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Baling remains the most popular
method of handling hay in Western
Canada. The forage harvester and
field pelleting machine have not been
used extensively to date. In addition
to the haying operation, many farmers
are making extensive use of the baler
to save the straw from combine-
harvested crops. Whenever a baler is
used, there is a need for a bale eleva
tor.

It is surprising to note that a large
number of farmers handle all of

their bales entirely by hand. In some
cases the number of bales handled per
year may not be large enough to
justify the purchase of a bale eleva
tor. In many instances, however, it is
believed that a bale elevator is not

purchased simply because the avail
able units are not designed to be
flexible enough to handle the wide
variety of bale handling situations
that are present on each farm.

Bale handling equipment is manu
factured by both the leading agricul
tural machinery companies as well as
by small specialized or short - line
manufacturers. Most of these compan
ies produce two basic types of bale
loaders; (1) The sectional bale con
veyor or elevator which can be
mounted on transport wheels if de
sired. (2) The automatic field pick-up
loader in which all lifting action
comes from the forward motion of
the bale loader.

The farmer who purchases the first
type of loader finds that it is designed
for stationary operation to convey
bales from near the ground to various
heights. The operator finds that this
loader cannot be used too successfully
for any other purpose. On the other
hand, the farmer who purchases the
second type of unit, finds that the
loader can be used only in the field to
elevate bales from the ground to a
given height. Most farmers are reluc
tant to purchase both types. There are
many bale conveying tasks which
neither type of loader is able to
perform. An example is bale unload
ing from the top of a truck to the top
of a stack or into a barn loft. There
is a need for a dual purpose bale
loader having the versatility required
to make it adaptable to almost every
bale handling task.

FEATURES DESIRED IN BALE
ELEVATOR DESIGN

1. The elevator should be a com
pletely adjustable structure so
that it can convey bales from
various positions to a wide range

of heights. Most farmers want to
be able to elevate bales from any
level at the truck or wagon to
the various heights at which the
bales are being stacked or un
loaded into a barn loft.

2. The elevator should be versatile
enough in design to be able to
do both field pick-up as well as
loading and unloading jobs
around the farmstead. The
loader should be adapted to un
loading as well as loading bales.

3. The elevator should be of
simple and durable construc
tion. Light weight construction
is desirable so that it may be
positioned manually and made
ready for transport with as little
effort as possible.

4. The elevator should have high
capacity. It should be capable
of conveying bales at a rate that
is sufficient for the majority of
bale elevator applications.

5. The elevator positioning adjust
ments should be designed to
operate manually with little
physical effort. The power
source should be located where
it can be controlled easily.

6. The elevator should be of vari
able length with adequate reach
in order to minimize the manual
labor required in handling
bales.

UPPER BASE PLATE

CONVENTIONAL BALE CONVEYOR SECTION

TELESCOPING HITCH
-MAIN FRAME

7. The total cost of the elevator
should be low. A bale elevator
has limited hours of farm use
and hence a large investment is
not justified.

DESIGN AND CONSTRUCTION

The problem of making the bale
elevator completely adjustable was
overcome by constructing an elevator
consisting of two separate bale con
veyor sections of different lengths.
Two conventional bale elevator sec
tions were slightly modified and at
tached to the top base plate of a tele
scoping frame as shown in figure 1.

The telescoping frame consisted of
four large pipes welded to the top
base plate and four smaller pipes
welded to the lower base plate. The
larger pipes slide up and down with
respect to the small pipes. The length
of this upright telescoping frame was
controlled by means of a lifting mech
anism as shown in figure 2. This
mechanism consisted of a vertical
framework built up by welding pieces
of channel iron around four lengths
of small pipe which were placed as
corners for the box-type framework.
The framework was welded to the
lower base plate. (The lifting mech
anism for the vertical telescoping
action is not shown in figure 1). A
small pipe was placed in the center
of this framework and was welded to
the upper base plate. A cable was then
placed around a sheave which was
attached to the lower end of this
inside pipe by means of a bolt.

PILLOW BLOCK SUPPORT

Figure ). Bojic frame of thebole elevator jhowing two lifting mechoni:ng mechanisms.
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This design allows the inclination
angle of the two elevator sections to
be varied independently and in ad
dition these sections were attached to
a telescoping frame which can be
raised or lowered. The operator can
adjust the center to a suitable height,
then can set each end of the loader at
the required position. This configura
tion makes the bale elevator fully
adjustable so that it can be easily
adapted to do the various bale hand
ling jobs around the farm. For ex
ample, as illustrated in figure 3,
bales may be conveyed from the top
of a loaded truck onto a stack.

Figure 3 Elevator conveying bales from the top
i fully loaded truck unto a stack.

SECTION A - A
Figure 2. Lifting mechanism for the telescoping frame

Ease in manoeuvring was achieved
by mounting the elevator on four
wheels. Two light castor wheels were
mounted on the front and two auto
motive type wheels were used on the
rear. The castor wheels are not used
in transport, but only during manual
positioning of the unit. Furthermore,
the main part of the elevator was
made so that it could be moved in a
horizontal transverse direction along
the main frame. The main frame was
of channel iron construction. The
telescoping frame was supported by a
thrust bearing placed on top of a
sub-frame, located inside of the main
frame as shown in figure 1. The sub-
frame had mounted on its corners
four small steel wheels which were
specially machined so that they would
conform to and roll along the inside
of the channel iron on the main
frame. This sub-frame is pinned to
the main frame and various holes
were provided so that the relative
position of the sub-frame toward the
rear would transfer most of the weight
of the structure to the rear wheels.
The shift of weight permits the loader
to be lifted readily by one person
when preparing the loader for trans
port.

The problem of adapting the bale
elevator to an automatic field pick-up
unit was solved by mounting the
telescoping frame on a thrust bearing
and thus enabling the main part of

A 2i/2 horsepower gasoline engine
was mounted on a frame welded to the
telescoping section. The requirement
of high capacity was attained by using
a speed reduction of 30:1 and by se
lecting pulleys so as to obtain a con
veyor chain speed of about 120 feet
per minute. Speed reduction was
obtained by the use of an enclosed
worm-gear speed reducer. A simple
clutch consisting of a crank and screw
was used to enable the operator to
engage loader drive by tightening the
belt. This clutch also made it possible
to reverse the direction of conveyor
chain travel by twisting the V-belt
between the engine and speed reducer.
Power was transmitted from the speed
reducer to one elevator section by
means of No. 55 detachable-link steel
chain. A short detachable-link chain
between the two shafts on the upper
base plate was used to transmit power
to the second elevator section.

The two elevator sections were at
tached to the top base plate by means
of four pillow block supports as
shown in figure 1. The outer ends of
these sections were supported by pipe-
frame arms which pivoted at the lower
end of the telescoping frame. Rollers
were attached to the ends of the pipe
frames and were made to roll along
the bottom of the elevator sections.

Three lifting mechanisms were re
quired on the bale loader structure. A
hydraulic system was considered but
was found to be too expensive. Be
cause of the light-weight construction,
a winch and cable was considered to
be adequate for lifting purposes. The
drums and cranks were sized so that
they could be easily operated manual
ly to control the elevator positions.
Sheaves were machined from 2i/2 inch
steel shafting and 3/16 inch airplane
cable was employed because of its
high strength and good flexibility.
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Figure 2 shows the plot of field
capacity versus 1/3 atmosphere, as
typical of the method of arriving at
the above formulae. The standard
deviation from the regression were
calculated to be 0.31.1, 0.316, 0.330
and 0.324 respectively for the four

/ F.C.' £.09 + 0.475 <y*TM MOISTURE

ATM MOISTURE CONTENT IN INCHES

Figure 2. Relation between field capacity and 1/3
Atmosphere Moisture Content.

cases. The differences in the standard
deviation from regression using the
four methods are not of such magni
tude as to warrant the preference of
one in place of the others insofar as
the accuracy of field capacity deter
mination is concerned.

SUMMARY AND CONCLUSIONS

A method of determining the field
capacity of soils on which crops are
growing has been presented. This
consists of plotting the measured soil
moisture depletion against an estima
ted consumptive use rate and deter
mining the soil moisture content at
the time at which the two become
equal. The field capacity thus deter
mined compared well in all cases with
the moisture content of the soil when
drainage ceased as indicated by the
"hydraulic gradient" measurements
registered by tensiometers. This re
sult also indicates the possibility of
using multiple installations of tensio
meters as a means of determining the
time after irrigation when drainage
ends and thus determining field cap
acity.

An empirical linear relationship
was established between field capacity
and each of the moisture equilibrium
measurements of 1/3, 1/5 and 1/10
atmosphere tension and moisture
equivalent determined in the labora
tory on disturbed soil samples. Any
of these laboratory measurements may
be used and the appropriate equation
solved for a laboratory determination
of field capacity. Such a determina
tion should be applicable for glacial
soils similar to those studied here.
Application of the formulae to soils
differing significantly in origin or
deposition from those tested may lead
to unpredictable errors in field capa
city determinations.
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the elevator to be rotated about a
vertical axis on the main frame. Al
though the field pick-up attachment
was not constructed, a special attach
ment may be mounted on the lower
end of one of the elevator sections to
permit the section to slide along the
ground when loading bales. The
vertical position of the elevator sec
tion over the truck may be varied so
as to elevate the bales to various
heights. Also, the fore and aft position
of the delivery end of the elevator may
be changed by moving the sub-frame
with respect to the main frame. Figure
4 shows one way of adapting the ele
vator for field pick up operation.

Figure 4. Schematic plan view of bale elevator set
at an angle with a special attachment which adapts

the elevator for automatic field pickup.

The bale elevator sections employ
ed sprockets with sleeve-type bearings
requiring no lubrication. The eleva
tor sections were of sectional con
struction and extension sections can
be used to change each elevator sec
tion to any desired length. Should the
farmer require additional reach of
any section, as in the case of placing
bales into a barn loft, he could easily
remove the lifting arms supporting
the elevator section and then place
more of the section into the loft. The

position of this section could then be
maintained by supporting it on bales.

While the sub-frame of the bale
elevator is placed near the rear of
the main frame during transport, it
is moved towards the front of the
main frame for stationary bale load
ing and unloading. In this position
the bale elevator is designed to have
longitudinal stability even with two
or three bales close together at the
outer end.

The final requirement of low cost
was obtained by careful design and
by the use of standard elevator sec
tions and other component parts.

continued on page 31



would only benefit by the example of
their neighbors. This would, however,
not invalidate the usefuleness of the
procedure. It would be the job of
the specialist to help design (or re
design) the irrigation system, deter
mine where evaporimeters should be
placed, put them in place, arrange for
daily readings and a system of daily
reporting, provide each grower with
a suitable chart, help him start and
keep the records, and keep a close
watch on the results.

PROCEDURE NOW USED

The procedure now used in the
Okanagan Valley is based on evapora
tion from bellani plates and on rain
fall. Two bellani plates and a rain
gauge are established at present at
each of 17 orchards. A single-line
graph is prepared for each orchard,
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Figure I. Chart used for determining daily irrigation
deficit in inches directly from evaporation in cubic
centimeters, Orchad I in Summerland, 1962. Detailed

cross-hatching is not shown.

whereby evaporation in cubic centi
meters can be changed directly into
irrigation deficit in inches. An ex-
ample is given in Figure 1, for Or
chard 1 at Summerland. The graph
takes into account both the evapora
tion factor for the evaporimeters, as
determined at Summerland, and the
I/E ratio suitable for the grower's
soil. A balance sheet is kept by the
technician, and he advises the grower
when to start each irrigation cycle.
An example of part of such a balance
sheet is shown in Table V. The
amount of water applied is the same

TABLE V. PART OF BALANCE SHEET FOR JUNE 1962 FOR ORCHARD 1

AT SUMMERLAND (I/E = 0.50. Factor = 1.02. 2.35 inches per irrigation)

Evaporation Water Irri

Date No. 255 No. 236 deficit Rain gation Balance
June CCS CCS inches inches inches inches

1 92 91 .40 .20

2 30 30 .13 .39 2.35 2.35

3 30 31 .13 2.22

4 40 41 .18 2.04

5 38 38 .16 .02 1.90

6 58 59 .26 1.64

7 44 44 .19 1.45

8 32 33 .14 1.31

9 39 40 .17 .08 1.22

10 40 40 .17 .01 1.06

11 58 59 .26 .80

12 27 27 .12 .06 .74

13 29 29 .13 .61

14 51 53 .23 .38

15 67 69 .30 .08

16 87 89 .39 2.35 1.96

at each irrigation. A negative balance
just prior to irrigation is carried over;
a positive balance is ignored. For
large-scale use, it seems necessary that
growers should keep their own bal
ance sheets and make their own de

cisions as to when to irrigate. To do
this, they would need help at first
from the irrigation specialist.

APPENDIX

Irrigation interval = the number of
days between the start of an irriga
tion at the first setting of the line
and the start of the next irrigation.

Irrigation cycle = the number of days
taken to irrigate a field. The irri
gation cycle plus the time the
sprinkler line lies idle = the irri
gation interval.

Safe interval = the longest interval
between irrigations that does not
allow excessive drying of the soil in
the heat of the summer.

Application efficiency (in%) =
100 (water stored)

water applied

Storage efficiency (in %) =
100 (water stored)

water required

Water required at any one time (in
inches)
= field capacity minus moisture

content

= cumulative evapotranspiration.

Irrigation deficit (in inches) =
100 (water required)

Evapotranspiration = water use
from soil, in inches.

Evaporation = evaporation from
black bellani plates, in inches.

I/E ratio =
irrigation deficit in inches
evaporation in inches
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Weight, strength, and cost were the
factors considered in the selection of
material for each part of the elevator.
The total cost of the material, less
motor, used in the construction of
this elevator amounted to $220.00.
This price does not include any
charge for the labor involved in the
construction.

OPERATION OF THE BALE

ELEVATOR

The elevator was designed and con
structed at the University of Saskat
chewan. This structure was then
transported by automobile to a farm
for testing purposes. The elevator
was used extensively during the sum
mer of 1962 for stacking and also for
conveying bales into a barn loft. The
farmer using the elevator stated that
he had long desired to obtain a bale
elevator capable of doing the work
that this one was able to do.

SUMMARY

Investigation of the bale handling
problem and consideration of the
available bale handling equipment
revealed a definite need for a more
versatile and practical bale elevator.
The bale elevator which resulted, was
designed so that it could be used to

application efficiency in % continued on page 41
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(d) Rehabilitating shallow bored
quicksand walls - Research was start
ed in 1962 to determine the most ef
fective and economical method of de
veloping farm water supplies from
shallow bored quicksand wells. De
tailed study of the formation sands
showed that most of these could be
screened and naturally developed. A
number of farmers in the Saskatoon
area troubled by quicksand wells have
been able to rehabilitate the wells by
screening with .006 inch, .008 inch or
.010 inch slot screens on either drive
points or jetting points.

(e) Water treatment studies —
Quality problems of farm or other
rural water supplies may be due to
physical, chemical or bacteriological
contaminants. Most of the surface sup
plies contain suspended particles that
require removal by filtration before
the water is acceptable for household
use. Bacteriological contamination re
quires treatment to render it potable.

Excessive mineral contamination is

less serious but quite obnoxious.
Hardness, hydrogen sulfide and iron
are troublesome in many water sup
plies.

The objectives of the water treat
ment studies are to:

—Evaluate the suitability of cellular
cartridge, granulated carbon, pre-
coated carbon and pressurized
rapid sand filters for reducing
turbidity and color of domestic
water supplies;

—Measure the effectiveness of acti
vated charcoal filters and chlori-
nators for taste and odor control;

—Develop safe treatment methods
for bacteriologically contaminated
water supplies.

(f) Additional FFIB projects - De
tailed literature studies and some
preliminary field investigations have
been completed on the following
problems:

—Effect of septic tank gasses on the
rate of corrosion of indoor copper
plumbing systems;

-The harmful effects of synthetic
detergents on the biological action
in septic tanks;

—Long term safe working negative
pressure that two inch plastic pipe
can withstand;

—Practical field methods for locat
ing ground water acquifers.

4. Testing conducted by Agricul
tural Machinery Administration
(AMA)

Several new sewage pumps have
been tested for performance character
istics by AMA. These tests have been
essential in comparing the capacities
of sewage pumps and to determine
their suitability for particular field
applications. These tests assist the
supply division in the selection of
tenders for materials supply. FFIB has
acquired the test equipment and will
test further pumps as required.

5. Tests conducted by consulting
engineers

(a) Precast concrete septic tank
tests—Test work is periodically ar
ranged for by FFIB with consulting
engineers to conduct compressive
strength concrete tanks, analysis of ag
gregates and to structurally test pre
cast concrete septic tanks purchased
by FFIB to ensure quality control.

(b) Fiberglas septic tank test—Dur
ing March 1963, a 30 month old fi
berglas septic tank was removed from
the ground and tested for structural
strength (see figure 3). Depending on
the assumptions made, the test indi-

Figure 3. Fiberglas septic tank being tested for
structural strength.

cated that the tank could withstand

heights of overburden up to 34 feet.
A similar tank (which was never in
service) tested during February 1961
indicated strength equivalent to 28.5
feet of earth cover.

With good workmanship during
backfilling operations and allowing a
safety factor, fiberglas tanks of the
type tested, may be installed with
depths of earth cover not exceeding
20 feet. Persons installing the tanks
should follow proper handling and
installation procedures to avoid rup
turing.
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FARMSTEAD MECHANIZATION

PROGRAM

While farmstead mechanization
work has been minimized, it is inevi
table that this work will expand, as
shown by the increasing volume of
correspondence and office callers.

The Canadian Farm Buildings
Plan Service is handled under the
farmstead mechanization program.
This is a Canada wide service. FFIB
stocks plans for Saskatchewan and
supplies plans to farmers on request.
Eight catalogues of plans are available
and are also distributed by FFIB to
agricultural representatives, FFIB and
other offices. These catalogues cover
beef cattle, dairy cattle, swine, poul
try, sheep, special structures, grain
storages and fruit and vegetable stor
ages.

Many technical inquiries on farm
stead planning, farm buildings, and
materials handling are continually-
handled by correspondence. We hope
to expand on-the-farm free technical
advice in these fields before long as
the demand for this service increases.
As a step in this direction a pilot farm
buildings short course is being plan
ned.

. . . ELEVATOR DESIGN
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do the more difficult bale conveying
jobs which are found on many farms
today.

Constructing the bale elevator with
two separate bale conveyor sections
mounted on a telescoping frame,
made it possible to have a completely
adjustable structure. The three lifting
mechanisms made it possible to
change the positions of the two sec
tions so that this bale elevator can

convey bales from any level to a wide
range of heights. The elevator is
equally adapted for unloading and
loading bales. It was designed for
easy manoeuvring and transporting.
In addition, consideration was given
in the design of the elevator so that it
might be adapted to the pick up of
bales in the field and conveying them
to a truck or wagon.

During one season's use, the bale
elevator has operated satisfactorily.
The new design, featuring numerous
adjustments, has proven to be not
only acceptable, but practical as well
in producing an extremely versatile
bale elevator.

continued on page 45



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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