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A study of the movement of nitrogen on three dairy farms was carried out from feed ingested to nitrogen collected in
the manure. Nitrogen balances were made for two of the farms based on nitrogen content of feeds consumed, milk
produced, manure excreted, manure after storage and before and after application to land. Results showed that the nitrogen
content of dairy manure can be reasonably estimated from either feed nitrogen or milk production. Losses of nitrogen
during collection, storage and spreading were determined.

INTRODUCTION

The increasing costs of fertilizers and
the ever present need to minimize pollu-
tion has resulted in an increased interest in
the efficient utilization of the nutrients in
animal manures for crop production. One
of the principal concerns in British Col-
umbia related to both utilization and dis-
posal of farm manures is the movement of
nitrogen. This concern is based on the fact
that nitrogen in various molecular forms
is readily lost during manure handling,
storage and application to land. These
losses result in a reduction in the fertilizer
value of the manure and an increase in the
potential for environmental problems.

Although most British Columbia farm-
ers wish to utilize the nitrogen in the man-
ure for crop production, estimating the rate
at which to apply the manure to land is
difficult. The nitrogen content of the man-
ure is affected by many factors such as an-
imal species and breed, diet, manure han-
dling systems, methods of storage and
spreading, and local environmental con-
ditions. Values published for the quantity
of manure excreted and its nitrogen con-
tent vary widely (Loehr 1977), and do not
adequately allow for many of these fac-
tors. Analysis of manure for nutrient con-
tent just prior to spreading is considered,
in most cases, unacceptable. The manure
must be mixed in order to get a represent-
ative sample and then the farmer must wait
for the analyses. This time delay, when
coupled with the questionable ability of
inexperienced workers to obtain a truly
representative sample, has discouraged
this approach.

The research reported here examined
the movement of nitrogen on three dairy
farms. The report concentrates on detailed
"The use of trade names in this paper does not imply

endorsement of the products named, nor criticism
of similar ones not mentioned.

information for one farm (Beaver Mead-
ows) and uses results from the other two
farms for supporting information and com-
parative purposes where appropriate.

Two questions were to be answered.
Can the nitrogen content of freshly ex-
creted manure and urine be adequately es-
timated if either the quantity of nitrogen
in the feed consumed by the herd or in the
milk produced is known (information nor-
mally available to farmers)? What is the
nitrogen content of the manure which is
actually applied to the soil after accounting
for the major losses of nitrogen from the
time of excretion to the time of applica-
tion?

MATERIALS AND METHODS
Farm Description

Beaver Meadows Dairy Farm, Comox,
B.C., milks 250 lactating Holstein cows
with an average daily milk production of
approximately 23 kg-day~!. A free-stall/
milking parlor system is used. Manure is
tractor-scraped daily from the holding area
and comfort stalls to a conveyor which
moves the manure to a large, open-roofed
concrete pit (30.5m X 24.4m X 3.0 m).
Storage is estimated at 4-6 mo, depending
on herd size.

The pit is emptied using an enclosed
chain liquid manure conveyor (Liquivator)
and a propellor agitator. Spreading is car-
ried out in the spring, summer and early
fall as pit volume and field conditions al-
low. Spreading has been accomplished
using a side delivery flail spreader (Hawk
Built). Parlor wastes are stored separately
in a small concrete pit and emptied on a
regular basis by vacuum tanker.

Measurements of feed nitrogen con-
sumed, nitrogen content of freshly scraped
manure, nitrogen and moisture content of
manure in pit, and volume of manure in pit
were carried out from November to May
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during two successive winters (Trials I and
II).

Sampling Procedures

Feed nitrogen

Nitrogen content of feeds was based on
manufacturers’ quotations, direct sam-
pling and analysis, or published reports
(National Academy of Sciences (NAS)
1969). Quantity of feed delivered to the
animals was available from a scale incor-
porated into a mixing feed wagon.

Milk nitrogen

Milk production per cow-day was de-
termined by dividing the milk shipped by
the number of cow-days milked. Milk
shipments occur every other day and were
recorded. Protein content of the milk was
carried out by the processor bi-monthly.
Milk nitrogen was assumed to be equal to
milk protein divided by 6.25.

Manure nitrogen

Fresh manure samples were collected
once each month from the manure con-
veyor leading outside to the manure col-
lection area. Five grab samples were
taken, composited and subsampled for
analysis. Pit manure during the first trial
was sampled at monthly intervals from lo-
cation A (Fig. 1). For Trial I, pit samples
were taken in May at successive 30-cm-
depth intervals through the profile using
a 7.6-cm diameter, 3-m aluminum tube
sampler with adjustable caps at each end.
The sampler was submerged in the slurry
slowly and gently to avoid mixing. During
the second trial, the pit was sampled at
successive 30-cm-depth intervals at four
locations (Fig. 1) to determine possible
variations in nitrogen content throughout
the pit. Samples were also taken during the
emptying of the pit and from the manure
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Figure 1. Manure sampling locations from covered manure storage tank at Beaver Meadows
Farm. Trial I, location A; Trial II, locations A,B,C,D. Manure pit is 3 m deep.

spreaders just before spreading. Trays
(100 cm? were placed on the field plots
where the manure was being applied and
nitrogen losses during application were
calculated as the difference between nitro-
gen content of the manure in the tank wa-
gon and manure collected from the trays.

Analytical Methods

Analyses for total and volatile solids
were carried out according to standard
methods (American Public Health Asso-
ciation 1971). Total Kjeldahl nitrogen
(TKN) was determined using a block
digester and a Technicon AutoAnalyzer II
according to the method of Schuman
(1973). Ammonia (the term ammonia as
used in this text includes both ammonia
and the ammonium ion where applicable)
was extracted from the manure utilizing a
1 N KCl solution for extraction as rec-
ommended for ammonia removal from
soils (Black 1965) and analyzed as pro-
posed by Technicon Industrial Systems
(Technicon AutoAnalyzer II 1971).

Nitrogen Balances

Manure nitrogen per cow-day was cal-
culated as the difference between feed ni-
trogen and milk nitrogen and was com-
pared to the actual nitrogen measured in
the fresh manure.

Nitrogen losses during collection and
storage were calculated as the difference

between excreted nitrogen and nitrogen
measured after storage.

Nitrogen losses during spreading were
calculated as the difference between nitro-
gen content of manure in the spreader and

TABLE 1.

nitrogen content of the manure which fell
on trays during the spreading operation.

RESULTS AND DISCUSSION

The quantity of nitrogen in the feed in
this study was based on information read-
ily available to farmers. As detailed in
Tables I and II, during the two trials at
Beaver Meadows each cow was consum-
ing, on the average, 400 or 420 g of nitro-
gen per day. Based on a typical conversion
efficiency of feed nitrogen to milk nitro-
gen of 0.29 (Foley et al. 1973; NAS 1971;
Turner 1975), the milk produced each
cow-day would have been expected to
contain from 116 to 122 g of nitrogen. This
is in close agreement with the 115 g of
nitrogen measured in the 22.5-kg daily av-
erage milk production.

A similar nitrogen balance was carried
out on two other dairy farms. One farm
(University of British Columbia, Research
Farm, Oyster River, B.C.) is similar to the
first farm described, but milks 150 Hol-
stein cows. As shown in Table I, feed
consumption per cow was much higher
during the trial, but a higher milk produc-
tion was not observed. A parallel study
was conducted over a 95-day period on a
farm milking, on the average, 68 Guern-
sey cows (Harris and Sons Ltd., Delta,
B.C.). Each cow consumed an average of
290 g nitrogen and produced 14 kg of milk
containing 86 g of nitrogen each day. This
compares favorably with the expected 84

AVERAGE DAILY FEED CONSUMPTION AND MILK PRODUCTION PER COW

AT BEAVER MEADOWS TRIAL I

Feed consumption Crude protein Crude Nitrogen
or milk production % protein content
(kg/day) (wet wt basis) ® (®
Alfalfa hay 23 14.5% 334 53
Concentrate 9.9 16.0% 1580 253
Corn and grass
silage 22.7 3.1t 704 114
Total 349 2620 420
Milk 22.7 3.2 116

tNational Academy of Sciences (1969).
tManufacturer’s quotation.

TABLE II. AVERAGE DAILY FEED CONSUMPTION AND MILK PRODUCTION PER COW
AT BEAVER MEADOWS TRIAL II
Feed consumption Crude protein Crude Nitrogen
or milk production % protein content
(kg/day) (wet wt basis) @) ®
Grass-legume hay 2.3 8.0F 184 29
Concentrate 9.9 16.0% 1580 253
Corn and grass
silage 22.7 3.1% 704 114
Total 34.9 2470 396
Milk 22.5 3.2 115

tNational Academy of Sciences (1969).
$Manufacturer’s quotation.
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TABLE Ili. AVERAGE DAILY FEED CONSUMPTION AND MILK PRODUCTION PER COW
AT U.B.C. FARM, OYSTER RIVER, B.C

Feed consumption Crude protein Crude Nitrogen

or milk production %t protein content
(kg/day) (wet wt basis) (® ®
Concentrate 4.5 15.5 705 113
Alfalfa cubes 4.8 17.8 860 138
Alfalfa hay 6.0 14.7 886 142
Corn silage 12.0 1.4 168 27
Grass silage 18.2 2.6 474 76
Total 45.5 3090 496
Milk 22.7 3.2 116

tB.C. Feed Analysis Service, Kelowna, B.C.

g of nitrogen which would be expected in
the milk if 29% of the feed nitrogen (290
g) was converted to milk protein.

In three of the four trials reported here,
the nitrogen content of the milk produced
was very close to the expected quantity
based on a feed nitrogen to milk nitrogen
conversion efficiency of 0.29. Based on
these results, when it is assumed that the
quantity of nitrogen retained by the cow
is negligible, a good estimate of the quan-
tity of nitrogen in the milk can be calcu-
lated as 29% of the feed nitrogen.

On the one farm (Univ. B.C. Research
farm) where this did not occur, it appears
that the herd was unable to utilize the extra
nitrogen in the feed for milk production.
This extra nitrogen ended up in the man-
ure, resulting in a greater manure nitrogen
content than expected, and points out a
possible source of error if estimates of
manure nitrogen are calculated as a fixed
percentage of feed nitrogen.

Nitrogen Content of Manure

To determine whether the nitrogen in
the fresh manure could be estimated as a
fraction of feed nitrogen or milk nitrogen,

calculated values of expected manure ni-
trogen were compared to measured fresh
manure nitrogen values.

The nitrogen content of the fresh man-
ure samples (collected within 24 h of ex-
cretion) was 2.9+0.9% dry weight basis
in Trial I, and 2.7+0.5% dry weight
basis in Trial II, with a total quantity of
waste of 60 kg-day~! containing 9.7 kg
solids (moisture content 84%). This quan-
tity of nitrogen is equivalent to 281 and
262 g N/(cow -day) measured in the fresh
manure samples collected. These values
are lower than the theoretically expected
nitrogen in the fresh manure (by 6% and
7%, respectively) based on feed nitrogen
less milk nitrogen (298 and 281 g N/
(cow -day), but well within the expected
results since some loss of nitrogen was to
be expected from time of excretion to sam-
ple collection. These nitrogen excretion
rates are significantly higher than many of
the commonly accepted values (Table IV).
A similar nitrogen mass balance was car-
ried out for the University of B.C. farm.
It was found that approximately the same
volume of manure per cow-day was pro-
duced by the herd, but the fresh manure
had a higher nitrogen content (3.5% dry

weight basis) and ammounted to 340 g N/
(cow -day). The expected quantity of ni-
trogen in the manure based on feed N —
milk N (496 g — 116 g) would be 380 g
N/(cow -day). The difference represents
an 11% loss of nitrogen.

For the third farm (Harris & Sons Ltd.),
the 60 L of fresh manure excreted per cow-
day contained an average of 206 g N and
represent about 71% of the feed nitrogen
(290 g). If this nitrogen excretion rate is
standardized on the basis of animal weight
(Table 1V), the quantity of nitrogen ex-
creted per kilogram of liveweight for the
small Guernsey cows is lower than for
either of the Holstein herds. The differ-
ences illustrate an advantage of using
some combination of feed N and milk N
for estimating nitrogen excretion instead
of the more commonly used method of
using a fixed quantity of N excreted per
kilogram of liveweight of animal. These
results may also account for some of the
differences in excretion rates found in the
literature which generally do not give test
animal size and feeding rate but some
standardized value (Table IV).

These results provide strong support
that a very good estimate of the nitrogen
excreted by the milking herd can be cal-
culated as 71% of feed nitrogen or 245%
(71/29) of milk nitrogen. Possibly a better
estimate of manure nitrogen is obtained
from feed N minus milk N, but for many
farmers this is not as convenient.

Based on the difference between the ex-
pected nitrogen excreted (feed N — milk
N) and the measured nitrogen in the fresh
waste, 5.7%, 6.8% and 11% of the ex-
creted N was lost from time of excretion
to time of sampling for these three trials.
Ammonia volatilization is one possible
explanation for the difference.

TABLE IV. AVERAGE MANURE PRODUCTION AND NITROGEN CONTENT OF DAIRY WASTES

Waste excreted as reported Standardized
Animal Manure Nitrogen Animal Manure Nitrogen
Reference weight producton excreted weight producton excreted
Canada Animal Manure 545 kg 45.3L-day! 172 g-day™! 545 kg 45.3 L-day™?! 172 g-day™!
Management Guide (1976)
Livestock waste management with 1000 Ib 821b-day™! 0.411b-day! 545 kg 46 L-day™* 221 g-day™!
pollution control (1975) and (454 kg) (37 kg -day™) (186 g-day™")
ASAE (1977)
Gilbertson et al. 1979 453 kg 13.5x10% kg yr! 55.6kg-yr! 545 kg 45L-day™! 152 g-day™!
Present study
Beaver Meadows 640 kg (Trial I) 281 g-day! 545 kg 52 L-day™* 239 g-day~!
61 L-day™!
(Trial II) 298 g-day~! 545 kg 52 L-day™! 254 g-day™!
61 L-day™!
Oyster River 640 kg 61 L-day~'t 340 g-day~! 545 kg 52 L-day~'t 285 g-day™!
Harris & Sons Ltd. 545kg 60 L-day~! 206 g-day~! 545 kg 60 L-day~! 206 g-day™*

1This is an approximation. The exact volume excreted per cow per day was affected by the addition of bedding and water.
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TABLE V. EFFECT OF MANURE DEPTH ON NITROGEN AND MOISTURE CONTENT OF
DAIRY MANURE AFTER 4 MO OF WINTER STORAGE IN A COVERED CONCRETE PIT

(TRIAL D)
Moisture TKN TKN NH;-N
Depth content (mg-L™Y) (mg-L™Y) (mg-L™

(m) (%) (wet basis) (dry basis) (dry basis)
Top 85.0 4880 32 500 11 200
(below crust)

0-0.3 86.0 5280 37 700 14 100
0.3-0.6 85.5 5050 34 800 16 800
0.6-0.9 84.5 5600 36 100 13 200
0.9-1.2 83.5 5030 30 500 14 100
1.2-1.5 83.5 5120 31 000 13 700
1.5-1.8 71.0 5450 18 800 9 100
1.8-2.1 67.5 4230 13 000 7 800
Mean of 80.2 5110 28 900 12 700
profile

TABLE VI. TOTAL KJELDAHL NITROGEN CONCENTRATION? (mg-L~!) OF DAIRY
MANURE AFTER 4 MO OF WINTER STORAGE IN A COVERED CONCRETE PIT (TRIAL II)

Pit sampling location

Depth

(m) A B C D Mean

0-0.3 30700 26500 2200 21600 25500
0.3-0.6 31500 31500 24500 19300 26500
0.6-0.9 24900 25700 25400 19000 23800
0.9-1.2 23600 26700 22100 20900 23300
1.2-1.5 26600 24400 18700 20700 22600
1.5-1.8 24200 19000 16300 20100 19900
Mean 26900 25600 21500 20300 23600
tDryweight basis.

TABLE VII. AMMONIA NITROGEN CONCENTRATIONY (mg-L~!) FOR DAIRY MANURE

AFTER 4 MO OF WINTER STORAGE IN COVERED CONCRETE PIT (TRIAL II)

Pit sampling location

Depth

(m) A B C D Mean

0-0.3 12300 15400 12600 12900 13300
0.3-0.6 14600 16000 14500 10700 13900
0.6-0.9 11000 13700 13400 10700 12200
0.9-1.2 11100 13800 11900 11700 12100
1.2-1.5 10900 10800 7500 11800 10200
1.5-1.8 8900 8800 6400 9500 8400
Mean 11300 12600 10700 10900 11300
1Dry weight basis.

Nitrogen Losses in Winter Storage

During the two trials at Beaver Mead-
ows, a daily volume of 0.061 m3 of slurry
per cow per day was collected. This vol-
ume appears to be higher than that in the
literature (Table I'V) and may be a function
of local farm management.

During the first trial at Beaver Mead-
ows, a profile of the manure in the pit was
taken. The core samples were taken ap-
proximately 2 m from the manure input
(Fig. 1A) and were analyzed for moisture
content, TKN and ammonia N at 0.3-m
intervals. The results show a general de-
crease in ammonia, TKN and moisture
concentration with depth (Table V). Dur-
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ing the second trial at Beaver Meadows,
four sets of core samples were taken. The
samples were taken at different locations
around the pit, approximately 1.0 m from
the edge (Fig. 1). The study confirmed that
TKN decreased with depth from an aver-
age of 25 500 ppm at the surface to 19 900
ppm (dry weight basis) at the bottom
(Table VI). The results showed a decrease
in TKN from an average of 26 900 to 20
300 ppm as the sampling distance from the
input increased (Table VI). The concen-
tration of ammonia did not change greatly
with increasing distance from manure in-
put location, but decreased with depth at
all points, from an average of 13 800 ppm

at the top to 8 400 (dry weight basis) at the
bottom (Table VII).

The pH of the samples varied slightly,
ranging from 7.4 to 7.8 with an average
of 7.7. Moisture content varied from 81 to
86% (dry weight basis), but with no ob-
vious trend.

The results illustrate the problems in
determining the quantity of nitrogen in
manure pits. Based on the results of the
core sample from the pit for Trial I, and
assuming a constant profile across the pit
in each 0.3-m slice, the pit contained 8650
kg of nitrogen at the time of sampling. For
250 cows over the 110 day collection pe-
riod, this amounts to 315 g N/(cow -day)
which is 11% greater than the 283 g N/
(cow -day) which was expected based on
analysis of the fresh waste. Based on the
second trial and assuming that each 0.3-m
slice of the pit could be represented by the
arithmetic mean of the nitrogen concentra-
tions measured in the four core samples,
the pit contained 5664 kg nitrogen. For the
250 cows over the 95-day collection pe-
riod, this amounts to 238 g N/(cow -day),
which is 9% less than the 262 g N/
(cow -day) which was expected based on
the analyses of the fresh waste. From these
limited results, it is apparent that a sam-
pling point closest to the inlet to the pit
should not be used as representing the con-
tents of the entire pit. The four sampling
points used in Trial II appear to be more
representative of the nitrogen content of
the pit, and, based on this one trial, indi-
cate that about a 10% loss of nitrogen
might be expected for manure stored for
3 mo under these conditions. This is sig-
nificantly lower than the 25% losses for
dairy manure slurries stored in pits re-
ported in the review article by Gilbertson
et al. (1979).

Nitrogen Losses During Spreading
During the land application of manure
at Beaver Meadows, samples of manure
were taken from the spreader and from
trays placed on the field in the path of the
spreader. Samples were taken from three
trays, composited and subsampled for
analysis within 1 h of spreading. Compar-
ing the nitrogen content of the manure be-
fore spreading (4000 ppm TKN, 2000 ppm
NHN) to the nitrogen collected in the
trays after spreading showed that spread-
ing at Beaver Meadows resulted in a loss
of 5% of total applied nitrogen in one trial.
In three trials at Oyster River (same
spreader) using manure having similar
TKN and ammonia N concentrations, the
losses were 4%, 6% and 9% of the applied
manure nitrogen. The loss during spread-
ing is attributed to the volatilization of am-

CANADIAN AGRICULTURAL ENGINEERING, VOL. 24, NO. 1, SUMMER 1982



monia and illustrates the very rapid rate at
which ammonia is lost from freshly spread
manure before incorporation.

SUMMARY AND CONCLUSIONS

As an alternative to repetitive analyses
of dairy manure samples for nitrogen con-
tent, it was found that a knowledge of the
total nitrogen content of the feed provides
a good basis for calculating the amount of
nitrogen in the waste from totally confined
dairy cows.

The nitrogen content. of the manure
could also be calculated knowing the ni-
trogen content and the average total milk
produced per cow over a given length of
time. This method is generally faster and
easier than that mentioned above.

Both of these methods work well for a
farm herd which is converting a known
percentage of feed nitrogen to milk nitro-
gen. If the herd does not function at the
expected feed nitrogen conversion effi-
ciency, relatively large errors in estimat-
ing manure nitrogen are possible. Esti-
mating manure nitrogen as feed nitrogen
minus milk nitrogen eliminates this prob-
lem, but the method is also less con-
venient.

Nitrogen losses in pit storage were small
in the first trial. More significant losses
had been expected. The pit cross-section
study (Trial IT) showed that these losses
were likely greater than calculated in Trial
I and amounted to 10% of the total stored

nitrogen. The discrepancy in Trial I was
attributed to the variability in nitrogen
content found in the pit at different loca-
tions. The difference between the nitrogen
concentration at the inlet to the pit and the
pit mean in this study was 12%. Nitrogen
losses due to ammonia volatilization from
the time the manure left the spreader to the
time of sampling from collector trays
(<1 h) ranged from 4 to 9% of applied
manure nitrogen in four trials
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