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The magnitude of the existing farm
manure disposal problem is becoming
significant. The 1961 census on On
tario (1) revealed that the livestock
population in the heavily populated
region of southern Ontario was 2,-
351,677 cattle, 1,536,458 hogs, 60,150
horses, 247,107 sheep and lambs, and
22,150,563 hens and chickens. By ap
plying Eby's (3) population equiva
lent values of 11.30 for horses, 16.40
for cows, 2.45 for sheep, 1.90 for hogs,
and 0.014 for chickens to these live
stock population figures, the waste
disposal problem becomes equivalent
to a population of 43,115,000 people.

When these wastes are spread wide
ly and evenly over an area, orderly
evaporation of the liquid portion and
aerobic decomposition of the organic
material takes place. However, the
trend in Ontario continues toward
larger confinement units for beef
cattle, hogs and poultry. Even on
dairy farms where much of the man
ure was deposited by the cattle on
pastures during the summer, units
are being constructed which handle
and feed the herd on a concrete lot.

Manure disposal in large-scale con
fined livestock enterprises is therefore
becoming a major problem. Since the
only land involved in many of these
feeding operations is occupied by buil
dings and driveways, there is no place
to spread the manure. Many progres
sive livestock producers are consider
ing enterprises in the order of 1,000
feeder hogs, 500 to 1,000 beef feeders,
100 to 200 head of dairy cattle and
60,000 laying hens. Such concentra
tions of livestock constitute a real
danger of polluting surface or ground
water supplies.

ALTERNATE METHODS OF

DISPOSAL

Under confinement, manure is a
by-product of the livestock production
enterprise but must receive as much
design consideration as any of the
other materials handling problems.
At the outset, some decision must be
made regarding the ultimate disposal
method. Involved in this decision is
the question of salvage or non-salvage
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of the fertilizer elements in the man
ure. Because of the importance of this
decision under confined livestock pro
duction, the ultimate disposal meth
ods only will be discussed in this
paper.

Disposal on Crop Land

Manure may be considered an asset
and a valuable by-product of animal
production, or a liability which must
be charged against the livestock en
terprise.

The manure produced from live
stock contains varying amounts of
nitrogen, phosphorus and potash. The
Canada Department of Agriculture
(2) has listed the amounts of these
various fertilizer elements available
from animal manures.

Van Arsdall (7) made a study of
the economic value of manure from
confinement finishing of hogs. All
costs involved in handling, storing
and distributing hog manure on crop
land and through stabilization ponds
were recorded and evaluated. When
manure is stored there is a tendency
toward the depletion of nitrogen
caused by biological activity at fav
ourable temperatures. Van Arsdall
stated that unless liquid manure is
quickly moved into a storage that
provides anaerobic conditions, loss
of nitrogen by volatilization of am
monia and evolution of nitrogen gas
is quite high. He also stated that
nitrogen loss may easily amount to
50 percent or more under typical
farm practices of storing manure in
open vats as is now done on many
farms in Illinois. He further stated

that unless 50 percent of the nutrients
in the manure are saved, there is an
economic loss in storing and spreading
it on crop land.

Sufficient land and specialized
crops are required to utilize the fer
tilizer elements available in the ma

nure. A 1,000 hog enterprise produces
enough manure to adequately fertilize
165 to 200 acres of continuous corn.

This crop is a valuable feed stuff in
the production enterprise but requires
extra labour and capital to produce
and process. Considering the econom
ic returns from crops, there is a limit
to the amount of manure that may be
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placed on land. There is a further
limit due to the danger of nitrate
poisoning of livestock when excess
quantities of nitrogen are applied.

If the livestock enterprise is placed
on a farm presently engaged in crop
production, manure will likely be con
sidered an asset. If a large production
unit is established on a small portion
of land, manure will likely be con
sidered a liability and must be dis
posed of in the cheapest possible man
ner.

Disposal by Dehydration
Dehydration is a disposal method

which produces a marketable by
product from livestock production.
Limited amounts of dehydrated ma
nure are presently being produced in
a few isolated areas of Canada and

the United States. Many plants have
been forced out of business in the past
because they became a public nui
sance or health problem. Ludington
(5) synthesized a plant containing

commercially available equipment
which would minimize the nuisance
problem and make the process more
acceptable in a community.

Dehydrated manure, like dried
sewage sludge, has some value as a
low analysis fertilizer and an organic
soil conditioner. In an economic as
sessment of dehydration, the first con
sideration is whether part of the cost
of dehydration should be charged
against the livestock production en
terprise. This practice is commonly
followed when considering other
methods of disposal. However in most
cases, economic evaluations of dehy
dration have been based on the pre
mise that the dehydration process
must pay for itself. When the latter
principle is applied, there are three
main factors that determine the eco
nomic success of dehydration, 1. The
volume of manure processed, 2. The
moisture content of the manure, 3.
The non-farm consumer demand for
the product. The first two factors can
be predicted fairly accurately for any
given type of livestock enterprise. The
third factor, concerning the uncer
tainty of markets, is in fact the major
problem for, lacking a market, plants
have been forced to discontinue pro
duction. Ludington's (5) calculations
for the dehydration of poultry manure



from a flock of 350,000 birds showed
that at a wholesale price of $35.00 per
ton, an economic return on the in
vestment could be realized. It would
appear therefore, that a reliable mar
ket survey would be a prime pre
requisite to the installation of a de
hydration plant

Disposal by Stabilization Ponds

Stabilization is the process whereby
relatively unstable complex substances
are subjected to biological activity and
reduced to more stable and less com
plex substances. The stabilization of
manure in ponds is another method
of disposal that is being used in lieu
of conventional methods of field
spreading. The use of stabilization
ponds for the disposal of manure is
relatively new although the stabiliza
tion process has undoubtedly been
taking place in bodies of water since
the beginning of life on earth.

Stabilization in ponds may take
place under aerobic conditions, an
aerobic conditions, or a combination
of these two conditions. The two main
sources of oxygen necessary for the
stabilization of the organic matter are
from algal photosynthesis or from the
reduction of compounds containing
oxygen. Aerobic conditions are main
tained when photosynthesis prevails
and anaerobic conditions will be

maintained when reduction processes
prevail. It is also possible to have
aerobic conditions at the pond surface
resulting from oxygenation from the
atmosphere and photosynthesis, and
anaerobic conditions at the bottom of
the pond. Generally, the products of
anaerobic decomposition are less
stable than those from aerobic decom
position and the gases such as am
monia, methane and hydrogen sul
phide resulting from reduction under
anaerobic conditions can become
highly obnoxious. Overloading an
aerobic pond with waste gives rise
to anaerobic conditions; the degree of
change will depend upon the severity
of overloading. Eby (3) has presented
a more technical account of the physi
cal, chemical and biological factors
that affect the performance of stabili
zation ponds.

Aerobic ponds. Stabilization ponds
operating under aerobic conditions
are becoming more widely used for
the treatment of municipal sewage but
very few have been constructed for
the disposal of manure. Design prac
tice varies but generally in areas
where low temperatures exist (6), the
pond should be 2 to 4 feet in depth,
located at a site where the soil is
impervious, and not exceed a Bio

SUMMARY

The trend toward large-scale con
fined livestock enterprises is creating
a manure disposal problem that threa
tens to be a real nuisance and a
possible source of pollution of surface
and ground water supplies.

Under a confinement operation,
one of the first decisions that must be
made is the ultimate disposal method.
This decision involves the question of
salvage or non-salvage of the fertilizer
elements in the manure. Of the three
alternate methods open to the entre
preneur (disposal on crop land, de
hydration and stabilization ponds),
only the first two methods salvage any
appreciable amount of these elements.

Although disposal on crop land is
the oldest and most wide - spread
method of disposal, recent studies
have cast doubt on the economic ad
vantage of the method unless 50 per
cent of the nutrients are saved. Fur
ther analysis of this method shows
that the amount of land associated
with the livestock enterprise will dic
tate whether manure is a potential
asset or a liability.

Dehydration is not a wide-spread
method of disposal. Dehydration of
manure produces a low analysis fer
tilizer and an organic soil conditioner
which, like dried sewage sludge, has
a limited market. From a considera
tion of the main factors that deter
mine the economic success of dehy
dration, it is concluded that a reliable
market survey would be a prime pre
requisite to the installation of a plant.

The use of stabilization ponds for
disposal has been introduced in recent
years where the entrepreneur did not
deem that the salvage of nutrients was
feasible. Stabilization ponds operating
under aerobic conditions are becom
ing more widely used for the treat
ment of municipal wastes. However,
due mainly to the large surface area
and volume of additional water re
quired, very few aerobic ponds have
been constructed for manure disposal.
As a result, smaller stabilization ponds
which operate under predominantly
anaerobic conditions are more typical
of those being constructed.
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chemical Oxygen Demand (B.O.D.)
loading of 10 to 20 pounds per acre
per day which is about equivalent to
one acre per 100 population.

Perhaps the reason few aerobic
stabilization ponds for manure dis
posal have been constructed can best
be illustrated by an example design
of such a pond to handle the manure
from 1,000 hogs. Based ona hog popu
lation equivalent to 1.90 given by Eby
(3) and a loading design criterion of
one acre of pond surface per 100 pop
ulation, the surface area required
would be 19 acres. Not only does the
size make the initial construction cost
almost prohibitive, but the water re
quirement of 15,500,000 gallons to fill
the pond to a depth of three feet may
be difficult or impossible to meet.
Even if these two problems could be
surmounted, it is doubtful whether a
sufficient volume of liquid manure
waste would be available to maintain
satisfactory depth for proper opera
tion of the pond. Without dilution,
the daily influent would not likely
exceed 2,000 gallons (2 gallons per
hog) which is a negligible amount
compared to the probable loss due to
evaporation and seepage.

Anaerobic ponds. The typical sta
bilization pond for the disposal of
manure is predominantly anaerobic
because of heavy loading rates. Re
cently published design recommenda
tions (4) state that an anaerobic pond
should be a depth of three to five
feet or greater, and that the pond
surface area for various livestock
should be,

40 to 50 sq. ft. per hog

50 to 65 sq. ft. per sheep

300 to 350 sq. ft. per horse

350 to 400 sq. ft. per cow

1 to 2 sq. ft. per chicken.

These figures can be reduced to ty*
if odour can be tolerated, or i/2 if oc
casional odour can be tolerated.

The two methods of loading an
aerobic ponds are continuous loading
or "shock" loading. When the pond
is located directly underneath a slot
ted floor, continuous loading will
occur; when the manure is tempo
rarily stored in a gutter or basin and
discharged intermittently into the
pond, shock loading will occur. Little
information is available on the effect
of either method of loading on the
stabilization process.
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USE DEVELOPMENT

continued from page 36

Plant Use of Water

Plants may not be efficient users of
water. Botanists have given some
thought to developing less thirsty
strains of plants but actual work is
apparently not in progress.

The mechanism by which water
moves in, through, and out of plants
is again not well known. Several the
ories have been advanced, but none
have been sufficiently proven. Hor
mones move through parts of some
plants at the rate of 6 to 10 centi
meters per day, but water moves at
the rate of 50 to 4,300 centimeters
per day. Water movement may be due
to a bulk transfer along a hydraulic
gradient, or by diffusion along a free
energy gradient (osmosis causing a
suction). Suction at the leaves where
water is transpired may draw water
upward. Concentration differences of
ions in solution inside and outside the
roots may cause a root pressure that
forces water through the plant. Co
hesion between water and plant tis
sue along the transit route may assist
in the movement of water. When all
these processes are well known, it may
be possible to influence such mech
anisms so that less water is required
by plants (1).

Fertilizers appear to affect the ef
ficiency of water use by plants. Fer
tilizer increases foliage and affects its
color which in turn increases the
reflection of net radiation. This may
cause changes in air transfers which
reduce evaporation and transpiration.
If soil moisture is readily available,
yield will be greater from a highly
fertile soil than from low fertility soil
for the same amount of water taken
up by plants (10).

In closing, it appears safe to pre
dict that science can meet foreseeable
water crises. Efficiencies in the agro
nomic aspects of water use appear on
the horizon. Research must, however,
be continued and supported to
achieve the objectives.

Nature has given us water, and is
unfolding a knowledge of how it can
be used. The use shall depend on the
people of our nations. The money
changers of stream pollution, recrea
tion, and other resource exploitation
are to be driven from Nature's temple.
It is to be remembered that whatever

the time required, the planning, ad
ministration and developments should
be in accordance with all the know

ledge that can be made available.

Laws are not a substitute for con

servation education. An understand
ing of the fundamentals of common
use is needed.
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