean NOs~ concentration of drainage water collected
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from RGWC, IRWC and PWC treatments in Years 2 and 3 was relatively large in the initial
drainage events (e.g., 20 to 45 mg N/L for IRWC and PWC forage treatments in Year 3) and
decreased with successive drainage events. The mean NOs~ concentration in late season
drainage was low. It is likely that the NOs~ that had accumulated in the soil under urine patches
prior to the onset of drainage events contributed to early NOs~ leaching for the RGWC, IRWC
and PWC treatments. A similar pattern has been observed in numerous studies of leaching from
this soil under pasture grazed by sheep (Heng et al. 1991; Magesan et al. 1996) and dairy cattle

(Hanly et al. 2017; Christensen et al. 2019; Howes 2019).

Other researchers have noted that differences in leaching rates among treatments imposed on
pastoral plots on this soil manifest, or are most pronounced, in the initial drainage events and
tend to be less apparent in later drainage events (Hanly et al. 2017; Christensen et al. 2019;
Howes 2019). This point is nicely illustrated by the differences in NOs~ leaching among RGWC
and IRWC or PWC in Year 3, where the differences in leaching under these treatments are
explained by the differences in NOs~ concentration in drainage from these treatments between

May and the end of June.

In Year 2, the brassica treatment had greater NOs~ concentrations in drainage than other
treatments in December, which was later than the normal end of the drainage season. The
brassica plots were intensively grazed over the winter, after which time the land was left bare
for 17 weeks before they were resown in late December. A lack of plant uptake likely resulted
in the accumulation of NOs™ in the soil and high concentrations of NOs™ in subsequent drainage.
The brassica treatment also had greater concentrations of NOs™ in the initial drainage events of
Years 2 and 3, which may have been due to the mineralised N that accumulated as a result of
renewing the forage (spraying herbicide, fertiliser application and direct drilling; Fraser et al.

(2013).
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Nitrate leaching under the brassica treatment was greater than that under other treatments in
Year 2 due, in the main, to the large concentrations of NOs™ in the late season drainage. The
length of the drainage season in Year 2 was longer than reported in previous studies conducted
near the current research site (Magesan et al. 1996; Houlbrooke et al. 2003; Christensen et al.
2019; Howes 2019). In Year 2, at the end of the drainage season, the drainage measured under
the brassica treatment was greater than that measured for other treatments, which may be due
to the lower evapotranspiration rates associated with bare soil in spring (Hanly et al. 2017). It
is likely that the combination of the increased NOs~ concentrations and the larger drainage
observed under brassica treatments led to a greater NOs~ load at the end of the drainage season
in Year 2. The occurrence of drainage after mid-October is unusual for this region, and in a
soil-water balance model that was used to estimate the quantity of drainage occurring in mid-
October, Hanly et al. (2017) reported that only 8 out of 30 years had greater than 50 mm of
drainage after mid-October. Therefore, the drainage in Year 2 after mid-October was unusual.
If no drainage had occurred after mid-October in the current study, then losses of NOs™ are

estimated to have been no more than about 2 kg N/ha under the brassica treatment.

Given that the ewes were in the brassica plots from late May to early July of Year 3, the N
deposited during this period is likely to have contributed to the greater NOs~ concentrations in
the first drainage events of Year 3, as there was no plant uptake under bare soil during
subsequent drainage events. A dairy cow study has also shown that N leaching losses from
forage-crop grazing during winter can be more than twice that under grazed RGWC (Monaghan

etal. 2013).

If the beginning of the drainage season was the most important period for NOs~ leaching, and
the initial drainage events of the Year 2 season were the most typical, then the results and trends

discussed above can be explained by a consideration of urine-N dynamics (Table 6.5).
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Although there are some small differences between the quantity of apparent dietary N intake
on the forage treatments and dietary N excretion (according to one technique), these differences
were small and were unlikely to affect leaching rates (Table 6.5). Hence the lack of differences
in the quantity of NOs™ leached from the forage treatments in Year 2. A comparison between
the characteristics of sheep urine measured in this study and those of cows grazing the same
soil (Appendix 8) helped explain the comparatively small values measured under sheep grazing

pasture in the present study.

Interestingly, urine-N return by sheep grazing brassica is relatively small (Table 6.5). This
would suggest that if these crops are grazed later in the season when the likelihood and quantity
of drainage is decreasing then leaching losses may be small. Alternatively, if a catch crop (i.e.,
any fast-growing crop such as oats, triticale or rye corn is grown between successive plantings
of the main crop with the primary objective of capturing excess N in soils that would otherwise
be lost through leaching) is sown with the brassica or established immediately after the crop is
grazed, it may mitigate the risk of leaching under bare soil. For example, had a catch crop been
grown in Year 2, then it may will have reduced the NOs~ losses measured in the December of

that year.

6.6 Conclusion

This study shows that sheep grazing of traditional RGWC pastures resulted in very low NOs~
leaching on fine-textured Pallic soil with mole and pipe drainage. Leaching losses under sheep
grazing alternative forages such as IRWC and PWC were also very small in Years 1 and 2;
however, these swards failed to persist in Year 3, so their benefits to NOs™ leaching could not
be observed in intervening years. The poor persistence of IRWC and PWC on this fine-textured

soil and the greater NOs~ leaching associated with the renovation of these pastures in Year 3
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undermines some of the advantages associated with the small leaching rate measured in Years

1and 2.

The grazing of a winter brassica is likely to result in a slightly greater NOs~ leaching compared
to RGWC; however, based on the assumption that the cropped area will occupy a relatively
small portion of the farm, increases in whole farm NOs~ leaching is expected to be relatively
small when sheep production systems practise fodder cropping. Overall, the results indicated
that current sheep grazing systems may offer mitigation options for dairying areas where it is
difficult to achieve the large reductions in NOs~ leaching required to meet water quality

objectives.
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CHAPTER 7: SUMMARY AND GENERAL DISCUSSION

7.1 Summary and justification of this study

In response to increasing costs of production, and in order to maintain economic viability,
sheep farming systems in New Zealand are continuing to intensify through means such as
increased fertiliser use, improved ‘per head’ animal performance, and/or higher stocking rates
(Morris & Kenyon 2014). However, intensification may lead to a higher level of nitrogen (N)
leaching into waterways. Historically, sheep production research in New Zealand has focused
primarily on increasing productivity (Judson et al. 2009; Raeside et al. 2014; Cranston et al.

2015b), and little is known about the effects of sheep farming systems on N leaching.

New Zealand sheep farmers, like their dairy farming counterparts, sow a varying percentage of
their farm area in alternative forages to minimise the time of seasonal pasture shortage (Beef +
lamb 2018). Alternative forages such as plantain (Box et al. 2016; O'Connell et al. 2016; De
Klein et al. 2019) and winter-active Italian ryegrass (Nichols & Crush 2007; Moir et al. 2013;
Woods et al. 2016; Maxwell et al. 2019) have been reported to reduce N leaching under dairy
cow grazing. Both these species match or exceed the growth rate of ryegrass at key times of
the year, plantain in summer (Lee et al. 2015; DairyNZ 2022b), and Italian ryegrass in winter
(Charlton & Stewart 1999; Ryan-Salter 2011), and therefore may improve sheep performance.
Therefore, these forages could be useful for reducing N leaching under sheep grazing systems
while increasing sheep performance. The present study was designed to evaluate N leaching
losses under a range of forage types (perennial ryegrass/white clover: RGWC; Italian
ryegrass/white clover: IRWC; plantain/white clover: PWC; a winter brassica) and their effect
on sheep performance to identify the potential for forages to reduce N leaching while
maintaining or improving sheep performance. A fodder crop, brassica, was used as one of the

treatments, as these crops are typically high yielding which allows increased stocking rates
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during winter. Following grazing, the land is left bare until conditions are favourable for re-
sowing in spring. This grazing of brassica species in winter may result in large amounts of N
being returned to the soil, which can subsequently lead to high levels of NOs~ leaching
(Monaghan et al. 2013). Different brassicas were used in these studies depending on the time
of sowing (turnips, swedes and kale for autumn of 2019, late spring of 2019 and 2020,

respectively) and the need to minimise the risk of clubroot (Plasmodiophora brassicae).

This study was undertaken on four self-contained contiguous farmlets (each approximately
3.32 ha) over two and a half years (Year 1: July to December 2019; Year 2: January to
December 2020; Year 3: January to December 2021). An area of 0.81 ha (24% of grazing area)
of the three farmlets was sown in one of three alternative forages (IRWC or PWC or brassica),
and the remaining 2.51 ha were sown in a perennial ryegrass/white clover sward. The entire
area (100% of grazing area) of the fourth farmlet, which acted as the control, was sown in
RGWC. Approximately 0.4 ha of each farmlet was located in a paddock where a series of
drainage plots were established to measure N leaching. There were 20 drainage plots (each 40
m by 20 m). Each of the alternative forages, and the RGWC, were sown on five of the drainage
plots i.e., five replicates (combined area of 0.4 ha), which composed about one-half of each

alternative forage area on each farmlet.

Not all forages were grazed year-round: RGWC and IRWC were grazed in all seasons, whereas
PWC was only grazed in the spring of Years 1, 2 and 3, summer of Years 2 and 3, and autumn
of Year 2 and winter of Year 3, while brassica crops were only grazed in the winter of Years
1, 2 and 3 and autumn of Year 3. The effects of the forages on DM production and subsequent
ewe and lamb performances (Chapter 4), N excretion (Chapter 5), and N losses through mole

and pipe drainage water (Chapter 6) were examined.
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7.2 Main findings from this research
7.2.1 Ewe and lamb performance (Chapter 4)

The objective of this chapter was to examine the effects of the different alternative forages,
within a perennial ryegrass/white clover-based system, on the performance of breeding ewes

and lambs.

Pre-and post-grazing masses of the alternative forages were only measured on the drainage
plots. The annual total DM (kg DM/ha) of IRWC and PWC harvested by sheep was similar to
the quantity of RGWC harvested in Years 1 and 2. However, in Year 3, more RGWC was
harvested than IRWC or PWC. This was due to the renewal and resowing of the IRWC and
PWC plots. The pre-grazing masses of IRWC and PWC on the drainage plots were typically
greater than 1500 kg DM/ha. Ewes were allocated 1.8 kg DM/day of brassica, with an average
forage utilisation rate of 85%, indicating intake was not restricted when ewes were grazing the
various brassica forages. The ME and CP contents of RGWC, IRWC, and PWC were in the
range of 10-12 MJ ME/kg DM and 8-16%, respectively. Compared to RGWC, PWC had a
higher CP content in the summer of Years 2 and 3 and a higher ME content in the summer of
Year 3. The ME content of the brassica forages on the drainage plots remained above 12.0 MJ
ME/kg DM over the study period. The results indicated that alternative forages performed

equally as the RGWC, in terms of both quality and quantity.

The average forage covers of all treatments across the farmlets (in non-drainage plot areas)
were above 1200 kg DM/ha for most of the study period. It is known that intakes are not limited
when RGWC mass is greater than 1200 kg DM/ha (Morris & Kenyon 2004). Given that the
RGWC area was at least 76% of the total grazed area in all treatments and that the average
RGWC covers measured were consistently above 1200 kg DM/ha, the results indicate animal

intakes were not restricted for extended periods. Ewe and lamb performances did not differ
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among treatments. The live weight and BCS profiles of the ewes also indicated that ewes were
well fed in all treatments. In addition, forages containing a ME content of 10-12 MJ ME/kg
DM (Nichol 2007; Cranston et al. 2017) and CP content of 8-16% (National Research Council
2007; Hynd 2019) are adequate for sheep production. The CP and ME levels of the forages on
the drainage plots were higher than, or equivalent to, the optimum level in most seasons. Given
the similarity in both the quantity and quality of the diet across the farmlets, and the adequacy
of this diet to high levels of animal performance, it is not surprising that the alternative forages
had no impact on sheep performance per farmlet. However, it is unknown if the lack of
treatment differences in animal performance would have occurred if greater stocking rates or

greater areas of alternative forages had been used. Further research is needed to determine this.

7.2.2 Urinary nitrogen (N) excretion (Chapter 5)

The effects of the various forages (RGWC, IRWC, PWC and brassica) on N intake and its
excretion in urine and faeces were examined in Chapter 5. There was no difference in estimates
of urinary N excretion between ewes grazing RGWC or IRWC, whereas ewes grazing brassica
and PWC excreted less urinary N, than ewes on RGWC. The reduction in urinary N
concentration in dairy cows grazing plantain has been attributed to one of the following factors
(i) increased urine volume, (ii) reduced rumen ammonia production, (iii) increased rumen
microbial activity and (iv) shifting of N from urine to faeces (Bryant et al. 2019; De Klein et
al. 2019). In this study, sheep grazing PWC had greater urine volumes, which resulted in
smaller urine N concentrations than sheep grazing RGWC. In part, the larger urine volume
observed in ewes grazing PWC may be attributed to lower forage DM% and greater Na
concentration in plantain compared to RGWC. Moreover, compared with ewes grazing
RGWC, ewes grazing PWC had higher faecal N concentrations, which also indicated that more
N is being partitioned into faeces. Sheep grazing on brassica forages excreted significantly less
urinary N than sheep grazing on other forages. This is not surprising given that ewes grazing
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brassica had lower levels of CP and higher levels of WSC:CP intakes than those grazing other
forages (Chapter 5; Edwards et al. (2007)). These results suggest that PWC and brassica have
the potential to reduce urinary N load per animal to the soil. However, brassica forages are
often grazed at high stocking rates or for longer days during the critical winter period. These
management practices may result in higher leaching losses under brassica forages (Chapter 6

or see 7.2.3).

7.2.3 Nitrogen losses from alternative forages (Chapter 6).

This chapter describes the assessment of N leaching under sheep grazing of the different
forages (RGWC, IRWC, PWC and brassica). Regardless of forage treatments, nitrate-N (NOs -
N) concentrations in drainage water were high (5 to 25 mg N/L) at the beginning of all drainage
seasons but decreased rapidly to very low levels within the first 20 to 60 mm of drainage. This
suggests that the urine N deposited before the onset of the drainage season has largely
contributed to the NOs~ leaching. However, the brassica treatment in Year 2, had higher NOs~
levels in December. It is likely that the combination of the increased NO3z™-N concentrations
and the larger drainage observed under the brassica treatment led to a greater NO3z™ load at the
end of the drainage season in Year 2. The greater drainage volume measured on the brassica
plots may be due to the lower evapotranspiration rates associated with bare soil in spring. The
occurrence of drainage after mid-October is rare. With the use of a soil-water balance model,
Hanly et al. (2017) demonstrated that only 8 out of 30 years had greater than 50 mm of drainage

after mid-October.

For the first two years of this study, the N losses from RGWC, IRWC and PWC were very
small (<1 kg N/ha), and they did not differ among treatments. However, in Year 3, leaching
losses under the IRWC and PWC were greater than losses under RGWC. This increase in

leaching losses in Year 3 under IRWC and PWC is most likely due to the interventions that
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were required to re-establish these swards. In Year 3, the plantain plots were identified as
having a significant dock (Rumex obtusifolius) infestation, and the IRWC had lower tiller
numbers; therefore, these forages were sprayed and re-sown. Hence, the plots with these
treatments were fallow in the key late summer-autumn period and this resulted in a greater
level of NOs™ leaching under these two forages than those under RGWC. The poor persistence
of IRWC and PWC on this fine textured soil and the greater NOs~ leaching associated with
renovation of these pastures in Year 3 undermines some of the advantages associated with the

small leaching rate measured in Years 1 and 2.

In contrast, NOs~ leaching losses under the brassica were greater than losses from RGWC in
Years 2 and 3. As noted above, the late season drainage in Year 2 was atypical, and if no
drainage had occurred after mid-October, the losses would likely have been 2 kg N/ha, which
may not be much greater than the losses reported under RGWC. Although sheep grazing
brassica forages excreted less urinary N per day (on individual animal basis), there was a
greater leaching loss under the brassica treatment. This is likely because brassica plots were
grazed for a more extended period during winter than other forages, and there was no crop
cover until spring resowing; therefore, the urinary N accumulated during winter grazing might
have been displaced by subsequent drainage. Nevertheless, losses measured under the brassica
treatment are still smaller than rates reported in a similar study of fodder crops on the same soil
grazed by dairy cows (Hanly et al. 2017). The results suggest that in winter when N leaching
is likely to occur, sheep and beef cattle farmers may reduce N leaching by grazing their sheep
on brassica and their cattle on pasture instead of the other way around, as is more common

today.

Losses of total nitrogen (TN) followed a similar pattern to NOs-, primarily due to a high

proportion of TN consisting of NOs".
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The leaching rates of NOs~ measured under sheep grazing forages were very small compared
with losses of 12 to 23 kg N/ha under dairy cattle grazing, measured during the same period at
a very similar research site on a neighbouring farm (approximately 500 m distance) (Nguyen
et al. 2022). This suggests that sheep grazing systems have a significant advantage over dairy

farms in terms of NOs™ leaching from this soil type (Tokomaru silt loam).

7.3 Practical Implications
7.3.1 Potential for sheep

This study indicates that brassica crops can produce high yields of supplementary feed for
grazing, during the winter, when ryegrass growth is reduced, which is required to maintain
higher stocking rates or to increase animal growth rates. Furthermore, given that the cropped
area will generally occupy a relatively small portion of the farm area when used in sheep

production systems, any increase in whole farm NOs™ leaching, should be relatively small.

As noted above, sheep farming might be a mitigation option in dairying areas where it is
difficult to achieve the large reductions in NOs~ leaching required to meet water quality
objectives and/or N loss allocations imposed by regional councils. However, it might be argued
that the relative profitability of sheep farming compared to dairy farms will limit any such land-
use change. Nevertheless, given the minimal leaching losses in this study, increasing the
intensity of production within sheep farms may improve financial performance while
maintaining 'acceptable' levels of NOs~ loss. The annual income from milk solids (MS)
produced (1000-1096 kg of MS/year/ha * $7.2/kg of MS) per unit of N applied (65 kg of
urea/halyear * $1.26/kg of urea) (data adapted from Rodriguez (2020)) may be only 1-5%
greater than the annual income from lambs (502 kg live weight of lamb/ha/year * $6.5/kg of
lamb) per unit of N (30 kg of urea/ha/year * $1.26/kg of urea). However, the N leached under

the sheep grazing system (1.1 kg of N/ha, Chapter 6) would be 70% lower than that leached
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under dairy systems (12 kg N/ha; Nguyen et al. (2022)). This suggests that, even if stocking
rates were theoretically doubled in a sheep grazing system to compensate for the profitability

of dairy systems, leaching losses would be of the order of 3 kg N/ha/year.

7.4 Limitation of this study

In this study, all replicates of a forage treatment were always grazed for the same number of
days, and ewes were moved from all of the treatment plots when the target post-grazing residual
was reached in any replicate. Notably, forage DM mass varied greatly within replicates of
treatment; however, grazing length or stocking rate could not be adjusted since this would have

confounded treatment comparisons of the leaching rate.

The length of the grazing period on each farmlet system was also adjusted in accordance with
the availability of forage cover. The limited number of paddocks within each farmlet meant it
was difficult to always match actual feed demand with pasture forage cover, and as a result,
feed allocation was often in excess of feed demand. Furthermore, ewes were supplemented
whenever necessary. This unrestricted feed intake resulted in no difference in sheep
performance among treatments. Nevertheless, previous studies comparing the effects of
forages on sheep performance demonstrated differences in performance when the forage intake
was restricted during key production periods, such as pregnancy and lactation (Piaggio et al.
2018). Thus, in commercial farming operations where ewe flock sizes are larger and individual
feed intake can be more controlled, and supplementary feed is used sparingly, it is likely that
differences in sheep performance would be observed when different forages with different feed

supply patterns or greater annual feed supply are utilised.

Continuous monitoring of urination events in sheep is challenging (David et al. 2015; Marsden
et al. 2020); therefore, urine volume and urinary N excretion were estimated based on the N

and creatinine concentrations of spot samples. However, as was observed in previous studies
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(Betteridge et al. 2010; Hoogendoorn et al. 2010; Marsden et al. 2020), the urine N and
creatinine concentrations of the animals within the treatment varied widely. Therefore, care
must be taken when interpreting the present data for urinary N excretion and extrapolating it to

24 hours under grazing conditions.

Dairy studies have shown that cows grazing plantain-clover consume significantly more water
from their feed (lower DM%) than those grazing ryegrass-clover, and therefore excrete more
urine with smaller N concentrations (Box et al. 2017; Mangwe et al. 2019). In this study,
however, rather than sheep grazing PWC having the largest urine volumes, greater urinary
volumes were estimated for sheep grazing IRWC and brassica. In addition, some dairy studies
(Box et al. 2017; Mangwe et al. 2019) have measured water intake from water troughs to
estimate the relative influence of feed water on total urine volume, but water intake from water
troughs was not measured in this study. Consequently, the effect of feed water intake on urine

volume was not able to be evaluated.

The DM mass measured in the plots could not be used to calculate the forage growth rate due

to the mowing, spraying, and over-sowing of the forages.

7.5 Opportunities for the future research

The performance of ewes and their lambs on different farmlet systems was evaluated based on
their ad libitum intake levels. Therefore, this study could not compare the effects of
incorporating a proportion of alternative forages within a farmlet, on the performance of sheep.
Evaluation of sheep performance in a scenario where feed intakes are occasionally restricted
or altering stocking rates (higher) according to the pasture cover, may be beneficial to the
understanding of the potential effects of alternative forages on sheep performance and nutrient
leaching, and therefore are recommended for future research, to help evaluate the differing

herbages.
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Spot samples were taken to estimate daily urine N excretion; however, there was large variation
in urinary creatinine and, therefore, urine N concentrations among animals within the same
treatment group. Metabolic studies that measure total urinary N excretion have reported smaller
differences among animals. Therefore, to successfully predict total urine output (using spot
urine samples), the relationship between creatinine excretion and urinary N excretion or daily
urine volume must be clearly understood. Hence, further metabolic studies or total collection
studies to investigate the relationship between total urine volume and creatinine excretion
under different conditions, including animal weight, forage type, water intake, and the time of
day, would likely be of benefit. Alternatively, sensors, such as a triaxial accelerometer
(Marsden et al. 2021), can be used to collect urine samples continuously under grazing

conditions, and is recommended for future research.

The winters of 2020 and 2021 were the warmest winters on record for the Manawatu region
(NIWA 2022), and therefore, several years of studies with contrasting rainfall patterns and

temperatures would be required to reliably determine NOs™ losses under brassicas.

The majority of NOs™ losses under brassica’s were measured during the fallow period following
intensive grazing during the winter period. Alternatively, a catch crop sown with the brassica
or established immediately after the crop is grazed may mitigate the risk of leaching under bare

soil and could be a future research option.

The amount of N fertiliser applied to all forages during the study period was minimal, and an
increase in fertiliser level may increase dry matter production. In addition to increasing dry
matter production, N uptake, and N recycling in urine, additional N fertiliser inputs also
increase the likelihood of direct loss of N to the environment (Hatch et al. 2007). Therefore,
there is an opportunity to conduct similar trials with different fertiliser levels to determine the

relationship within increased plant production and sheep performance and leaching rate to

192



provide farmers with a general idea of maximum fertiliser rates for sustainable, profitable sheep

farming.

Many dry stock farms in New Zealand have mixed flocks of sheep and cattle; therefore, it is
required to conduct a number of studies to determine the impact of modern intensive cattle-

sheep mix farming on nutrient leaching.

It would be beneficial to conduct a thorough economic analysis, considering all costs and
returns associated with all treatments. The modelling of NOs~ leached per unit of N would also
be beneficial. This information could help farmers establish environmentally sustainable and

profitable systems on a coarse textured free draining soil.

7.6 Overall Conclusions

The research presented in this thesis has provided information about the effect of a range of

forage types on sheep performance and N leaching under intensive sheep grazing systems.

This study demonstrated that:

Overall, the average forage covers of all treatments were above 1200 kg DM/ha in the non-
drainage plot areas. In Years 1 and 2 on the drainage plots, RGWC, IRWC and PWC showed
similar total DM production; however, in Year 3, due to the need to re-establish the IRWC and
PWC plots, greater total DM yield was harvested from RGWC compared to IRWC and PWC.
Under the condition of the current study, the use of alternative forages did not positively or
negatively influence animal performance. Therefore, the impacts of NOs~ leaching under
different forage types can be directly compared without confounding effects of different animal

performance.

There were no differences in DMI among treatments, but ewes grazing brassica had a lower N

intake compared with ewes grazing other treatments. Overall, the estimated daily urinary N
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excretion levels across all seasons and forages ranged from 9 to 27 g N/sheep/d. The urinary N
concentrations of ewes grazing on PWC, and brassica treatments were lower than those grazing
on RGWC in all seasons where it was compared. The results suggest that PWC and brassica
can reduce urinary N load per animal in the soil. Therefore, these forages could be
advantageous under higher stocking rates on coarse-textured soils, where limiting or reducing

N leaching rates might be a greater challenge.

In the first two years of this study, the NOs™-N losses from IRWC and PWC forages were very
small (<0.5 kg N/ha), and they were not different from those under RGWC. However, in Year
3 greater NOs~ leaching associated with the renovation of these pastures undermines some of
the advantages related to the small leaching rate measured in Years 1 and 2. Therefore, if using
these forages for more than two years, swift pasture renewal is key to avoiding bare ground
and minimum plant growth. In contrast, compared to RGWC, greater NOs~ leaching losses
were found under brassica treatments. However, under normal drainage patterns (Year 3) the
leaching of NOs-N under brassica was relatively small (3.5 kg N/ha). Only in Year 2, where
the drainage season extended into December, was a larger loss of NOs~ measured under the
brassica. Furthermore, based on the assumption that the cropped area occupies a relatively
small portion of the farm, increases in whole farm NOs™ leaching can be relatively small when
sheep production systems practise fodder cropping. Nitrate leaching losses under sheep grazing
were lower than those reported under dairy cow grazing, suggesting that sheep production may
offer an alternative production option for dairying areas where it is difficult to achieve the large

reductions in NOs~ leaching required to meet water quality objectives.
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APPENDICES

Appendix 1 Effects of alternative forages on nitrate leaching under intensive sheep grazing.

Publications

Maheswaran S, Cranston L, Millner J, Horne D, Hanly J, Kenyon P, Kemp P. 2021. Effects of
alternative forages on nitrate leaching under intensive sheep grazing. New Zealand Journal of
Animal Science and Production 81: 146-152.

Abstract

There is increasing interest in the use of alternative forages to improve animal performance
and reduce nitrogen (N) leaching on farms. A system-scale field trial, which included 20
hydrologically isolated drainage plots (800 m?/plot) was carried out at Massey University’s
‘Keeble’ farm to investigate the effects of forage type on ewe and lamb performance and the
quantity of N lost in drainage. Four forage types (treatments) were studied: perennial
ryegrass/white clover (RGWC), plantain/WC (PWC), Italian ryegrass/WC (IRWC) and swedes
(Brassica). The forage types were included as ~24% area of a self-contained farmlet, with the
remaining area (~76%) being RGWC. Ewes were weighed at mating, pre-lambing and
weaning, and lambs were weighed at weaning. Drainage (mm) from each plot was measured
using a tipping-bucket flow meter and sub-samples of water were analysed for nitrate-N,
ammonium-N and total-N losses. The forage types had no effect (P>0.05) on ewe or lamb live
weight at any occasion. The average nitrate-N losses for RGWC (0.77 kg N ha), PWC (0.45
kg N ha) and IRWC (0.56 kg N hal) treatments did not differ (P>0.05) and were lower than

the brassica treatment (6.36 kg N ha™?).

Keywords: drainage water; forage species; live weight; nitrogen loss; sheep grazing
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Introduction

Globally, there is increasing concern about the contamination of waterways with nutrients, in
particular, the nitrogen (N) leached from agricultural land (Houlbrooke et al. 2004). Nitrate
(NOs") is the most common form of N contaminant in drainage water (Haynes & Williams
1993). Urine N deposited by sheep on the pasture is the main source of NOs~ leaching in the
sheep grazing pasture system (Williams & Haynes 1990). Surplus N (not required for plant
growth) in urine patches is susceptible to leaching when drainage occurs (Williams & Haynes
1994. Nitrate leaching is widely believed to be significantly lower from sheep farming systems
compared to dairy cow systems (Williams & Haynes 1994). However, in order to remain
economically viable, sheep production systems in New Zealand have intensified over time with
greater use of N fertiliser and higher stocking rates (Morris & Kenyon 2014). Therefore, it is
possible that N leaching losses are greater than historical figures would indicate and should be

reassessed under modern intensive practices.

There is increasing interest in the use of alternative forages in pastoral agriculture in New
Zealand. Some of these forages are used to reduce N leaching, i.e., improve environmental
outcomes (e.g., plantain; Plantago lanceolata L. and Italian ryegrass; Lolium multiflorum
Lam.), while others are employed to increase animal performance (e.g., winter crops). There is
evidence that the use of plantain on dairy farms can help to mitigate N losses as a result of a
decrease in the concentration and amount of urinary N excreted, due to an increase in urine
volume and decrease in ammonia production in the rumen (Navarrete et al. 2016). It is known
that rapidly growing pasture species, such as Italian ryegrass, display greater N uptake during
winter and, therefore, reduce N leaching compared to a perennial ryegrass (Lolium perenne
L.)/white clover (Trifolium repens) sward when grazed by dairy cows (Woods et al. 2016). In
contrast, winter crops such as brassicas (e.g., swedes and turnips) produce large quantities of

forage (e.g., 8-15 t DM/ha) and are grazed with high stocking rates during winter when grass

224



growth rate is low (Lucci et al. 2013). Following grazing, the land is left bare until conditions
allow for re-sowing in spring. This process of grazing winter brassica species may return large
amounts of N to the soil during winter, and subsequently may result in very high rates of N

leaching (Monaghan et al. 2013).

Currently, there are no studies of leaching under modern, intensive sheep production systems,
particularly when alternative forages are grazed. Further, the limited previous studies carried
out estimated N leaching indirectly through animal data (e.g., based on grazing study data) or
the use of lysimeters or suction cups. The present study utilises hydrologically isolated plots,
which allow for the complete capture of all leached nutrients and drainage water. The aim of
this study was to quantify and compare N leaching under sheep grazing on four different forage
types (perennial ryegrass (RGWC), plantain/white clover (PWC), Italian ryegrass/white clover
(IRWC) and brassica), and to compare the sheep performance in farm systems that incorporated
alternative forages. These forages were selected for their ability to reduce N leaching and/or

improve animal performance.

Materials and methods

This study was carried out at Massey University’s Keeble farm, 5 km southeast of Palmerston
North, Manawatu, New Zealand (40°24'02.0"S 175°35'52.8"E) with the approval of the
Massey University Animal Ethics Committee (MUAEC 19/20). The site is located in a flat to
easy rolling landscape (c. 3% slope) on the Tokomaru silt loam soil, a Fragic Perch-gley Pallic

Soil (Hewitt 1998). This paper presents the data collected during 2020.

Experimental design and treatments

The design included four farmlets (each approximately 3.32 ha). Three of the farmlets had 0.81
ha (24% of the area) sown in one of three alternative forages, i.e., IRWC or PWC or brassica

(swedes; Brassica napus ssp. Napobrassica). The remaining area of each farmlet was in
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RGWC. The fourth farmlet was entirely RGWC (3.31 ha). Each farmlet was stocked at 14
ewes/ha for the entirety of the experiment (46 ewes per farmlet) and was reflective of an
intensive sheep-farming operation for this farm class and area (Beef + Lamb New Zealand

Economic Service 2022a).

The research site included an area with 20 drainage plots (five plots/treatment). Each plot was
40 m x 20 m and contained a hydrologically isolated mole pipe drainage system. The drainage
plots were sown with the pasture species reflective of their treatment. These pastures were
sown in the autumn of 2019 (21 March 2019) with a roller drill and chain harrows. The
plantain/WC and IRWC plots were over-sown in April 2020. The brassica was sown by direct
drilling in the spring of 2019. Nitrogen fertiliser, in the form of urea (46% N), was applied to
the brassica plots at the rate of 30 kg N hatin March. Nitrophoska (12% N) and urea were
applied to the other three treatment plots at the rate of 30 kg N ha™ in April and October,
respectively. The plots were grazed according to the cumulation of forage and best grazing

management practices for these species.

Ewe management and measurements

A total of 184 pregnant mixed-age Romney ewes were selected from Massey University’s
“Keeble” flock at the start of the study (27 June 2019). The ewes were stratified by live weight
(LW) and number of foetuses carried (single/twin/triplet) and allocated to the four forage
treatments (n=46 at start) to ensure that treatments did not differ in LW, or number of foetuses
carried. Ewes that died or were culled were replaced in February 2020, with ewes of a similar
LW. Romney rams were introduced on 9 April 2020 for a period of 34 days (two rams per
farmlet of 46 ewes). The rams were rotated between mobs on Day 17, to avoid the impact of
ram performance on pregnancy rate. All ewes were pregnancy diagnosed using trans-

abdominal ultrasound on 1 July 2020 and diagnosed as non-pregnant, single, twin- or triplet-
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bearing. Three ewes diagnosed as non-pregnant were replaced by pregnant ewes of similar

stage of gestation.

Each mob of ewes was rotationally grazed within their farmlet. The duration of grazing and the
interval between paddocks was adjusted based on pasture growth rate and cover, which were
assessed visually. When the ewes grazed the drainage plots, each mob was separated into five
mobs to enable all five replicates to be grazed at the same time (approximately nine
ewes/replicate). All replicates within a forage treatment were always grazed for the same
number of days and ewes were moved when the target post-grazing residual was reached in
any replicate. Where appropriate, treatments on the drainage plots were grazed at once to
minimise the effect of differing weather conditions (see Figure 1). However, the brassica crop
was grazed continuously during winter, after the ewes were gradually adjusted to the diet using
on-off grazing with increasing grazing durations of brassica each day (2, 4, 6, 8, hours on days
one through four) before continuous grazing. Due to mild winter conditions in 2020, the
brassica yield was considerably higher than had been estimated, and ewes were unable to graze

all the bulb material before set-stocking, with an estimated 5,461 kg DM/ha remaining.
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Figure 1 Number of days sheep grazed each of the forage treatments (RGWC: perennial
ryegrass/white clover; IRWC: Italian ryegrass/ white clover; PWC: plantain/ white clover;
brassica) on the hydrologically isolated drainage plots during 2020.
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Approximately one week before the planned start of lambing (26 August 2020), ewes were set
stocked on the RGWC area of each farmlet at a stocking rate of 18 ha™*, until the end of lambing
(15 October 2020). Ewes and lambs within each treatment were then rotationally grazed as one
mob until weaning (12 December 2020). Ewes were weighed at mating, pre-lambing, and

weaning. Lambs were also weighed at weaning.

Drainage water volume measurements and water analysis

Rainfall data were sourced from the National Institute of Water and Atmospheric Research
(NIWA) site which was located approximately 2 km from the research area. Drainage water
from each isolated plot was channelled through drainage pipes into individual tipping-bucket
flow meters located in sampling pits nearby. The flow rate of drainage water was measured
with an individual tipping bucket (~5 L) for each plot. Each tipping bucket was calibrated
dynamically to account for large tip volumes at high flow rates (Humphrey et al. 1997). All
tipping buckets were instrumented with data loggers to provide continuous flow rate
measurements. Water from the bucket was tipped over a pipe with small hole on it which passed
the sub-sample (~0.5 ml) to a larger container for storage until the completion of the drainage
event. After the completion of each drainage event, water samples (~100 ml) were collected

manually from the storage container for water quality analysis.

Approximately 50 ml of the subsample was filtered through a 0.45 pm filter. Filtered samples
were analysed for NOs-N and ammonium-N (NH4*-N), using a Technicon Auto Analyser
(Blakemore et al. 1987). The unfiltered samples were analysed for total N (TN) content using
the persulphate digestion method of Hosomi & Sudo (1986). The amount of NOs™-N, NH4"-N
and TN losses (kg ha*) were calculated as the product of the measured drainage quantity and

their concentrations.

228



Statistical analysis

All data were analysed in SAS 9.4 (Statistical Analysis System, version 9.4; SAS Institute Inc.,
Cary, NC, USA). Live weight of ewes was subjected to an analysis of variance using the
MIXED procedure. The model included the fixed effects of measurement time, forage
treatment and the interaction between measurement time and forage treatment. Lamb LW,
cumulative drainage (mm), NOs-N concentrations and cumulative losses of TN, NOs™-N and
NH.*-N were analysed using proc GLM with forage treatment as fixed effect and means were
separated using LSD procedure. Drainage (mm) from one of the PWC plots was five times
greater than the average of the other plots and was deemed to be an outlier caused by a leak in
a water pipe. Therefore, in the calculation of cumulative drainage and N losses, the data

collected from this particular plot were omitted.

Results
Rainfall and drainage

In 2020, the spring was very wet compared to winter, with a particularly high monthly rainfall
(136.7 mm) being recorded in September (Figure 2a). The drainage season in 2020 began in
late April and ended in December. The average annual quantity of water that drained across all
plots was 83 mm. Throughout the season, there were 13 drainage events from the mole-pipe
drainage system, ranging between 0.13 to 19.0 mm (average across all plots). Large drainage
events were measured in September and December (Figure 2a), and the majority of drainage

occurred in December (average of 33 mm).

The drainage (mm) of all the treatments remained consistent during autumn (April to June)
(average of 1 mm) and winter (July to September) (average of 28 mm); however, during spring
(October to December), differences in drainage (mm) was observed among treatments. In the
last three months of the year, high (76.2 mm; P<0.05) and low (32.9 mm P<0.05) drainage

(mm) were observed from the brassica and PWC treatments, respectively. Overall, the annual
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cumulative drainage of the brassica (103 mm) was 7 to 20% greater than that of the other

treatments (Figure 2b).

Cumulative NH.-N and total N losses

Ammonium made a minor contribution to the total N leached, and across all treatments
represented 7% of inorganic N. Total N losses for RGWC (2.6 kg N ha), PWC (1.5 kg N ha-
1yand IRWC (2.1 kg N hal) treatments were similar (P>0.05), but 73 to 84% lower (P<0.05)

than that of the brassica treatment (16.8 kg N ha'®).

Sheep performance and number of grazing days on alternative forages

Forage treatments had no effect (P>0.05) on ewe or lamb LW on any occasion (Table 1). The
RGWC and IRWC plots were grazed nine times throughout the year (Figure 1) for a total of
46 and 47 days, respectively. The PWC plots were grazed six times and the number of grazing
days was relatively low (26 days). The brassica plots were grazed only once continuously
during winter (33 days).

Table 1 Effect of forage treatment (RGWC: perennial ryegrass/white clover; IRWC: Italian

ryegrass/ white clover; PWC: plantain/ white clover; brassica) on live weight (LW; kg) of ewes
at mating, pre-lambing and weaning, and lambs at weaning.

Ewes Lambs

No of LW (kg) No of LW (kg)
Treatment ewes Pre- SEM lambs ——— SEM

Mating . Weaning Weaning

lambing

RGWC 40 72.3 95.1 75.6 1.40 62 27.3 0.49
IRWC 39 70.5 94.8 76.2 1.44 56 26.6 0.49
PWC 42 74.8 94.2 73.0 1.40 69 25.4 0.45
Brassica 43 69.7 89.3 74.6 1.42 62 26.6 0.46
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Figure 2 Rainfall (mm) (a) in 2020 (NIWA/Ag Research, Palmerston North meteorological
station, 2 km from study site), mean NOs-N concentrations (mg L) and cumulative drainage
(mm) (b), and mean NOs-N losses (g ha?) and cumulative NOs-N losses (kg hat) (c) from
perennial ryegrass/white clover, Italian ryegrass/white clover, plantain/white clover and
brassica in 2020.
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Discussion

There was no effect of forage treatment on ewe or lamb LW. Therefore, the impacts of N
leaching under different forage types can be directly compared without confounding effects of
different animal performance. The lack of an effect of treatment on LW is perhaps unsurprising
given that each forage treatment made up 24% of each farmlet system. The brassica treatment
had no observed benefit to animal performance, although the crop was not utilised fully. The
excess bulb could have been used to stock more sheep or to graze for a longer period, and

potentially improve animal performance.

The winter of 2020 was relatively warm with less rainfall, compared with the last five years
(NIWA 2021). The length of drainage season was longer than reported in other studies
conducted near the current research site (Magesan et al. 1996; Hanly et al. 2017; Christensen
etal. 2019). The drainage (mm) at the end of the season (October to December) was also higher
than reported in the previous studies. The higher drainage (mm) measured for the brassica
treatment plots was likely due to the lower evapotranspiration rates associated with bare soil

during spring (Hanly et al. 2017).

The average NOs -N concentrations of drainage water collected from RGWC, IRWC and PWC
treatments started high (above 5 mg L) for early-drainage events and decreasing with
successive drainage events over the winter months (Figure 2b), as observed by Heng et al.
(1991) and Magesan et al. (1996). It is likely that the NOs™-N that had accumulated in the soil
under urine patches, prior to the commencement of drainage events in April and between the
drainage events in April and June, contributed to early NOs-N leaching for the RGWC, IRWC
and PWC treatments (Figure 2b). This demonstrates that grazing RGWC, IRWC and PWC
treatments during late summer and autumn period is an important source of the NOs-N that
accumulates in soil which, in turn, contributes to NOs-N leaching during the early stages of

the drainage season. Due to the very low leaching losses observed in the present study, the N
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accumulation under sheep grazing pastures appears to be much lower than the N accumulation
under cattle grazing pastures (Rodriguez et al. 2020). The brassica treatment, however, had
higher concentrations of NOs™-N leached during the initial stage of the drainage season which
may have been due to the mineralised N that accumulated as a result of renewing the forage

(spraying herbicide and direct drilling) (Fraser et al. 2013).

Grazing of RGWC, IRWC and PWC treatments during spring or late winter did not increase
the NOs™-N concentrations (Figure 2b). Although drainage continued through into December,
NOs-N concentrations remained <1.8 mg L™. This trend of drainage water NOs-N
concentrations declining over the winter months has been previously reported in dairy cattle
studies on the same soil type (Hanly et al. 2017; Christensen et al. 2019). Those studies
suggested that lower NOs™-N concentrations in spring and early summer were likely caused by
a combination of factors, such as active pasture growth thereby increased NOs-N uptake and
insufficient drainage volumes to move significant quantities of NOs™-N into mole channels

before the completion of the drainage season (Christensen et al. 2019).

The brassica treatment had greater NOs -N concentrations than other treatments at the end of
the drainage season in December. The brassica plots were intensively grazed during winter
after which the land was left bare for 17 weeks until re-sowing in late December. The lack of
plant uptake likely resulted in higher amounts of NOs"-N susceptible to N leaching under bare
soil in subsequent drainage events. A dairy cow study has also shown that N leaching losses
from forage-crop grazing during winter could be more than twice that under grazed RGWC
(Monaghan et al. 2013). It is important to note that, in the current study, ewes began grazing
the brassica plots in the latter part of the winter and had not completely eaten all the bulbs
before set stocking for lambing. As a result, there is a risk of greater total NOs -N leaching if

the ewes had been able to graze for a longer duration and harvest all the bulb material. It might
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also be argued that the drainage season in 2020 was protracted, therefore, the losses from the
brassica were potentially greater than might have occurred in a more typical year. A daily soil-
water balance model analysed using 30 years of data, indicated that only three out of 30 years
had greater quantities of drainage after mid-October (Hanly et al. 2017). In addition, resowing
of the subsequent forage crop in 2020 was delayed until 27 December 2020 due to prolonged
wet soil conditions. To determine the losses that occur when brassica plots are resown more
typically in mid spring multiple years of research is required. The amounts of NOs™-N leached
per ha were much lower than those previously reported (8 to 50 kg N ha*) for sheep grazing
RGWC on the same soil type (Heng et al. 1991; Magesan et al. 1996; White et al. 1998).
Differences in the stocking rate and grazing time may explain the differences among the sheep
studies. For example, White et al. (1998) stocked 40-50 sheep in an area of 0.125 ha for a week
in May 1990 and 21 sheep for 5 days in July 1991 and reported losses of 35 and 43 kg N ha?,
respectively, while in the current study, stocking rate was kept constant (46 sheep in an area of
0.4 ha), and the number of grazing days was adjusted according to the amount of forage
available. Lower NOs-N loss measured in the present study compared to the previous studies
could also be due to lower drainage (mm) recorded in 2020 than those reported in the previous
studies. The values reported byHeng et al. (1991), Magesan et al. (1996) and White et al. (1998)
appear to be very high (~40 kg N ha) and more recent measures of leaching under dairy cows

(Hanly et al. 2017) are more comparable to the present study (2 to 10 kg N ha™®).

The N leaching values observed in the IRWC and PWC treatments were lower than that of
RGWC treatment but did not differ significantly. Multiple years of studies with contrasting

rainfall patterns are required to determine if differences might occur among forage treatments.

Conclusion

This study suggests N leaching under intensive sheep grazing of pasture-based forages

(RGWC, IRWC, PWC) was very low on drained pallic soil. The grazing of a winter crop
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(brassica) is likely to result in a marked increase in N leaching in years where resowing of
subsequent forage is delayed until the end of spring. Further, none of the alternative forages

improved animal performance above the levels achieved on RGWC pasture.
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Appendix 2 Mean forage mass of treatments (approximately 2.9 ha) in non-drainage plot areas (each treatment included the following area:
perennial ryegrass/white clover (RGWC): 2.91 ha of the area of RGWC,; Italian ryegrass/white clover (IRWC): 2.49 ha of the area of RGWC plus
0.41 ha of the area of IRWC; plantain/white clover (PWC): 2.51 ha of the area of RGWC plus 0.41 ha of the area of PWC; brassica: 2.54 ha of the
area RGWC plus 0.41 ha of the area of brassica) over Years 1 (July to December 2019), 2 (January to December 2020), and 3 (January to December
2021). Values are least-squares means.

SEM
Year 1
29/07 13/08 27/08 10/09 24/09 8/10 22/10 5/11 19/11 4/12 17/12
RGWC 3234 2695 2307 2002 2035 2060 25292 3062 3325 26397 2363 250
IRWC 3612 33967 2447 2010 2366° 2332 30837 30842 2935 2766 2426 250
PWC 2678 2164° 1833 1427 1526° 1571 1667° 1782° 2229b¢ 20662 2117 273
Brassica 3388 2399° 2197 1749 1401° 1536 1596° 1718° 1856° 1671° 1884 273
Year 2
7/01 21/01 3/02 18/02 24/03 6/04 21/04 6/05 18/05 2/06 16/06 30/06 13/07 27/07 11/08 24/08 8/09 20/09 4/10 18/10 26/10 9/11 24/11 7112 21112
RGWC 2551 2827 2453 2338 1892 1943 1712 1867 1929 1684 1488° 1593 1744 1500 1443 1515 1395 1329 1422 1278 1550 2038 2510 2069 2481 250
IRWC 2396 2687 2328 2230 1579 1872 1751 1808 2124 1760 1732° 1531 1908 1652 1417 1613 1441 1255 1262 1198 1424 1964 2277 2007 2161 250
PWC 2633 2811 2275 2233 1626 1760 1623 1623 1712 1684 1222° 1281 1588 1487 1423 1415 1024 891 1111 935 1417 1824 1813 1801 1847 273
Brassica 2125 2111 1849 1770 1223 1259 1286 1464 1749 1446 2387° 1053 1500 1241 1372 1818 1602 1194 1226 1164 1522 2023 2125 1961 2110 273
Year 3
5/01 20/01 2/02 17/02 28/02 14/03 28/03 11/04 25/04 9/05 24/05 8/06 21/06 5/07 20/07 2/08 16/08 14/09 26/09 11/10 26/10 9/11 24/11
RGWC 2719 2836 2636 2055 1885 1874 1998 1964 1930 2031 2161° 2204 2098 1894 20.,1 o 1988 1709 1483 1584 1595 1669 1665 1715 250
IRWC 2425 2358 2608 1664 1699 1570 1605 1767 1750 1908 2328° 2059 1933 1676° 1692° 1823 1572 1433 1466 1786 1610 1660 1738 250
PwWC 2255 2663 2591 1850 1847 1605 1624 1711 1910 1848 2097° 1912 1749 14510 1664° 1678 1612 1168 1378 1573 1535 1592 1486 273
Brassica 2263 2342 2198 1618 1618 1640 1651 1820 2058 2123 33222 2328 2346 25852 2790% 2459 2044 1773 1741 1781 1535 1497 1559 273

abesybscripts with different letters indicate that means are significantly different between farmlets within the measuring date of a given year (P<0.05).
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Appendix 3 Ash (g/kg DM), acid detergent fibre (ADF; g/kg DM), and organic matter digestibility (OMD; g/kg DM) contents of RGWC (perennial
ryegrass/white clover), IRWC (ltalian ryegrass/WC), PWC (plantain/WC), BL (brassica leaf) and BB (bulb or stem) measured in drainage plot
areas (each treatment included the following areas: RGWC: 0.4 ha; IRWC: 0.4 ha; PWC: 0.4 ha; brassica: 0.4 ha) in winter and spring of Year 1
(July to December 2019) and summer, late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021).
Values are least-squares means.

Year 1 Year 2
Winter Spring Summer Late- Winter Spring Summer Late- Winter Spring
Autumn autumn
Ash RGWC 96™ 108¢f 78" 107 kim 103hiik 100iKim 91° 113¢de 1089 92n° 1.9
IRWC 92n° 108¢f s ggKim 1059hi 107 ikim 90° 123° 1179€f 83Par
PWC nm 114cde 87°p 1049hiik nm 102iikim ggKim nm 1069 89°
Brassica
BL 13082 - - - 117¢ - - 93ne gg'm -
BB 87 - - - 46 - - 7949rs 83rd -
ADF RGWC 232¢f 233¢f 320° 230¢f 173KIm 2059 237¢f 175KIm 174KIm 1949hi 5.1
IRWC 264¢ 207¢ 3482 167'm 171m 2019 2420%f 136 146"°P 197
PWC nm 247% 269°¢ 231f nm 178K 180iK nm 147n°P 186Nk
Brassica
BL 162mn - - - 110" - - 152n° 1264 -
BB 177iKim - - - 108" - - 151m° 140°p9 -
OMD RGWC 778f 787¢f 611! 746" 836 802¢ 7559 828be 836 830 1.7
IRWC 752" 8044 563 836 839bc 803¢ 7701 8400c 840Pc 840
PWC 7771 738" 7701 nm 803¢ 826° nm 840vc 8330
Brassica
BL 843bc - - - 8762 - - 850P 840°° -
BB 828bcd - - - 8842 - - 8350¢ 827¢ -

a@PSuperscripts with different letters indicate that means are significantly different among treatments within each parameter (P<0.05); nm: not measured as PWC were not grazed in winter of Years 1 and 2, and autumn of Year 3; -: no forage was
present to sample as brassica was only present in winter of Years 1 and 2, and late-autumn and winter of Year 3.
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Appendix 4 Effect of forage treatment (perennial ryegrass/white clover (RGWC): 100% of
grazing area was RGWC; Italian ryegrass/white clover (IRWC): 24% of grazing area was
IRWC and remaining 76% of area was RGWC; plantain/white clover (PWC): 24% of grazing
area was PWC and remaining 76% of area was RGWC; brassica: 24% of grazing area was
brassica and remaining 76% of area was RGWC) on ewe live weight and body condition score
(BCS) at different event over three years (Year 1: July to December 2019; Year 2: January to
December 2020; Year 3: January to December 2021). Values are least-squares means + SEM.

Live weight (kg) BCS
Treatment
RGWC 77.6+0.7 3.1+£0.1
IRWC 77.2+0.8 3.2+0.1
PWC 77.8+0.7 3.310.1
Brassica 77.1+£0.8 3.3+0.1
Year
Year 1 76.6"+0.5 3.4M+0.07
Year 2 78.2M+0.4 3.3™+0.04
Year 3 77.5"'+0.4 2.9"+0.04
Event
Breeding 70.67+0.5 3.3*+0.04
Docking 75.3¥+0.4 2.8°+0.03
Set stock 88.3*+0.4 3.7Y+0.03
Weaning 75.5Y+0.4 3.1Y+0.04

Within year, event and treatment, data within columns with different letters differ significantly (P<0.05).
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Appendix 5 Effect of forage treatment (perennial ryegrass/white clover (RGWC): 100% of
grazing area was RGWC; Italian ryegrass/white clover (IRWC): 24% of grazing area was
IRWC and remaining 76% of area was RGWC; plantain/white clover (PWC): 24% of grazing
area was PWC and remaining 76% of area was RGWC; brassica: 24% of grazing area was
brassica and remaining 76% of area was RGWC) on lamb performance over three years (Year
1: July to December 2019; Year 2: January to December 2020; Year 3: January to December
2021). Values are least-squares means + SEM.

Lamb live weight Lamb liveweight gain
(kg) birth to weaning (g/day)

Treatment

RGWC 15.6%+0.7 237°£3.6
IRWC 15.3°+0.7 225°+3.6

PWC 15.28+0.7 226+3.5
Brassica 15.6+0.7 233%+3.5
Year

Year 1 15.8*+0.7 249M+3.6

Year 2 15.0%+0.7 208°+3.5

Year 3 15.4Y+0.7 234"+3.3
Event

Birth weight 5.17#0.7

Docking weight 14.8Y+0.7

Weaning weight 26.4*+0.7

Within year, event and treatment, data within columns with different letters differ significantly (P<0.05).
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Appendix 6 Forage characteristics, chemical, mineral and botanical composition of perennial ryegrass/white clover (RGWC), Italian
ryegrass/white clover (IRWC), plantain/white clover (PWC) and brassica in winter and spring of Year 1 (July to December 2019) and summer,
late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021). Values are least-squares means + SEM.

Forage treatment Season Year
RGWC IRWC PWC Brassica Summer Late- Winter Spring 1 2 3
Autumn
Forage characteristics
gﬁ;ﬁ;‘z'”g pasture mass (kg 3124°+86  2013b487  2826°4104  9378%270 5388142  4158%+129 44649110 42324105  5477M+147  4832':09 33720492
Apparent DMI (kg/ewe/d) 2.1+0.1 2.11£0.1 2.4+0.1 2.0+02 2.310.2 2.4+0.2 2.0£0.1 1.940.1 3.1M+0.2 2.1"+0.1 1.2°+0.1
Apparent dietary N intake (g/d) 76.7°+5.3  76.3%+54 89.42+5.8 50.1°+8.3 57.3*47.2 90.8"+6.4 83.5"+5.6 60.9%+5.5 110.6M+7.9  66.3"+4.4 42.5%+4.4
Chemical composition
DM (%) 16.5%+0.4 15.0°+0.4 11.8°+0.5 14.0°+0.7 18.8"+0.6 10.82+0.6 13.2¥£0.5 14.6*+0.4 11.3°+0.7 15.2"+0.4 16.5M+0.3
CP (g/kg DM) 227347 227347 233248 71°+11 125Y+9 22148 236%+7 1767 192M+10 178"+6 199M+5
ME (MJ/kg) 10.9°+0.1 11.0°+0.1 10.9+0.1 11.52+0.1 9.9v+0.1 11.2*40.1 11.8%+0.1 11.4%4+0.1 10.4°+0.1 11.0"+0.1 11.9M+0.1
SSS (g/kg DM) 107°+6 111b+6 1090+7 333211 151*+8 145*+8 184v+7 180%+6 154"+10 153"+5 188M+5
SSS:CP 0.5°+0.1 0.5°+0.1 0.5°+0.1 4.9%+0.1 1.7%+0.1 1.4%40.1 1.7%+0.1 1.7v+0.1 1.6£0.1 1.71£0.1 1.6£0.1
SSS:NDF 0.2b 0.3° 0.3v 2.0£0.1 0.6Y 0.6% 0.8¥ 0.7wx 0.7£0.1 0.7 0.8
ADF (g/kg DM) 228%5 213045 208P+5 18148 272V+6 193*+6 169Y+5 19645 237M+7 211"+4 17504
NDF (g/kg DM) 453%+9 417049 374°+£11 2399+15 448%+12 357*+12 316Y+10 363*+10 406™M+15 381M+8 326"+8
OMD (g/kg DM) 771047 7812047 797°+8 804°+11 705Y+9 803*+9 830%+8 814Wx+7 767"+11 774"+6 824M+6
Mineral composition
Ca (mg/kg DM) 6399°+401 5833°+401 148192+429  15695%+742  13087V+652 101854379  9299%+529 10175*+415 na 11783M+495 9590"+269
P (mg/kg) 4740°+104 46982+104  45832+109  2596°+193 3588*+166 4756"+99 4482"+138  3791*+108 na 4174+128 4134+69
Na (mg/kg) 3166°+216 3541°4216  73012+237 894°+400 3660*+£360 4485%+204  4062"*+285 2695Y+223 na 4192M+267  3260"+147
Botanical composition
Crop (% of total DM) 83.13+2.3 88.08+2.3 65.4°+2.6 nm 66.1%+2.9 84.7"+3.1 85.1"+3.2 79.5V+2.0 85.5M+4.1 73.4"+1.9 77.7™M+1.9
Dead (% of total DM) 11.3%+1.2 11.72+1.2 5.60+1.3 nm 22.7"+15 8.1*+1.6 4.19+1.6 3.3%+1.1 10.5M+2.1 14.9M+1.0 3.2"+1.0
Weed (% of total DM) 5.5b+1.9 0.9°+1.9 20.33+2.2 nm 7.4%+2.4 4.6Y+£2.6 10.7"+2.6  12.9%+1.7 5.4"+3.5 7.1"+1.6 14.3M+1.6
White clover (% of total DM) 0.4°+0.7 0.01b+0.7 5.32+0.8 nm 2.6%+0.9 1.4%*+1.0 0.1*+0.9 3.1%+0.6 0.01"+1.3 2.9m+0.6 3.5M+0.6

@zSuperscripts with different letters indicate that within each parameter, means are significantly different within forage treatment, season, and year (P<0.05); nm: brassica forages were not analysed for botanical composition;

na: in first year mineral composition of the pastures were not measured.
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Appendix 7 Urine, plasma and faecal nitrogen (N) compositions of breeding ewes grazing perennial ryegrass/white clover (RGWC), Italian
ryegrass/white clover (IRWC), plantain/white clover (PWC) and brassica in winter and spring of Year 1 (July to December 2019) and summer,
late-autumn, winter and spring of Years 2 (January to December 2020), and 3 (January to December 2021).Values are least-squares means + SEM.

Forage treatment Season Year

RGWC IRWC PWC Brassica Summer At?lji;n Winter Spring 1 2 3
Urine
Urine N concentration* (g N/L) 45403  3.3°+0.3 1.9+0.4 1.8+0.5 5.0%+0.4 1.6¥£0.4 1.99+0.3 3.0%+0.3 2.1"+0.4 3.1™+0.3 3.4m+0.3
NHs (mmol/L) 4.6%+0.4  2.4°+0.4 0.7°£0.5  2.4+0.7 5.6%+0.5 1.8%+0.5 0.7v+0.4 2.0%+0.4 1.7"+0.5 3.3"+0.4 2.6M+0.3
Urea N* (mmol/L) 119°+1.1  87.0°+1.1 585°+1.1 27.19%12 107.0%+1.1 49.4%+1.1 52.4*¢11 59.4*+11 51.8+1.1 70.1+1.1 71.0+1.1
Creatinine (mmol/L) 1.9240.1  1.4%+0.1  0.8°40.2  1.3°°#0.2 2.9%+0.2 0.5Y+0.2 0.8v+0.1 1.3%40.1 1.2+0.2 1.5+0.13 1.4+0.1
Creatinine excretion factor! 8.1+0.02 8.1+0.02  8.1+0.02  8.1+0.02 8.1+0.02 8.1+0.01 8.1+0.01 8.1+0.01 8.1+0.02 8.1+0.01 8.1+0.01
Estimated urine volume (L/ewe/d) 445405  7.3%%0.5 8.7%+£0.6 7.9%40.8 2.9240.7 10.5%+0.7  8.8*+0.5 6.2Y+0.6 8.5M+0.7 5.9"+0.5 6.8"+£0.5
Urine N% 0.5%40.03 0.3°+0.03 0.2°+0.04  0.2°+0.05 0.5%+0.04  0.29£0.04 0.2¥+0.03  0.3*+0.03 0.2"+0.04 0.3™+0.03  0.3"+0.03
Estimated urinary N excretion (g/ewe/d)? 14.7°+0.8 15.3%+0.8  13.9%0.9 3.84°+13 5.9v+1.0 16.2%+1.0 14.4%+0.8 11.2+0.8 11.0"+1.0 9.4"+0.7 15.3m+0.7
Purine derivatives (PD)
Uric acid (mmol/L) 0.82+0.1  0.7%+0.1 0.4°+0.1  0.6®+0.1 1.0%+0.1 0.2v+0.1 0.3v0.1 0.8%40.1 0.5"+0.1 0.7m+0.1 0.7m+0.1
Allantoin (mmol/L) 5.5£3.0 3.6£3.0 3.0+£2.8 3.8+2.3 7.9%+1.5 14415 2.4Y+1.4 4.2%+1.4 3.0"+1.5 4.6M+1.4 4.4M+1.4
Total PD (mmol/L)? 74405 55405 3.2°+0.6 4.5+0.8 9.5%+0.7 2.1940.6 3.19£0.5 5.8%4£0.5 3.9"+0.7 5.9m+0.4 5.6m+0.4
PD index* 104+31.3 110+28.3 1134241 93.6+16.6 72.5%14.0 114%+13.7 112%+135 122V+135 100"+13.8 95.7"+13.0 120M+13.5
Plasma
Plasma urea N (mmol/L) 7.2°£0.3  7.0%+0.3 6.6°+0.3 2.7°+0.4 5.1%+0.4 6.6"+0.4 6.5%+0.3 5.4%+0.3 5.8™M+0.4  5.4"+0.2 6.5Mm+0.2
Creatinine (umol/L) 73.6%41.6 72615 67.5°+1.9 75.9%25 81.4%+20 66.9%+19 70.5*15 70.7*+1.6 73.9+2.0 733114 70.0£1.3
Uric acid* (umol/L) 11.8+0.1 11.8+0.1  12.1+0.1  11.840.1 12.0+0.1 11.9+0.1 11.8+0.1 11.9+0.1 12.2m+0.1  11.9"+0.1  11.7°+0.1
Estimated urinary N excretion (g/ewe/d)® 18.5%0.7 17.2%+0.7 16.3°+0.8  6.6°t1.1 11.8%+1.0 16.4%w+09 17.1W+0.7 13.4*+0.8 13.8"+1.0 13.7"+0.6  16.5M+0.6
Faecal N! % 3.140.05 3.3"+0.05 3.6°+0.06  2.49+0.09 2.4%40.06  3.2*x0.06 3.5%+0.05 3.3¥x0.06 na 3.1+0.04 3.1+0.04

&zSuperscripts with different letters indicate that within each parameter, means are significantly different within forage treatment, season, and year (P<0.05); na: faeces sample collected in first year was not analysed; * Back
transformed urinary N and urea N concentrations (mean and SE); *Creatinine excretion factor (mg/kg LW) was calculated using Brody’s equation: Mean daily creatinine excretion (mg) = (12.7 X LW %%); LW: live weight (Brody

1945; David et al. 2015); *Total PD = allantoin (mmol/L) + uric acid (mmol/L) + xanthine plus hypoxanthine (mmol/L) (Chen & Gomes 1992); “PD index =

creatinine excretion factor (mg/kg) x live weight (kg) x (

liveweight (kg), based on Kohn et al. (2005).

1

urinary creatinine (mg/kg)
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creatinine (mmol/L)

x LW?®75; Urinary N excretion (g/day) =
) x urine N (g/kg), based on David et al. (2015); °®Urinary N excretion (g/day) = 1.2 X plasma urea concentration(g/L) X



Appendix 8 Effect of perennial ryegrass/white clover, plantain and plantain clover mix on
nitrogen (N) intake and its’ excretion in urine and nitrate N losses in artificially drained,
Tokomaru silt loam, conducted at the Massey University Dairy Farm No 4 in Palmerston North,

New Zealand.
RGWC  Plantain Plantain
clover-mix
Apparent dietary nitrogen (N) intake (g/cow/d)* 486.8 468.6 611.8
Urine N concentration (g N/L)* 4.3 3.3 3.6
Estimated urinary N excretion (g/cow/d)* 155.6 125.9 145.4
NOs~-N loss (kg/ha/year)? 5.4 2.8 6.6

12017/2018 season data from Navarrete et al. (2022), 22017/2018 season data From Rodriguez et al. (2021).
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