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A comparison wasmade of the nitrogen and moisture contents of manure collectedfrom three deep-pitpoultrybarns.
Onebarnhaddropping boards witha well-ventilated manure pit. Thesecond unithadair-circulating fansat manure level
and thethird had minimal aircirculation atmanure level. The moisture level, total Kjeldahl nitrogen andammonia nitrogen
levelsare reportedfordifferentlocations inthemanure. Anitrogen massbalancewascarriedoutforeachofthe threebarns.
Nitrogen losses from the pits were calculated by dividing the total nitrogen found in the pit by the potential excreted
nitrogen (feed N minus egg N). The three units had nitrogen losses of75% (dropping boards, pitventilation), 59% (air
circulating fans atmanure level, ventilation fans atbird level) and 48% (ventilation fans atpitlevel).

INTRODUCTION

Guidelines for the application of man
ures to crop land are normally based on a
matching of the nutrient content of the
manure to the nutrient requirements of the
crop. For layer farms, a reliable estimate of
the phosphorus(P) and potassium(K) con
tents of stored manure can be obtained
from a measure of the P and K contents of
the feed consumed minus the nutrients that
were removed in the eggs produced. The
nitrogen (N) content of the manure is more
difficult to estimate since ammonia nitro
gen (NH3-N) is lost readily through vol
atilization during collection and storage.
The magnitude and rate of this NH3 loss is
difficult to predict due to factors which
include (a) manure temperature, surface
area, pH, and moisture content; (b) meth
od of collection and storage; (c)air
temperature, humidity, and velocity; and
(d) manure storage time.

Reported losses of N from deep-pit
poultry barns range from 10%for air-dried
deep pits (Gilbertson et al. 1979; Table 5),
20% (Livestock Waste Facilities Hand
book 1975), 35% (Gilbertson et al. 1979;
calculated as the N voided (Table 1) minus
Nremaining after storage for land applica
tion (Table 13)), to a range of losses of
30-65% (Peter and Zacharda 1977). The
source of data for this last reference and the
environmental conditions under which the
studies were made were not reported.

The purpose of this research was to mea
sure the quantity and quality (pH, nitro
gen, moisture) of manure from three
typical deep-pit egg laying operations.

MATERIALS AND METHODS
Threebarnsonthreeseparate farms hav

ing manure management systems typical
for British Columbia were used in this

study. All three farms collect and store
their manure in below-floor pits for
extended periods of time (typically 1yr).

The manure in barn A falls onto drop
ping boards and is scraped three times a
week into a well-ventilated manure pit
(Table I). The manure in barn B falls
directly into apitwhich has been equipped
with specialair-circulating fansto enhance
drying of the manure. The manure in barn
C falls directly intothedeep pitandthere is
a minimum of air circulation at manure
level. Details of the systems are given in
Table I and illustrated in Figs. 1-3.

Sampling and Analysis
At the beginning of the sampling period

(December), the manure in the three barns
had been stored for different periods of
time (Table I). Manuresamples weretaken
at 1-mo intervals from December to
March.

In all three barns, the manure tended to
formcones in the pits. Samples forchemi
cal analysis and solids content were taken
from three levels in the manure piles and
were representative of the manure-cone
apex, and down about 0.35 m and 0.8 m
(asterisk in Figs. 1-3). The samples were

TABLE I. POULTRY MANURE COLLECTION AND HANDLING SYSTEMS

Barn A

9500 Dekalb

8300 Babcock Leghorn

Barn B

6000 Hysex Leghorn

circulating

Basic manure

handling system

- Dropping boards
- Scrape to pit (3.1-m

deep)
- Ventilation fans at

pit level

Air-circulating fans
for manure drying at
pit level
Ventilation fans at
bird level

Barn C

7500 Babcock Leghorn
- Ventilation, fans at

pit level

Cage system

Triple-tier cages
Four rows

Upper two tiers have
dropping boards

- Double stair-step
cages

- Three rows

Four-cage single
level

Three rows

Manure pit

- Ten 1.07-m-diam. exhaust
fans, 8500 L/s rated
capacity

- Fans and louvered air
inlets mounted at manure
level

- Four 0.91-m-diam.

exhaust fans 4250 L/s
rated capacity

- Fans and louvered air
inlets mounted at manure
level

- Nine 0.51-m-diam. air-
circulating fans
(2400 L/s) mounted at
12.8-m intervals along the
manure pit 1.2 m from pit
floor

- Six 0.91-m-diam. exhaust
fans 5700 L/s rated
capacity

- Louvered air inlets
located below floor at
manure level
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Figure 1. Manure pits and cages for farm A layer barn with droppingboards.
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Figure 2. Manure pit and cages for farm Blayer barn with air-circulating fans in manure pit.
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Figure 3. Manure pitand cages for farm C layer barn.

obtained after digging awaythe side of the
pilewith a spade andtaking a sample from
the smooth vertical face. Samples for bulk
density were taken using an oil can care
fully pushed and rotated into the smooth
face of the pile. Manure was then cleared
from around the can and the manure in the
can was scraped flush with the top of the
can. All samples wereplacedin individual

4.54-L Ziploc plastic bagsandtransported
to the laboratory for storage at 4°C.

Bulk densities were calculated as the
weight of sample collected divided by the
volume of the oil can. All analyses were
completed within 4 wk. Before sampling
for analysis, each manure sample was
mixed by repeated kneading of the con
tents in the storage bag. Two small

(approximately 1-g) subsamples were
taken from the bag, weighedand then used
for nitrogen analysis. Two larger(approx
imately 10-g) subsamples were taken,
weighed, and used to determine percent
dry matter (American Public Health Asso
ciation 1976).

One of the two small subsamples was
placed in a 125-mL Erlenmeyer flask with
50 mL of distilled water for manure pH
determination. The flask was shaken on an

Eberbach mechanical shaker for 90 min at

the lowest speed. The acidity of this
manure mixture was determined using a
pH meter (Fischer AccuMet Model 420).
The other small subsample was placed in a
50-mL test tube and 7.5 mL of 98% (18 M)
sulphuric acid were added. The test tube
was placed in an aluminum block digestor
heated to 600°C, and remained there until
the test tube contained a clear solution

(approximately 14h). This solution was
analyzed for ammonia and total Kjeldahl
nitrogen (TKN) using wastewater analysis
techniques (Technicon Industrial Systems
1971).

The wet subsamples were placed in
ceramic drying dishes and weighed before
being dried in an oven at 105°C. The dry
weight of the manure in the dish divided by
the net weight of manure in the dish gave
the percent total solids (TS). The reported
TS values are the mean for the two sub-

samples.
To calculate the total volume of manure

in each pit, the cross-sectional areas of the
manure cones were approximated as tri
angles and the middle and lower sections
of the manure were represented by rec
tangles. From the manure bulk density,
percenttotalsolids andnitrogen content of
samples from each region, the total
weighted meansolidsand N contentof the
pits were calculated.

RESULTS AND DISCUSSION
The TS content of the poultry manure

varied from 27.7 to 82.3% dry matter over
the 4-mo sampling period (December to
March) for the three barns (TableII). As
expected, the manure collected at barn B
with the circulating/drying fans was much
drier (top and middle 57% solids) than at
the other barns. The calculated weighted
mean solids content for the whole pit was
64% TS, which is comparable to the aver
age of 65% reported for manure in pits
with forced-air drying (Overcash et al.
1983). An observation on barn A that
44... the manure on the right side of the
barn was wetter" was confirmed by the
results for the top samples of the manure
only. No statistically significant dif
ferences (P<0.05) were found in manure
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TABLE II. CHARACTERISTICSOF POULTRY MANURE SAMPLED FROM
DIFFERENT LOCATIONS WITHIN DEEP-PIT STORAGES!

Sample
location

Dry matter
pH

Total Kjeldahl N
(% dry wt. basis)

Ammonia-N

(%drywt. basis)

Barn A

Top (left side)
(right side)

38.2 ± 3.8

30.5 ± 4.0

8.0 ± 0.6

8.1 ± 0.5

6.1 ± 0.6

7.7 ± 2.5

3.0

3.0

± 0.8

± 0.8

Middle 48.3 ± 9.4 8.3 ± 0.2 3.5 ±1.1 1.0 ± 0.3

Bottom 46.5 ± 14.2 8.0 ± 0.7 4.1 ± 1.3

Barn B

1.2 ± 0.8

lop 57.2 ± 18.7 8.06 ± 0.3 7.9 ± 1.8 1.7 ± 0.8

Middle 56.6 ± 33.6 8.29 ± 0.2 5.3 ± 1.2 1.7 ± 1.3

Bottom 82.3 ± 3.4 7.7 ± 0.7 5.4 ± 0.8

Barn C

0.75 ± 0.2

Top 27.7 ± 0.5 7.9 ± 0.7 6.1 ± 0.6 3.3 ± 1.0

Middle 31.3 ± 3.1 8.0 ± 0.3 3.6 ± 0.7 0.83 ± 0.1

Bottom 32.5 ± 1.5 8.1 ± 0.2 3.0 ± 0.5 0.67 ± 0.3

tThe values reported are the means and standard deviations of analyses for a minimum of four different
sampling dates with replicate analyses of all samples.

characteristics (moisture and N content)
forsamples collected from the middle and
bottom of the manure piles in the left and
right sides of the barn. The dropping
board/fan combination of barn A
increased the total solids content signifi
cantly from the reported value of 25% for
freshly excreted manure (Canada Animal
Manure Management Guide 1979;
Gilbertson et al. 1979) to a calculated
mean of 42% which is very close to the
value of 44% reported by Overcash et al.
(1983) for pits with drying fins or boards.
The weighted mean solids content of
manure for barn C was 30%, much lower
than the 42% average value reported in the
review by Overcash et al. (1983), but this
can vary with operator management of the
watering system for the birds. For all three
barns the total Kjeldahl nitrogen content of
the samples taken from the top of the
manure piles was significantly higher
(P<0.05) than the middle or bottom
samples. The manure N content of 6.1%
expressed on a dry weight basis for barns A
and C was significantly lower (P<0.05)
than barn B (7.9%). These values are
higher than the 4.9% N (Gilbertson et al.
1979), 5.4% N (AmericanSociety of Agri
cultural Engineers 1982) and 4.5% N
(Canada Animal Manure Management
Guide 1979) reported for fresh poultry
manure, but were close to 6.8% N value
quoted for broiler manure in the Livestock
Waste Facilities Handbook (1975).

There was a significant change in TKN
with depth. For all three barns, this
amounted to a drop of about 2.5% on a dry
weight basis from top to bottom (Table II).
Forbarns A and C, a comparabledrop was
observed in the NH3 concentration. This

TABLE III. DENSITY OF POULTRY

MANURE SAMPLED FROM DEEP PIT

STORAGES

Barn

A

B

C

Density t
(kg/m-1)

513

252

738

152

20

107

tMean and standard deviation of samples collected
on 3 days from the top, middle and bottom of the
manure in storage.

indicates that the major part of the N loss
was through NH3 volatilization and that a
major shift in protein and uric acid-nitro
gen to NH3-N over an extended period of
time was not occurring. In barn B, where
the manure was much drier, the NH3-N
concentration in the top layer was lower
than that found in barns A and C, and was
equal to the concentration found in the
middle of the pile.

The pH of the manure for all three barns
was found to be relatively constant ranging
from 6.5 to 8.8 with most samples being
slightly above pH 8 (Table II). The pH
levels are higher than those reported by
Loehr (1974) and Riley (1970) but are in
line with those reported by Elliott and
Collins (1980) for broiler litter.

The bulk density of the poultry manure
ranged from 252km/m3 (barn B) to
738 kg/m3 (barn C) (Table III). Excluding
samples taken directly from the surface of
the piles, there were no significant dif
ferences (P < 0.05) within each barn in the
density of samples taken from the apex,
middle or bottom section of the stored
manure.
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The weighted mean average TKN as a
percentage of total solids was calculated
fqr the manure in each of the pits. The N
content of manure from barn A averaged
3.8% (dry weight basis), barn B averaged
6.1% and barn C 4.5%. Values for similar

farms reported in the review by Overcash
et al. (1983) are 4.1% (drying fins or
boards) 5.8% (forced-air drying), and 6%
(deep-pit poultry manure).

Storage Pit Mass Balances
One of the goals of this research was to

determine the volume of manure in storage
and the quality of nitrogen in that manure
for use in land application guidelines. If
the quantity of nitrogen excreted by the
birds could be calculated and the quantity
of nitrogen actually found in the pit deter
mined, then an estimate of the quantity of
nitrogen lost for the three different manure
management systems could be made. In
order to make these calculations, certain
basic assumptions had to be made.

The only source of nitrogen is assumed
to be the feed. Therefore, the total quantity
of N from the feed consumed over a given
period of time must be either incorporated
into bird growth, used in maintenance,
removed in product (i.e., in the eggs),
deposited in manure, or lost in handling.
However, the following must be considered:

(1) The amount of N removed in growth
was deemed negligible since relative to
gross dry matter consumed, very little
weight gain is experienced by the chickens
during the laying period.

(2) Nutrients required for maintenance
are ultimately remetabolized and excreted.

Based on the preceding assumption, the
theoretical quantity of nitrogen in the
manure can be predicted as the feed N
minus the N removed in the eggs. The
quantity of nitrogen per unit weight of feed
was determined by dividing the percentage
of protein in the feed by 6.25, the ratio of
the average weight of amino acids in pro
tein to the weight of N. To calculate the N
removed in the eggs, values of 12%protein
by weight in each egg and an average
weight per egg of 56 g (0.672 kg per
dozen) were used (Agriculture Canada
1977).

The values for nitrogen content of the
feeds were obtained from the manu
facturers. Information on numbers of
birds, eggs produced, quantity of feed
consumed and the date when the manure

pit was last emptied were provided by the
farm managers.

Losses of Nitrogen at Each Farm
(A) = theoretical excreted nitrogen in

manure = feed N - egg N
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TABLE IV. NITROGEN MASS BALANCES FOR THREE LAYER BARNS

Barn

A B C

No. of birds 17 800 6000 7500

Manure collection period (day) 237 361 318

Feed consumedt (t) 482 247 272
(N content, 16% protein) (12.3 tN) (6.3 t N) (7.0 t N)

Eggs produced 3.88 x 106 1.62 x 106 2.02 x 106
(N content; 12%protein, 56g/egg) (4.17 tN) (1.74 tN) (2.17 tN)

Volume of manure collected in pit
(m3) during collection period 245 186 248

Average total solids (TS)
content few manure {%) 42 64 30

Calculated total dry matter in
pit (kg) 52.8 x 103 30.0 x 103 54.9 x 103

Total N content for pit based on
manure (t) (manure vol. x density
x N cone.) 2.04 1.85 2.5

Total excreted N content of pit based
on [feed N - egg N] (t) 8.17 4.56 4.83

Calc. N excretion rate (kg N/1000 kg
bird/day)based on feed N - eggN 1.07 1.16 1.11

N content of pit as a % of excreted N (%) 25 41 52

N losses (%) 75 59 48

tFeed consumed includesspilled feed whichfalls into manure pit.

(B) = measured quantity of (total)
nitrogen in pit

»N loss =
(A) - (B)

x 100%

The percentage of N lost, based on the
difference between theoretical excreted N

and measured N in the pits, ranged from
48 to 75% for the three barns (Table IV).
There are, of course, many approxima
tions and assumptions that have been used
to arrive at these numbers. Although the
nitrogen losses seem high, they are similar
to those values reported by Peter and
Zacharda (1977).

If the relative magnitude of the losses is
considered in terms of three different

manure management systems they are not
too difficult to rationalize. Although barn
C has the same general ventilation capacity

per bird as barns A and B, the ventilation
rate was generally lower and the manure
pit experienced the least loss of N.
Although from a nutrient conservation
point of view this is desirable, the manure
was quite wet, difficult to handle and the
odor of NH3 in the building was consider
ably higher than in the other two barns.
Originally, the N losses from barn B with
the air-circulating fans in the manure pit
were expected to be greater than from barn
A. However, the apparent combination of a
2-day exposure of manure as a thin layer
on the dropping boards, scraping into the
pit and the relatively high pit ventilation
resulted in barn A having a manure that
was easy to handle but relatively low in N.
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