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INTRODUCTION

Land application of animal manure has
been practiced for centuries. The practice
was important because this manure was
the primary source of fertilizer available.
With increasing use of chemical fertilizer
in more recent years, however, land
application of manure has been regarded
as a method of disposal of an unwanted
waste product of intensive livestock
operations.

The present emphasis on recycling
manure by land application as the most
practical solution to ecological problems
associated with this material, has again
focused attention on its fertilizer value.
The judicious use of manure may not
only minimize risks to the environment
but also benefit crop production by the
addition of macro- and micro-nutrients
and organic matter to the soil.

To utilize a manure most effectively
requires knowlege of the content of at
least the principal nutrients, that is,
nitrogen (N), phosphorus (P), and potas
sium (K). However, the NPK content of
manure, and particularly a liquid manure,
varies widely depending on many factors.
A chemical analysis, therefore, is neces
sary to determine the level of these
constituents. Problems of shipping sam
ples to a testing laboratory, and possible
delays before results are available, deter
many farmers from making full use of
these services. Some method of estimat
ing the NPK content rather than relying
either on guesswork or on published
guidelines would be a logical alternative,
but no such estimates appear to exist.

To be acceptable, any such estimate
should be relatively simple, involving
some readily available parameters with
minimal test procedures. The material
reported here is the result of a study to
determine the feasibility of estimating the
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NPK content of aerobically and anaerobi-
cally stored beef cattle wastes.

EXPERIMENTAL PROCEDURES

The data used in this investigation
were obtained from two concurrent
projects reported previously. In one of
these, described by Aasen and McQuitty
(1), the wastes of beef cattle housed in
total confinement were collected and
stored in pits beneath a slatted-floor over
a 30-wk period. The contents of two pits
were stored anaerobically while aerobic
conditions were maintained in another
two pits by aeration rotors. Two rotors
were used in one pit and one in the other,
with both pits being modified as oxida
tion ditches.

The animals supplying the wastes were
associated with the concurrent project,
reported by McQuitty et al. (3) and
involving a study of the performance of
beef cattle housed under different sys
tems. Animal liveweight, feed analyses
and feed intake records were available for
the steers in the slatted-floor treatment
for the period of the waste trial. The
livestock ration consisted of alfalfa-brome
haylage and barley supplemented with a
protein concentrate.

Waste samples were collected (1) on a
7- or 14-d basis for the last 19 wk of the
30-wk trial period including 3 wk of
treatment following removal of the
animals for slaughter. The analyses of
these samples were carried out by the
Alberta Soil and Feed Testing Laboratory
(S.F.T.L.) in accordance with the stan
dard procedures* used by the Laboratory
for animal wastes.

Upon receipt of a bulk sample,
duplicate samples were removed for N
determination. Further samples ♦ were

Personal communication. 1970. Summary
of laboratory procedures. Alberta Soil and
Feed Testing Laboratory, Longman Bldg.,
Edmonton, Alta.
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removed to determine pH, moisture
content and specific gravity. The mois
ture content was determined by drying to
constant weight at an oven temperature of
110°C (230°F). The weight-volume meth
od was used for specific gravity determin
ation.

After drying, the N, P, and K contents
of the dry matter were determined. The
amounts of N present in the liquid and in
the dried sample were determined by the
Kjeldahl method. The value obtained for
the liquid sample represented the total
nitrogen (Nf) content, and for the dried
sample the organic nitrogen (N0), with
the difference between the two values
being assumed to be ammonia nitrogen
(NnH3 ) lost during drying, since neither
nitrate nor nitrite determinations were
included in these analyses.

The nitric acid-perchloric acid diges
tion procedure was used to extract the P
and K from the dried samples*. For P
determinations, extract samples were
combined with a reagent of nitric acid
and vanadate molydate and allowed to
settle for 30 min before reading in a
spectrophotometer at 400 nm (meta-
vanadate method). The atomic adsorption
technique was used in the K determina
tion.

DATA ANALYSIS AND RESULTS

The means and ranges of the tested
characteristics obtained over the trial
period are given in Table I. Aasen and
McQuitty (1) had previously noted that
the differences in concentrations between
N#, Nnh^, P and K means for the two
forms of decomposition were highly
significant (P<0.01). The difference
between N^ means was not significant
(P < 0.05). No significant differences in
concentrations between the two anaero
bic pits were observed. Comparison of the
aerobic pits showed significant differ
ences (P < 0.05) between pits for N0 and
K concentrations.

With the effect of dilution removed,
however, highly significant differences
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(P<0.01) were found between the
aerobic and anaerobic treatments for the

quantities (Table II) of Nj, Nnh3 and P.
No significant differences (P< 0.05) were
observed for any quantity between pits
within either of the two treatments.

Multiple regression analysis techniques
(6) were used to determine equations to
estimate the plant nutrient content of the
wastes based on the daily livestock feed
records, the analyses of the feedstuffs
used and the data obtained from the

S.F.T.L. analyses of the waste samples.
Several independent variables and their
interactions were tried in a stepwise
multiple regression program (2). How
ever, only the variables defined as follows
were finally used:
(a) Pit dry matter (DMp) —the amount

of dry matter, in pounds, present in
the pit at the time of sampling.

(b) Time (T) - the total collection
and/or storage time, in days, of the
liquid manure to time of sampling.

(c) i. Feed dry matter (DM/);
ii. Feed nitrogen (Nf);
Hi. Feed phosphorous (Pf)', and
iv. Feed potassium (Ky)
— the cumulative sum of each of the

variables, which was fed to the
cattle over time T.

The ranges of the variables used in the
regressions were as follows:
(a) DMp - i. aerobic: 4,734 - 7,491 lb;

ii. anaerobic: 3,120- 7,274 lb;
(b)T - 103-205 d;
(c)DM/ - aerobic: 14,500-27,240 lb;
(d)Nf - /. aerobic: 363 - 665 lb;

ii. anaerobic: 367 - 670 lb;
(e) Pf - i. aerobic: 56 -107 lb;

ii. anaerobic: 56 - 109 lb;
(0 Kf - i aerobic: 372 - 545 lb;

ii. anaerobic: 385 - 565 lb.

The analysis, due to the nature of
the project, could not prove relationships
between these independent variables and
the dependent variables, N7% N0, P and
K. Significant simple correlations
(jP<0.01) were found to exist between
the two types of variables. The general
model considered for the multiple regres
sions had the following form:

Y=A +5^ + B2X2 +BjXj

where

Y = dependent variable (N7, N0, P
or K in lb/pit);

Xl....Xj = independent variables;
A = intercept;

Bl....Bj = multiple partial correlation co
efficients; and

i = number of independent vari
ables or interactions used.

Estimation of Nitrogen Content

As a significant difference had been
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TABLE I CONCENTRATIONS OF LIQUID WASTE CHARACTERISTICS (MEANS AND
RANGES)

Aerobic Anaerobic

Pit number: 1 2 3 4

pH 7.8

(6.6-8.5)
7.8

(7.3-8.2)
6.7

(6.5-6.8)
6.8

(6.5-7.5)

Dry matter (%) 9.4

(7.7-10.9)
10.6

(8.1-13.8)
6.9

(4.9-8.5)
6.3

(4.7-8.4)

Specific gravity 1.027

(1.009-1.040)
1.026

(1.020-1.036)
1.015

(1.004-1.023)
1.017

(1.009-1.024)

Nitrogen f (% WB)
Total 0.351

(0.227-0.474)
0.402

(0.285-0.475)
0.370

(0.298-0.463)
0.360

(0.290-0.447)

Organic 0.264

(0.200-0.348)
0.324

(0.242-0.411)
0.207

(0.163-0.251)
0.193

(0.144-0.256)

Ammonia 0.087

(0.014-0.169)
0.078

(0.043-0.131)
0.172

(0.131-0.229)
0.167

(0.118-0.229}

Phosphorus (% WB) 0.117

(0.078-0.158)
0.132

(0.081-0.182)
0.067

(0.044-0.091)
0.065

(0.043-0.096)

Potassium (% WB) 0.261

(0.209-0.334)
0.310

(0.234-0.390)
0.202

(0.175-0.232)
0.191

(0.136-0.217)

* WB, wet basis.

TABLE II QUANTITIES OF LIQUID WASTE CHARACTERISTICS (MEANS AND RANGES
- LB)

Aerobic Anaerobic

Pit number: 1 2 3 4

Dry matter 5690

(4734-6735)
5930

(4846-7491)
5350

(3227-7274)
5020

(3120-7260)

Nitrogen
Total 212

(135-293)
224

(170-258)
296

(193-395)
283

(192-385)

Organic 159

(123-206)
180

(145-223)
161

(105-214)
153

(96-218)

Ammonia 53

(8.4-104.4)
43

(25.7-68.5)
135

(84-192)
130

(86-197)

Phosphorous 71

(47.7-93.4)
73

(48.5-98.8)
53

(29.0-77.6)
52

(28.5-72.6)

Potassium 157

(127-206)
172

(140-212)
156

(113-212)
150

(87-194)

shown to exist for the quantities of Nj
between the aerobic and anaerobic
treatments but not for the quantities of
N0, the following dependent variables
were used in the nitrogen multiple
regressions:

(a) Total nitrogen (N7O, in pounds,
present in a pit for (i) an aerobic
and (ii) an anaerobic collection-
storage liquid manure system;
and

(b) Organic nitrogen (N0), in
pounds, present in a liquid
manure storage (aerobic or
anaerobic).

Estimation of Phosphorus and Potassium

The P and K contents, in pounds, were
used as the dependent variables in the
regressions for (a) an aerobic and (b) an
anaerobic liquid manure system. As the K
content of the feeds fed during the
housing trials had not been determined
by chemical analysis, average values,
obtained from standard references (4, 5)
for similar feeds, were used to calculate Kf
in the regression analyses.

The results of the regression analyses
for N, P and K are summarized in Table
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III. The multiple correlation coefficients
in all instances indicated very good
relationships between the dependent
variables and their respective chosen
independent variables. The reduction in
the sum of squares due to regression in
each case was indicated by highly
significant (P<0.01) F-value as shown
by the regressions' analysis of variance.
Table IV shows the relationship between
the quantities of Ny, N0, P and K
obtained from the data and the regression
estimates.

DISCUSSION

Daily livestock feed records and
analyses of feedstuffs are used each year
by an increasing number of farmers
operating livestock enterprises. Liquid
manure handling systems are also be
coming more widespread. The results of
this study suggest that these factors make
the feasibility of estimating the plant
nutrient content of the liquid wastes in a
particular situation a possibility worthy
of further investigation.

The NPK contents of the excreta come
entirely from the feed consumed. The
proportions recovered in the excreta of
these fertilizing constituents depend on
the size and kind of animal involved.
Rough estimates of the quantities of P
and K present in a pit may be made,
based on the amount of dry matter fed to
the livestock over the collection period,
the percentage of these elements in the
feed and the approximate proportions of
the elements retained by the particular
type of animal being fed. However, the
quantity of N present in the pit cannot be
estimated in this way because of the
relatively large and varying losses of N,
primarily as ammonia, to the atmosphere
during treatment and/or storage and
during disposal. Losses of P and K can
take place only by physical removal of
the pit contents (1).

To utilize animal wastes as fertilizer

most efficiently involves optimization
under most conditions of the rates of N
applied to the soil. The rates of P and K
supplied at the same time are considered
of relatively less importance. Consequent-

TABLE III SUMMARY OF REGRESSION ANALYSES FOR NPK CONTENTS OF LIQUID
BEEF CATTLE MANURE

ly, the ability to estimate fairly accurate
ly the quantity of N in a pit has particular
merit. The good correlations between the
dependent and independent variables
obtained in this study indicate that such
estimates are feasible.

The estimates also appear to be
practical in that the independent variables
chosen are quite readily available in many
livestock operations with the exception
of the dry matter content of the liquid
wastes. The determination of dry matter
content, however, is straightforward re
quiring few skills or equipment. Such a
determination might be carried out by
local extension personnel or, in some
instances, even by the farmer.

The regression equations obtained in
this study are relatively simple. Hence,
calculation of the quantities of N, P and
K present in a pit should present few
problems. Similarily, conversion of these
values, for a known pit volume, into
application rates per acre for a given
situation should present no difficulty.

There is a need for further study of
the possibilities of this method of
estimating the plant nutrient content of
liquid animal wastes. Because of the wide
range of conditions and practices prevail-
ing between and within livestock opera

standard tions with respect to liquid manure

Multipli error of systems, field studies would be an
Treat correlation estimate essential cart of such a project. While

Nutrient ment coefficient (lb) Equation good results, for example were obtained

Total-N Aerobic 0.932 16.8 -17.7 +(1.499N/+ }.016DM„ - 0.8307/
for N7/ estimates in this investigation, the

c quantity of ammoni
Total-N Anaerobic 0.941 28.0 11.6 + 0.00011N/ +0.0121DMp + 1.21T in the anaerobic pits, may have changed
Organic-N Aerobic or rapidly when the wastes were agitated

anaerobic 0.957 11.0 -2.67 + ).0205DMp +0.356r prior to removal and during field
Phosphorus Aerobic 0.980 3.9 1.59 +0.0043P^ + 0.0065DMp

).0081DMp

application. A more accurate estimate of

Phosphorus Anaerobic 0.973 4.5 -17.3 + X324P/+C
3.0285DM;

the N to be applied to the soil in this case

Potassium Aerobic 0.949 8.7 -7.60 + 1 7-0.023K/+0
may have been the equation for N0 rather

.00083DM/ ihan that for Nr
Potassium Anaerobic 0.903 14.3 -0.72 + ().0105DMp + 0.204K/

STABLE IV ACTUAL VERSUS ESTIMATED QUANTITIES OF NUTRIEN1

System:

Nj No

Aerobic

P K

Anaerobic

Nutrient: NT- No P K

Test Esti- Esti- Esti Esti Esti Esti- Esti Esti
day Actual mated Actual inatec Actual mated Actual mated Actual mated Actual mated Actual mated Actual mated

103 152 156 136 134 48.1 46.7 134 135 217 196 104 111 31.4 31.2 100 117
110 174 165 137 137 50.2 50.1 140 137 194 200 103 102 28.8 28.5 124 115
117 186 177 143 145 55.8 54.4 146 144 220 219 116 117 36.0 35.2 132 125
131 192 202 156 160 59.2 63.9 154 160 232 252 140 139 43.4 45.4 147 141
138 200 206 154 157 61.5 64.8 158 153 238 263 149 140 41.8 46.8 152 144
152 240 229 170 171 76.7 74.3 154 172 318 287 152 147 53.4 50.1 140 151
166 254 250 198 188 89.2 83.8 181 184 368 340 212 203 78.8 72.8 181 183
180 275 272 206 207 93.6 96.1 209 205 340 365 196 210 71.0 76.6 187 190
194 256 257 184 200 89.1 93.1 186 188 378 373 196 198 69.8 69.9 198 182
205 248 244 212 199 95.0 91.6 186 181 390 387 201 203 71.1 70.4 170 182
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SUMMARY

The feasibility of using regression
equations to estimate the amount of
plant nutrients present in liquid manure
from housed beef cattle was investigated.
The wastes were collected and stored
both aerobically and anaerobically in pits
beneath slatted floors. Samples, collected
over the last 19 weeks of a 30-week test
period, were analyzed for total and
organic nitrogen, phosphorus, potassium
and dry matter.

Regression equations were determined
to estimate the quantities of the four
dependent variables present in the pits for
both treatments from feed records, feed
analyses and the waste dry matter. The
results indicated that the NPK contents
of a pit could be estimated with good
accuracy.
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The possible advantages of this meth
od of estimation were discussed. The
need for further study under field
conditions to determine equations appro
priate to the various livestock operations
was noted.
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