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Abstract This study investigated manure loads in out-
door paddocks for laying hens and the capacity of two
phosphorus (P) retaining materials for reducing leaching
from manure in areas with high hen density. Inventories
on two commercial farms during 2 years (2017 and
2018) of the impact of hens (groups of 3000 hens) on
vegetation, as a proxy for land use by hens, showed that
16-21% of outdoor area in grassland paddocks and 22—
39% of area in a forest paddock were used by the hens.
Sand and limestone were tested as P retention materials
in areas with high manure load in a field study during
the outdoor season for laying hens (May 1 to October 31
in 2018). The materials were placed on the ground
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(0.2 m deep bed, 3.3 m wide) outside the pop-hole in
paddocks with 76 hens. The average numbers of hens
outdoors were recorded at 9 am and 3 pm daily. There
was no significant difference between the materials
concerning distribution of hens, and they seemed not
to prefer any material more than the other. When cylin-
ders containing the spent materials were exposed to
simulated rainfalls in a laboratory study, the P concen-
trations in drainage water were high for all materials,
including a control with gravel (58-136 mg PO,-P L™
and 130-197 mg total-P Lfl). On average, 14% of
manure P retained in the sand and limestone materials
was leached after 100 mm of simulated rainfall. Thus,
these materials may act as physical filters for P in
manure, but to reduce the risk of P losses to waters
during the following winter, they need to be removed
from the paddocks and preferably used as potential P
fertilizers on arable land.

Keywords Phosphorus leaching - Poultry manure - P
binding capacity - Lysimeter

Introduction
Promoting animal welfare is an essential part of organic
livestock production and includes allowing animals to

spend time outdoors, in order to stimulate natural be-
havior. For laying hens with access to outdoor runs,
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there are documented animal welfare benefits, although
there are also risks associated with infections, hygiene,
imbalanced diets and predation (Knierim 2006). More-
over, organic egg production enterprises face challenges
in combining outdoor runs with environmental issues,
such as risk of phosphorus (P) and nitrogen (N) losses to
the environment. Nutrient losses from agriculture, espe-
cially P, severely affect water bodies by causing eutro-
phication. Manures constitute major nutrient flows in
the agricultural system, so livestock density and manure
treatment are important factors in the magnitude of the
losses (Svanbéck et al. 2019).

The European Union (EU) regulatory system (Com-
mission Regulation (EC) No 889/2008 2008) requires a
paddock area of 4 m” per bird in organic poultry produc-
tion, which is partly based on the maximum permissible
load of 170 kg total N ha™' from animal manure accord-
ing to the EU Nitrates Directive (EC Council Directive
91/676/EEC 1991). Where the climate requires an indoor
season, e.g., in Sweden and Finland, rotation between
paddocks during the outdoor season is not mandatory.

Although it is possible to create attractive areas in
paddocks, e.g., with roofed shelters, straw bales and
trees (Dawkins et al. 2003; Riber et al. 2018), outdoor
runs with large groups of hens are often poorly used, and
the hens are not evenly distributed over the area. There
is reported to be a negative correlation between group
size and numbers of hens staying outside at any specific
time (Bubier 1998; Hegelund et al. 2005; Chielo et al.
2016) with a breakpoint at a group size of about 500
(Grigor 1993). The amount of birds staying outside is
not necessarily less in large groups than in smaller
groups but they may be outside less frequently and
during shorter periods (Gebhardt-Henrich et al. 2014).
The proportion of hens staying outside is typically
around 35-40% in groups with less than 1000 individ-
uals, while often around 5-12% in larger groups (e.g.,
3000 individuals). For large groups, 20-40% of hens
outdoors have also been reported, representing what
appear to be optimal conditions (Bubier 1998; Zeltner
and Hirt 2003; Hegelund et al. 2005; Chielo et al.
2016).The spatial distribution of birds in paddocks is
reflected by a steep gradient of nutrient load in the
paddocks with distance away from the hen house.
Wiedemann et al. (2018) found, for groups of 2500—
22,000 birds, that 80% of the manure was deposited
within 25 m of the house, while at a distance of more
than 50-70 m from the house the vegetation was unaf-
fected by grazing.
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Nutrients, especially P which is quite stable in a min-
eral soil, will accumulate over time close to the hen house
as observed by Kratz et al. (2004). Since there is a
correlation between soil P content and water-soluble P
(Borling et al. 2004), continuous use of paddocks will
increase the risk of P leaching over time. Mobile houses
are a possible solution for smaller systems, by enabling
movement to new areas. Rotations could partly solve the
problem by recovery and harvesting of vegetation (Kratz
et al. 2004), but this is hardly possible for the area closest
to the hen house. Constructed paddocks with treatment
units for water runoff have been suggested for high load
areas (Wiedemann et al. 2018). Another possible measure
is to use materials with P sorption capacity in areas with
high manure load, in order to retain P and reduce
leaching. A wide variety of P sorbing materials are avail-
able; e.g., industrial byproducts such as slags and differ-
ent types of minerals, limestones, and sand products are
currently used for wastewater treatment (Cucarella and
Renman 2009). If used on the ground, a material must
meet certain criteria in order to avoid negative effects on
animal welfare and egg quality, and to comply with the
regulations for organic agriculture.

Organic eggs are in high demand in Sweden, but due
to lack of empirical data, there is a knowledge gap to
make accurate environmental risk assessments of nutri-
ent leaching from paddocks, and to suggest appropriate
measures. This is currently hampering expansion of
organic laying hen production systems in Sweden.
Therefore, the present study was initiated to assess the
problem of manure load in paddocks and possible mea-
sures to reduce P leaching.

In the first part of the study, an inventory was con-
ducted on farms in order to study the actual use of
outdoor areas by laying hens and manure distribution
from the hen house exit and beyond. In the second part,
two types of P retaining materials were laid in beds
outside the hen house in a field study, in order to test
their potential effect in reducing P leaching from manure
deposition. The materials were evaluated with respect to
P accumulation, comfort for the hens, and in terms of
impact on egg production. In the third and final part of
the study, the P retaining capacity of the materials after
the outdoor season and was assessed in a laboratory
study with simulated rainfall events. Two materials,
sand and limestone were tested, where the limestone
material (CaCO;) was hypothesized to retain P by
chemical adsorption, while the sand (origin from gran-
ite) was only expected to act as a physical filter.
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Materials and methods
Inventory on farms

For examining the hen and manure distribution in pad-
docks, two organic farms in different parts of southern
Sweden were studied. It was assumed that the hens’
distribution pattern in the paddocks reflected the distri-
bution of excretions (Menzi et al. 1997). On both farms,
the hens were of the breed Bovans robust (Gallus gallus
domesticus). On both farms, the hens were distributed in
six paddocks, with 3000 hens in each group, giving a
total flock size of 18,000 hens, a common building size
for commercial organic egg producers in Sweden. The
six paddocks were separated with fences, placed fan-
shaped from the hen house exit and beyond. The pad-
docks were around 150-200 m long. On both farms,
9000 hens were allowed to enter the grazing outdoor
paddocks with total area of 3.6 ha (4 m” per hen), on
each side of the hen house. Over 0—5 m from the hen
house, the soil was covered with gravel. On Farm A, the
hen house was surrounded by flat open grassland, with
roofed shelters, shrubs of Japanese rose (Rosa rugosa),
and hedges of artichokes (Cynara cardunculus), in or-
der to stimulate outdoor activity. On Farm B, one side of
the house faced flat grassland with some trees and
roofed shelters. The other side faced a forest area, with
young birch trees (Betula pendula) from 8 to 40 m away,
and then mature forest in the rest of the paddock, dom-
inated by Norway spruce (Picea abies).

In two study years (2017 and 2018), inventories were
conducted in September or October, which is the end of
the outdoor season for the farms. On Farm B, only the
forest side was studied in 2017, since no hens were
present on the grassland side that year. The distribution
of hens was studied indirectly, by measuring their im-
pact on vegetation, in order to also estimate the spatial
distribution of nutrient load deposited with manure.
Assessing the impact on vegetation gave an integrated
measure for the whole season, from April until Septem-
ber or October. It did not give information about actual
numbers of hens outdoors or amounts of manure depos-
ited. For the inventory, maps were downloaded from
Google maps, used to define total paddock area and
areas for the different groups, and to document the field
observations. The first step was to grade the degree of
vegetation cover of the ground in four classes (0-25%,
26-50%, 51-75%, 76—100%). In order to avoid discrep-
ancies due to individual assessment, the same persons

did the inventories in all areas and at both occasions. For
assessment in the areas with trees and bushes, only the
ground was considered, irrespectively of the tree crowns
and foliage. Preliminary results showed that the vegeta-
tion classes 26-50%, and 51-75% were almost nonex-
istent while the classes 0-25% and 76-100% were
dominating. As a second step, notes were also made of
the height of the grass, traces of hens moving through
the grass (trampling, feathers and droppings), and how
far these traces could be observed. Based on the obser-
vations of vegetation ground cover and traces of hens in
the vegetation, the following four zones for hen impact
on vegetation were identified: (1) high hen impact: bare
soil or bare soil with single green plants (0-25% vege-
tation cover); (2) medium hen impact: single bare soil
spots in more or less intact vegetation, often heavily
grazed (mainly 76-100% vegetation cover); (3) low
hen impact: few traces of hens in otherwise unaffected
vegetation; (4) no hens: no visible traces.

Field study

The two P retaining materials, sand and limestone, were
selected among a wide variety of possible materials,
evaluated for criteria concerning P retention capacity,
compatibility with regulations for organic agriculture,
cost, and potential effects on egg production and animal
health. This was done during a workshop, including
representatives from the poultry sector, advisors, re-
searchers and authorities. Both materials chosen were
approved as feed additives for organic agriculture which
was relevant from the perspective that hens would prob-
ably eat of them.

The study was conducted in 2018 at the Swedish
livestock research center east of Uppsala during May 1
to October 31. Nine paddocks were used, each with
width 3.4 m and length 19.9 m. The animal density
was high, resulting in 1.1 m? outdoor area per bird, in
order to ensure intensive use of the materials. In April, a
0.2 m thick bed of sand (granite) or limestone (CaCOs),
both with particle diameter 04 mm, was placed on the
ground, just outside the pop-hole (0-3.3 m) in each
paddock. The material covered the whole width of the
paddock. The materials were allocated randomly within
three blocks of the paddocks, with three replicates.
Gravel (particle diameter 620 mm) was used as a
control. Beyond the material bed, the soil (low-medium
clay content) in the paddock was covered with grass and
herbs in April. In May, only a few living plants were left
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and thereafter no or very few living plants were visible
until October. The spring and summer weather were
extremely dry and hot, compared to normal for the site
and period (SMHI 2018).

The hens of the breed Bovans Robust (Gallus gallus
domesticus) were reared according to organic standards
and brought to the layer house at age 16 weeks. Before
the experiment began, the birds were habituated to the
paddock for 4 weeks. By the end of the experiment, the
hens were 46 weeks old. During the experimental peri-
od, each group included 75 laying hens and one rooster
with access to one paddock 24 h a day. The hens were
fed indoors with organic feed and also had access in-
doors to water, nests and perches. The house was illu-
minated by artificial light in times of insufficient day-
light. The distribution of hens in paddock was recorded
at 9 am and 3 pm daily, by counting numbers of hens
and documentation in a protocol. It was conducted for
three sub-areas in the paddock: close to hen house (0—
3.3 m), middle of the paddock (3.3—6.8 m), and farthest
away from hen house (6.8-19.9 m). Five scoring classes
were used for recording number of hens: no hens, 1-10
hens, 11-25 hens, 26-50 hens, and 51-75 hens. Once a
month, ten randomly selected hens per group were
individually scored for signs of feather pecking and
injuries on feet according to guidelines used by advisors
on commercial farms, to assess animal health. Egg
production, food consumption and flock health were
recorded continuously.

Before and after the outdoor season, the soil in the
three sub-areas in each paddock was sampled for anal-
ysis of P extracted with ammonium lactate (P-AL),
which is the analytical method commonly used in Swe-
den for estimation of plant-available P in the soil. An
auger (2 cm diameter) was used to take soil samples
from 0 to 0.1 m depth. Ten samples, distributed over
each sub-area, were combined in a bucket, mixed and
stored deep frozen until analysis. Also the sand and
limestone materials were sampled when collecting ma-
terial for the laboratory study, but it was not possible to
analyze the gravel due to the size distribution (620 mm
diameter). The two test materials were analyzed for
total-P (ICP-OES spectrometry after extraction with
nitric acid) and P-AL (Egnér et al. 1960). The initial P
content of the sand (540 mg kg™ ') was subtracted from
the value measured in the spent material. All analyses
were performed at the Department of Soil and Environ-
ment, Swedish University of Agricultural Sciences.
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Laboratory study

In October, spent sand, limestone, and gravel materials
were collected in PVC cylinders (0.2 m diameter, 0.2 m
depth), two from each paddock, (6 per treatment) for a
lysimeter study with simulated rainfalls in an indoor
mobile sprinkler system (described by Liu et al. 2012).

The lysimeter cylinders were placed in stainless steel
trays with narrow openings and a removable metal mesh
covered with a polyamide cloth filter, in order to prevent
loss of large particles. Flow of water on the outside of the
cylinder to the steel tray was prevented by use of tight
canvas caps that covered the gap. The drainage water
from each cylinder was conducted through a polyethyl-
ene tube to a plastic bottle on a shelf under the bench
where cylinders were placed. Samples were collected
manually. For irrigation, hydraulic atomizing fine spray
nozzles with drop diameter 0.07-0.10 mm and capacity
7 L h™" were used, where the desired irrigation intensity
(mm h™") was achieved by adjustment of the working
time for the sprinklers, using a data logger. The water
used for irrigation had the following composition: 0.58 g
NaCl L', 0.70 g (NH,),SO, L', 0.50 g NaNO; L',
0.57 g CaCl, L' and 0.95 ml HCI L™, in order to mimic
ionic composition of rainwater (Liu et al. 2012).

The cylinders were exposed to rain simulations, cor-
responding to 25 mm per day, with an intensity of
5mmh ™" during 5 h. This was done over 4 days to give
a total of 100 mm, which was intended to represent
normal rainfalls in autumn. Drainage water from each
of the four rain events was collected over-night and
analyzed for total-P and phosphate P (PO,4-P). Total-P
concentrations were determined colorimetrically on un-
filtered samples after oxidation with sulfuric acid and
potassium persulfate. The concentrations of PO4-P were
also determined colorimetrically on filtered samples
(0.2 um) without oxidation. Water samples were ana-
lyzed at the Department of Aquatic Sciences and As-
sessment, Swedish University of Agricultural Sciences.

Phosphorus sorption capacity of the sand and lime-
stone materials before start was determined by P adsorp-
tion isotherms, adapted to Langmuir (Bolster and
Hornberger 2007). The gravel was assumed to have no
P sorption capacity.

Statistical analyses

For statistical analysis of hen distribution in the field
study, a general linear mixed model was used with
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treatment (sand, limestone, gravel), week, and sub-area
within paddock as fixed factors and block (N=3) con-
taining paddock as random factor. All interactions be-
tween the three fixed factors were included, but non-
significant interactions were removed one at a time. As
the repeated observations of hen distribution were made
over time for 26 consecutive weeks, a time series struc-
ture was included on the error term (repeated measures
model). For this, the observations during time period for
each of the sub-areas in each paddock were modeled to
follow the same autoregressive structure with lag 1
(AR(1)). The model was fitted using the procedure
MIXED in SAS software (version 9.4, © 2002-2012
SAS Institute Inc.). Statistical analysis of soil P in the
field study was made using three-way ANOVA (treat-
ment, subareas, and time of year). For treatment differ-
ences of P concentrations in drainage water and mate-
rials in the laboratory study, one-way ANOVA analyses
were used. Student’s T test was used to compare the
amount of P retained by the sand and limestone mate-
rials and proportion of P leached.

Results
Inventory on farms

The impact of the hens on vegetation, based on inven-
tories of vegetation ground cover and other traces of
hens in growing vegetation, was used as proxy of hen
density and manure distribution outdoors. On Farm A,
where the hen house was surrounded by flat grassland,
there were very distinct zones with decreasing impact on

vegetation from the hen house and beyond: high hen
impact: 0—9 m from the hen house; medium hen impact:
9-25 m; low hen impact: 25-60 m; and no hens: 60 m to
fence (130-145 m), with some small variations in the
field. The pattern was similar over the 2 years (Table 1).
In the medium-impact zone, there were some variations
as the hedges of artichokes, rose shrubs, and roofed
shelters attracted more hens than surrounding grassland.
About 80% of the grassland was not affected at all by
the hens, and no traces of dropping or feathers were
detected. Only 9% of the area had medium or high
impact of the hens in Farm A. The conditions were
similar on the grassland side on Farm B. A different
situation was found for the forest side with young
birches and Norway spruce, where larger areas had high
(both years) and medium (2018) hen impact (16-33%).
Up to 39% of the total area was used by hens. There was
a high hen impact (0-25% vegetation cover) up to 40 m
from the hen house in 2017 and up to 70 m in 2018 in
the forest paddock on Farm B. In addition, a larger part
of the whole outdoor area on the forest side was used by
hens, especially in 2018, when hens were exploring not
only the young birch stand close to the hen house but
also the mature forest of Norway spruce. Here traces of
hens were found up to 110 m from the hen house.

Field study

The weather during the field study in 2018 was unusu-
ally hot and dry during the first half of the outdoor
period, and cooler with rain showers in the latter half
(SMHI 2018) (Fig. 1a). Overall, there were considerable
numbers of hens in the paddocks during the whole

Table 1 Area (% of total outdoor area) showing a high, medium, and low impact of hens on vegetation cover (vc) on two Swedish farms in
September/October 2017 and 2018. Each farm had 18,000 hens, divided into nine groups of 3000 hens each

High Medium

Low No hens

Bare soil, single green plants More or less intact vegetation, Few traces of hens in vegetation No visible traces of hens

(0-25% vc)

(26-100% vc)*
Farm A, grassland
2017 and 2018 4% 5%
Farm B, grassland side
2018 3% 6%
Farm B, forest side
2017 11% 5%
2018 14% 19%

often heavily grazed

(100% ve) (100% vc)
12% 79%
7% 84%
6% 78%
6% 61%

*) Almost solely in the vegetation cover class 76-100%
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Fig. 1 a Total precipitation, average temperature and average
solar insolation per week during the experimental period at the
field site (SMHI 2018) and b average number of hens per week in

outdoor season (May 1 to October 31), but after the
autumn equinox (September 22), when the daylight
hours declined rapidly, outdoor stay visits decreased
(Fig. 1b). On average, 43% of the hens were outdoors
in May and 26% in October.

There was no significant difference in average number
of hens outdoors at 9 am and 3 pm, or between paddocks
with sand, limestone, and gravel materials (P> 0.05).
This indicated that the hens did not prefer or avoid a
certain material compared with the others. There were on
average significantly more hens (P <0.001) on the sub-
area close to the house (0—3 m) than on sub-areas in the
middle (3-7 m) and farthest away (7-20 m) from the
house, from May 3 to September 3 (Fig. 1b). There was a
small roof 1.5 m long over each pop-hole, giving shade
and shelter, during the hot sunny summer. From mid-
September, the differences in average number of hens
between sub-areas were smaller with few significant
differences, indicating that the hens were more evenly
distributed over the paddock area. The hens’ preference
for different sub-areas thus changed over the experimen-
tal period, with a marked change in distribution behavior
occurring after a weather change to more rain and moist
conditions in late July. However, during rainy observa-
tion times, the hens were not outdoors.

Bird health status was considered to be good in all
groups. There was some feather pecking at the end of
the experiment and some injuries with inflammatory
infections to the feet, but there were no differences in
incidence of injuries between the materials tested. Egg
production was compatible with potential production
characteristics of the breed Bovans Robust in free-range
egg systems indoors (Table 2).
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three sub-areas within the paddocks; close to hen house (0-3 m),
middle (3-7 m) and farthest away (7-20 m)

Measurements of easily soluble P (P-AL) in the sand
and limestone materials and in soil in the paddocks
revealed a significant accumulation (P < 0.05) of P with
manure in all three sub-areas from May 1 until October
31. There were also differences between the sub-areas
on October 31 (Fig. 2), where the area beyond 7 m from
the hen house had significantly lower values for easily
soluble P than within the first 7 m.

Laboratory study

Tests on the two paddock materials, sand and limestone,
using P adsorption isotherms revealed that the sand had
very low P binding capacity (Smax = 170 mg kg "), as
expected, while limestone had much higher capacity
(Smax = 10,800 mg kg '). Despite this, exposure to
simulated rain events resulted in very high P concentra-
tions in water draining from the sand, limestone and
control (gravel) lysimeters (on average 58-136 mg L™
PO4-P and 130-197 mg L' total-P) (Table 3). Thus, the
limestone obviously did not provide any substantial
protection against P losses, despite its high theoretical
adsorption capacity. There were no significant differ-
ences in drainage water P concentrations between the
two materials of sand and limestone. Concentration of
PO,4-P in water draining from the control (gravel) be-
haved very differently from the others, with highest
values at the first event and then decreasing concentra-
tions, indicating that the gravel was not able to retain P
to the same extent as sand and limestone (Table 3).
Moreover, the drainage water from gravel cylinders
was dark brown compared with yellow colors in water
draining from sand and limestone. In water draining
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Table 2 Potential production characteristics in free-range egg production indoors by the breed Bovans Robust (Source: producers’ manual)
and performance of hens in the control (gravel) and in the phosphorus retention material (sand, limestone) treatments

Characteristics Manual Treatments

Control Sand Limestone
Summary eggs hen ' week 16-45 166 193 189 189
Layed eggs at week 45, % 92 91 89 89
Average egg weight at week 45, g 64 63 63 63
Consumed feed hen ' & day ' at week 45, g 111 118 118 121

from the gravel cylinders, PO,4-P constituted 40% of
total P, while it constituted 65% of total-P on drainage
water from the test materials. This indicated that larger
amounts of organic P was lost from the gravel cylinders.

The total amount of manure P retained by the two tested
materials were similar, on average 740 mg P kg ', but the
proportion of the P leached during simulated rainfalls was
significantly (P < 0.05) lower for the limestone than from
the sand (Table 3). The accumulation in gravel was not
possible to analyze due to the coarse texture.

Discussion

The impact of hens on vegetation on the two farms
showed a steep gradient with distance from the hen

60 -
50
- 40 4 H Control
Qo Sand
8 30- i
= OLimestone
£
o 20+
<
a

house, with the highest hen impact, and thereby load
of manure, appearing to occur within 10 m from the
house in the outdoor areas on grassland, which consti-
tuted only 3—4% of the total area. Another 5-6% of the
outdoor area (up to around 25 m from the hen house)
was also highly affected by hens. These results confirm
findings in other studies and thus seem to be represen-
tative for groups of 3000 birds (Wiedemann et al. 2018).
Use of P-retaining material in areas close to the house
(within 10 m) could therefore be a viable way to collect
the load of nutrients contained in hen manure.

In the forested area, studied on one farm, the situation
was somewhat different. It was obvious that young
forest vegetation constituted a shelter and attracted the
hens, which was in agreement with, e.g., Hellwing et al.
(2017). The zone where the hens had a large impact on

Ma

material, 0-3 m| soil 3-7 m

Fig. 2 Mean amount of P-AL (easily soluble) before the outdoor
season (May 1) and after (October 31) in sub-areas within the
paddocks (0-3 m, 3—7 m and 7-20 m from the hen house). The test
materials (0—3 m) contained no soluble P on May 1. The control

N I I
0
y May May

soil 7-20 m |material, 0-3 m

Oct Oct Oct

soil 3-7 m soil 7-20m

was not possible to analyze due to the coarse texture. There were
significantly smaller P amounts on May 1 than on October 31, and
significantly smaller amounts in subarea 7-20 m on October 31
than in the other sub-areas
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Table 3 P concentrations in drainage water from cylinders ex-
posed to four rain events (4 * 25 mm), amounts of Total-P in
cylinder materials and proportion leached. Superscript letters in-
dicate significant differences between treatments (p < 0.05), and

standard deviations are given within brackets. The gravel material
in the control was not possible to analyze due to the coarse texture

Drainage water, P concentrations, mg L

Total-P in Proportion total-P

cylinders,g  leached, %

PO,-P PO,P PO,-P PO,-P PO,P Total P

Event 1 Event 2 Event 3 Event 4 Mean Mean
Sand 97 (18)®  135(45)% 161(69)% 150(68)* 136(56)* 197 (71)*  641(129)*  18(6.8)°
Limestone 86 (49)*  132(63)* 133 (75® 110(59)® 11561  163(75®  839237)* 11 (3.0)°
Control 95(25)*  30(16)° 46 27)*° 5927)° 58 (33)° 130 (36) ®

vegetation was much wider, up to 70 m during the
second study year. The effect on manure load of having
a smaller area with high hen impact in grassed paddocks
compared with a larger area with a lower impact in the
forest paddock was not measured. It can be assumed that
a distribution of hens over a larger area may result in
lower load per area unit if the number and duration of
outdoor visits by hens remains the same. However, it
seems reasonable to assume that a medium-high impact
on vegetation reflects larger number of hens, and there-
by a larger total load of manure in the forest paddock.
Movement of some hens to greater distances may trigger
other hens to follow, resulting in more hens outdoors
(Grigor 1993). It was obvious that the forested area was
more appealing than the grassland and offered a more
attractive environment that promoted more utilization of
the outdoor area, which is what is desired according to
the principles for organic animal systems.

The two P retention materials tested were chosen
based on different criteria such as cost, availability on
market and possibility for use in organic agriculture
today. This, in combination with minimizing the risk
of negative effects on bird health and toxic substances
in the eggs, limited the number of possible options.
For example, materials with high pH, as different types
of slag products and calcium oxide having a pH of 10
or above, had to be excluded from the list of potential
materials to be placed on the ground, where the hens
could reach them. The results verified that the sand
and limestone materials were suitable with respect to
comfort for the hens. The hens used them intensively
for sand-bathing and scratching, and there were no
indications of any negative impact on health or pro-
duction. There was no difference between the test
materials concerning hens’ use preferences. After a
change in weather conditions, from hot and dry to
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normal summer temperatures, the distribution patterns
of the hens in the outdoor paddocks also changed.
This could have been due to the change in the weather,
but also to other factors changing hen behavior, such
as hen age and experience of outdoor conditions. All
materials, including the gravel, were intensively used
by the hens during the whole season.

There was substantial accumulation of P with manure
in the field study paddocks, especially within the first
7 m from the hen house. This suggests that the P-
retaining materials should have covered this high-im-
pact area. The high load of P was not surprising since
bird density was high (1.1 m* per hen compared with 4
m? under EU regulations (Commission Regulation (EC)
No 889/2008 2008) and many hens were observed
outdoors. The hens were using the whole paddock area.
The proportions of hens outside (26-43%) were com-
parable to that reported in other studies of smaller
groups. For example, groups of 500 birds were studied
by Bubier (1998) and Zeltner and Hirt (2003), who
found that 42% and 22% of the hens in the flock were
outside, respectively. Hegelund et al. (2005) made pre-
dictions based on factors such as group size, age, weath-
er conditions, time of day and season, and concluded
that for group sizes of 0—1000, 1000-3000 and > 3000,
outdoor stays by 35-40%, 25%, and 15-20% of birds
represent optimal conditions.

P accumulated in the materials proved to be highly
vulnerable to losses when exposed to simulated rain-
fall, resulting in very high concentrations of P in
drainage water, although only 11-18% of the total P
content was lost after 100 mm of simulated rainfall.
The P concentrations in drainage water were also high
initially for the gravel material used as control, but
they declined quickly over time. The drainage water
was dark brown from the gravel cylinders while it was
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yellow from the others. This indicated that manure
particles were more efficiently washed out from the
gravel and that it did not work as a physical filter to
the same extent as the other materials. However, it was
not possible to evaluate how much had been lost from
the material already out in the paddocks. It was ex-
pected that the very high theoretical binding capacity
of the limestone (10,800 mg kg ') would result in
greater retention by adsorption of P in the limestone
bed than in the sand bed. The proportion of P lost
during simulated rainfall events was significantly less
from the limestone (11% compared with 18%) which
indicated somewhat larger retention capacity, but in
practice the differences were small. There were no
significant differences in P accumulation out in the
paddocks and no differences in measured losses during
simulated rainfall events. The conclusion was that sand
and limestone both functioned similarly as physical
filters for P during the outdoor season but that, in
order to reduce the risk of losses to waters during
winter precipitation, they need to be removed in au-
tumn. A lysimeter study, where there is no percolation
of water through a subsoil, represents a worst case
scenario for the system. In the field, the soil volume
under the bed material would act more or less effi-
ciently as a filter for P, depending on its P binding
capacity and water pathways through the soil. Howev-
er, this constitutes a considerable risk in the long term,
since P leaching will increase when the P saturation of
the soil increases (Borling et al. 2004; Tarkalson and
Mikkelsen 2004). The materials of sand and limestone
may be used as fertilizers on arable land after being
used in the paddock, since they are approved for use in
organic agriculture. This would combine improved
circulation of P on the farm, reduced risk of P accu-
mulation in the soils around the hen house, and there-
by reduced risk of P leaching.

Conclusions

Provision of forest as an outdoor area, compared with
open grassland, seems to stimulate outdoor activity
among hens. Inventories on farms showed that a forest-
ed paddock with young trees close to the hen house had
considerably larger areas intensively used by hens, and a
wider distribution of hen activity over the outdoor area,
than open grassland paddocks.

Phosphorus load from hen manure was considerable
within 7 m from the hen house in a field study. A 0.2-m-
deep retention bed of sand or limestone was intensively
used by the hens and successfully retained manure P
during the summer, without any negative impact on hen
health, egg production and quality.

However, both materials only worked as physical filters
and P retained in the materials was vulnerable to leaching
losses following rainfall. In order to avoid leaching later on,
the materials must be removed from the paddock, and
preferably be used as fertilizers, thereby combining reduced
risk of P leaching losses with improved circular flows of P.
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