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Abstract 
Horses kept at pasture create focal areas with high-density of faeces (latrines), which under commercial conditions can account for 
30% of total pasture area. This New Zealand study observed the utilisation of pasture, and establishment of lawns and roughs within 
one paddock, intensively grazed (semi-set-stocked) alternately by three herds of mixed-age (mature), predominately Standardbred, 
horses. The paddock was grazed by horses 480 of 730 days, with mean stocking density of four horses per ha (2148 kg live weight/
ha). Median grazing duration was 44 days (IQR 37-47 days). The median overall pasture cover for the study period was 1114 kg 
DM/ha (range 496-2191 kg DM/ha), lawns was 683 kg DM/ha (range 389-1822 kg DM/ha), and roughs was 2058 (range 753-3971 
kg DM/ha). There was a trend for greater post-grazing estimated pasture growth rates in roughs relative to the lawns (P=0.054). 
Latrine areas constituted a median 31% (IQR 24-33%) of available pasture area, with up to two faecal-piles/m2. The results of the 
current study suggest that intensive semi-set-stocked management promotes the establishment of easily identified latrine areas 
of moderate faecal-pile concentration.  These data can contribute to modelling the nitrogen-holding capacity of the soil, nitrogen 
leaching and the efficient utilisation of pasture of grazing horses.
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Introduction
Commercial farming enterprises must comply with 

a nutrient management plan (NMP) as defined by the 
respective regional councils.  Traditionally equine livestock 
and equine enterprises have not been included within the 
NMP requirements due to their relative limited number and 
contribution to nutrient loss compared to other large-scale 
farming enterprises (Maseyk et al. 2018; Rogers et al. 2020a). 
In 2019, the Waikato Regional Council’s Healthy Rivers 
Plan Change 1 (PC1) investigated the inclusion of horses 
and equine farms within the NMP and the requirement to 
calculate baseline N losses using OverseerTM. Preliminary 
work identified that the assumptions used in OverseerTM to 
model horse nitrogen utilisation, and published literature 
describing nutrient loss from equine properties in New 
Zealand, had a number of limitations (Chin et al. 2019a; 
Chin et al. 2019b).  

In contrast to many other countries, the temperate 
climate of New Zealand allows horses to be maintained 
at pasture year-round. This difference in management 
system often prevents the direct translation of overseas data 
generally derived from European intensive systems. The 
use of pasture within the New Zealand commercial breeding 
and racing industry has been described (Bengtsson et al. 
2018; Rogers et al. 2018; Rogers et al. 2020b).  However, 
there remains a lack of data on the protein digestion and 
characteristics of nutrient loss for horses at pasture (Chin 
et al. 2019a).  

The characteristics of the commercial breeding sector 
of the New Zealand equine industry have been summarised 
in a number of reviews (Rogers et al. 2016; Rogers et al. 
2017; Rogers et al. 2020b).  Briefly, the data has described 
moderate stocking densities (~2 horses/ha) during the off 
season (non-breeding season) with a doubling of stock 

numbers during the breeding season.  During the breeding 
season stocking rates varied from 1.2 mares/ha to 5.9 
mares/ha with mares managed in consistent cohorts with 
a semi-set-stocked management system (Bengtsson et al. 
2018).  Total pasture DM on offer has been reported to 
range from 911 kg DM/ha for non-pregnant mares through 
to 3823 kg DM/ha for pregnant mares.  These reports 
may not accurately reflect pasture on offer, as pasture 
utilisation by horses is influenced by selective grazing and 
latrine behaviour (Odberg & Francis-Smith 1976).  These 
behaviours result in the establishment of preferentially 
grazed areas (nutritive areas/lawns) with avoidance of 
areas that are used for excretion of faeces and urine (roughs 
or eliminative/latrine areas) possibly limiting utilisation by 
10 to 30% of effective pasture area (Rogers et al. 2017; 
Rogers et al. 2018).  Early studies estimated that the pasture 
utilisation on Thoroughbred stud farms could range from 
48-80% (Goold et al. 1988; Odberg & Francis-Smith 
1976).  More-recent on-farm calculations derived from 
feed budgets has refined this estimate to 70% (Rogers et al. 
2017).  Similar data for horses other than the commercial 
breeding industry in New Zealand are scarce (Fernandes et 
al. 2014; Verhaar et al. 2014).

Further compounding this issue of limited pasture-
centric data is the greater numerical representation of the 
sport and recreation sector within the New Zealand horse 
population, estimated at ~55% of the 100,000 horses in New 
Zealand (Rogers et al. 2017).  In contrast to the commercial 
racing and breeding industries, horses within the sport 
and recreation sector are described as having a thriftier 
phenotype and management often focuses on relatively 
high stocking density and limited access to pasture, or 
provision of limited pasture mass (Fernandes et al. 2014; 
Goh et al. 2020; Parvage et al. 2013). It is important to 
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obtain accurate data on pasture utilisation and the pattern 
of defecation of horses managed under these restrictive 
conditions, to use when quantifying nutrient loss for the 
sport and recreation sector of the New Zealand equine 
industry.  The current study reports on an observational trial 
examining pasture utilisation and the pattern of defecation 
with groups of thrifty phenotype horses managed under 
conditions representative of those used by the recreational 
equine sector. 

Materials and methods 
An observational study was conducted from August 

2017 until August 2019 at the Massey University 
Veterinary Large Animal Teaching Unit (LATU), which 
is a farm comprised of 57.9 ha (effective 42.1 ha) of flat-
to-rolling river terrace, grazing sheep, cattle and horses 
for the purposes of teaching. The soil type of the farm is 
predominately Tokomaru silt loam. 

Horses
Twenty-four horses (19 Standardbred, three 

Thoroughbred, one Kaimanawa, and one Stationbred) of 
which 14 were mares and 10 geldings that were managed 
as three groups of n=7, 8, & 9 horses, subsequently referred 
to as G1, G2 and G3 respectively.  The horses were mean 
13 ± 4 years of age at the start of the trial and were kept at 
pasture 24 hours/day all year. 

Body condition was monitored by the same technician 
monthly using a modified Henneke (1983) nine-point scale.  
Live weight (LW) was recorded approximately fortnightly 
using a Tru-Test weighing system (MP 800 load bars, XRP2 
chip panel reader, XR5000 weigh scale indicator).  The 
use and care of the horses was monitored by the Massey 
University Animal Ethics Committee.

Pasture and supplementation
Observational data were collected from a 

predominately flat 1.96 ha river terrace paddock with soil 
type Rangitikei loamy sand specifically family Shalimahf 
(S-Map version 3.1.224 (Manaaki Whenua Landcare 
Research, 2020)). At the start of the trial there had been no 
pasture improvement in five years, and the sward consisted 
of several grass species (predominately perennial ryegrass 
(Lolium perenne), but also cocksfoot (Dactylis glomerata), 
fescue (Festuca arundinacea)), white clover (Trifolium 
repens), and weeds (typically dock (Rumex obtusifolius) 
and buttercup (Ranunculus repens)). A broadleaf herbicide 
(Conquest, NuFarm) was applied during the first summer 
of observation (February 2018).   Fertiliser (30% potash 
super, Ravensdown) was applied at a rate of 450 kg/ha in 
April 2018 and January 2019. 

Farm pasture growth (kg DM/ha) was estimated 
using the pasture cut from three exclusion cages (one cage 
per group of horses as they rotated through paddocks, 
including the study paddock). Each cage was placed in 
areas representative of average pasture cover, sufficient to 
measure a 30 x 60 cm quadrat from which pasture cuts were 
collected monthly.  Pasture samples were cut to ground 

level, to mimic the grazing of lawns, and assessed for 
botanical composition using previously described methods 
(Bengtsson et al. 2018), and the remaining unsorted pasture 
was also dried to obtain pasture growth rates. Pasture mass 
was measured using a rising plate meter (RPM) every week 
by the same technician using an L-shaped transect.  Pasture 
mass was estimated for total pasture, lawns and roughs 
using the Jenquip equation for Manawatu (Jenquip 2017):

Average RPM reading x 158 + 200 = 
estimated pasture cover (kg DM/ha)
The diet of the horses was supplemented with hay 

from May to October each year: an estimate of quantity 
offered was recorded as part-bale/horse/day. Core samples 
were taken from the middle of several bales of hay each 
year for DM calculation.  Random bales were routinely 
weighed to generate an estimated average bale weight.

Faeces
When the paddock was stocked with horses, a 

representative diagonal transect of 160 m was used to 
record weekly faecal distribution every 10 m. The number 
of faecal piles contained within a circle of 1-m radius were 
counted, centred on each 10-m point (method derived 
from Hirata et al. 2011). The faecal density measurement 
was cumulative as no faeces were removed, therefore, old 
and new faecal piles were recorded. The count data was 
then converted to per m2 density. Latrine formations were 
mapped monthly while the paddock was stocked with 
horses, based on a grid referenced from painted fence-posts 
positioned at 40-m intervals (adapted from Edwards & 
Hollis 1982), then overlaid within Google My Maps© to 
generate an area measurement. 

Statistical analysis
Data were analysed for normality using Shapiro-

Wilk’s test. Simple descriptive statistics are presented as 
mean ± standard deviation for parametric and median and 
inter-quartile range for non-parametric data. Maximum 
and minimum values are reported when emphasis is on the 
spread of the data. Differences in mean seasonal botanical 
composition were tested using Tukey’s test and differences 
between pasture growth rates (roughs and lawns) used the 
paired t-test. Analysis was conducted using R version 4.0.3.

Results
During the observation period, the paddock was used 

by all mobs for three rotations each; total time spent grazing 
in the paddock was 209 days, 159 days and 112 days for 
G1, G2 and G3 respectfully.

Horses
The mean ± SD horse LW was 537 ± 56 kg and the 

median BCS was 6/9 (IQR 5 – 7). The mean total LW of 
each mob of horses over the two-year period was 3818 ± 
94 kg, 4511 ± 102 kg and 4444 ± 179 kg (G1, G2 and G3 
respectively).  Estimates of the total DM on offer (including 
hay when provided) ranged from 1.8 kg DM/horse/day to 
26.4 kg DM/horse/day (~ 0.3% to 5.3% LW).
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Pasture management
The pattern of horse and ruminant (cattle) grazing 

during the observation period is presented in Fig. 1. The 
horses rotated through the observation paddock nine times 
over the study period with a median grazing period of 44 
(range 29-123; IQR 37-47) days, median resting period of 
25 (IQR 17-42) days, and the paddock was grazed for 66% 
of the observation period (480/730 days). Mean stocking 
density was 4.1 ± 0.4 horses/ha (~ 2202 ± 215  kg LW/ha) 
in year one and 3.8 ± 0.4 horses/ha (~ 2041 ± 215 kg LW/
ha) in year two; 4 ± 0.5 horses/ha (~ 2148 ± 269 kg LW/ha) 
over both years. 

There was one period of cross-grazing by cattle (Fig. 
1).  In May 2018 (day 263) at the completion of a period 

of semi-set-stocking and a 19-day non-grazing period, 
twenty-six mixed age cows grazed for three days (~ 6633 
kg LW/ha).  The mob size was then reduced to 12 cows 
which grazed the pasture for a further 10 days (~ 3061 kg 
LW/ha). During this period, total and roughs pasture mass 
were reduced by 48% (1843.2– 962.4 kg DM/ha) and 49% 
(3217.8 – 1643.5 kg DM/ha) respectively, with a 22% 
reduction in pasture mass of lawns (874.1 – 681.2 kg DM/
ha) during this period.

Pasture measurement
Median pasture cover during the observational period 

for the total area was 1114 (IQR 811 - 1307) kg DM/ha, 
for the lawns 683 (IQR 544 – 803) kg DM/ha and roughs 

Figure 1 Grazing management in one paddock during a 730-day observation period on a teaching farm. Pasture (kg DM/ha) 
is represented as total (square), roughs (diamond) and lawns (circle), and stocking rate (kg LW/ha) represented with cattle 
(dark grey bars), horses (light grey bars). A guide to season is provided along the top of the chart (bars become darker from 
autumn through to summer).
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Figure 2 Comparison of the post-grazing pasture growth rates in a paddock grazed by horses (kg DM/ha/day estimated by 
rising plate meter) showing total (light grey bar), roughs (dark grey bar) and lawns (grey bar). Overall farm pasture growth 
rate (grey line) measured by quadrat cuts. 
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2058 (IQR 1596 - 2352) kg DM/ha (Fig. 1). Median total 
pre-grazing mass was 1760 (IQR 1472 - 1859) kg DM/ha. 
Estimated median seasonal pasture growth peaked at 59 
kg DM/ha/day (IQR 36-70 kg DM/ha/day) in summer and 
the lowest at 12 kg DM/ha/day (IQR 7-16 kg DM/ha/day) 
during winter. Growth during spring was 52 kg DM/ha/day 
(IQR 43-59 kg DM/ha/day) and autumn was 17 kg DM/ha/
day (IQR 13-26 kg DM/ha/day).

Pasture mass in the preferred areas of grazing (lawns) 
remained moderate throughout the observation period and 
was consistently at, or below, 1000 kg DM/ha with limited 
pasture mass in the lawns gained before the next period of 
grazing. At the completion of each rotation, lawns were 
below 800 kg DM/ha (median 554 kg DM/ha), with the 
lowest recorded as 390 kg DM/ha. Pasture growth rates 
after grazing differed between lawns and roughs despite 
occasions when they had similar post-grazing pasture 
mass (Fig. 2). There was a trend for greater post-grazing 
estimated pasture growth rates in roughs relative to the 
lawns (P=0.054).

The seasonal pasture composition during the 
observation period is presented in Table 1. 

Faecal measurement
Latrine areas were first mapped on Day 58 and 

consisted of 11% of the paddock. During the two-year 
observation period the latrine areas consisted of a median 
31% (IQR 24-33%) of the pasture area. 

Faecal density within the latrine areas along the 
transect approached a maximum of two faecal piles/m2 at 
some sites which were in the centre of the latrine area (Fig. 
3).  The lower densities recorded were in the transitional 
areas between latrine and lawn.  At least one faecal pile was 
observed at median 29% (IQR 24-35%) of the measurement 
points across the 160-m faecal transect.

Discussion
At present there are limited data published on the 

utilisation of pasture and the pattern of faecal defecation 
for non-commercial horses managed at pasture under 
New Zealand’s temperate climate.  The recording of 
such information is necessary to provide valid input 
parameters for regional councils when modelling nutrient 
turnover on equestrian properties within OverseerTM. In 
contrast to commercial horse-breeding operations, where 
optimisation of growth rate is a key production goal, 
many owners of non-commercial or recreational horses 
are focused on maintaining or reducing weight gain, and 
thus, manage horses on relatively limited effective pasture 
area (Fernandes et al. 2014).  The pasture management data 
of the “thrifty phenotype” teaching horses in the current 
study are believed to provide a suitable model to reflect the 
management of the recreation horse sector.  

The study paddock was grazed by horses for 480 of 
730 days, with grazing periods of 29 to 123 days, which 
is described as semi-set-stocked. The stocking density 
of four horses/ha (2148 kg LW/ha) was higher than that 
generally reported on commercial farms and similar to that 
of competition sport horses which are predominately kept 
on smaller lifestyle properties with stocking density 4.5 

Table 1 Seasonal botanical composition of pasture 
harvested from an exclusion cage in a paddock grazed by 
horses. Data presented as mean ± standard deviation of dry 
matter percentage of sample.

ab Different superscripts within a row are significantly different 
(P<0.05)

Figure 3 Profile plot of the spatial distribution of median and maximal faecal density (m2) measured every 10 m across a 
160-m transect within a paddock predominately grazed by horses during a two-year observation period.
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Figure 3 Profile plot of the spatial distribution of median and maximal faecal density (m2) 396 

measured every 10m across a 160-m transect within a paddock predominately grazed by 397 

horses during a 2-year observation period. 398 

 399 
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 401 

 
Spring Summer Autumn Winter

Grass % DM 71 ± 19% 60 ± 21% 54 ± 11% 64 ± 17% 
Clover 
%DM 

11 ± 12% 9 ± 11%  0 ± 0%  6 ± 7% 

Weeds % 
DM 

15 ± 12%ab  7 ± 5%a 17 ± 6%ab 21 ± 9%b

Dead matter 
%DM 

 3 ± 2%a 24 ± 11%ab 29 ± 15%b  9 ± 13%ab
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horses/ha (Verhaar et al. 2014; Rogers et al. 2007).  The 
management of the sport horses was different with most 
at pasture for 12 hours/day, rather than the 24 hours of 
the teaching horses.  A study from Sweden also reported 
higher stocking densities of competition sport horses with 
densities of up to 8.7 livestock units (LSU)/ha (1 horse = 
0.8 LSU therefore ~ 10- 11 horses/ha) (Parvage et al. 2011).  
A currently recommended stocking density in Sweden is 
three horses/ha (2.4 LSU), based on limiting the nutrients 
(mainly phosphorous) added to pasture through manure to 
the soil (currently set at 22 kg ha-1 yr-1), rather than pasture 
sustainability (Parvage et al. 2013).   

The differences in the management systems between 
competition and recreation horses makes direct comparison 
of nutrient loading across systems difficult.  Similarly, 
comparison with other production species is difficult, 
however, the estimated stocking density reported for 
competition/recreation horses in New Zealand appears to 
be higher than that for dairy cows and sheep. DairyNZ 
figures show a national average stocking density of 2.9 
dairy cows per ha, with mature crossbred cows having an 
average weight of 467 kg resulting in total LW of 1,354 
kg/ha (LIC & DairyNZ 2019). National stocking rates of 
sheep is reported as 6.1 SU/ha with SU equating to a 60-kg 
mixed-age ewe resulting in total LW of 366 kg/ha (Beef & 
Lamb 2021).

The pre- and post-grazing pasture mass was lower 
than those reported for Thoroughbred breeding farms 
(Bengtsson et al. 2018; Rogers et al. 2007) and for sport 
horses (based on sward height) (Verhaar et al. 2014).  
Pasture mass in the current study was similar to parameters 
reported for commercial Standardbred farms and miniature 
horses, possibly reflecting the relatively “thrifty phenotype” 
of the standardbred (Rogers et al. 2020b), and the need for 
miniature-horse owners  to focus on preventing weight gain 
(Goh et al. 2020). Fernandes et al. (2014) survey results 
reinforced a focus on preventing weight gain and restricting 
pasture access in pony-club horses. The sustained grazing 
pressure combined with the low pre-grazing mass of both 
the totals and the lawns in this study may explain the 
limited capability of the pasture to recover after grazing 
and the lower percentage of grasses and the higher relative 
weed count in the botanical composition.  The increased 
dead matter percentage in summer and autumn seen in the 
exclusion cage in this paddock may reflect composition in 
the roughs, as the protected pasture is able to mature, which 
would not occur in the closely grazed lawns.

The proportion of pasture classified as roughs/latrines 
was similar for both the mapping and for the transect 
measurement and, thus, reinforces that the effective pasture 
on offer due to horses’ preference for grazing lawns is 70% 
of the pasture mass on offer.  The 30% that is not utilised 
by horses provides pasture mass that could be partially 
utilised by ruminants, and this was demonstrated by the 
preferential grazing by cattle of the roughs rather than the 
lawns.  Cross grazing with ruminants is common practice on 
commercial equine properties (Bengtsson et al. 2018) and 

may be commonly utilised within non-commercial horse-
management systems.   A survey of horse properties listed 
in a New Zealand agricultural database found that 90.9% 
(698/768) had other livestock; 80.2% (560/698) and 63.0% 
(440/698) of those contained cattle and sheep respectively, 
but there was no specific information gathered about their 
use for cross-grazing (Rosanowski et al. 2012). However, 
Fernandes et al. (2014) reported that 64% of pony-club 
owners cross-grazed horse paddocks with ruminants, and 
46% (92/198) of miniature-horse owners that had pasture-
restriction strategies also utilised mixed-grazing (Goh et al. 
2020), but the authors did not identify the species used or 
the frequency. 

Total pasture mass in the latrine areas tended to peak 
early in the grazing rotation then decrease towards the end 
of rotation. This would indicate that increasing pressure 
on the pasture supply resulted in the horses grazing the 
boundaries of the latrines with a subsequent increase in 
density of defecations in the central areas. The greatest 
density of faeces in the centre of the latrine area and 
decreasing density at the boundaries of the latrine supports 
this hypothesis and demonstrates how the sites of defecation 
are relatively consistent, with some or limited spread.  
The persistence of the areas of lawns and roughs reflects 
unequal distribution of faeces and thus nutrients within 
the pasture (Fig. 3).  Greater nutrient concentration in the 
roughs, in combination with greater post-grazing residual, 
may explain the greater post-grazing growth rates observed 
in the roughs.  Data from Sweden, which has very different 
climate and management systems to New Zealand, did 
indicate that excretion areas contained approximately twice 
the soil concentrations of phosphorus and nitrogen than did 
the grazing areas (Parvage et al. 2013).  At present the lack 
of data on soil-nutrient distribution due to the presence 
of lawns and roughs in New Zealand is a limitation with 
modelling of nutrient turnover within equine pastures.  New 
research is needed to understand what is happening with 
the soils under these pastures and the potential for nutrient 
leaching.  The collection of such data would contribute to 
accurate estimate of nutrient management using OverseerTM 
on equine properties. 

Conclusion 
Recreation horses are often managed at a relatively 

high stocking density, intensively and with low pasture 
mass on offer, to restrict feed supply.  Under these 
conditions, roughs or latrine areas of pasture persisted and 
accounted for 30% of the effective pasture area.  Grazing 
preference remained for the lawns, the data indicating 
horses would consume all daily growth in the lawns before 
starting to graze the outer perimeter of the roughs. Under 
these management conditions, pasture grazing mass was 
often reduced to low levels, particularly in lawns and this 
has implications for pasture recovery, growth and quality.   
Faeces accumulated in consistent and well-defined latrine 
areas have the potential to increase the nutrient load and 
may affect the nitrogen-leaching potential of the soil.
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