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Resource utilization is being em
phasized by a people with an affinity
for waste. Water is a priority item on
the list of resources. It is mis-used,
mis-understood, and at the same time
appreciated. Co-ordinated knowledge
related to water use and development
may be gained by reviewing the many
disciplines of study in the hydrologic
cycle.

Man and water are inseparable.
Each human being consists 70% of
water. Without water death ensues in
seven to ten days (2).

To maintain health, inside and out,
the North American human uses 125
Imperial gallons of water per day. In
addition, his water bill for farming
is 625 gallons per day. He also uses
manufactured goods each day that
require about 500 gallons of water
to produce. About 1,250 gallons of
water per day or 25,000,000 gallons
per life span are used per person.

Manufacturing is accountable for
40% of the total water used. The pulp
and paper industry requires 200,000
Imperial gallons to make a ton of
newsprint. Textiles require similar
quantities. It takes 390 gallons of
water to brew a single barrel of beer,
and a ton of steel calls for 54,000 gal
lons. Kaiser, however, reduced this
requirement to 1,250 Imperial gallons
in a new plant in Fontane, California.
Five hundred fifty thousand gallons
of water is needed to produce a ton
of synthetic rubber. Acetate takes
over 200,000 gallons per ton. Industry
is, therefore, a strong competitor for
the use of water (2).

Travel requires 80,000 gallons of
water to produce an automobile, 6
gallons to refine a gallon of gasoline,
plus what is used to mix concrete for
highways.

Water consumed by agriculture is
nearly thirty times the amount that
disappears in industrial use. The lat
ter returns water in the main to the

stream but usually heavily polluted.
Food production, however, rates a
high priority use of water.

The farm use of water takes about

1,500,000 Imperial gallons for every
ton of food we eat: one slice of

bread—31 gallons of water; just the
grain—540,000 gallons per acre. To
produce a ton of dry matter, wheat
uses 360,000 gallons of water; barley,

380,000 gallons; oats 330,000; flax,
260,000; brome, 200,000; and alfalfa
uses 240,000 gallons of water per ton
of dry matter (1). Six million gallons
of water are required to produce one
ton of meat.

Water is used, not where it is found,
but where it is needed. It is the pur
pose of this paper to explore the
agricultural developments that may
contribute to the equitable sharing of
water resources for all purposes. All
sources of supply, use, and losses can
be examined to find ways and means
of more efficient water distribution
and utilization.

Precipitation:
The average annual precipitation

for North America is approximately
29 or 30 inches. Of this, 20 inches
evaporate over the land from surfaces
of vegetation, soil, lakes and streams,
and from transpiration of plants. The
balance is lost to runoff and deep
percolation which in general finds its
way back to the sea. Only about 12%
of the total precipitation in the U.S.A.
is available for use, and less than 8%
is being used at present. Even so, the
ground water levels are dropping in
many areas (55 feet in six years in
Arizona).

Weather Modification:

Weather may in time be controlled
to regulate and distribute precipita
tion. However, there is little proof
that weather modification practices
are as yet successful (6). Even though
the practice is uncertain, from 7% to
14% of the U.S. sky area was seeded
annually with silver iodide or other
material during the period 1950 to
1956. Cloud seeding purposes were:
agriculture—61.5%, hail suppression—
5.7%, hydro-electric—15.5%, munici
pal—12.5% and forests—4.8%.

Precipitation is caused by two main
processes (4):

1. Moisture in clouds consist of

tiny droplets about l/1000th of an
inch in diameter. Over a million

droplets form a drop of rain. Droplets
of different sizes vary in motion, thus
collide to form drops that fall out as
rain.

2. Moisture may also be in the
form of small ice crystals, flat and
six-sided which collide and sweep up
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droplets and fall out as precipitation.
Other factors are involved in the

formation of precipitation. Favour
able results from cloud seeding have
been recorded by seeding with silver
iodide on the windward side of the
mountains in cold weather where the
forced lifting of air occurs. Knowledge
of the processes are still incomplete.

Reports on weather modification
research are negative or non - com-
mital. The Canada Department of
Transport has stated that if precipi
tation can be produced, it will prob
ably not be possible to control the
time and place of rainfall. Dr. V.
Bush of the Massachusetts Institute
of Technology, in referring to this
science suggests that "By all means
let us get at it" (6).

Water Storage and Evaporation
Control:

Dams are constructed to hold back

reservoirs of water. Upstream storage
at higher elevations can reserve the
water for multi-purpose uses down
stream. Downstream storage is of
much less value.

The loss of water from its free sur
face is 3 to 4 feet, removed by evapora
tion per year. Monomolecular films
on water surfaces have reduced this

loss. Such chemicals as non - toxic
cetyl alcohol (hexadecanol-octadeca-
nol) have cut losses by 50% under
certain conditions. The U.S.B.R. esti
mated that by 1980 annual evapora
tion losses from reservoirs could be

reduced by 2 million acre-feet of
water through the application of
present knowledge. Additional savings
could obviously be made if ways were
found to use monolayers on the thou
sands of farm reservoirs (8).

Ground water reservoirs may be
very efficient sources of water. Inten
sive investigation is usually necessary
to locate the area of recharge and the
location and limits of the ground
water supplies. Evaporation is not a
problem in such cases. However,
pump lifts from such water supplies
may be great and the re-charge areas
may require development to add suf
ficient water to replace the quantities
used. Ground water knowledge for
almost all areas is inadequate.

Transmission of Water:
Seepage losses from canals should

be corrected in all North American



irrigation projects. This loss in quan
tity of water amounts to nearly half
the total water withdrawn from reser
voirs and rivers for irrigation and
other uses. Damage due to seepage
occurs on adjacent lands in most pro
jects. More areas have been affected
by seepage from canals than from ex
cessive irrigation on the part of
farmers. Canal linings of concrete in
the warmer climates have checked
this problem. Clay linings have been
used in canals on projects where frost
occurs, but have not been entirely
successful. Polyethylene has been used
in recent years as a buried liner with
excellent results. Asphalt has also
been used satisfactorily. Canal lining
to date, however, has been rather ex
pensive for use by low-revenue pro
jects.

More recently developed canal
liners (9) may be less costly and more
easily applied to canal sections. A
petroleum-based emulsion (Chevron
Soil Sealant) developed by the Cali
fornia Research Corporation provides
a wax-like seepage barrier at a pre
determined depth below the surface
of porous soils. The emulsion is ad
ded to ponded or flowing water, from
which it finds its way into the soil.

Soil Sealant 13, an emulsified poly
mer manufactured by the Brown Mud
Company, Torrance, California, may
be applied in ponded water.

Cationic Asphalt Emulsion, manu
factured by the Armour Chemical
Company, Chicago, Illinois, can be
applied through a pressurized appli
cator with nozzles which follow discs
that slice openings in the soil to de
sired depths. This operation should be
possible in canals with flowing water.

Other soil sealants that are under
investigation include high molecular-
weight chemicals such as spent sul
phite liquor, alkali soluble cellulose
that becomes insoluble with acid
treatment, and plastic and resin emul
sions.

Limitations on the use of these seal

ants are as yet not well known. It
must be appreciated that much funda
mental and applied research needs
to be done to determine the exact
physical and chemical characteristics
of soil, water, and sealants before re
liable specifications for their use can
be given.

Management of water on the irri
gated farm means complete control at
all times. Farm distribution of water
in pipelines eliminated transmission
losses. Ditches in porous soils should
be lined with clay, concrete, plastic,

signs are based. The rate decreases
as water continues to enter a soil and
varies as soil varies throughout a
field. Differing surface conditions
caused by cultivation, crusting, etc.,
also affects infiltration. Consequently,
it is difficult to specify design require
ments and irrigation practices (5).

If the infiltration rate of water into
soils could be stabilized, it would then
be possible to design farm systems
that would irrigate the soil with a
very uniform quantity of water with
out loss to runoff or deep percolation.
At present, this appears impossible.
However, the same purpose is being
achieved by well-designed sprinkler
irrigation systems which apply water
at rates that are less than the soil
basic infiltration rates.

SOIL AND WATER
MANAGEMENT

Reduced evaporation and addition
al moisture is particularly desirable
on the dry farms and ranges of the
prairies. The Great Plains region re
ceives about twenty inches of precipi
tation annually. Disposal of the mois
ture according to the U.S. Agricultur
al Research Service (7) is: 60% or 12
inches to evaporation, 20% or 4 in
ches to plant use, 14% or 2.8 inches
to weeds, etc., 5% to runoff, and 1%
to deep percolation.

Summerlallowing and terracing are
aids for building moisture reserves.
Summerfallow is relatively inefficient
at conserving water as about 80% of
the precipitation is lost to evaporation
before cropping occurs. Terraces are
more efficient as they hold runoff
from snow melt and intense rains.

Zingg and Hauser (10) used a
sloping strip of land as a watershed
which supplied runoff to a flat bench.
Grain sorghum yields varied from 40
bushels per acre on the sloping strip
to 60 bushels per acre on the portion
of the flat strip from which top soil
had been removed to 106 bushels per
acre on the portion of the flat strip
where the excess top soil was placed.

Further refinement of such land

management is worthy of considera
tion. Researchers are now examining
the possibility of developing perma
nent water shed strips alternating
with permanently cropped strips as a
substitute for summerfallow (7).
Such strips may be very narrow such
as the width of the widest farm imple
ment. They might be grassed-down
and the soil might be sealed so that
all precipitation would be diverted to
the cropped strip (4).

continued on page 45

or chemicals. Concrete ditches control
water flow, ease labour, and eliminate
weeds and erosion as well as prevent
seepage. Structures to check the flow
of water in ditches are as necessary
as valves in a pipeline. Gates, syphons,
gated pipe, sprinklers, etc., areadvised
to control the flow from ditches or
pipelines to the land. Land surfaces
should be levelled and diked or
furrowed to guide surfaceapplications
of water (5).

AVAILABILITY OF WATER IN
SOILS

Water in the soil may be lost by
either evaporation or deep percola
tion, thus diminishing the quantity
available for plant growth. Each soil
holds a limited amount of water. As
the pore spaces of a soil fill with wa
ter near the surface, the water con
tinues to drain downward out of the
pore spaces until the attraction of
water to the soil particles is great
enough to hold the remaining water
against the force of gravity (suction
or tension).

Drainage losses occur when more
water enters the soil than can be held
in the root zone depth. Small losses
are desirable to remove salts down
ward or to retain the salts at lower
depths. Excessive applications of
water may waterlog some soils or seep
through others, moving salts to the
surface and thus damaging the land's
productivity.

Evaporation losses from soils are
greatest while the surface is wet,
which is usually a few hours to several
days following a rain or irrigation.
Losses may be as high as 90% of the
total evaporation, which may be as
much as 50% of the amount of water

applied (3).
Soil water is held under tension or

suction (the attraction of soil par
ticles for water). As water is used from
soil by plants, the suction increases. A
change of several atmospheres in
suction does not materially affect the
transmission of water to plants but it
does reduce the movement of water

out of the soil by evaporation. Know
ledge of such phenomena leads re
searchers into the development of sur
face mulches that dry quickly to
create a high suction in surface layers,
thus reducing evaporation (3).

The Application of Water to Soils:
Engineering and agronomic ad

vancement in the use of soils and

water knowledge to design efficient
farm irrigation systems has been sig
nificant in recent years. Further re
finement is necessary. Infiltration rate
is a main criterion upon which de
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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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