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Abstract

There have been reports of losses of soil carbon (C) in New Zealand
pastures under dairy grazing. Acceleration of mineralisation or leaching of
soil C following urine deposition may decrease soil C. However, little
research of the effect of cow urine on soil C has been conducted. The
overall objective of this thesis was to investigate the potential for dairy cow
urine to solubilise soil C, which can then be lost through mineralisation or
leaching. Soils from both grazed pasture and Pinus radiata plantations

(termed pasture and pine soils) were investigated.

The concentration, composition, and bioavailability of urine-C were
investigated. Cow urine contained 7.5t1.2gC L™", with a C:N ratio of 2:1.
About 45% of the C content of cow urine was attributed to hippuric acid,
the other major contributors were urea, an unidentified amide and
phenaceturic acid. On incubation at 25°C, up to 25% of urine-C was
degraded in 28 days, demonstrating that cow urine is biodegradable and

could potentially act to prime C mineralisation in soils.

Solubilisation of soil C (0-20 cm soil depth) following urine application was
tested by measuring adsorption of urine-C and subsequent desorption of
soil C in air-dried pine and pasture soils. While adsorption was low at 3%
of urine-C, the solubilisation of soil C by urine ranged between 11-28% of
soil C concentration for 5 different soils, however, solubilisation was likely
overestimated due to the use of air-dried soils. Soil C solubilisation was
also measured in field moist soils applied with artificial urine, and was less

than that reported from air-dried soils.

Priming of soil C mineralisation, solubilisation, and extracellular enzyme

activity were measured using moist repacked pine and pasture soil cores



(0-5 cm soil depth) treated with cow urine or radio-labelled artificial urine.
Positive priming of soil C mineralisation, where more carbon dioxide (CO)
was produced than C added, was measured following application of cow
urine in both pine and pasture soils. The pasture soils lost 5.1£0.9%, and
the pine soils 4.0£0.1%, of soil C concentration as CO, during a 84 day
incubation. Positive priming was attributed to increased microbial and
urease activity and accelerated soil C mineralisation in urine treated soils.
The remaining extracellular enzyme activities assayed were unlikely to
have contributed to soil C priming. In contrast to the positive priming
measured following cow urine application, treatment of soil with artificial
urine resulted in less CO, produced than C added — or negative priming.
Increased soil pH following urine application may have played an
important role in increasing C mineralisation as water soluble C increased
with increasing soil pH. Therefore, cow urine can cause priming of soil C
mineralisation and lead to a loss of soil C. However, artificial urine may

not adequately model cow urine with respect to C cycling.

Soil C solubilisation by urine and subsequent leaching from undisturbed
pasture soil (0-5 cm soil depth) was assessed by applying 8"3C enriched
urine. Leaching resulted in a loss of 0.45+0.03% of soil C concentration,
which was 10 times greater than the loss of soil C in the water control
treatment (0.048+£0.001%). The leaching of soil C was small compared to
the 5% loss of soil C by priming in the repacked core experiment. Soil
solubilisation in the undisturbed cores was less than both repacked cores
and air-dried soils, demonstrating that soil C solubilisation increases with
increasing soil disturbance. The acid neutralising capacity (ANC) forcing
potential of cow urine was 11.8 meq L™, which was more than 20 times
greater than sodium nitrate fertiliser application (30 kg N ha' year"),
although the nitrogen loading rates of the urine were higher than the
fertiliser . ANC forcing has been linked to increasing soil pH and dissolved
organic C leaching, and may have been a factor in soil C solubilisation

under urine patches. Upon assessing water stable aggregates after urine



application, disaggregation of soil was not a major factor in soil C

solubilisation.

The key conclusions were that:

e there was strong evidence to support the hypothesis that urine
deposition led to soil C solubilisation and priming of soil C
mineralisation, that could have contributed to the reported declines
in soil C in dairy pastures;

e priming of soil C decomposition was 10 times greater than leaching
and may be the predominant mechanism of soil C loss following
urine deposition; and

e urine deposition resulted in greater losses of soil C from pasture
soils than pine soils, in contrast to expectations that soil C in

pasture soils would have been acclimatised to urine application.

The work in this thesis was laboratory based and requires further testing
under field conditions. Further work is also needed to establish the
mechanisms of soil C solubilisation and the role of solubilised soil C in

priming of soil C mineralisation.
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Chapter 1

Introduction

1.1 The effect of land use change and intensification on soil organic

matter

Soil organic matter (SOM) is important for maintaining soil quality and
supporting agricultural production (Sparling et al. 2003; 2006). SOM
influences many soil processes including water retention, aggregate
stability, compaction resistance, ion exchange, and nutrient supply
(Dubbin & Fancett 2001; Lal 2004; Haynes 2005). In addition, SOM is a
large carbon (C) reservoir, and sequestration of C within the soil pool can
mitigate the effects of increasing atmospheric carbon dioxide (CO;)

concentrations (Lal 2004).

Previously, it was thought that soil C in New Zealand pastures was at
steady state (Tate et al. 1997). However, recent research indicated that
SOM had declined under intensively grazed pastures, predominantly those
used for dairying (Schipper et al. 2007; 2010). Mean profile losses of 2.1
kg C m? in the 17-30 years before 2007 were measured in pasture soils
(Schipper et al. 2007). Losses of C were greatest under dairy systems
while there was no change in soil C in dry stock systems (Schipper et al.

2010). The reasons for the reported losses in soil C were not known.

New Zealand pastures are undergoing intensification, particularly in the
dairy sector, and there has been considerable land use change from
forestry to dairy grazing (Parliamentary Commissioner for the Environment
2004; MacLeod & Moller 2006). Between 1994 and 2003, stocking rates
increased by 19% and the amount of land used for dairy production by
12% (Parliamentary Commissioner for the Environment 2004). In contrast,

the amount of land used for sheep and beef grazing and plantation
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forestry has declined (Ministry for the Environment 2007). Conversion of
forestry to pasture can increase or decrease soil C stocks depending upon
post conversion management (Scott ef al. 1999; Murty et al. 2002,
Grinzweig et al. 2004; Oliver et al. 2004; Harms et al. 2005).

1.2 Can dairy cow urine decrease soil carbon?

Increasing the grazing intensity of cows will also increase the amount of
urine returned to the soil surface (Pleasants et al. 2007; Moir et al. 2011).
Cow urine deposition causes localised points of increased soil pH (Doak
1952; Bristow et al. 1992) and may lead to soil C solubilisation (Jackman
1960; Lovell & Jarvis 1996; Curtin et al. 1998; Shand et al. 2000). Urine
application can also cause priming of the mineralisation of soil C (Lovell &
Jarvis 1996; Kool et al. 2006; Uchida et al. 2011). Priming occurs when
the addition of a C source increases soil C mineralisation (Kuzyakov et al.
2000). The contribution of cow urine to nutrient cycling has mostly
focused on nitrogen (N; e.g. Ball et al. 1979; Lockyer 1984; Lovell & Jarvis

1996), and there is little research on the effect of cow urine on soil C.

1.3 Thesis objectives

The overall objective of this thesis was to establish if dairy cow urine
application can cause losses of soil C by dissolution followed by
mineralisation or leaching in soils collected from grazed pasture and Pinus

radiata plantation (known as pasture and pine soils).

The specific objectives were to:
e determine the C content, composition and bioavailability of dairy
cow urine (Chapter 3 and 7);
e determine if cow urine causes solubilisation and leaching of soil C
from pine and pasture soils (Chapters 5, 6 and 7), and fto test the
hypothesis that soil C solubilisation would be greater in pine soils

than pasture soils; and
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e determine if cow urine can cause priming of soil C in pine and
pasture soils (Chapter 6), and to test the hypothesis that priming
would be greater in pine soils than pasture soils due to previous

acclimation in the pasture soils.

1.4 Thesis structure

Chapter 1 contains background and objectives of the thesis, Chapter 2 is a
literature review, and Chapters 3-7 present the results of experimental
work. Chapters 5 and 7 have been published in Soil Research and copies
of the published papers have been included in Appendix 3. Chapter 8
provides an overview of the thesis, discussing the findings from the
experimental work and summarising the overall conclusions. | have
undertaken the work conducted in this thesis with the guidance of my
supervisors, who are recognised as co-authors on chapters presented as

papers.
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Chapter 2

Fate and effects of dairy cow urine in soil

2.1 Introduction

Soil organic matter (SOM) is a vital component in soil fertility, sustainability
and productivity through its contribution to cation exchange capacity,
nutrient pools, stabilisation of structure, aggregate formation, and the
improvement of aeration, water-holding capacity, and permeability
(Jackman 1960; Lynch & Bragg 1985; Stevenson & Cole 1999; Johnston
et al. 2009). SOM also plays an important role in greenhouse gas cycling,
both emitting and sequestering atmospheric carbon dioxide (COg;
Schlesinger & Andrews 2000; Johnston et al. 2009).

A large portion of New Zealand’s economy is derived from agriculture, with
the dairy industry contributing export earnings of $10.6 billion in 2010
(Ministry of Agriculture and Forestry 2011). The expansion and
intensification of our dairy sector led to an increase of 24% in the number
of dairy cows nationally between 1996 and 2006 (Parliamentary
Commissioner for the Environment 2004; Ministry for the Environment
2007). The demand for land and high profits within the dairy industry have
contributed to substantial conversion of less intensively used land, mainly
dry stock farming and plantation forestry, to dairying (Ministry of
Agriculture and Forestry 2009; Ministry for the Environment 2007).

Previously, C stocks in grazed New Zealand pastures were considered to
be at steady state (Jackman 1964; Haynes & Francis 1993; Tate et al.
1997). However, recent research has measured a decline in soil C under
intensively grazed pastures (Schipper et al. 2007; 2010), the mechanisms

of which have yet to be clarified. The effect of urine on soil C has received
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little investigation although cow urine has the potential to cause losses of
soil C in two ways:
1. Rapidly increasing soil pH leading to soil C dissolution (Jackman
1960; Monaghan & Barraclough 1993; Lovell & Jarvis 1996); and
2. Enhancement of microbial activity and SOM mineralisation (Lovell &
Jarvis 1996; Kool et al. 2006).

This review discusses the findings of the literature with respect to the fate
of urine-C in soils and the effects of urine on soil C. First, the nature of

SOM, C cycling, and urine composition have been outlined.

2.2 Soil organic matter

2.2.1 Organic matter structure

The structure of SOM can be described using several fractionation
techniques (Schnitzer 1991). Generally chemical or physical
fractionations are used to look at structure of SOM, comparisons of the
methodologies used for these fractionations have been assessed
elsewhere (Baldock et al. 1992; Swift 1996; Christensen 2001).

Chemical fractionation separates SOM into two pools, humic and non-
humic substances, which are not isolated from one another but, interact
between themselves and other soil components to form a complex matrix
(Stevenson & Cole 1999). Non-humic substances are still chemically
identifiable (e.g. lipids), whereas humic substances no longer show any
resemblance to identifiable structures (Saiz-Jimenez 1996). Humic
substances are produced by the breakdown of many compounds,
including lignin, lignin-derived phenolics, non-lignin derived phenolics, and
sugars, to form humic and fulvic acids (Stevenson & Cole 1999). Humic
and fulvic acids make up as much as 80% of SOM, and are recalcitrant
compared with non-humic substances (Schnitzer 1991; Stevenson 1994;
Stevenson & Cole 1999). Non-humic substances comprise lipids (1-6% of

SOM), carbohydrates (5-25% of SOM), proteins/peptides and amino acids
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(9-16% of SOM; Schnitzer 1991; Stevenson 1994; Stevenson & Cole
1999).

Recently, pyrolysis gas chromatography-mass spectrometry has been
used to assess the composition of C associated with three soil class sizes.
Grandy and Neff (2008) found that particulate organic matter is mostly
(70%) lignin, with only a small amount of polysaccharides and proteins
present. The 38-53 pm and <38 um size classes, on the other hand,
contained mostly polysaccharides (30-52%) and proteins (10-12%), but
contained very little lignin (2-6%; Grandy & Neff 2008).

2.2.2 The global carbon cycle

The C cycle consists of five main pools that interact continuously (Janzen
2004; Lal 2004; Figure 2.1). The dynamics between each compartment
have been altered by humans, mostly by land-use change and fossil fuel

consumption (Janzen 2004).

Biotic Pool

560 Pg C

Geological Pool Atmospheric pool Soil Pool
(Coal, gas, oil) 760 Pg C

760 Pg C

50,000 Pg C

Ocean Pool

38,000 Pg C

Figure 2.1: Global carbon stocks (Lal 2004).
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Over the past 400 years there has been significant conversion of native
grasslands and forests to agricultural use, with agriculture now covering as
much as 30% of the Earth’s land surface (Janzen 2004). CO; emissions
are usually generated from deforestation, biomass burning, agricultural
intensification, wetland drainage and cultivation, agricultural land
abandonment, and wood harvesting (Lal 2004). Since the beginning of
the industrial revolution, land-use change and cultivation have been
estimated to have contributed ~136 Pg C to atmospheric CO,, and
depletion of SOM may be responsible for nearly 60% of this (Lal 2004).
The terrestrial C pool is relatively large, so even a small change in its size
may cause significant alteration to atmospheric CO, concentrations (Paul
& Polglase 2004; Mackay 2008). A 5% decrease in soil C could increase
atmospheric CO, by 16% (Mackay 2008).

While soils are often a source of CO, emissions to the atmosphere, they
can also act as a sink: C sequestration has been defined by Jones and
Donnelly (2004) as “the process of removing CO; from the atmosphere
and storing it in C pools of varying lifetime” (pg. 424). About 120 Pg. C are
sequestered in the terrestrial pool (Soil+Biotic) annually, nearly all of which
is released back into the atmosphere via heterotrophic respiration (Janzen
2004). The global sequestration rate of soils is 5+30 g C m~2 year; the
large error is the result of considerable spatial variability and high
uncertainty surrounding soil C stock measurement (Soussana et al. 2010).
Sequestration in soils is controlled by three main factors: 1) the quantity
and quality of C inputs, 2) depth of litter incorporation, and 3) extent of
biochemical and physical protection of soil C (Jones & Donnelly 2004;
Grandy & Neff 2008).

C sequestration in permanent pasture soils is one method of mitigating
escalating atmospheric CO, concentrations, and can be enhanced by
changes in management, particularly 1) no cultivation, 2) less intensive
use, 3) changes to nitrogen (N) fertiliser application rates, and 4)
increasing legume populations (Conant et al. 2001; Soussana et al. 2010).

While Soussana et al. (2010) suggest that decreasing N fertiliser
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increases soil C sequestration, Conant et al. (2001) reported fertilisation
can increase soil C concentrations. The accumulation of C can be
reversed by cultivation, which disrupts aggregates releasing previously
unavailable C (Lal 2005). Droughts can also cause reversion of C
sequestration, for example, following a drought in Europe in 2003, CO;
emissions increased from soils by 0.5 Gt C year™' (Ciais et al. 2005).
Deposition of dairy cow urine may also reverse C sequestration, as the
deposition of cow urine can increase CO, fluxes from soils (Lovell & Jarvis
1996; Kool et al. 2006; Uchida et al. 2011; Section 2.5.1; 2.6.3.3).

2.3 Soil carbon in grazed pasture

Contrary to previous findings that soil C stocks in New Zealand pastures
were at a steady state (Jackman 1964; Haynes & Francis 1993; Tate et al.
1997), recent research has measured a decrease in soil C under flat,
intensively grazed pastures. Schipper et al. (2007) resampled 31 soil
profiles, to 1 metre, following long-term (17-30 years) pastoral grazing. C
contents of the profiles were compared with archived samples from the
same profiles, showing a mean loss of 21 Mg C ha™', with a rate of loss of
1.06 Mg C ha™' yr' (Schipper et al. 2007). Schipper et al. (2007)
suggested that the losses in soil C may have been contributed to by
leaching, erosion and/or accelerated mineralisation of SOM. Further
research into losses of soil C from flat dairy-grazed pastures found a
decrease in soil C of 0.73+0.16 Mg C ha™' year™" in the top 30 cm of the
profile (Schipper et al. 2010).

Declining soil C stocks under pasture, as measured in New Zealand, is not
an isolated case. Despite increasing soil organic C (SOC) contents
between 1960 and 1990, 74% of agricultural soils in Belgium exhibited a
subsequent loss of SOC between 1990 and 2000 (Lettens et al. 2005a).
Grazed pastures lost 5t C ha™" in the top 30 cm, and 6% of SOC down to
1 metre (Lettens et al. 2005a, b). Restriction of the application of manure
to land led to decreasing C inputs and may ultimately have led to a loss in
soil C (Lettens et al. 2005b).



Chapter 2 Fate and effects of dairy cow urine in soil Page | 12

Bellamy et al. (2005) reported losses of C from English and Welsh soils
between 1978 and 2003, with a mean rate of loss of 0.6% year". The
extent of soil C loss increased with increasing soil C content, with losses of
2% year™ for soils with C contents above 100 g kg™" (Bellamy et al. 2005).
When no correlation was found to land use, rainfall, or soil texture,
Bellamy et al. concluded that the losses of soil C were partially driven by
climate change. However, Smith et al. (2007a) question the accuracy of
SOC contents based on bulk densities estimated by SOC contents, such
as those reported by Bellamy et al. (2005), arguing that a small change in
bulk density can led to large apparent changes in soil C, particularly in
organic soils, which showed the greatest losses of soil C in Bellamy et al.
(2005). Smith et al. (2007a) suggest that only 10-20% of the soil C loss in
England and Wales was attributable to climate change and that, as in
Belgium, the remaining loss of soil C was more likely the result of

decreased manure inputs.

Losses of C from New Zealand’s hill country soils have also been reported
(Lambert et al. 2000). However, more recent research found an increase
in soil C in 15 sheep-and-beef-grazed hill country sites around the North
Island of New Zealand (Schipper et al. 2010). Hill-country soils gained an
average of 0.52+0.18 Mg C ha™' yr" in the top 30 cm of the profile
(Schipper et al. 2010). Increases of soil C in these hill-country soils were
mostly attributed to increased soil C cycling due to pasture inputs, but
deposition of soil onto eroded sites could also have contributed to reported

gains (Roger Parfitt, pers.comm.).

With appropriate management, grazing of pasture can lead to increases in
soil C content by increasing root exudation, litter degradation, and litter
incorporation into the soil (Schuman et al. 1999; Conant et al. 2001;
Ganjegunte et al. 2005). Increased soil C in grazed pastures has been
linked to enhanced root turnover, which in turn can be aided by increased
microbial biomass and improved pasture species (Williams & Haynes
1990; Frank et al. 1995; Grinzweig et al. 2004; Liebig et al. 2006). On the

other hand, grazing can also lead to increased shoot turnover (2—12%),
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decreasing root turnover and belowground C inputs and, possibly
decreasing soil C (Holland & Detling 1990; Schuman et al. 1999)

Grazing intensity has been reported to both increase and decrease soil C.
Lightly grazed soils can contain more SOC in the top 5 cm of the profile
(13.8 Mg ha™', 0-5 cm depth) than heavily grazed pasture soils (10.9 Mg
ha™") and exclusion zones (10.8 Mg ha™"; Ganjegunte et al. 2005). Liebig
et al. (2006), however, measured greater SOC (5-10 cm soil depth) in
heavily grazed soils than in moderately grazed soils. Frank et al. (1995)
also found that heavier grazed and exclusion zone soils had more soil C
(7.2-7.4 Mg ha™") in the top 30.4 cm than lightly grazed soils (6.4 Mg ha™
). Although Manley et al. (1995) found that exclusion plots contained less
SOC than grazed plots. Comparing reports such as those cited above has
many difficulties due to the range of soils tested, the different soil depths
assessed, and differing definitions of grazing intensities — what may be
described as “lightly” grazed by one author may be “moderately” grazed by

another.

Haynes and Williams (1999) report increased SOC and water soluble C
under stock camping zones, which was likely a result of increased
excrement input in these areas. Carran and Theobald (2000) also found
that excretal returns increased soil C by 20% in grazed compared to

ungrazed portions of the same paddocks.

One of the potential mechanisms for the losses of soil C reported by
Schipper et al. (2010) is urine deposition. Urine deposition leads to a
rapid increase in soil pH (Haynes & Williams 1992) which can lead to the
solubilisation of soil C and the potentially subsequent loss through either

mineralisation or leaching.



Chapter 2 Fate and effects of dairy cow urine in soil Page | 14

2.3.1 Soil carbon after land-use change from plantation forestry to

pasture

Plantation forestry covered 1.76 million hectares of New Zealand’s land
surface at 1 April 2008 (Ministry of Agriculture and Forestry 2009). With
the current demand for land from the dairy industry there has been less
forestry development in New Zealand compared to mid-1990s (Ministry for
the Environment 2007). Some pine plantations have even been converted
to dairying before tree maturity to take advantage of high dairy profits
(Ministry for the Environment 2007). Approximately 15,600 hectares of
plantation forest had been converted to grazing in the year ending 31
March 2008 (Ministry of Agriculture and Forestry 2009).

For conversion of forests to grazing, deforestation has to occur and,
similar to the effects for grazing intensity, deforestation has been shown to
cause both increases and decreases in soil C. In New Zealand, Oliver et
al. (2004) measured losses of 3.1 Mg ha™" in the top 10 cm of mineral soil
following forest harvest and an increase of 22% in soil C between 50 and
100 cm depth. In this case, mixing of the top soil with subsoil during
harvesting led to dilution of soil C in the topsoil (Oliver et al. 2004). In
contrast, Harms et al. (2005) reported losses of 8% of soil C in the top 30
cm, and about 5.4% in the top metre of the profile following deforestation.
Soil C losses increased with increasing soil C content, and were found to
be greater in sandy soils than silty soils (Harms et al. 2005). Disruption of
soil aggregates during forest harvest can contribute to losses of soil C by
releasing previously unavailable C, which is then rapidly mineralised
(Janzen 2004; Garcia-Oliva et al. 2006).

While the deforestation stage of land conversion to grazing can lead to a
decrease in soil C, this may be short term losses from disturbance.
Griinzweig et al. (2004) measured an initial decrease in soil C (8.3 kg m)
over 20 years after conversion to grazing, but after 60 years soil C stocks
had increased by 2.1 kg m™. Murty et al. (2002) undertook a meta-

analysis of soil C change following conversion from forestry to grazing.
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Although, they found soil C changes in the range of —50% to +160%; the
analysis found no net increase or decrease in global soil C contents

following conversion (Murty et al. 2002).

Newly converted pine plantation soils may be more susceptible to soil C
solubilisation under urine patches than long-term grazed pastures. As
these soils have not previously been exposed to urine deposition, the
rapid increase in soil pH following urine application may be less buffered
than long-term grazed soils and led to greater soil C solubilisation. No

research on the effect of urine on newly converted soils could be located.

2.4 Potential for cow urine to decrease carbon in pasture soils

As previously stated, cow urine has the potential to decrease soil C by
increasing the amount of soil C in solution, and therefore the amount of
soil C available for mineralisation and leaching. In the next few sections
the following are reviewed; the distribution and composition of cow urine,

and the fate of urine-C in soils.

2.4.1 Spatial distribution

Cattle intake large amounts of nutrients in their feedstock, of which 65—
90% are returned to the pasture in excrement distributed in concentrated
patches (Haynes & Williams 1993; Shand et al. 2000). The size of a cattle
urine patch ranges from 0.34 to 0.42 m? and can reach to a depth of 40 cm
down the soil profile (Williams & Haynes 1994; Moir et al. 2011). The
proportion of the pasture surface that is covered each year with excreta
was reported to be within 20-40% (Saunders 1984; Moir et al. 2011),
although the area of pasture affected increases with increasing grazing
pressure and can be concentrated in stock camping areas (Saunders
1984; Haynes & Williams 1999). A single grazing event has been
estimated to cover 4-9% of a paddock’s surface with urine (Richards &

Wolton 1976a; Moir et al. 2011). Although, with increasing stocking rates,
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there is an increase in the area of soil affected by urine deposition (Moir et
al. 2011).

Dairy cows produce greater volumes of urine than other livestock (Bilotta
et al. 2007); cattle generally urinate between 10 and 12 times per day, with
each urination producing 1.6 to 2.2 litres of urine (Hardison et al. 1956;
Haynes & Williams 1993). Doak (1952) and Hogg (1981) suggest that a
single urination may be equivalent to 5—11 mm of rainfall in a small area of
pasture. Church (1976b) and Somda et al. (1997) report the volume of
urine is dependent on water and feed intake, climatic conditions, animal
activity, and kidney function. Although, the volume of urine produced can
vary between animals, even under the same experimental conditions
(Betteridge et al. 1986; Jarvis et al. 1995).

The large nutrient return within a urine patch often exceeds plant
requirements (Williams & Haynes 1990). Urine deposition may double or
triple pasture production, however clover production is impeded by urine
(Ledgard et al. 1982; Saunders 1984; Williams & Haynes 1994; Silva et al.
2005).

2.4.2 Urine composition

Substantial research has been undertaken to determine the nature of
urine-N and its role in the soil N cycle (Doak 1952; Ball et al. 1979; Stillwell
& Woodmansee 1981; Bristow et al. 1992). The major component in
urine-N is urea, making up between 50 and 94% of urine-N content,
followed by allantoin (2—12% of urine-N) and hippuric acid (2-6% of urine-
N; Doak 1952; Bristow et al. 1992). Other N bearing compounds isolated
in urine include creatine, creatinine, uric acid, ammonium, and amino
acids (Doak 1952; Bristow et al. 1992). The average N concentration in a
urine patch is 1000 kg N ha™" (Haynes & Williams 1993).

Other cations and anions studied in cow urine include;

e Potassium
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o 4.2 gL (Richards & Wolton 1976b)
o 10.4gL™" (Orwin et al. 2010)

o 33-76% of daily intake is excreted in urine (Betteridge et al.

1986)
o Contributes 60-70% to total urine cation content (Haynes &
Williams 1993)
e Sodium

o 1.2 gL (Richards & Wolton 1976b)
e Magnesium
o 12% of intake is excreted in urine (Hutton et al. 1965)
e Chloride
o 4.7 gL' (Monaghan & Barraclough 1992)
e Sulphur
o 50+2.6 mg day™ (Bird 1972)
e Phosphorus
o Only small amounts in urine, as the vast majority is excreted
in dung (Hutton et al. 1967; Betteridge et al. 1986; Barrow
1987; Powell et al. 1998).

The electrical conductivity of urine has been reported between 12.3 and
21.3 mS cm™ (Lantinga et al. 1987), and urine pH between 7.3 and 8.6
(Suemitsu et al. 1970; Richards & Wolton 1976b). The pH of urine is
attributed to potassium and sodium concentrations (Hutton et al. 1967;
Haynes & Williams 1992).

Further, other compounds and groups of compounds have been studied in
ovine/bovine urine (Table 2.1). While some of these components are C
bearing, a full analysis of the C composition and the relative proportions of
C bearing compounds in cow urine has not been undertaken. Compounds
such as hippuric acid, phenylacetic acid, glycine, proteins, amino acids,

and carbohydrates are likely to contribute to urine-C (Martin 1973).
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Table 2.1: Compounds and compound groups isolated in ovine or bovine

urine.

Compound/Compound Reference

Group

N and N bearing compounds Doak 1952; Martin 1970; Bristow et al.
1992

Aromatic compounds Wayne 1928; Suemitsu et al. 1968; Martin
1969, 1970; Suemitsu et al. 1970; Martin
1973; Kruela et al. 1978; Martin 1982b,
1982c; Martin et al. 1983; Pagella et al.
1997

Steroids and lipids Suemitsu et al. 1968; Martin 1982a

Fatty acids Hradecky 1986

Volatile compounds Bassette ef al. 1966

Amino acids Bathurst 1952; Doak 1952; Bristow et al.
1992

Phenols

Lane & Fraser 1999

Lactic, pyruvic and acetic Ewaschuk et al. 2004

acids

Ascorbic acid Knight et al. 1941

Pseudouridine Shingfield & Offer 1999

Methylmalonic acid Elliott et al. 1979

Other nutrients Richards & Wolton 1976b; Haynes &

Williams 1992

In a grazed system, a large proportion of above-ground C is consumed by
grazing livestock, 80% of ingested C is lost by respiration, some of the
remainder is used for milk production, animal growth and maintenance,
methane production and the remainder is returned to the soil in excrement
(Dean et al. 1975; Moe & Tyrell 1979; Ball & Ryden 1984; Soussana et al.

2010). The metabolism of C in cattle occurs through fermentation of feed
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to volatile fatty acids, which are then absorbed by the gastro-intestinal
tract and excreted (Church 1976a). Tracer techniques found that following
the intake of '“C labelled feed, the '*C content of urine peaked within 4-5
hours of ingestion, and rapidly decreased over the next 30 hours (Yadava
et al. 1964).

The concentration of C in urine has been reported to range widely e.g.1.9
g L™ (Uchida et al. 2011) and 200.3 g L™" (van Groenigen et al. 2005).
There are substantial differences between these urine-C contents,
indicating that there may be large variability in the C concentration of cow

urine.
2.4.3 Atrtificial urine

The bulk of cow urine research has utilised artificial urine. The main
reasons for artificial urine use include constant composition and
concentration of urine components and avoidance of expensive and time-

consuming feeding trials to alter urine composition (Kool et al. 2006).

The main constituents of artificial urine usually include:
e potassium bicarbonate;
e potassium bromide;
e potassium chloride;
e potassium sulphate;
e urea; and

e glycine.

These compounds often occur in different combinations and
concentrations depending on the purpose of the research (e.g. Holland &
During 1977; Stillwell & Woodmansee 1981; Fraser et al. 1994; Clough et
al. 1996; Shand et al. 2000; de Klein et al. 2003).
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