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Abstract: Representative samples of litter and/or manure from 12 of the most common poultry
systems were collected and analysed to provide an accurate nutrient profile from each system. For
many systems (turkeys, broilers under indirect heating systems, and pullets), there were no previous
values with which to compare composition, but for other systems (broiler breeders and layers),
nitrogen and phosphate content were lower as a result of changes in diet and advancements in
genetics and management. Nitrogen and phosphate output per 1000 birds was calculated for each
system using analysed values for nitrogen and phosphate and measured litter/manure output. Due
to a lack of data, it was not possible to compare the nutrient profile of all systems with published
values, but where this was possible, some important differences were apparent. For example, the
nitrogen and phosphate contents of BB (0–18 weeks) litter were 31% lower and 73% higher than
current standard values. Similar differences were also observed for BB (18–60 weeks) (26% lower
in nitrogen and 51% higher in phosphate). Turkey litter was found to contain 14% less nitrogen
and 37% less phosphate than standard values. Litter from pullet systems contained higher levels
of DM (72%), nitrogen, and phosphate than standard values. Litter from free range laying systems
also contained higher DM (46%), nitrogen, and phosphate than standard values. This information
will be useful in updating environmental legislation and ensuring that poultry producers are able
to calculate accurate nutrient management plans for their enterprises. This study also established
relations between litter/manure dry matter (DM) and nutrient profile, meaning that this simple
measured parameter can be used to predict nutrient profile. The strongest relations were observed
between DM and N (R2 = 0.65), DM and phosphate (R2 = 0.53), and DM and MgO (R2 = 0.69). The
weakest relation was observed between DM and WSP content (R2 = 0.21), although still significant
(p = 0.046). It was concluded that it is necessary to consider the relation within individual systems
when using DM as a predictor of nutrient profile rather than using a combined system approach.
The water-soluble phosphorus (WSP) content of litter/manure was determined and a baseline was
established for each production system. It was also shown that DM is positively related (p < 0.05) to
WSP content. This will be important for future legislative compliance based on the WSP content of
litter/manure.
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1. Introduction

It is of importance to quantify the actual nutrient profile of litter and manure from
different production systems to ensure accurate nutrient balances on- and off-farm, re-
duce environmental impact, and calculate nutrient content for either land application or
anaerobic digestion. While land application remains the primary means of using litter
and manure globally, production from intensive systems often exceeds the local crop re-
quirements and the potential for oversupply is high. To prevent over-application to land
from poultry litter and manure and other livestock production, various regulations are in
place within the European Union, namely, the Nitrates Directive [1] (Directive 91/676/EEC)
and the Integrated Pollution Prevention Control Directive (IPPC) [2] (Directive 96/1/EC).
These directives place limitations on land application based on the nutrient content of
litter and manure. However, the standard published values for litter and manure nutrient
content are almost all based on historic work of more than 20 years ago and do not take
into account the changes in genetics, management, and diet formulations which have
occurred in recent years. Previous work by this group [3] has shown that the values for
dry matter (DM) and phosphorus (P) of standard broiler litter were significantly different
from those published and used in standard regulations [4,5], and therefore revised values
were included in updated legislation for Northern Ireland [6]. However, there are many
production systems within the poultry sector and while it is recognised that the nutrient
contents of litter and manure from different production systems are substantially different,
this is not reflected in the current regulations where there are only values quoted for N and
P for layers, broilers, broiler breeders, and turkeys. No distinction is made between laying
hens housed under free range systems, colony systems, or multi-tier free range systems.
Similarly, no distinction is made between different production stages of broiler or of turkey
production. While there are up to date values for the nutrient content of broiler litter under
direct heating systems [3], there are no values specific to indirect heating broiler production
systems. In order to ensure that the application of litter and manure is matched to crop
requirements, to optimise their use as organic fertiliser, and also to be within legislative
limits, it is necessary to quantify the nutrient content of litter and manure from modern
production systems.

As water soluble P is the actual polluting agent per se rather than total P, many states
in the USA regulate P land application using WSP, and it is highly likely that Europe/UK
will also move to regulate P using WSP. A high correlation (98%) between WSP content and
the amount of P run-off from the soil has been reported by [7]. It is therefore important to
determine the amount in manure and litter to provide information for any future legislative
requirement [8]. Furthermore, Refs. [3,9] both reported that WSP content of broiler litter
was inversely related to DM content, and it is necessary to investigate this relation further
to reduce the environmental footprint of poultry production. In addition, the widespread
use of phytase has been instrumental in reducing the total P content of diets and hence
the total P content of litter/manure, but there is some controversy in the literature on
the effect of phytase on WSP content. Some researchers report that phytase increases
WSP [8,10] while other researchers report that phytase decreases WSP content [11,12]. To
the authors’ knowledge, this is the first study in Europe to determine the WSP content and
WSP–total P content of poultry litter/manure from several commercially important poultry
production systems.

The aim of this study was to determine the nutrient profile of litter/manure and to de-
termine the WSP content and the WSP–total P ratio of litter/manure from 12 commercially
important poultry production systems: broiler breeders (0–18 weeks and 18–60 weeks), free
range broilers (0–28 d, 28 d–finish, and 0 d–finish), broilers under indirect heating systems,
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turkeys (0–6 weeks and 6 weeks–finish), pullets, layers in single-tier free range systems,
layers in multi-tier free range systems, and layers in housed systems.

2. Materials and Methods

Twenty units from each production system were selected as representative of each
system. Table 1 summarises the production details for each system. The required sample
number (n = 20 units) was calculated from a power analysis of the variance within the raw
dataset of Foy et al. [3] as the number required to ensure sufficient replication. Samples
of litter were collected according to Foy et al. [3] and based on the protocol described by
Tasistro et al. [13]. Five composite samples were collected from each unit during clear-out.
The litter was pushed to one end of the house and removed using a tractor fitted with a
loader bucket or a telescopic handler. Litter from the bucket was sampled at five equal
intervals throughout the clear-out period to produce five composite samples from the
unit. Each composite sample consisted of ten hand grab samples that were mixed together
thoroughly to give a 1 kg sample taken in a labelled plastic bag. On the day of collection,
the samples were transferred to the Agri-Food and Biosciences Institute (AFBI) and frozen
until required for analysis.

Table 1. Production details for the different production systems.

1 2 3 4 5 6 7 8 9 10 11 12

Production period (d) 126 294 28 28 56 42 42 56 112 406 406 406
Intake (kg/bird) 7.4 48.3 1.0 4.0 5.0 3.6 7.7 15.7 61.0 48.7 47.7 47.1
Average feed N content
(g/kg) * 32.1 26.4 31.6 26.4 28.6 32.3 38.3 27.5 27.2 26.9 24.4 24.4

Average feed P content
(g/kg) * 5.3 4.5 5.2 4.1 4.7 5.5 7.6 5.1 6.9 5.1 4.5 4.5

Start weight (kg) 0.042 1.33 0.03 0.87 0.03 0.042 0.18 2.5 0.035 1.35 1.35 1.33
End weight (kg) 2.17 3.96 0.87 2.2 2.2 2.18 2.5 11.4 1.35 1.90 1.90 1.9
Egg production N/A 172 N/A N/A N/A N/A N/A N/A 320 342 342
Egg weight (g) N/A 64 N/A N/A N/A N/A N/A N/A 63 62 64

1 = broiler breeders 0–18 weeks; 2 = broiler breeders 18–60 weeks; 3 = free range broilers 0–28 d; 4 = free range
broilers 28 d–finish; 5 = free range broilers 0 d–finish; 6 = broilers under indirect heating systems; 7 = turkeys
0–6 weeks; 8 = turkeys 6 weeks–finish; 9 = pullets; 10 = layers in single-tier free range systems; 11 = layers in
multi-tier free range systems; and 12 = layers in housed systems. * Average N and P values for feed based on
internal analysis by feed companies.

Samples from colony systems and multi-tier free range layer systems were collected
throughout the production period (24–74 weeks of age) at 10-week intervals. The samples
that were taken were not subject to a prolonged storage period in-house and therefore
were not subject to any composting. On each sampling occasion, five samples were taken
throughout the house and transferred to AFBI to be frozen until all samples were collected
at 74 weeks. At the end of the sampling period, the samples were thawed, one sample from
each sampling week was mixed to form the first composite sample, one sample from each
sampling week was mixed to form the second composite sample, and this was continued
until a total of five composite samples were produced for each unit for analysis.

For analyses, samples were thawed and DM, N, and WSP content were determined on
a fresh sub-sample according to standard procedures [14]. A sub-sample of each composite
sample was oven-dried at 80 ◦C and milled through a 1 mm screen to determine P, Mg, and
K contents. The samples were analysed for P using atomic spectroscopy (Perkin Elmer Flow
Injection Analyser, Model FIAS 300), with the measurement of the resultant molybdenum
blue complex conducted at 700 nm (Perkin Elmer Lambda 2 Spectrophotometer, Perkin,
MA, USA). Mg and K were determined via a Perkin Elmer Atomic Absorption Spectropho-
tometer (Model 2380). The composite samples were analysed singly, with duplicate analysis
being performed every tenth sample [15]. The results of the five composite samples were
averaged to give one value per production unit. The values for P, K, and Mg were converted
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to phosphate (P2O5), potash (K2O), and magnesium oxide (MgO) using the conversion
factors of 2.2915, 1.2047, and 1.6581, respectively.

Statistics were performed on the data from each production system to determine
minimum, mean, maximum, and standard deviation. Where possible, data from each
production system were compared with published values. In order to take account of
differences in DM, values were standardised to a common DM to compare with published
values. To standardise to a common DM, regression analyses were conducted with nutrient
content (WSP, N, phosphate, potash, and MgO) regressed against DM. Linear, quadratic,
and cubic regressions were fitted and residuals recorded to check the accuracy of the fitted
models. This was completed for each production system separately and the strongest
relations presented. Obvious outliers were excluded from the datasets.

Litter/manure quantity from each unit (if practically possible) was also weighed at
clear-out, with each load being weighed at local weighbridge facilities. The amount of
litter/manure produced per 1000 birds was then calculated. If the actual weighing of
litter/manure was not possible for a sufficient number of units in each production system,
litter/manure quantity was calculated using assumptions from published sources. Where
relevant, this will be discussed in the appropriate results section.

3. Results and Discussion
3.1. Nutrient Content of Litter/Manure

Tables 2–4 present the nutrient content and amount of litter or manure produced
from broiler, turkey, and egg production systems. The minimum, mean, and maximum
value and standard deviation for each parameter are shown. The tables show the variance
within and between production systems for all parameters. As this is the first study in the
British Isles to investigate the nutritive value and variability of litter/manure from different
systems, it is not possible to compare some systems directly with previously published
values as data only are available for broilers and laying hens. The variability within all
systems is quite wide and reflects the difficulty in achieving consistency in litter/manure
across sites even when under the same management regime. However, the number of units
sampled from each system (n = 20) was sufficient to take account of site variability and
hence enable the use of mean values to quantify the nutrient profile of the litter/manure.
Furthermore, the variability is in line or lower than that reported previously for broiler,
turkey, or laying hen litter or manure [3,5,16,17].

The mean values for each system, the proportion of P:N, and the amount of P and
N produced in litter/manure are summarised in Table 5. Where possible, comparisons
have been made with values from similar work [5] and historic and current Nutrient
Action Programmes [6,9]. A different approach to presenting the nutrient content of
poultry litter/manure was taken by [17] to produce the nutrient profile of litter/manure for
RB209 [5]. These authors did not split production systems into categories, and the nutrient
profile of litter/manure was calculated based on regressions with DM for all production
systems, combined into one dataset to give one set of values for all poultry litter/manure.
They evaluated 31 layer manure samples and 48 broiler/turkey samples and used the
combined dataset to determine regression relations with DM. The linear relations observed
between DM and other nutrients were all significant (p < 0.001) and these can be used to
calculate nutrient content at a given DM. Therefore, while RB209 [5] does not have specific
categories, the known DM of litter/manure determined in this current study can be used
to calculate values to compare with the RB209 publication [5].
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Table 2. Litter quantity per 1000 birds and nutrient composition of litter (g/kg fresh weight) for the
broiler production systems.

DM (%) Nitrogen
(g/kg) WSP (g/kg) Phosphate

(g/kg) Potash (g/kg) MgO (g/kg)
Total Litter

Output
(t/1000)

Broiler breeders 0–18 weeks (System 1)
Minimum 47.0 14.2 2.8 23.2 17.5 5.5 2.4
Mean 55.0 17.5 3.5 27.1 21.3 6.5 3.0
Maximum 68.8 22.2 4.2 33.8 25.3 8.6 3.5
SD 7.23 2.21 0.41 3.15 2.11 0.85 0.37
Broiler breeders 18–60 weeks (System 2)
Minimum 47.1 16.6 2.5 16.0 17.4 4.4 12.0
Mean 59.7 20.7 3.2 25.3 23.2 6.6 14.7
Maximum 72.5 27.0 3.7 31.5 26.5 7.7 18.9
SD 6.82 3.08 0.34 4.56 2.89 0.97 1.91
Free range broilers 0–28 d (System 3)
Minimum 52.8 25.3 1.8 13.1 13.9 3.7 0.45
Mean 64.6 34.5 2.8 18.9 18.3 5.0 0.53
Maximum 75.3 40.1 4.1 24.2 24.1 7.1 0.63
SD 7.7 4.4 0.7 2.67 2.94 0.86 0.06
Free range broilers 28 d–finish (System 4)
Minimum 38.9 20.9 1.8 11.0 11.3 3.0 0.83
Mean 56.4 28.5 2.9 16.0 16.5 4.6 1.58
Maximum 75.6 37.0 3.9 22.5 21.0 6.1 2.03
SD 9.52 4.97 0.46 2.82 2.73 0.85 0.31
Free range broilers 0 d–finish (System 5)
Minimum 44.8 21.7 2.0 11.4 12.5 3.4 1.4
Mean 57.2 26.4 2.8 15.4 19.1 5.3 1.7
Maximum 70.1 32.2 3.7 20.7 24.5 7.2 2.2
SD 7.682 3.229 0.361 2.890 3.720 1.128 0.23
Broilers under indirect heating systems (System 6)
Minimum 60.2 28.7 2.3 13.2 19.7 6.1 0.92
Mean 72.2 33.8 2.8 16.1 22.1 7.0 1.02
Maximum 82.2 39.0 3.7 19.2 23.4 8.1 1.21
SD 5.97 3.26 0.39 1.60 1.18 0.51 0.085

SD = standard deviation.

Table 3. Litter quantity per 1000 birds and nutrient composition of litter (g/kg fresh weight) for the
turkey production systems.

DM (%) Nitrogen
(g/kg) WSP (g/kg) Phosphate

(g/kg) Potash (g/kg) MgO (g/kg)
Total Litter

Output
(t/1000)

Turkeys 0–6 weeks (System 7)
Minimum 49.1 17.1 2.2 10.2 13.2 2.9 *
Mean 62.0 26.6 3.8 17.8 21.5 4.9 3.9
Maximum 72.6 36.9 4.8 23.8 26.6 6.7 *
SD 8.05 5.72 0.66 4.20 4.64 1.09 *
Turkeys 6 weeks–finish (System 8)
Minimum 40.4 17.5 1.9 8.1 10.9 2.5 9.5
Mean 58.5 24.8 3.1 13.7 15.3 3.8 12.3
Maximum 73.3 38.5 4.9 22.8 20.4 5.3 17.4
SD 8.46 5.12 0.66 3.30 2.66 0.79 1.92

* Litter/manure quantity not weighed from these production systems—calculated using intake data.
SD = standard deviation.
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Table 4. Litter/manure quantity per 1000 birds and nutrient composition of litter/manure (g/kg
fresh weight) for the layer production systems.

DM (%) Nitrogen
(g/kg) WSP (g/kg) Phosphate

(g/kg) Potash (g/kg) MgO (g/kg)
Total

Litter/Manure
Output (t/1000)

Pullets (System 9)
Minimum 53.2 26.0 2.4 22.4 19.5 5.8 *
Mean 72.3 32.7 4.2 27.6 23.8 6.9 2.3
Maximum 83.5 41.1 7.0 34.7 27.8 7.6 *
SD 8.18 4.64 1.33 3.85 2.52 0.45 *
Layers in single-tier free range systems (System 10)
Minimum 35.7 13.4 2.0 11.8 12.8 3.3 13.9
Mean 46.2 18.8 2.60 17.3 18.9 5.1 17.3
Maximum 68.7 32.3 3.3 24.1 24.8 7.9 22.0
SD 9.50 4.51 0.39 3.50 3.88 1.45 *
Layers in multi-tier free range systems (System 11)
Minimum 26.5 13.8 1.1 7.2 7.5 2.0 *
Mean 29.5 16.7 1.6 8.7 10.4 2.7 31.9
Maximum 36.6 19.5 2.3 11.2 14.9 3.8 *
SD 2.57 1.70 0.37 1.12 1.51 0.50 *
After storage 32.3 15.6 ND 11.6 16.6 3.7 25.3 (weighed)
Layers in housed systems (System 12)
Minimum 25.0 15.1 1.0 6.7 8.0 1.9 *
Mean 28.4 16.5 1.6 8.0 9.6 2.5 33.5
Maximum 32.3 19.0 2.2 9.4 11.3 3.2 *
SD 1.69 1.30 0.37 0.8 0.94 0.37
After storage 31.1 15.4 ND 10.7 15.2 3.4 29.0 (weighed)

* Litter/manure quantity not weighed from these production systems—calculated using intake data.
SD = standard deviation, ND = not determined.

Table 5. The litter/manure, nitrogen, and phosphorus output and the nutrient profile of litter from
different systems.

DM (%) Nitrogen
(g/kg)

WSP
(g/kg)

Phosphate
(g/kg)

Potash
(g/kg)

MgO
(g/kg)

Total Lit-
ter/Manure

Output
(t/1000)

Proportion
of Total

P/Total N

N Produced in
Litter/Manure
(kg/1000/week)

P Produced in
Litter/Manure
(kg/1000/week)

Broiler breeder 0–18 weeks
(System 1) 55.0 17.5 3.5 27.1 21.3 6.5 3.0 0.27 2.9 2.0

Broiler breeder 18–60 weeks
(System 2) 59.7 20.7 3.2 25.3 23.2 6.6 14.7 0.53 7.2 3.9

Free range broilers 0–28 d
(System 3) 64.6 34.5 2.8 18.9 18.3 5.0 0.5 0.24 18.6 4.4

Free range broilers 28 d–finish
(System 4) 56.4 28.5 2.9 16.0 16.5 4.6 1.6 0.24 45 11.0

Free range broilers 0 d–finish
(System 5) 57.2 26.4 2.8 15.4 19.1 5.3 1.7 0.25 44.9 11.4

Broilers under indirect
heating systems (System 6) 72.2 33.8 2.8 16.1 22.1 7.0 1.0 0.21 33.8 7.0

Turkeys 0–6 weeks (System 7) 62.0 26.6 3.8 17.8 21.5 4.9 3.9 0.29 103.9 30.3
Turkeys 6 weeks–finish
(System 8) 58.5 24.8 3.1 13.7 15.3 3.8 12.3 0.24 305 73.8

Pullets (System 9) 72.3 32.7 4.2 27.6 23.8 6.9 2.3 0.37 4.7 1.7
Layers in single-tier free range
systems (System 10) 46.2 18.8 2.6 17.3 18.9 5.1 17.3 0.40 5.4 2.2

Layers in multi-tier free range
systems—FRESH (System 11) 36.6 19.5 2.3 11.2 14.9 3.8 31.9 0.23 9.2 2.1

Layers in multi-tier free range
systems—STORED
(System 11)

32.3 15.6 ND 11.6 16.6 3.7 25.3
(weighed) 0.32 6.8 2.2

Layers FR multi-tier free
range systems—LITTER
(System 11)

46.2 18.8 2.6 17.3 18.9 5.1 2.0 0.40 0.65 0.3

Layers in housed
systems—FRESH (System 12) 28.4 16.5 1.6 8.0 9.6 2.5 33.5 0.21 9.51 2.0

Layers in housed
systems—STORED
(System 12)

31.1 15.4 ND 10.7 15.2 3.4 29.0
(weighed) 0.30 7.7 2.3

In comparison with [5], N content in litter from broiler breeders (0–18 weeks) as anal-
ysed in this study is lower (17.5 vs. 25.5 g/kg) and phosphate content is considerably higher
(27.1 vs. 15.7 g/kg). This can be explained by the fact that only layer and broiler/turkey
litter and manure were included in the study of the RB209 [5] dataset, and broiler breeder
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diets contain different levels of nutrients than layers, broilers, and turkey diets. There are
very few published studies where broiler breeder litter from the rearing phase (0–18 weeks)
has been quantified. Until the current work was conducted, there was no category for
this production system in the Nutrient Action Plan for NI apart from an historic figure
for N of 21 kg/1000 birds/week and for P of 7.6 kg/1000 birds/week for broiler breeders
18–60 weeks. These historic values overestimated N and P outputs, which are substantially
reduced due to an accurate quantification of the quantity of litter produced and the accu-
rate profiling of the nutrients within the litter. These amendments and the inclusion of
additional categories for broiler breeders mean that producers can now properly plan for
litter storage and disposal.

As for the broiler breeder rearing category (0–18 weeks), there is very little informa-
tion available in the literature to enable comparison with the values obtained for broiler
breeders in the layer phase (18–60 weeks). However, some researchers in the USA have pub-
lished values for DM, P, and WSP. Casteel et al. [9] analysed litter from broiler breeders at
61 weeks of age and reported values for DM, P, and WSP of 59%, 17.3 g/kg, and 3.7 g/kg,
respectively. In addition, Maguire et al. [18] evaluated litter from broiler breeders from 22
to 64 weeks and on average found DM, P, and WSP to be 56%, 14.0 g/kg, and 0.66 g/kg,
respectively. The values reported in these studies are not directly comparable to what was
observed in the current study as they were specifically designed to influence litter P and
WSP content through dietary means and were conducted using USA genetics and feed,
and under non-commercial conditions. Nonetheless, they are a useful comparison with the
values reported in this study and support the findings in relation to DM, P, and WSP.

In comparison with RB209 [5], the values observed in this study for litter from broiler
breeder layer systems (18–60 weeks) are lower in nitrogen (20.7 vs. 27.8 g/kg) and higher
in phosphate (25.3 vs. 16.8 g/kg), with similar amounts of potash (23.2 vs. 20.5 g/kg) and
MgO (6.6 vs. 5.9 g/kg). As stated previously, the dataset from RB209 [5] does not include
samples specifically from broiler breeder systems (18–60 weeks) and therefore does not
fully reflect the nutrient profile of litter from this production system.

Historically, there was no category for free range broilers within the NI Nutrient Action
programme regulations prior to this work and values for standard broilers were used. The
results of this study have enabled specific recommendations for free range broilers (day-old
to death) to be used in updated regulations (2019–2022) [19], but these values are used
for all free range broilers and categories need to be created in revised legislation for early-
and later stage free range broiler production, i.e., 0–28 d and 28 d–finish. There is good
agreement between the recommended revised values for NAP and RB209 [5] values.

The work by Foy et al. [3] evaluated the nutrient content of litter from broiler produc-
tion systems in 2010 and compared contents with broiler litter from 2004 and from values
quoted in the RB209 publication [5], which were the industry standards at that time. It was
found that the DM of litter had increased, and phosphate content had decreased primarily
as a result of advancements in management, genetics, and nutrition (namely, the use of
phytase) between 1994 and 2010. Since 2010, there have been further advancements in the
management of broilers, and a large number of producers have installed indirect heating
systems, which is thought to increase the DM content of litter and as such may influence lit-
ter nutrient profile. The results of this study confirm that indirect heating systems increase
the DM of the litter (72 vs. 66%) but with little difference in the other nutrients on a fresh
basis (cf. Foy et al. [3]), although overall N and P output/1000 birds/week was reduced
due to the lower litter quantity produced. In comparison with RB209 [5], the levels of N,
potash, and MgO were very similar but phosphate content was lower for litter in this study
(16.1 vs. 19.5 g/kg).

There are few relevant studies with which to compare the profile of turkey litter but
within the previous legislation [6], values for the nutrient content of turkey litter were given
for the entire production period and also split for male and females turkeys. In consultation
with industry, it was decided that the nutrient profile of turkey production should be
evaluated for two periods (0–6 weeks and 6 weeks–finish). Previous regulations [5] listed
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turkey litter as containing 60% DM, 30 g/kg nitrogen, and 25.2 g/kg phosphate (fresh
basis), which was similar to that reported by UK researchers [20]. This study found that
DM was similar at 62% and 58.5% for the two systems. However, nitrogen and phosphate
contents were substantially lower in this study (on average, 25.7 g/kg N and 15.8 g/kg
phosphate). These reductions are reflective of the lower crude protein diets in modern
rations, increased efficiency, and the use of phytase to lower the use of dietary inorganic
phosphorus inclusion. The values in the current study are also lower for N, phosphate,
potash, and MgO than what is predicted through regression equations from RB209 [5].
These differences may again be explained by the fact that the dataset from [5] was not
specific to turkey litter. While samples collected for RB209 [5] did contain turkey litter, no
information was given as to the number of turkey litter samples or what type of system they
originated from. The findings of this study have led to a revision of the turkey category
within the current regulations [19], and it is proposed to further update the regulations
with the 0–6 weeks data.

As for turkeys, the previous regulations [6] did not a specific category listing the
nutrient content of litter from pullets (apart from a figure for N and phosphorus of 5.7 kg
and 2.1 kg/1000 birds/week, respectively), and as a result of this work, the category has
now been included in the current regulations [19]. The actual N content of the litter in this
study (32.7 g/kg fresh basis) is higher than that reported by Smith et al. [21] (16 g/kg), [22]
(17.3 g/kg), and [23] (17.1 g/kg N). This could be due to the higher levels of N in the diets
offered within the current study (on average, 19.5% crude protein). The work by Smith
et al. [21] quotes an average CP of 16.5%. The higher N content could also be explained
by the high DM recorded in this study (72%). A value of 30% DM was reported by Smith
et al. [21], which is unrealistically low for litter-based systems.

The N, potash, and MgO content of the analysed pullet litter in this study was similar to
the values quoted by RB209 [5] (Table 5). However, the phosphate content was sustainably
higher. This may be explained by the fact that the dataset from RB209 [5] contained no
litter samples from pullet production systems, and further highlights the need for separate
categories for different production systems.

The previous regulations [6] did have a category listing the nutrient content of output
from laying hens, but the values were known to be outdated and not relevant for litter
produced from modern production systems. Hen manure was listed as containing 30%
DM, 16 g/kg nitrogen, and 13 g/kg phosphate. Through analysis, this study has found that
the litter from standard free range laying hens contains higher DM (46%), higher nitrogen
(18.8 g/kg), and higher phosphate (17.3 g/kg) on a fresh basis. Ref. [5] quotes higher
nitrogen (21 g/kg) and lower phosphate (13.7 g/kg) than what was observed in the current
study. The reason for the differences can be attributed to the higher DM and the degree of
composting within the litter-based system.

Based on the results of this study, new values are proposed for litter/manure from
layers in multi-tier and in housed systems. As can be seen from Table 5, values are presented
as fresh or as stored. The majority of previous work on nutrient profiling of hen manure
has been based on fresh samples taken from the belt system [5,20], but this takes no account
of the composting that will occur during the storage period. In practice, no manure is
removed directly from the house and immediately land-spread or immediately transferred
to an AD plant. Therefore, to achieve an accurate profile of hen manure from these systems,
an analysis of the stored manure must be completed and a degree of composting applied
to the figures. This was done in the current study, and it was found that for the stored
manure, N levels are similar to litter from single-tier systems but phosphate, potash, and
magnesium oxide levels are lower. The differences in phosphate, potash, and magnesium
oxide on a fresh basis are due to the lower DM of manure from multi-tier or housed systems
(32.3 and 31.1% vs. 46.2% DM). On a dry matter basis, the profile of the manure (apart
from nitrogen content) is similar. On a dry matter basis, there is a higher concentration on
nitrogen in manure from multi-tier or housed systems, and this is due to a lower level of
volatilisation from these systems, thus locking more N into the manure [24].
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A criticism of most of the previous reports on the nutrient profile of poultry litter and
manure is that few of the studies measured or recorded actual output from the systems, and
therefore the output of key nutrients on a per bird or per bird place cannot be calculated.
Quite often, legislative standards of outputs are based on historic values whose origin
cannot be traced. This study weighed actual output from a number of different units from
the different systems. Where this was not possible, manure/litter output was calculated
using standard values [21] and through equations which related intake to output. As a
result of the more accurate manure/litter output values, the output of key nutrients per
1000 birds was calculated more accurately than many previous studies. This is critical in
understanding the contribution of nutrient excretion in manure/litter from the different
production systems. The accurate estimation of nutrient excretion in manure/litter can be
used to update legislation, and a summary for such purposes is provided in Table 5.

Regression analysis showed significant linear relations between DM content and other
nutrients (Tables 6–8). Moderate relations were observed between DM and N (R2 = 0.65),
DM and phosphate (R2 = 0.53), and DM and MgO (R2 = 0.69). The weakest relation was
observed between DM and WSP content (R2 = 0.21), although still significant (p = 0.046).
On the whole, regression analysis yielded significant (p < 0.05) relations with the majority
of the nutrients being correlated with DM. However, the slope, intercept, and strength of
the relations are different for each system and based on this, it can be concluded that the
prediction of nutrient profile from DM for individual systems is feasible but systems should
not be combined to produce a generic poultry category. Thus, the method of analysing
manure/litter from individual systems as applied in the current study has been justified.
Furthermore, the impact of bird age and different dietary nutrients on nutrient output
across the different systems means that a comparison between systems is not feasible and
again points to the inaccuracy of combining different systems to produce relations to DM.

Table 6. Relation between DM content (%) and nutrient content of litter from broiler production systems.

Equation Type R2 p Value

Broiler breeders 0–18 weeks (System 1)
Nitrogen (g/kg fresh) 3.72 + (0.25 × DM) Linear 0.65 <0.001
WSP (g/kg fresh) 4.98 + (0.03 × DM) Linear 0.21 0.046
Phosphate (g/kg fresh) 9.19 + (0.32 × DM) Linear 0.53 <0.001
Potash (g/kg fresh) 10.39 + (0.20 × DM) Linear 0.42 0.002
MgO (g/kg fresh) 1.11 + (0.10 × DM) Linear 0.69 <0.001
Broiler breeders 18–60 weeks (System 2)
Nitrogen (g/kg fresh) 1.90 + (0.31 × DM) Linear 0.46 0.001
WSP (g/kg fresh) −12.59 + (0.50 × DM − 0.0004 × DM2) Quadratic 0.21 <0.001
Phosphate (g/kg fresh) 21.2 + (0.001 × DM2) Quadratic 0.53 0.011
Potash (g/kg fresh) 14.10 + (0.15 × DM) Linear 0.42 NS
MgO (g/kg fresh) −27.0 + (1.05 × DM − 0.008 × DM2) Quadratic 0.69 0.004
Free range broilers 0–28 d (System 3)
Nitrogen (g/kg fresh) 12.28 + (0.34 × DM) Linear 0.60 0.009
WSP (g/kg fresh) −17.15 + (0.64 × DM + −0.005 × DM2) Quadratic 0.12 NS
Phosphate (g/kg fresh) 13.18 + (0.09 × DM) Linear 0.06 NS
Potash (g/kg fresh) 8.13 + (0.16 × DM) Linear 0.09 NS
MgO (g/kg fresh) 0.94+ (0.06 × DM) Linear 0.49 0.016
Free range broilers 28 d–finish (System 5)
Nitrogen (g/kg fresh) 5.92 + (0.403 × DM) Linear 0.59 <0.001
WSP (g/kg fresh) 2.14 + (0.01 × DM) Linear 0.08 NS
Phosphate (g/kg fresh) 13.36 + (0.05 × DM) Linear 0.02 NS
Potash (g/kg fresh) 3.88 + (0.22 × DM) Linear 0.62 <0.001
MgO (g/kg fresh) 0.30 + (0.08 × DM) Linear 0.73 <0.001
Free range broilers 0 d–finish (System 5)
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Table 6. Cont.

Equation Type R2 p Value

Nitrogen (g/kg fresh) 11.71 + (0.26 × DM) Linear 0.33 0.006
WSP (g/kg fresh) 1.97 + (0.014 × DM) Linear 0.09 NS
Phosphate (g/kg fresh) 3.83 + (0.20 × DM) Linear 0.25 0.017
Potash (g/kg fresh) −3.84 + (0.40 × DM) Linear 0.67 <0.001
MgO (g/kg fresh) −2.15 + (0.13 × DM) Linear 0.76 <0.001
Broilers under indirect heating systems (System 6)
Nitrogen (g/kg fresh) 1.02 + (0.45 × DM) Linear 0.68 <0.001
WSP (g/kg fresh) 24.79 + (−0.67 × DM + 0.005 × DM2) Quadratic 0.70 <0.001
Phosphate (g/kg fresh) 3.16 + (0.18 × DM) Linear 0.42 0.001
Potash (g/kg fresh) 15.51 + (0.09 × DM) Linear 0.17 0.041
MgO (g/kg fresh) 3.12 + (0.05 × DM) Linear 0.36 0.003

Table 7. Relation between DM content (%) and nutrient content of litter from turkey production systems.

Equation Type R2 p Value

Turkeys 0–6 weeks (System 7)
Nitrogen (g/kg fresh) −1.25 + (0.45 × DM) Linear 0.40 0.002
WSP (g/kg fresh) 0.18 + (0.06 × DM) Linear 0.5 <0.001
Phosphate (g/kg fresh) −5.70 + (0.38 × DM) Linear 0.73 <0.001
Potash (g/kg fresh) −2.43 + (0.39 × DM) Linear 0.67 <0.001
MgO (g/kg fresh) −1.60 + (0.10 × DM) Linear 0.77 <0.001
Turkeys 6 weeks–finish (System 8)
Nitrogen (g/kg fresh) 3.46 + (0.37 × DM) Linear 0.445 0.005
WSP (g/kg fresh) 9.36 + (−0.28 × DM + 0.003 × DM2) Quadratic 0.551 <0.001
Phosphate (g/kg fresh) −1.65 + (0.26 × DM) Linear 0.422 0.001
Potash (g/kg fresh) 2.75 + (0.21 × DM) Linear 0.431 <0.001
MgO (g/kg fresh) −0.12 + (0.07 × DM) Linear 0.479 <0.001

Table 8. Relation between DM content (%) and nutrient content of litter/manure from layer produc-
tion systems.

Equation Type R2 p Value

Pullets (System 9)
Nitrogen (g/kg fresh) 136.4 + (−3.37 × DM + 0.026 × DM2) Quadratic 0.473 0.002
WSP (g/kg fresh) 9.10 + (−0.068 × DM) Linear 0.177 NS
Phosphate (g/kg fresh) 22.07 + (0.076 × DM) Linear 0.026 NS
Potash (g/kg fresh) 17.15 + (0.092 × DM) Linear 0.090 NS
MgO (g/kg fresh) 4.69 + (0.03 × DM) Linear 0.257 0.016
Layers in single-tier free range systems (System 10)
Nitrogen (g/kg fresh) 41.4 + (−1.31 × DM + 0.017 × DM2) Quadratic 0.853 <0.001
WSP (g/kg fresh) 1.25 + (0.029 × DM) Linear 0.470 0.002
Phosphate (g/kg fresh) 3.22 + (0.305 × DM) Linear 0.662 <0.001
Potash (g/kg fresh) 4.42 + (0.313 × DM) Linear 0.561 <0.001
MgO (g/kg fresh) −13.89 + (0.67 × DM + −0.005 × DM2) Linear 0.646 <0.001
Layers in multi-tier free range systems (System 11)
Nitrogen (g/kg fresh) 6.48 +(0.38 × DM) Linear 0.32 0.009
WSP (g/kg fresh) −0.52 + (0.07 × DM) Linear 0.25 0.02
Phosphate (g/kg fresh) −1.79 + (0.35 × DM) Linear 0.64 <0.001
Potash (g/kg fresh) −1.57 + (0.40 × DM) Linear 0.46 <0.001
MgO (g/kg fresh) −2.39 + (0.16 × DM) Linear 0.7 <0.001



Sustainability 2024, 16, 6633 11 of 14

Table 8. Cont.

Equation Type R2 p Value

Layers in housed systems (System 12)
Nitrogen (g/kg fresh) 9.69 +(0.24 × DM) Linear 0.10 NS
WSP (g/kg fresh) −3.45 + (0.16 × DM) Linear 0.54 0.001
Phosphate (g/kg fresh) 0.21 + (0.27 × DM) Linear 0.32 0.028
Potash (g/kg fresh) 5.13 + (0.16 × DM) Linear 0.08 NS
MgO (g/kg fresh) −2.47 + (0.17 × DM) Linear 0.62 <0.001

3.2. Water Soluble Phosphorus (WSP)

As stated in the introduction, this study was the first in the British Isles to determine
the WSP content of poultry litter/manure and to further investigate the relation between
WSP content and litter/manure DM. Table 9 summarises the WSP content, the ratio of WSP
content to total P, and the relation between WSP and litter/manure DM for the 12 main
production systems in NI. As the WSP content of litter/manure produced in Northern
Ireland has only being quantified for broilers [3], it is impossible to comment on the changes
in the WSP content of litter/manure due to dietary, genetic, and management advances.
In comparison with Foy et al. [3], broiler litter produced under direct heating systems
resulted in lower WSP content (3.2 vs. 3.8 g/kg) and lower WSP–total P content (0.56 vs.
0.29) than conventional broiler litter. Given the relation between WSP content and run-off,
this may mean that there is less P run-off from land-spreading litter from broilers under
direct heating systems than from litter from conventionally heated broiler production, but
this is dependent on crop requirements and soil conditions. The results of this study have
established an important baseline for WSP content of litter/manure from several different
production systems.

Table 9. Summarised WSP content and relation between WSP and DM content for 12 production systems.

Production System WSP Content (g/kg) WSP–Total P
Relation between WSP and DM Content

Type R2 p Value

Broiler breeders 0–18 weeks
(System 1) 3.5 0.30 Linear

positive 0.21 0.046

Broiler breeders 18–60 weeks
(System 2) 3.2 0.29 Quadratic

negative 0.21 <0.001

Free range broilers 0–28 d
(System 3) 2.8 0.40 Quadratic

positive 0.70 <0.001

Free range broilers 28 d–finish
(System 4) 2.8 0.42 Linear

negative 0.09 NS

Free range broilers 0 d–finish
(System 5) 2.8 0.34 Quadratic

negative 0.12 NS

Broilers under indirect
heating systems (System 6) 2.9 0.42 Linear

negative 0.08 NS

Turkeys 0–6 weeks (System 7) 3.8 0.49 Linear
positive 0.50 <0.001

Turkeys 6 weeks–finish
(System 8) 3.1 0.52 Quadratic

positive 0.55 <0.001

Pullets (System 9) 4.2 0.35 Linear
negative 0.18 NS

Layers in single-tier free range
systems (System 10) 2.6 0.34 Linear

positive 0.47 0.002

Layers in multi-tier free range
systems—FRESH (System 11) 1.9 0.43 Linear

negative 0.25 0.020

Layers in housed
systems—FRESH (System 12) 1.8 0.45 Linear

negative 0.54 <0.001



Sustainability 2024, 16, 6633 12 of 14

As far as the authors are aware, this study is the first to consider the relation between
the WSP content and DM of a range of litter/manure samples from different production
systems. It is interesting to note that in keeping with other research reports on single
production systems [3,9], there is an inverse linear relation between WSP and litter/manure
DM for colony layers, multi-tier layers, and free range broilers 28 d–finish only. Other
relations are either non-significant, positive, or quadratic in that increasing DM will cause
a reduction in WSP content to a certain level and then there will be no further benefit. Our
group previously suggested that increasing DM may be a means to reduce the environmen-
tal impact of P run-off [3], but the results of the current study indicate that there are other
factors involved which influence WSP content more strongly than DM alone. One of the
main factors may be the calcium-to-available P ratio in diets, as Leytem et al. [25] reported
that it is this ratio that has the greatest influence on WSP content and they showed that it
was possible to reduce WSP by 73% by increasing this ratio. Obviously, it is important to
supply these nutrients at a ratio to ensure optimum broiler production, health, and welfare,
but this work indicates that varying this ratio could be a means of reducing the WSP of
litter/manure. The dietary calcium-to-available P ratio was not measured in this study,
but it would be useful to determine this ratio and examine the impact on the WSP content
of the different litter/manures. Furthermore, future research should focus on the factors
influencing WSP content using the baseline values established in this study as a basis for
comparison and improvement.

4. Conclusions

This study has profiled the nutrient content of litter/manure from 12 different systems
on an individual basis, providing information to update environmental legislation and
ensuring the optimum use of litter/manure as an organic fertiliser and/or as a source
for anaerobic digestion. The nutrient profiling also will provide poultry producers with
accurate values by which they can complete a nutrient management plan for their en-
terprise, further ensuring compliance with legislation and ultimately improving water
quality. This study has also provided a baseline of WSP content of litter/manure from
different systems and established the relation between this important polluting nutrient
and litter/manure DM.
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