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INTRODUCTION

Odour nuisance during land
spreading of liquid manure is a
growing problem to many Canadian
livestock producers whose crop land
is close to built-up rural and urban
areas. Indeed the control of liquid
manure odours during spreading is
becoming vital to the continued oper
ation of some producers as society
presses for the enforcement of exist
ing air pollution legislation and the
introduction of new restrictive regula
tions.

Investigations to solve this air
pollution problem are taking two
different approaches: aeration treat-
for odour control prior to land dis
posal, and rapid soil-cover for odour
control during land disposal. The
latter approach was pursued at Ottawa
where work has been done with both
soil injection of liquid manure and
burial by a moldboard plow. The
major emphasis was placed on a high
capacity, rapid plow-cover system of
land disposal.

This paper describes the develop
ment and performance of this system
which is now in exclusive use at the

Canada Department of Agriculture
Animal Research Institute (A.R.I.)
Greenbelt farm adjacent to the city of
Ottawa. The A.R.I. farm, with its
adequate acreage of crop land, pro
vided the opportunity to develop the
plow-down system. A ready source
of liquid manure was available and
the odour due to conventional spread
ing has been a nuisance to the nearby
urban populace.

SYSTEM DEVELOPMENT

The pioneer work with rapid plow-
cover systems was performed by Reed
(1) who has reported on the plow-
furrow-cover method used at Rutgers
University. Essentially the slurry is
deposited in a furrow and then cover
ed by a moldboard plow mounted on

Contribution No. 213, from Engineering
Research Service, Research Branch,
Canada Department of Agriculture.

RECEIVED FOR PUBLICATION JUNE 2, 1971

the tanker or pulled separately. With
this method, IV2 to 2 inches (3.8 to
5.1 centimetres) of slurry could be
covered with the plow resulting in an
application rate of 170 to 225 tons
per acre (380 to 505 metric tons per
hectare). Work is continuing on the
improvement of the plow-furrow-cover
method as well as the determination

of optimum quantities and frequencies
of application of manure to the soil.

With the work described by Reed
in mind, a set of system objectives
was outlined, and a succession of
methods tried until the system present
ly in use was evolved. The objectives
of the plow-down system were:

( 1) At least maintain the capacity
of the existing system.

(2) Utilize existing liquid manure
machinery.

(3) Minimize modification of tan
kers and other equipment.

(4) Keep application rates within
acceptable levels.

The first method tried was a
plow-furrow-cover method similar to
Reed's, but some slurry was splashed
out of the furrow during coverage,
rate of manure disposal was quite
slow, and considerable tanker modifi
cations were required.

It was then discovered that with
the slurry spread on unworked land
it could be inverted and buried com
pletely by plowing, provided that the
depth of slurry was not excessive
and the plow was properly adjusted.
This meant that the plow and tractor
could operate in the normal, fashion,
and that the spreading operation could
be less restricted.

First attempts to spread the man
ure on the ground surface and utilize
an 8-bottom plow with an on-land
hitch were not satisfactory. A distribu
tion manifold, constructed on the
tanker, had three outlet tubes located
to avoid placing manure in front of
the tractor wheels. Not only did un
even flow and plugging of the tubes
occur, but land coverage was poor
since manure was spread on less
than half the plow width.

The approach finally used was
to spread the manure in a swath and
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choose compatible machinery for
plowing (Figure 1). Such a system
was devised and is now in use at

the A.R.I, farm. A simple metal hood
was fitted to the rear outlet of a
tractor-drawn, vacuum-tanker to de
flect the manure downward so that

it spreads over a 50- to 60-inch
(1.27- to 1.52-metre) swath. A second
tractor, with wheels set 60 inches
(1.52 metres) apart to straddle the
manure, pulls a 4-bottom, 16-inch
(40.6-centimetre) moldboard plow
(64-inch (1.62-metre) coverage)
immediately behind the tanker. The
plow covers the manure within several
seconds. The operator of the tanker
tractor runs the right hand tanker
wheel in the previous furrow as a
guide. The spreader hood is oriented
so that the right hand edge of the
spread coincides approximately with
the edge of this furrow. As each
tanker is emptied it returns immediate
ly to the storage area for refilling.
The plow continues until all the
exposed manure is covered and waits,
if necessary, for the next loaded
tanker to come into position. At the
A.R.I, farm, one plow and up to 4
vacuum-tankers are used for liquid
manure disposal.

Figure 1 Manure swath from the spreader
hood on the vacuum tanker is
plowed down within seconds.

This system minimizes modifi
cation of existing equipment. A
hood is attached to each vacuum
tanker, using the same type of fitting
as on the filling hose. No changes
are required to the tractor and plow,
other than setting the tractor wheel
tread. The design of the hood itself
simply depends upon the slope of the
sides to obtain the desired width
of spread, and sufficient size to fit
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around the tanker outlet. For any
given outlet height, the side slope
can be determined by projecting the
planes of the hood sides to intercept
the ground level at a theoretical spread
width (Figure 2). The slope of the
sides on the hoods used at the A.R.I,
farm was designed to produce a theo
retical spread of 48 to -50 inches
(1.22 to 1.27 metres). Under field
operating conditions, the slurry
actually spread across a 50- to 60-
inch (1.27- to 1.52-metre) width,
depending upon the amount of run-out.
Run-out depends on viscosity of the
manure as well as the ground surface.
Stubble or growing plants restrict the
amount of run-out.
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-ALTERNATE CONSTRUCTION Figure 3 Manure distribution pattern cross-sections produced by two 6-inch inlet
hoods, and by the 4-inch inlet hood, using two tanker pressures. The 4-inch
hood was set at L = 1 inch and 0 = 40° as in F igure 4.

Figure 2 Spreader hood design.

SYSTEM PERFORMANCE

Odour Control

Odour measurements are difficult
to make, but personnel from the A.R.I.
farm and visitors have agreed that
the farm odour level is kept quite low.
One of the most critical evaluations
was provided by a Citizens Committee
from one of the surrounding communit
ies that had previously lodged a
complaint regarding odours when the
conventional disposal system was in
use. The committee visited the A.R.I,
farm to view the manure handling
operations including the plow-down
method and were satisfied that odour
was adequately controlled a.

Sources of exposed manure that
could still cause odours are:

(1) Manure in the storage tank during
agitation to mix the slurry.

(2) Manure exposed while being spread
and while lying on the ground
waiting for the plow to cover it.
However, the area and time of
manure exposure is very small
and little odour results.

(3) Manure that collects on the plow
shanks and colter arms. Manure
can also collect on the tractor

wheels if the manure run-out is
excessive or operators do not
drive accurately. In each case,
the amount of manure is relative
ly small, and is mixed with soil.

System Capacity
Only four vacuum tankers were

needed to dispose of nearly all the
liquid manure from the A.R.I, farm
during the summer of 1970; up to 8
gravity and vacuum tankers were used
during the previous year when the
conventional broadcast mode was
used. Since the spreader hood pre
sents less flow resistance than the
devices used on the vacuum tanker
during broadcast spreading, the tank
ers spend less time in the field.
Further, the gravity tankers interrupt
ed pumping operations during filling,
and were slow to empty. The extra
man and tractor required for the plow
was not a problem for the A.R.I, farm
since the gravity tanker operators
and tractors were no longer needed.

Each of the four vacuum tankers
hauled about 1250 U.S. gallons (4740
litres) per load. They required 15 ±
5 minutes for a round trip to a field
adjacent to the barn. Often, operat
ions at the barn limited average
hauling rates to 180 to 300 cubic
feet per hour (5.1 to 8.5 cubic metres
per hour) (2). Also, lower application
rates due to restricting flow out of
the tanker (see "Application Rate",
below) will limit system capacity
proportionately.

Distribution Pattern

The spreader hood distribution
pattern, measured by a collection
device towed behind the tanker, was

Personal communication to Dr. R. S.
Gowe, A.R.I., from P. W. White, Presi
dent, Manordale-Woodvale Community
Association, June 13, 1970.

quite uneven (Figure 3). However,
the peaks in the pattern were not
considered important sin£e a certain
amount of variation in application
rate can be tolerated, and gross
differences tend to level out upon
contact with the ground since the
liquid flows readily. It was not con
sidered necessary to attempt to modify
the hoods to obtain a more even spread.

Spreader Hood Adjustments
Altering the slope of the rear

plane of the hood, and its distance
from the top edge of the pipe inlet
(Figure 4) had no important effect on
the application rate (Table 1). Also,
there was little important effect on the
distribution pattern, although at
extreme angles of tilt the width of
spread increased. Therefore, precision
in construction of the hood is not
required, but parameters should be
of the order shown in Figure 2.

Figure 4 The 4-inch inlet, adjustable
hood, showing the four positions
used in the tests.
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TABLE I. EFFECTS OF TYPE OF MANURE, TANKER PRESSURE
AND HOOD ADJUSTMENT ON MANURE APPLICATION

RATE WITH 4-INCH INLET HOOD, AT 2 1/2 MPH

Manure Characteristics

Test PTO*
Speed
(rpm)

Hood

Position

Lfin) 0°

Average*
Nutrient

Type Content(%)
Moisture

Content (%)
Specific No.
Weight(lb/ft3)

Application
Rate

ftons/acre)

Dairy Cows N = 0.23 92 61.8 1 490 0 35 111

(Pit No. 1) P = 0.037
K = 0.094

2

3

490

370

1/2

1/2

22

22

101

108

4 490 1 40 112

5 49U 2 15 100

Dairy Cows N = 0.24 90 60.8 6 490 0 35 100

(Pit No. 2) P = 0.044
K = 0.139

7

8

370

370

0

1/2

35

22

85

83

9 370 1 40 84

10 370 2 15 84

Tanker pressure was approximately 3 1/2 psi at 490 rpm PTO speed, and 2 1/4 psi at
**

Based on 64-inch plow width.

Application Rate

Concentration of the tanker out
put within a 64-inch (1.62-metre)
width results in a higher application
rate than with conventional spreading.
The three tankers with 6-inch (15.2-
centimetre) inlet hoodsk applied
manure at rates up to 150 tons per
acre (336 metric tons per hectare)
(Table II). With the tanker using the
4-inch v10.2-centimetre) inlet hood
'Table I) application rates were below
115 tons per acre (258 metric tons
per hectare). Considering present
knowledge, about 45 to 50 tons per
acre (100 to 112 metric tons per hec
tare) was felt to be the maximum appli
cation rate; clearly, tanker modifica
tions to reduce the application rate
were necessary.

Application rate reduction was
achieved by decreasing the flow
(smaller hood inlet and less tanker
pressure) and spreading the same
material over more area (greater ground
speed). Hood inlet sizes investigated
were 6-, 4-, and 3-inch (15.2-, 10.2-,
and 7.6-centimetre) diameters. The
4-inch (10.2-centimetre) inlet hood
was available with one of the farm
tankers. The 3-inch (7,6-centimetre)
inlet hood was produced by welding

» Whenever mentioned in this paper, the
hood inlet is synonomous with the
tanker outlet.

370 rpm.

TABLE II. APPLICATION RATES AT 2 1/2 MPH WITH 6-INCH
INLET HOODS FOR DIFFERENT TYPES OF MANURE

Manure Characteristics

Tanker

No.

Type Moisture

Content

(%)

Specific
Weight

(lb/ft*)

Average *
Application Rate
(tons/acre)

1 Heifers

Sheep
92

98

60.5

58.8

122

113

2 Dairy Cows
Heifers

Sheep

90

98

98

60.1

58.8

58.8

126

150

131

3 Dairy Cows
Heifers

Steers

90

92

97

60.1

60.8

59.2

132

141

136

Based on 64-inch plow width.

that size of pipe concentrically into
the 6-inch (15.2-centimetre) inlet pipe
of one of the other three tankers.
Tanker pressure was reduced by
slowing down the compressor (re
ducing pto speed) and opening the
relief valve. Ground speed was
increased by shifting gears on
the tractor, so that pto speed was

maintained at the desired level. The
tractor must have sufficient power to
use this procedure.

Comparing Tables I and II, some
reduction in application rate, at 2%.
miles per hour (4 kilometres per hour),
was achieved by the 4-inch (10.2-
centimetre) inlet hood compared to the
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TABLE III. EFFECTS OF TANKER PARAMETERS ON AVERAGE MANURE
APPLICATION RATES (TONS/ACRE), BASED ON 64-INCH PLOW WIDTH

Hood Inlet Tanker
Tanker Forward Speed

Size Pressure 2 mph 3 1/2 mph 5 mph

6-inch full pressure
low pressure

160

115

90

65

65

45

4-inch high pressure (3 1/2 psi)
low pressure (2 1/4 psi)

130

100

75

55

52

40

3-inch high pressure (3 psi)
low pressure
Gravity flow (Impractical)

80

56

37

45

32

21

32

22

15

6-inch (15.2-centimetre) hood. With
the 4-inch (10.2-centimetre) inlet hood,
the application rate was further reduced
by slowing the pto to 370 from 490 rpm
(Table I). Finally, by increasing
ground speed, and using a 3-inch
(7.6-centimetre) inlet hood, the
desired application rates were achie
ved as summarized in Table III. The
lowest average rates attained were
with gravity flow (pto disengaged) but
were considered to be impractical; the
flow rate reduces as the tanker empties
since the liquid level provides the
discharge pressure.

A graph clearly indicates the
effect of speed on application rate,
assuming a constant discharge rate
from the tanker (Figure 5). There is
little advantage in travelling faster
than 5 miles per hour (8 kilometres
per hour). The plow can function ade
quately up to mis speed, as can the
tankers provided ground conditions
are not excessively rough.

A plant nutrient analysis was
performed on two of the manure sour
ces (Table I) to determine the nitro
gen, potassium and phosphorus content
Based on this analysis, the applica
tion rate of each nutrient was derived
from the manure application rate for
the 4-inch (10.2-centimetre) inlet
hood (Figure 5).

2 3 4 5

SPEEO (MPH.)

:igure 5 Computed effeci of speed on
application rates of manure,
N, P, and K for 4-inch inlet
hood (average of tests 7-10,
Table II).

SUMMARY

In response to odour problems
resulting from conventional methods
of spreading liquid manure from con
fined housing for animal production, a
rapid plow-cover system was devised
at the Canada Department of Agricul
ture, Animal Research Institute farm.
Simple hoods are fitted to the rear
outlets of vacuum, liquid manure
tankers to direct the slurry downward
and spread it over a width of about 50
to 60 inches (1.27 to 1.52 metres). A
second tractor with wheels set 60
inches (1.52 metres) apart, inside
measurement, and towing a4-bottom,
16-inch (40.6-centimetre) moldboard
plow (64-inch (1.62-metre) width of
coverage) follows immediately behind
the tanker to plow down the manure.
Inversion of the furrow slice com
pletely buries the manure, resulting in
little odour from the disposal operation.
Three of four tankers may be used
with one plow, resulting in a high
capacity system. Use of 3-inch (7.6-
centimetre) tanker outlets, reduction
of tanker pressure through reduced
tractor pto speed, and operation at
ground speeds of 4 to 5 miles per hour
(6l/i to 8 kilometres per hour) resulted
in reasonable application rates,
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