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Figure 4. Computer read-out for simulated harvesting program.

consensus, based on recorded weather
records, is not a sound procedure for
determining the conditions under which
combining could proceed or would be
halted. Second, the assumption was
made that weather considered over a
period of years exhibits stochastic pro
perties that yield representative samples
from the accumulated distribution
function. It is quite probable that wea
ther cycles and the property of "per
sistence" might limit the validity of the

method to samples from wet or dry
cycles, or some other division.

The results that have been obtained
should be recorded not withstanding
the questions raised above. A program
to determine the size of combines best

suited to harvesting five hundred acres
of wheat per year in the Edmonton
area, yielded the larger size range of
Canadian-built combines. The slope of
the curve, as it approached the level

value, was quite flat. That is, the
penalty for smaller or larger combines
was not great. These results generally
agree with present farming practice,
where farmers generally select larger
combines, but where those who go
against the trend do not appear to be
highly penalized. It is of particular
interest to note that the program yields
larger sizes than are obtained by simply
basing selection on the average num
ber of days in the autumn in which
harvesting could proceed.
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INTRODUCTION

Mechanical treatment of hay in
swaths and windrows has two imme
diate objectives: to accelerate the
drying rate of the material in order to
reduce the risk of damage by inclement
weather, and to ensure evenness of
drying of stems and leaves. Mechani
cal hay tedders came into use in 1850.
Many new developments in farm ma
chines have appeared since that time.

This study was made to determine
the relative effectiveness of modern
forage harvesting machine treatments
in accelerating the drying of hay in
swaths and windrows. Because of the
influence of climate on the effective

ness of hay treatments, experiments
were conducted at four widely-
separated locations in Ontario (lat.
42 to 47.5) so as to ascertain the ef
fectiveness of treatments within the

hay-growing area (3.3 million acres)
of the province.

School of Agricultural Engineering
University of Suelph

Guelph, Ontario

that would allow data to be compared
in two different ways:

1. to compare drying curves plotted
from points at 2 or 3 hour inter
vals, and

2. to compare treatments at selec
ted times by analysis of variance
techniques.

MATERIALS AND METHODS

A randomized complete - block de
sign consisting of six different treat
ments and four replications was used
at Ridgetown, Guelph, Kemptville, and
New Liskeard. The machine treatments

performed were:

1. mow, and leave to dry in swath

2. mow, then crush and place in
swath.

3. mow, then crush and place in
windrow

4. mow, then ted and place in
swath

The sampling procedure was one 5. cut, condition and windrow with

flail mower

6. cut, crush and windrow with SP
windrower

In each location the hay consisted
of a mixture of alfalfa and brome. It
was cut in the late bud-early bloom
stage. The yield at Kemptville was
about 2J/2 tons per acre; at the other
locations it was about 3 tons per acre.

Machines used in the experiment
were selected from the newest models
available in Ontario at the outset of
the experiments. Seven foot wide ma
chines were used to facilitate the

common 7-foot cutter-bar mower. In

one exception a 10-foot wide self-
propelled windrower was selected be
cause of the popularity of this size in
Ontario.

Machine adjustments were impor
tant in this experiment since variations
in crushing-roll pressure adjustments
can yield wide differences in results
(1). In these experiments, machine
adjustments were made according to
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The diurnal fluctuations in moisture
content which result from overnight
moisture regain are readily discernible
in all of the curves. However, these
fluctuations are not nearly as pro
nounced in the windrowed material as
they are in the swaths.

A considerable amount of intertwin
ing of curves illustrates the varied
responses to the complexities of cli
mate by the treatments being com
pared. The intertwining of curves also
discloses the difficulties that are as

sociated with analysis of the data.

If the drying curves are compared,
it will be noted that crushed hay in
swaths dried more rapidly than hay
treated in any other way. This conclu
sion can be arrived at by noting either
the general slopes of the curves or by
inspecting minimum daily moisture
contents for each of the treatments at

the various locations. Overnight mois-

GUELPH

GUELPH

hence, these curves are not shown.
Hay that was tedded immediately

after cutting had drying characteristics
quite similar to those of hay that was
just mowed and left in swaths. The
drying curves for tedded hay were not
significantly different from those for
hay that was mowed and left in the
swath to dry except at the Ridgetown
location on the second day of drying.

On the day the material was cut,
hay that was cut, windrowed, and
crushed with the self-propelled wind
rower did not dry as rapidly as hay
that was just mowed. This observation
appears to hold for all four locations.
However, smaller overnight moisture
regains and faster drying rates on the
second day did much to overcome the
disadvantage. The drying curves indi
cate that on the second day after
cutting, hay that was cut, windrowed,
and crushed by a self-propelled wind-

KEMPTVILLE

KEMPTVILLE

the manufacturers' recommendations

for use of the equipment. Where re
commendations were not specified
exactly, adjustments that could theo
retically be expected to yield maximum
benefits as regards rate of drying were
used. It was possible to use maximum
attainable roll pressure without ex
periencing swath-forming difficulties.

Speed of operations was also impor
tant in assessing the effectiveness of a
treatment. An attempt was made to
operate all machines in this experiment
at 4 miles per hour. Tractor engine
speeds were adjusted to operate pto
equipment at the ASAE standard 540
revolutions per minute.

Timing of treatments subsequent to
cutting has a noticeable effect on the
results (2); therefore, to gain the ex
pected maximum drying advantage
from the crushing or tedding treat
ments, these operations followed cut
ting within a time limit of 20 minutes.
All cutting and hay treatments were
performed between 7:00 am and 9:00
am. The order in which the treatments

were performed was randomized within
the blocks. Two blocks were treated

prior to 8:00 am and the remaining
two after 8:00 am.

Moisture samples were obtained by
taking one grab sample from each

replication of a treatment. The grab
samples were taken by passing a partly
opened hand downward through a
swath or windrow and grabbing the
entire amount of material that was en

countered between the top and bottom
surfaces of the swath or windrow. By
maintaining a constant distance be
tween the thumb and fingers as the
hand is forced down through the hay,
it is possible to obtain sections of the
swaths and windrows whose moisture
characteristics are highly correlated to
the moisture of a swath or windrow.
Samples were taken at 2-hour intervals
during the day and at 3-hour intervals
during the night following cutting. The
samples were sealed in polyethylene
bags and stored at 35°C until moisture
determinations could be made. The
AOAC official 2-hour oven method
for stock feeds and grains was used
for this analysis, and drying curves
were plotted using this data.

FIG. DRYING RATE OF HAY FOR VARIOUS MACHINE TREATMENTS

RESULTS AND DISCUSSION

Drying curves have been developed
for each of the treatments at the four
experiment locations, but only the
curves for Guelph and Kemptville are
presented (figure 1) as it was felt
that these two locations were the most
representative.

ture regain of the crushed hay was
rapid. On occasion overnight moisture
levels were usually as high as those of
hay that was not nearly as dry as the
crushed hay was when regain com
menced.

Swaths of hay that were crushed
and then placed in windrows did not
dry as quickly as hay that was placed
in swaths after crushing. Crushed hay
in windrows dried at a rate somewhere
between that of mowed hay and that
of mowed, crushed hay in swaths;
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rower behaved similarly to mowed hay
left in the swath.

Flail-cut, conditioned, windrowed
hay had poor drying characteristics.
In some cases the flailed windrows
dried more rapidly than the windrows
produced by the self-propelled wind
rower on the same day the material
was cut. However, this advantage was
short-lived, and on the second day the
drying characteristics of flailed wind
rows were not good. Drying character
istics likely would have improved had
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the hay been left in swaths after
cutting.

In addition to drying curve compari
sons, treatments can be evaluated
either by comparing the amount of
time required for the material to reach
a specified moisture level or by com
paring moisture contents of the ma
terial after a given amount of time had
elapsed. These comparisons have an
advantage over drying curve compari
sons in that the conventional methods
of statistical analyses can be used to
establish significant differences. The
complexity of drying curves does not
permit rigorous statistical approaches
from practical standpoints. Slopes of
curves and areas under them are of

little value when used for evaluation
purposes.

A more practical approach for com
paring the effectiveness of hay treat
ments is the one where the moisture
content of the material at given periods
after cutting is compared. Important
periods for assessing the moisture con
tent of the cut material are those that
coincide with certain aspects of opera
tor programs.

Analyses of variance of the data
obtained on the second afternoon fol
lowing the morning on which the
material was cut are shown in Table 1.
Angular transforms of the moisture
content percentages were used in these
analyses (3). Differences among rep-

TABLE I. ANALYSES OF VARIANCE OF THE MOISTURE AT THE

FOUR LOCATIONS

Ridgetwon—34 hours after cutting

Source of variation df

Replicates 3
Treatments (Machines) 5
Error 15

Guelph—32 hours after cutting

Source of variation df

Replicates 3
Treatments (Machines) 5

Error 15

Kemptville—29 hours after cutting

Source of variation df

Replicates 3
Treatments (Machines) 5

Error 15

New Liskeard—32 hours after cutting

Source of variation df
Replicates 3
Treatments (Machines) 5
Error 15

SS MS F

92.17 30.72 0.611 n.s

1521.65 304.33 6.047 *

754.82 50.32

SS MS F

25.54 8.51 0.782 n.s

229.16 45.83 4.213 *

163.20 10.88

SS MS F

23.27 7.76 1.236 n.s

298.16 59.63 9.503 *

94.13 6.27

SS MS F
88.44 29.48 1.301 n.s
32.06 6.41 0.282 n.s

339.87 22.66

TABLE II. COMPARISON OF MOISTURE MEANS FOR THE VARIOUS MACHINES
USED AT THE THREE LOCATIONS

(Duncan's New Multiple Range Test)

Ridgetown—34 hours after cutting
*2 6

**24.8 30.1
3

33.3

4

43.7
1

51.1
5

64.3

4
23.3

6
24.9

Guelph—32 hours after cutting
*3 2
18.6 19.1

5
29.8

1
30.3

6

26.3

Kemptville—29 hours after cutting
*2 3
19.4 22.2

4
30.9

5

32.5

1

33.8

*These numbers refer to the machine treatments performed as listed numerically under
Materials and Methods.

** % Moisture wet basis.

licates were nonsignificant at all lo
cations. The analysis of the data taken
at New Liskeard showed no difference
between treatments. This is mainly
attributed to a light rain during the
first day. Hence, these curves were all
grouped much closer together than
those plotted from the other locations.

A comparison of transformed treat
ment means using Duncan's new
multiple range test are shown in Table
2. At each of the locations the moisture
content of crushed hay in the swath
was significantly lower than that of
either mowed hay or flail-mowed, con
ditioned, windrowed hay. From the
ranking-of-treatment-means it appears
that crushing and leaving the material
in swaths was the most effective treat
ment in accelerating the drying of hay.
Hay that was cut, conditioned, and
windrowed with a flail mower had
either the highest or next-to-highest
moisture content.

CONCLUSIONS

The field drying of cut hay was ac
celerated by crushing the material.
Greater increases in drying rates were
realized when the crushed material
was left in swaths than when it was

placed in windrows.

Hay that was tedded immediately
after mowing had drying characteris
tics that were very similar to mowed
hay in swaths. Hay that was cut,
windrowed and crushed with a self-

propelled windrower dried slowly on
the first day following cutting but
dried as rapidly as mowed hay on the
second day. Flail-cut, conditioned,
windrowed hay did not dry as rapidly
as mowed hay in swaths. Overnight
moisture regains were an important
aspect of these drying studies.
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