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Abstract: A scientific consultation tool is currently being developed in Germany to assess, analyze,
and improve animal welfare on site and simultaneously consider aspects of environmental sustain-
ability in horse husbandry in order to contribute to a resource-conserving and responsible handling
of natural resources and the welfare of living beings. To date, no study has assessed to what extent
species-appropriate free-range locomotion possibilities are implemented on horse farms and to what
extent turnout areas are affected by unwanted nutrient inputs from horse excretions. Using the
indicators “species-appropriate turnout” (hereafter: “turnout”) and “unwanted nitrogen inputs in
water bodies” (based on “nitrogen surplus”), we exemplarily examine animal- and environmentally
relevant aspects of horse husbandry. We conducted 88 assessments on 46 horse farms (n = 2220 horses)
to test literature-based indicators of animal welfare and environmental sustainability. We found
that the indicator “nitrogen surplus,” used to assess an aspect of environmental sustainability, was
mostly a problem in the wintertime (summertime = −4.24, range: −109.27–58.97; wintertime: mean:
12.01, range: −35.19–468.00 nitrogen surplus per hectare, n = 44 farms, p < 0.001), when the horses
had a reduced space allowance for free locomotion. On most farms, “turnout” was provided daily
for several hours, but in many of the single housing systems, not all horses had the possibility for
free locomotion (24.1 ± 20.4% of horses per farm), which is unacceptable in terms of animal welfare.
Husbandry systems with a large enough space allowance for turnout (≥200 m2 per horse) were found
to be measures with a valuable synergetic effect, providing a resource which is an opportunity both
for an environmentally sustainable and welfare-friendly horse husbandry. Demanuring remarkably
decreased the nitrogen surplus (p < 0.001). Hence, based on the study, we recommend to daily
demanure the pasture or paddock if the space allowance is less than 200 m2 per horse. In conclusion,
regarding animal welfare, group housing is favorable, but regarding a site-specific environmentally
friendly or even biodiversity-enhancing management, space allowance per horse is a crucial factor
rather than the type of housing system. The two selected exemplary indictors demonstrate the need
for a holistic and comprehensive decision support system that considers the linkage between horse
welfare and environmental sustainability in order to assist peoples’ decision-making with horses
under their care.

Keywords: sustainable livestock; welfare assessment system; positive welfare; welfare indicator;
space allowance; single housing; group housing; horse farm management; horse yards
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1. Introduction
1.1. Relevance and Linkage of Horse Welfare and Environmental Effects in Horse Husbandry

Aspects of environmental sustainability and animal welfare play an important role in
the social acceptance of farm animal and horse husbandry [1]. According to a survey con-
ducted by the “German Equestrian Federation” (Deutsche Reiterliche Vereinigung e. V.)—
the worldwide largest equestrian association—approx. 70% of the more than 21,000 re-
spondents see a substantial need for improvement in horse husbandry and ask for a more
thorough control of husbandry conditions for horses [2]. Considering farm animal welfare
from a consumers perspective, outdoor access to pasture ranks first [3]. Horseman et al. [4]
and Dalla Costa et al. [5] found that one of the biggest animal welfare problems in horse
husbandry is long periods of confinement, i.e., stabling for 24 h a day. Beyond these
findings, limited data are available on the welfare of European horses [5]. Furthermore,
numerous scientific studies on diseases and behavioral disorders have demonstrated severe
shortcomings in horse husbandry, inter alia a lack of turnout [6–9]. A uniform assessment
and animal-welfare-compliant optimization of horse husbandry is thus considered much
needed.

Regarding aspects of environmental sustainability, the species-typical selective feeding
behavior of horses has a positive effect on the plant diversity on pastures. Thus, according
to Schmitz and Isselstein [10], the biodiversity on horse pastures, depending on land use
and management, can considerably exceed that on cattle pastures. Furthermore, horse
pastures as compared with cattle pastures are managed less intensively, because grasses
of high energy density are rather unwanted for (non-competing) leisure horses to avoid
obesity or nutritionally induced laminitis. Therefore, horse pastures offer a high potential
for species richness, notably fostering indicator species for a “high nature value” [10].
However, regarding other sustainability criteria, considerable levels of pollution, emissions,
and also damage to soil structure and vegetation can arise on horse pastures. Conflicting
goals, as well as synergetic effects, between animal welfare and sustainability aspects are
therefore possible.

1.2. Environmental Relevance of Nitrogen Surplus

The protection of the natural resource water from harmful nutrient inputs is a key
point in the sustainable agricultural use of the planet (Goal 15.1: conservation of freshwater
ecosystems [11]). One of the great environmentally relevant challenges of horse keeping
is nitrogen surplus [12]. Especially peri-urban horse farms are prone to an elevated risk
of unwanted nutrient inputs because the pasture space allowance is often limited [13,14].
A small pasture space allowance for horses increases the risk that sparsely vegetated
areas develop due to browsing damage and trampling by the horses [12,15,16]. Under
these circumstances, the excretions of the horses can lead to increased nitrogen inputs in
the soil and to correspondingly high nitrogen emissions. The risk of unwanted nutrient
losses (nitrogen, phosphorous) into ground and surface waters exists especially in sparsely
vegetated areas, where the lack of nitrogen output from horses’ excretions by plants can
lead to excessive nutrient inputs in the soil and consequently to nitrate (NO3

−) runoff into
water bodies [15,16]. This course of events has been shown on sparsely vegetated areas
used all year for horses [12]. In Germany, horses are kept to a great extent near cities (52%
of the horse farms operated by equine associations and 42% of the commercial horse farms
are in urban or peri-urban areas [17]). Throughout Europe, peri-urban horse husbandry
keeps gaining in importance [13,14]. Thus, horse farms of limited area are not uncommon.

In view of public health, regulatory standards exist for the nitrate content in drinkable
water. In the EU, the upper threshold for nitrate (NO3

−) is 50 mg/L of water (ground
water and surface freshwater [18]). However, a Danish study showed a relationship
between nitrate content and risk of colorectal cancer in humans at concentrations markedly
below this threshold, suggesting that the current standard is set too high [19]. Nitrogen
is essential for life and has many functions in natural ecosystems. Plants need nitrogen,
inter alia, for protein synthesis, and the proteins in turn serve as macronutrients for
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animals. Intensive plant cultivation with excessive fertilization, as well as intensive farm
animal husbandry and excessive stocking density, can disrupt this balance. The resulting
nutrient accumulations lead to increased greenhouse gas emissions especially in the form
of nitrous oxide (N2O) and to the pollution of ground and surface waters with nitrate [20].
Depending on precipitation and soil quality (water absorption capacity), a nitrogen balance
(maximal allowed nitrogen surplus = nitrogen input -nitrogen uptake by cultivated plants)
of 20 kg nitrogen per hectare and year can cause elution of 50 mg nitrate per liter of
water; therefore, this value was set as the upper threshold in an Austrian directive on
regulatory water protection [21]. This value also is an important parameter for horse
turnout areas. The German directive on fertilization (as of 2017) helps implement the
European Directive 91/676/EWG on the protection of water bodies from agricultural
nitrate pollution [22]. It sets the upper threshold of the nitrogen balance, calculated as
the average of all agriculturally used areas on a farm, to 50 kg nitrogen per hectare and
year, which is higher than in the Austrian directive. The nitrogen surplus of the area-based
nitrogen balance is considered one of the most meaningful agro-environmental indicators;
it shows the potential for environmentally relevant nitrogen losses, such as ammonia,
nitrous oxide, and nitrate losses [23].

1.3. Animal Welfare Assessment with a Focus on Horses

The concept of welfare is based on Broom [24], who defined that “the welfare of an
individual is its state as regards its attempts to cope with its environment.” This definition
includes an individual’s feelings, health, and mechanisms for coping. In terms of a One
Health, One Welfare approach that considers today’s intertwined global challenges of
climate change, biodiversity reduction, and sustainability issues, the relations between
humans and domesticated animals and their welfare should be viewed in an environmental
context [25]. Therefore, the herein presented project aims at combining aspects of envi-
ronmental sustainability with aspects of animal welfare. The European Animal Welfare
Indicators (AWIN) Project [5,26,27] developed a protocol for assessing animal welfare in
horse husbandry that is based on valid, scientifically tested indicators. However, this pro-
tocol does not include sustainability aspects and allows no comprehensive risk assessment
of the husbandry conditions in which the animal lives because the indicators are mostly
animal based. Animal based means that health and behavioral signs of the horses itself
are taken into account, not the conditions in which they live in. Furthermore, it focuses
on single housing of horses, which means group housing of horses is neglected. Finally,
scientific studies from Sweden showed that managers of horse farms would welcome a
feedback system providing them with benchmarks and advice on improvements rather
than just the welfare state of the horses [28,29].

1.4. Turnout as a Welfare Concern

On the one hand, lack of free locomotion leads to musculoskeletal damage and
compromises self-purification mechanisms in the respiratory tract [30,31]. For example,
foals with little daily turnout (less than 4 h) in the first four months of life are more prone to
develop osteochondrosis than foals with longer turnout duration [32]. On the other hand,
horses have the innate need or motivation (classically referred to as proximate control
of behavior) for locomotion [33]. Metz-Göckel [34] defined a “need” as experiencing a
lack and a feeling associated with wanting to “remedy” the lack. If an animal expects an
outcome and can achieve it through behavioral output, the original motivation declines and
the achievement is perceived as positive. The outcome creates the positive affective state of
“liking.” If an outcome cannot be achieved, needs satisfaction is not possible and frustration
arises. Chronic frustration is the main cause of stereotypic behaviors [33,35,36]. The latter
are a strong indicator of suffering due to inappropriate husbandry conditions. Stereotypic
behaviors due to insufficient turnout have previously been described in the literature. For
instance, Hockenhull und Creighton [37] discovered a high prevalence of housing-related
behavioral problems in leisure horses and a trend toward year-round stabling. The study



Sustainability 2021, 13, 8991 4 of 16

revealed restrictions in turnout possibilities, indicating that restricted turnout might have
welfare costs; for example, stabling horses for 21–24 h a day was associated with abnormal
oral behavior. Keeping horses for 13–24 h in single stables compared with keeping horses on
paddocks leads to more activity (trot, canter and passage) during an emotionality reaction
test [38]. Several years before, Christensen et al. [39] reported similar findings from a study
on stallions. Compared with group-housed stallions, single-housed stallions engaged in
more social grooming and more play behavior when being allowed to freely interact with
other stallions on pasture after a period of confinement. An accumulated needs-fulfilment
deficit leads to a “rebound effect” in horses, as shown in studies examining feed intake [40],
resting [41], and locomotion in horses [42,43]. Because locomotion is always associated
with stimuli (such as foraging underneath the fence or moving to conspecifics), horses on
larger paddocks (150 m2 vs. 300 m2 vs. 450 m2) or turned out paired compared to solitary
release showed more activity [44,45].

Brain analyses via electroencephalograms, assessment of intestinal microbiota com-
position, and behavior measurements revealed a positive influence of keeping horses
at pasture on the physical and mental wellbeing, as opposed to single housing systems
without pasture access [7,46]. These results seen in horses kept in confinement suggest that
welfare may be compromised when horses are not provided with access to pasture. There-
fore, the “Guidelines for Good Animal Welfare Practice for the Keeping of Horses” [47]
propose daily turnout for horses independently of additional work or training activities.

1.5. Aim of the Work

We herein examine to what extent species-appropriate free-range locomotion possi-
bilities (turnout type and duration) are implemented on horse farms in Germany and to
what extent turnout areas are affected by unwanted nutrient inputs from horse excretions.
The ultimate goal is to improve horse welfare and the environmental sustainability status
of horse husbandry by providing a consulting tool (“BestTUPferd”) and thus contribute
to a resource-conserving and responsible handling of natural resources and living beings
according to the 2030 Agenda for Sustainable Development of the United Nations [11].

2. Materials and Methods
2.1. Data Collection

From 2013 until 2021, our research project team at the Technical University of Munich-
Weihenstephan has been developing an on-farm assessment system to evaluate animal
welfare and environmental sustainability in horse husbandry. Welfare and environmental
sustainability criteria were formulated to address the four principles “behavior indicating
positive affective states,” “good health status,” “horse-appropriate housing conditions,”
and “environmentally sustainable horse husbandry.” This study presents results for two
indicators, “species appropriate turnout” and “nitrogen surplus”, which were developed
and tested on 44 farms (20 farms with group housing and 24 farms with single housing)
during the project (Table 1). Single housing was defined as housing systems with horses
housed in single boxes and group housing was defined as housing systems with horses live
at least with one other horse in a loose housing system (barn with permanent access to a
turnout area). We addressed different aspects of the project in four separate trials. Each trial
consists of farm visits (one farm visit per day) with the same procedure of data assessment
but a different aim regarding the assessment of repeatability (test-retest reliability) and
test-retest reliability of the indicators for horse welfare and environmental sustainability.
However, the reliability aspects are not addressed in the present study. Trial 3 with two
farms was incomplete regarding the information for the calculation of nitrogen surplus.
Hence, trial 3 is excluded in the herein presented results. Trial 4 included the test series
on the assessment of the digital analysis software. All farms are currently in operation;
they include farms that house sport horses or leisure horses or both. The horse farm
managers were personally contacted and voluntarily participated in the data collections
and assessments; thus, a bias toward farms with good practice cannot be excluded.
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Table 1. Test series within the framework of the development of the digital decision support system
for horse husbandry.

Trial Farms (n) 1 Replicates (n) Horses (n) Assessors (n) Assessments in
Total (n)

1 12 (6 G + 6 S) 4 685 3 48
2 18 (9 G + 9 S) 1 887 1 18
3 2 (1 G + 1 S) 4 32 1 8
4 14 (5 G + 9 S) 1 616 1 14

Sum 46 (21 G + 25 S) 1–4 2220 1–3 88
1 G = group housing, S = single housing.

2.2. Assessment of Turnout

The welfare criterion “species-appropriate free-range locomotion possibility” asso-
ciated with the welfare principle “horse-appropriate housing conditions” was assessed,
inter alia, through the daily duration of turnout. Further indicators of this criterion were:
“size of turnout,” “long side of turnout,” “waterlogging on turnout,” “morass on turnout,”
“pavement requirements,” “condition of hooves,” “turnout as a service offer,” “type of
turnout in winter and summer,” “frequency of turnout per year according to weather,”
“days per year without turnout due to weather,” “frequency of turnout per week,” “amount
of horses with turnout in winter and summer,” “signs of turnout use,” and “transfer to
turnout by horse farm manager or horse owner.”

For an area to be considered as turnout area, it had to meet the size requirement of
at least 150 m2 for one or two horses plus 40 m2 for each additional horse [47]. With the
exception of one farm (n = 1 of 20 farms), all group-housed horses were provided turnout
on areas that met the size requirement of the Guidelines for Good Animal Welfare Practice
for the Keeping of Horses [47]. One group housing system did not meet this requirement,
so every other day, the personnel brought the horses to separate turnout areas. We asked
the horse farm managers about the available pasture area per season (winter, summer) and
calculated the average pasture area per farm in hectares and the average space allowance
in hectares per horse.

2.3. Calculation of Nitrogen Surplus

We calculated nitrogen surplus, associated with the above mentioned principle “envi-
ronmentally sustainable horse husbandry,” according to the formula system of
Buchgraber et al. [15,16] as shown in Equations (1)–(3) and Table 2.

Nitrogen (N) input (N excretion by the animals): HN * DW/S * NE * AF * DF (1)

N output: −(SF + HP) (2)

N surplus (N loss potential) = N input − N output (3)

Table 2. Description of formula symbols and collected data on the farms for the calculation of
nitrogen surplus [12,15,16].

Symbol Description

HN Number of horses
DW/S Days per year on summer (S) or winter (W) turnout area

NE Nitrogen (N) excretions in grams per horse and day (values Table 3)
AF Area factor calculated by 1/ha of the available turnout area

DF

Demanuring factor:
0.1 for daily demanuring (equivalent to 90% N output)
0.3 for weekly demanuring (equivalent to 70% N output)

SF
Sowing factor (seeding pastures afterperiods of turnout which leads to N output
from the soil into the gras): 38 kg N per hectare

HP N output for additional hay production on turnout area: 77 kg N per hectare
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Table 3. Values for nitrogen excretions depending on type and duration of turnout according to the
literature [12,15,16].

Type and Daily Duration of Turnout
Nitrogen Excretions

(Feces + Urine) in Grams per
Horse and Day

Pasture (separate) 1 for 2 h 7.2
Pasture (separate) 1 for 3 h 10.8
Pasture (separate) 1 for 4 h 14.4
Pasture (separate) 1 for 5 h 19.2

Pasture (separate) 1 for 6–24 h 24.0
Free-range stable all day 2 7.1

Mud paddock (separate) 3, several hours (not specified) 7.2
1 turnout on pasture for several hours independent of housing system (individually or in a group); 2 horses are
living in a loose housing system for 24/7 with a barn and access to a paddock with sealed or unsealed surface
(but no integrated pasture); 3 turnout on grass-free unsealed surface independent of housing system.

The nitrogen excretions that horses release during turnout are influenced by the
turnout duration. The effects of the nitrogen excretions, in turn, are influenced by the
presence of grass swards and thus by the type or condition of the turnout area. Therefore,
according to Buchgraber et al. [15], different values are found depending on the duration
and type of turnout (Table 3). It should be noticed that agricultural nitrogen surplus
is calculated per year [22]. In Central European climate conditions, horses in winter
usually do not have access to the same areas as in summer [48], so that the grass sward on
pastures remains protected from damage during the cold season. Therefore, we separately
calculated nitrogen surplus per time of year. The grazing season usually begins in spring
and ends in fall (May to October) [10]. On most farms, horse farm managers decided to
protect the turnout areas with grass growth (pastures) from weather-related grass sward
damage in the cold season (wintertime). Therefore, only 11.4% of the farms (see Section 3.1.
Turnout) provided pasture not only in summer but also in winter, supporting the need
for differentiated area-based calculations of nitrogen surplus on turnout areas of horse
farms. Furthermore, the animal density can vary between summertime and wintertime,
and thus the calculation per time of year provides more precise information than the
undifferentiated calculation for the whole year. According to the relevant literature and in
agreement with the expert advisory board of the project, we set three different categories of
nitrogen surplus. The target value was set to maximal 20 kg nitrogen surplus per hectare
and the upper threshold to 50 kg nitrogen surplus per hectare.

2.4. Statistical Analysis

The data for the presented indicators were collected descriptively, qualitatively, or
quantitatively by inspecting the housing conditions and interviewing the farm managers.
Descriptive statistics were expressed as mean, standard error of the mean, median, mini-
mum, and maximum. Tables and graphs were created in Microsoft Excel 2016. Depending
on the data type, the following tests were used for statistical analysis in R (RStudio version
1.1.456 [49]). We performed the statistical analysis using Wilcoxon Rank Sum Test and
Linear Regression Models (LM). Wilcoxon Rank Sum Tests (Wilcox.test) were performed to
investigate the effect of: season on the space allowance per horse; season (summer, winter)
on the nitrogen surplus; housing system (group housing or single housing) on nitrogen
surplus, demanuring, sowing, and hay production on the nitrogen surplus by excluding
specific treatments and comparing the true data with the data excluding the treatments. We
graphically detected 200 m2 as a potential cut-off point by correlating the nitrogen surplus
with space allowance per horse. Linear regression models (LM) were additionally used
to investigate the effect of housing system on the nitrogen surplus corrected by the factor
“space allowance per horse.” Although the effect “space allowance per horse” is included
in the formula by the area factor and the number of horses we decided to demonstrate
the potential crucial influence of space allowance on the nitrogen surplus when compar-



Sustainability 2021, 13, 8991 7 of 16

ing single and group housing using LM (corrected model including the variable “space
allowance”). Another LM was used for the influence of space allowance of more or less
than 200 m2 on the nitrogen surplus (independent variable) with the season (summer,
winter) as an additional dependent (explanatory) variable. All models were run for each
question separately.

Differences in the number of farms of the indicator “nitrogen surplus” per category
(good, moderate, poor; Table 4) were analyzed with Pearson’s chi-squared tests. The
significance level was set at 0.05.

Table 4. Descriptive statistics of nitrogen surplus (kg/ha) per explanatory variable (n = 44 farms each
with one calculated nitrogen surplus value per time of year).

Descriptive
Value Summer Winter Group

Housing
Single

Housing
Space Allowance

< 200 m2
Space Allowance

≥ 200 m2

Mean −14.81 31.22 −5.30 19.46 50.59 −7.69
Median −4.24 12.01 5.35 11.25 15.71 5.08

Minimum −109.27 −35.19 −109.27 −102.08 3.65 −109.27
Maximum 58.97 468.00 79.06 468.00 468.00 58.97

2.5. Ethics Statement

Horse farm managers voluntarily participated in the study and were only interviewed
about data concerning the management of the horses. This study was non-invasive. No
specific treatments or interventions were applied on the animals. The study complies with
the Guidelines for Ethical Treatment of Animals in Applied Animal Behavior and Welfare
Research (ISAE Ethics Committee, 2017).

3. Results
3.1. Turnout

In summer, the horses of all farms had access to pasture, regardless of the housing
system. In winter, only 11.4% of the farms (n = 5) provided their pasture areas for turnout.
Figure 1a illustrates the daily duration of turnout according to the housing system in winter.
Due to the integrated turnout areas with permanent (24 h a day, 7 days a week) possibility
for free locomotion in the farms with group housing (free-range stables) almost all group-
housed horses offered turnout for 24 h/day (95.0%, n = 19 farms with group-housed horses
versus 0% of 24 farms with single-housed horses). In the single housing systems, the daily
turnout duration on 41.7% of the farms (n = 10 farms) was restricted to maximal 4 h/day
(Figure 1a). On 41.7% of the farms with single housing (n = 10 farms), some of the horses
were provided no turnout at all or at least no regular turnout in winter (24.1 ± 20.4%,
median: 12.5%, minimum: 5.6%, maximum: 63.0%; Figure 1b).

3.2. Nitrogen Surplus

The nitrogen surplus, across all housing systems differed considerably between sum-
mer and winter on the 44 farms (Trials 1, 2, and 4; Wilcox.test: p < 0.001; Figure 2a,
descriptive statistics Table 4). The number of horses per farm provided with turnout varied
little with 47 ± 27 horses in summer and 44 ± 26 horses in winter (non-significant with
p = 0.606). Besides the management-based nitrogen output (through demanuring, etc.),
the factor with greatest influence on nitrogen surplus was the turnout area of the farm
per time of year. In summer, the average available pasture area per farm (all 44 farms
provided pasture in summer) was 7.43 ± 4.29 ha (median: 7.00, minimum: 1.40, maximum:
20.00 ha). In winter, the horses had access to considerably smaller paddock or pasture
areas (Wilcox.test: p < 0.001; summertime: 0.18 ± 0.12, median: 0.15, minimum: 0.04,
maximum: 0.64 versus wintertime: 0.05 ± 0.07, median: 0.02, minimum: 0.001, maximum:
0.25 hectares per horse).
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Figure 1. (a) Daily duration of turnout displayed as hours per day according to housing system (n = 24 single housing
systems, n = 20 group housing systems) in winter (November to April); (b) proportion of horses with regard to turnout
possibility in winter on each of the 10 farms with single housing systems providing no turnout at all or at least no regular
turnout (41.7%, 24.1 ± 20.4% of horses per farm, median: 12.5%, minimum: 5.6%, maximum: 63.0%).

Figure 2. Nitrogen surplus (a) per time of year (n = 44 farms, each with one calculated nitrogen surplus value per time of
year; p < 0.001) and (b) per space allowance (n = 44 farms, p < 0.001; presented in boxplots: box = interquartile range (IQR)
from 25th percentile (Q1) to 75th percentile (Q3), line inside IQR = median, cross = mean, minimum whisker = Q1 − 1.5
*IQR, maximum whisker = Q3 + 1.5 *IQR, circles = outliers).

Although the values calculated per housing system (single or group housing) sug-
gested a higher nitrogen surplus for single housing systems compared with group housing
systems and the Wilcoxon Rank Sum Test confirms that (Wilcox.test: p = 0.035), the dif-
ference was not statistically supported when space allowance was taken into account
(LM: df = 85, regression coefficient for housing system = −19.22, p = 0.12, regression
coefficient for space allowance −239.87, p < 0.001, whole model: p < 0.001, descriptive
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statistics Table 4). The graphically detected cut-off-point of 200 m2 space allowance per
horse influenced the nitrogen surplus even if corrected for season (LM: df = 85, regression
coefficient for 200 m2 space allowance = −21.30, p = 0.02, regression coefficient for season
22.80, p = 0.15, whole model: p < 0.001, Figure 2b, descriptive statistics Table 4).

Because all farms provided pasture areas as turnout for the horses in summer, we
found with one exception (Farm 25 with 58.97 kg nitrogen surplus per hectare) no ex-
ceedance of the nitrogen surplus threshold (Figure 3a). Farm 3 was an extreme outlier
regarding nitrogen surplus in the wintertime with 468 kg/ha (Figure 3b). In this farm, the
pasture area available for turnout in winter was only 0.4 ha for 100 horses (space allowance:
40 m2 per horse).

Figure 3. Nitrogen surplus per farm (n = 44 farms) (a) in summer and (b) in winter; green line: target value ≤ 20 kg nitrogen
surplus per hectare, red line: upper threshold ≥ 50 kg nitrogen surplus per hectare.

The nitrogen surplus target value of 20 kg/ha was exceeded on 29.5% (n = 13 of 44)
of the farms in summer and on 31.8% (n = 14 of 44) of the farms in winter (Figure 3). The
nitrogen surplus upper threshold of 50 kg/ha was exceeded on 15.9% (n = 7 of 44) of the
farms in winter (Figure 3b; Table 4). In summer, three farms (6.8%; n = 3 of 44 farms)
exceeded the upper threshold (Figure 3a; Table 5). However, the differences in the number
of farms per category of nitrogen surplus in dependence of the season are non-significant
(Pearson’s chi-squared test: χ2 = 3; df = 2; p = 0.22).

Table 5. Number of farms (n = 44) according to category of nitrogen surplus and to the time of year
(differences non-significant).

Time of Year Good:
≤20 kg

Moderate:
>20 kg to <50 kg

Poor:
≥50 kg

summertime 31 10 3
wintertime 30 7 7

We found out that specific treatments that are variables of the formula for calculating
the nitrogen surplus influence the nitrogen surplus differently. This was done by relating
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the true data with the data excluding the treatments. Whereas the output of hay production
(Wilcox.test: non-significant with p = 0.27), and the output for sowing (Wilcox.test: non-
significant with p = 0.08) do not have a remarkable impact on the nitrogen surplus in
the presented data, demanuring significantly influenced the nitrogen surplus (Wilcox.test:
p < 0.001, descriptive statistics Table 6, Figure 4).

Table 6. Descriptive statistics of nitrogen surplus (kg/ha) without specific treatments (n = 44 farms
each with one calculated nitrogen surplus value per time of year).

Descriptive
Value

Calculated
Nitrogen
Surplus

Nitrogen
Surplus
without

Demanuring

Nitrogen Surplus
without Output

for Hay
Production

Nitrogen
Surplus

without Output
for Sowing

Mean 8.20 60.35 17.65 19.09
Median 9.70 28.60 11.16 12.05

Minimum −109.27 −109.27 −35.27 −71.27
Maximum 468.00 1045.16 468.00 468.00

Figure 4. Comparison of nitrogen surplus (n = 44 farms) of the true calculated nitrogen surplus
data with the same data excluding different specific treatments (comparison of nitrogen surplus
with nitrogen surplus without demanuring: p < 0.001; comparison of nitrogen surplus with nitrogen
surplus without output for hay production: non-significant with p = 0.27; comparison of nitrogen
surplus with nitrogen surplus without output for sowing: non-significant with p = 0.08; presented
in boxplots: box = interquartile range (IQR) from 25th percentile (Q1) to 75th percentile (Q3), line
inside IQR = median, cross = mean, minimum whisker = Q1 − 1.5 *IQR, maximum whisker = Q3 +
1.5 *IQR, circles = outliers).

4. Discussion

A sustainable approach needs not only global but also regional action [50]. In Ger-
many, horse husbandry, including horse breeding, is of high national and international
significance [17]. On the one hand, horses play an increasingly important role as grazer
species in European managed grasslands [48,51], they are of socioeconomic significance
(important economic sector with high recreational value) [52], and they provide ecolog-
ical benefits [10]. On the other hand, especially peri-urban horse farms are prone to an
elevated risk of unwanted nutrient inputs because the pasture space allowance is often
limited [13,14]. For horse husbandry to be socially accepted and sustainable, it must con-
sider aspects of both animal welfare and environmental sustainability. Combining animal
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welfare with ecological aspects of the sustainability concept has been neglected so far
and should support the implementation of a One Health, One Welfare approach [25,53].
The goals of the United Nations for sustainable development envisage the protection of
natural resources and living beings [11] and thus are supported by presented indicators
of animal welfare and environmental sustainability. These indicators will support horse
farm managers to act more sustainably and in a welfare-friendly manner by helping them
decide how to improve their horse husbandry rather than telling them what to do [54].

4.1. Turnout

According to the Guidelines for Good Animal Welfare Practice for the Keeping of
Horses [47], controlled exercise (i.e., work, training) does not include the same move-
ment sequences as free locomotion during turnout does, during which locomotion in
relaxed walking pace predominates but excess energy and tension can be released as well.
Controlled exercise can therefore be offered in addition to turnout but cannot replace it
under any circumstance. Thus, in view of animal welfare, restricting or omitting the daily
turnout for horses is no option. Our assessment showed that especially the group housing
systems offered species-appropriate turnout possibilities and in this regard provided horse-
appropriate housing conditions. In 95% of the farms with group housing, we recorded a
directly adjacent or integrated turnout area that was large enough and suitable for gallop.
Such turnout areas give the horses the permanent (24 h a day, 7 days a week) choice for
free locomotion and even provide stimuli for locomotion. In contrast, single-housed horses
depend on an intensive turnout management by the horse farm manager because they
need to be brought to turnout areas and returned to the stable daily. The majority (58%) of
the herein assessed farms with single housing systems provided daily turnout for more
than 4 h in summer and in winter. Regarding animal welfare, several hours of daily free
locomotion to compensate for the activity deficit in single housing can be rated as positive.
However, the data collection so far cannot be considered representative for Germany or
Central Europe because the voluntary participation in our study likely caused a bias toward
farms with above-average good welfare management. Therefore, we cannot rule out that
horses in Germany experience limited possibilities for free locomotion, especially in winter.

Our data furthermore show that in winter, a large share of the farms with single
housing (approx. 42%) did not provide turnout for all horses (range of horses confined per
farm: 6–63%). This finding confirms the results of a previous study, in which participants
of a survey stated that several of the housed horses (9–12%) were not provided additional
turnout [17]. This situation is a violation of the German Animal Welfare Act, which stipu-
lates the welfare of each individual animal [55]. According to § 2 of the German Animal
Welfare Act, a housing system must not restrict the possibility for species-appropriate
locomotion in a way that inflicts pain, avoidable suffering, or harm on the animal [55].
Depending on the type, extent, and duration of a restriction, animals suffer when their
needs are not met and they experience the situation as uncontrollable [56]. Lacking or
irregular turnout for individuals among the housed animals can lead to a built-up urge
to move with rebound effects in these animals, increasing the risk for injuries and for the
development of stereotypies [6,39,42,43]. There is enough scientific evidence today that
stereotypic behavior is an indicator of acute or past suffering in animals [57]. Because
88.6% of the farms did not provide access to pasture in winter, stereotypic behavior on
these farms could be prevented most effectively by the combined provision of free-choice
hay and turnout [58]. In summary, lack of free locomotion can cause suffering and thus
must be considered inacceptable [55,56].

4.2. Nitrogen Surplus and the Linkage to “Turnout”

We selected nitrogen surplus as an indicator of the sustainability criterion “surface and
ground water protection” for the principle “environmentally sustainable horse husbandry.”
The results indicated a need for fertilization in summer because the average nitrogen
surplus was negative on 54.5% of the farms and thus the majority. As part of an examination
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regarding proper pasture management, we found that the need for fertilizing the pasture
areas was addressed on all farms. However, details are not presented in this article. In
winter, nitrogen surplus was considerably higher and, considering the health hazards of
nitrate in drinking water, above threshold [19].

The present study showed a markedly reduced space allowance on pasture for the
horses in winter (1.82 ± 2.85 ha per farm) as compared with summer (7.43 ± 4.29 ha
per farm). Restrictions in pasture access bear additional negative effects in the form of
rebound behaviors. For example, Schmitz et al. [59] found that horses increase running
and trampling on pasture with decreasing grazing duration. Consequently, the stress on
grass swards increases and poses a challenge to sustainable grassland management. Thus,
the best measure for improvement is providing large pasture areas because they offer
not only locomotion stimuli but also enough space to reduce horse-based stress on grass
swards and nitrogen inputs per hectare. The larger the pasture, the longer the horses can be
allowed to graze—because according to literature the longer the grazing duration, the less
likely horses show a rebound effect in their locomotion behavior with intense running and
trampling. Therefore, providing large enough pasture areas year-round can entail various
synergetic effects for environmental sustainability and animal welfare.

We found tendentially higher nitrogen surpluses on turnout areas of single-housed
horses compared with turnout areas of group-housed horses, suggesting that group hous-
ing of horses may support a better paddock and pasture management due to the generally
integrated turnout areas (e.g., daily demanuring) and thereby reduce excretions of the
horses in the soil. Schmitz and Isselstein [59] also pointed out the potential of free-range
stabling (i.e., active stables, paddock trails), as opposed to box-stall stabling, to enable
sustainable grazing management. However, when the space allowance per horse is taken
into account, the effect of housing system vanishes. Therefore, our study confirms the
strong effect of the space allowance rather than recommends one housing system over the
other in terms of nitrogen surplus.

A factor with strong influence on problematic nitrogen inputs in the calculation
following Buchgraber et al. [15,16] is the space allowance per horse. If many horses graze
daily on a relatively small area, problems with excessive nitrogen surplus will inevitably
arise. Although many factors are included in the calculation of nitrogen surplus, our results
show that a space allowance of less than 0.02 ha per horse (200 m2 per horse) for several
hours of turnout can only be compensated with daily demanuring or with sowing of the
pasture after the winter grazing period (or both)—because demanuring reduces nitrogen
inputs by 90% and sowing reduces nitrogen surplus by 38 kg/ha [12,15,16]. We could
demonstrate that the strongest effect of nitrogen reduction is demanuring. The extreme
outlier of 468 kg N/ha shows how far it can get when space allowance is very limited
(farm 3: 40 m2 per horse) on unsurfaced areas. In addition, the area neither was sowed after
usage (end of winter period) nor was it demanured daily or at least once a week. However,
the outlier had no great effect on the results, because we performed Wilcoxon Rank Sum
Test, which only take the ranks of the results into account.

The calculation of nitrogen surplus according to the method of Buchgraber et al. [12,15,16]
includes the benefit that problematic horse turnout management can be identified efficiently by
using fixed variables. Thus, it allows pointing out an environmentally relevant and potential
health hazardous problem that previously received little attention. However, the formula has
shortcomings due to its abstract nature because it contains fixed values for variable amounts.
For example, hay production depends on growth performance and thus on biomass produc-
tion. Therefore, the calculation should be differentiated according to site and management
conditions. Furthermore, the method does not take further influencing factors on the nitrogen
input into account, e.g., protein content of fodders and utilization. Future studies should
address further aspects of nitrogen excretion for a detailed analysis.

A large pasture space allowance not only benefits the horses by allowing peaceful
coexistence (less aggression) [60] and providing enough space to satisfy the need for loco-
motion and permit higher speed while running [59]; it can also contribute considerably to
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reducing the nitrogen surplus. In summary, we could identify measures that enhance both
animal welfare and the conservation of resources and thus transform allegedly conflicting
goals into a synergetic effect.

5. Conclusions

The herein presented results demonstrate how allegedly conflicting goals—providing
horses with resources such as pasture space that allows species-appropriate free-range
locomotion possibilities on the one hand, preventing unwanted nutrient inputs into the soil
on these pastures on the other hand—can be addressed in a way that produces a synergetic
effect: enhancing both animal welfare and environmental sustainability. Particularly, the
greater the space allowance per horse on pasture is the less the nitrogen surplus added up.
Based on the study, we recommend to daily demanure the pasture or paddock if the space
allowance is less than 200 m2 per horse.

Furthermore, our study showed that many horse farms in Germany still need optimiza-
tion concerning animal welfare. To be specific, our study showed that species-appropriate
free-range locomotion possibilities is not given for a large share of horses in single housing
systems. In contrast, almost all group housing systems offer species-appropriate turnout
possibilities. In conclusion, regarding animal welfare, group housing is favorable, but
regarding a site-specific environmentally friendly or even biodiversity-enhancing manage-
ment, space allowance per horse is a crucial factor rather than the type of housing system.

The simultaneous assessment of environmental sustainability and animal welfare in a
digital decision support system help people with horses under their care to understand
the relationship between equine husbandry practices and nitrogen surplus and to choose
recommendations for action.
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