
NATURALLY DRIED HAY,
CUT AND BALED THE SAME DAY

INTRODUCTION

The smallest increase in production
efficiency for any farm crop during the
past twenty years has been in hay produc
tion. The farmer's chief problem is to
efficiently harvest forages with minimum
losses. Weather damaged hay, where the
feed value losses can vary from 25 to 40
per cent (8), is the major concern. Ahay
baling system has feed value losses vary
ing from 4 to 35 per cent. Asmost of the
protein and TDN is in the leaves, the feed
value reduction must be a result of leaf
losses3. Basically, these losses occur
because the hay must remain in the field
exposed to uncontrollable elements until
dry enough to store. These losses are
reduced if the forage is dried and barn
stored as quicklyas possible after cutting.
Ideally, these processes should take place
in the same day.

Forage researchers over the past years
have verified that mechanical treatment
of the hay increased the drying rate over
untreated material, independent of geo
graphic location. It has become apparent
that crushing (2,3,5,6,7,8,9) and crimping
(6) of the hay increased the drying rate
over untreated hay, with the former treat
ment removing moisture quicker than the
latter (1). Swathed material dried faster
than windrowed forage of the same treat
ment (5). The effects of different
mechanical treatments may vary accord
ing to geographic location. In some
studies it was found that the flail treated
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hay dried quicker than the crushed
material (1,4).

However, investigations in Ontario
yielded the opposite results (5,7).

This paper reports an attempt to pro
duce a system where the hay cut in the
morning is conditioned during natural
field drying to remove sufficient moisture
in order that it can be baled in the same
day. In conjunction with this accelerated
drying, a minimizing of leaf loss was
pursued. A secondary part of the experi
ment was to determine if the morning
cuttingtime affected the drying rate. This
work was conducted at three widely
separated locations in Ontario.

FIELD TESTING

The crushing treatment, one of the
best treatments in accelerating the drying
rate of hay (5,7), was used for this in
vestigation. Swath turning to eliminate
any adverse effects in the drying rate
because of ground moisture was included
in all treatments. The machines were
selected on the basis of a minimum in
vestment and transportability on the
farm. The newest seven foot models,
available in Ontario at the commence
ment of the experiment were selected: a
cutter-bar mower, a crusher conditioner

RECEIVED FOR PUBLICATION SEPT. 23, 1968 Figure 1. The New Idea hay conditioner

(Figure 1) and a turn-over rake (Figure
2).

Machine adjustments were made
throughout the experiment according to
the manufacturers' recommendations.
When these recommendations were not

specified or inappropriate, the machines
were adjusted in order to yield the ex
pected theoretical maximum benefits in
regards to the drying rate. All equipment
was powered by the tractor's power-take-
off, and where applicable, operated at the
A.S.A.E. standard of 540 rpm.

The experiment was performed in field
plots in the Ridgetown, Elora and Kempt-
ville areas. The primary study, which
involved the maximization of water loss
with minimization of leaf loss, utilized
four treatments. The secondary phase
examined the effect on drying incorporat
ing three similar treatments of cutting
and crushing hay at various morning dew
stages. The experimental design for both
studies was a randomized complete block
repeated four times at each location.

Testingwasdoneon first cut alfalfa hay
in the late bud-early bloom stage, except
for an additional plot in the Kemptville
area which consisted of mostly trefoil in
the 50 per cent bloom stage.The yields in
all fields were approximately two tons
per acre.

The hay plots connected with the

Figure 2. The J.F. "Hayflash" rake.

64
CANADIAN AGRICULTURAL ENGINEERING, VOL. 12,NO. 2, NOVEMBER 1970



|R

S
m

§2R

I&R
U
or

4R

CD

!2E

:3E

a
£

4E

TABLE I TREATMENTS AT RIDGETOWN

M
C
m

C
-*••

C

M

C

TO

—f-
TO

TO

5
—B-

TO

TO

TO

TO

TO

T

7

am

8

I I
10 I I

T 1 T
12 I 2

T
4 5 6 7

TIME OF DAY

Mow, C - Crush, TO - Rake

TABLE II TREATMENTS AT ELORA

7

am

M
m
m

C

C

M

C

TO

C TO
m m
•* : .. 5

c :

TO

TO3

t—i—T—i—r
9 10 I I 12 I

TO

TO

TO

C

TO

t—i—r
3 4 5

M - Mow.

TIME OF DAY

C - Crush, TO - Rake

t—i—r
6 7 8

14

14

10

^e

IT)
in
o

<

\3»

CO
to
o

exploration of water loss and leaf loss
were cut at 8:00 a.m. Each of the four
treatments combined single or double
crushing (3) and rakingoperations before
the hay reached the 35 to 40 moisture
content level, where leaf loss becomes a
major problem. The crushing operations,
which varied in number from one to three
per treatment, were processed at different
time intervals before the stomata closed

(9). The four treatments, which were
slightly different for each test area, are
outlined in Tables I, II, HI and IV.

Several alfalfa (or trefoil) plants in
each treatment were selected at random
before the cutting and sprayed with a
silver aerosol. The spray used does not
affect the plants' growth or drying
characteristics. Immediately aftercutting,
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each sprayed plant was removed from its
plot, the number of leaves were counted,
and the plant was inserted back into the
swath. Leaf loss determinations were

made after each operation in the treat
ment by recounting the number of leaves
on each plant.

One moisture content sample was
taken from each plot. Sampling was done
at one hour intervals, except between
8:00 a.m. and 11:00 a.m. where sampling
was at one and one-half hour intervals.

The hay samples were inserted into poly
ethylene bags which were heat sealed and
stored at 0 C until moisture determina

tions could be made. The A.O.A.C.b two
hour oven method was employed in
determining the moisture contents.

In examining the effect on drying of
cutting at various stages of morning dew,
the hay was cut at three periods, 7:00,
8:00 and 9:00 a.m. Only one crushingat
the time of cutting was employed. Mois
ture content samples were taken from all
plots at the time of cutting and at 5:00
p.m. Leaf loss was not determined in this
test.

RESULTS AND EVALUATIONS

The resultant data from le experi
ment were investigated in two ways:

1. Hay sampling at hourly intervals
enabled graphs of moisture content
versus drying time to be plotted
and the drying curves for the vari
ous treatments were then com
pared.

2. Elimination of the original water
density variation across each field
was performed by using an analysis
of covariance, which adjusted the
results accordingly to properly
compare the treatments at selected
time intervals.

1. Drying Curves

The results of the experiment are dis
cussed according to areas because of
slight variations in treatments.

(a) At Ridgetown, the field consisted of
100 per cent alfalfa hay. Throughout the
sampling period the temperature0
hovered in the 20°C to 30°C region with
a relative humidity never lower than 55

A.O.A.C. — Association of Official Agricul
tural Chemists.

All temperatures in this experiment were
determined at ground level.
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TABLE III TREATMENTS AT KEMPTVILLE (ALFALFA)
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per cent(Figure 3).Theskybecame over
cast in the late afternoon and reversed the
trend of high temperatures and low rela
tive humidities.

Comparing the drying curves (Figure
4), treatment number 3R (Table I)
appeared to produce the quickest drying
rate until early afternoon. During the
remainder of the day the material show-

ing the greatest accelerated drying was
the hay operated on by treatment
number 2R. This treatment also yielded
the lowest moisture content at the end of
the sampling period.

Treatment number 2R, in this loca
tion, utilized three crushing processes:
one crushing at cutting followed an hour
and one-half later by a double crushing.

The hay was turned over for all treat
ments at three and five hours after

cutting. Although there was only a four
per cent leaf loss for this treatment, this
loss was the largest incurred by the four
treatments (Table I).

(b) The test field in the Elora area
contained mostly alfalfa with a little mix
ture of grasses. During the day of the
experiment a high temperature persisted,
20°C to 35°C, but the relative humidity
was never lower than 50 per cent (Figure
5). However, it was sunny and clear
throughout the testing period.

From the drying curves (Figure 6),
there doesn't appear to be a pronounced
difference between the drying rates. The
treatment causing the quickest moisture
removal was treatment number 2E (Table
II). This treatment, as in the previous
location, incorporated three crushings
with two rakings. The application times
of these processes were identical to those
of treatment 2R at Ridgetown with the
exception of the last raking which was
delayed an additional hour. The leaf loss
(Table II) in this treatment was the
highest at 19 per cent as compared to a
low of 10 per cent by treatment 4E.

A moisture content of 40 per cent on
a wet basis was the lowest attained at this
test station. Treatment 2E attained this
value while treatment number IE (two
crushings)was slightly higher.

(c) The hay field in Kemptville con
tained mainly alfalfa with a very little
grass mixture. The meteorological condi
tions for drying hay were almost ideal. It
was a clear sunny day throughout the
experiment, but a little cool in themorn
ing. The temperature ranged from 15 C
to 35°C, with a correspondingly low rela
tive humidity, below 40 per cent, for a
major portion of thehay (Figure 7).

Three treatments produced drying
characteristics that yielded the safe
storage moisture content of 25 per cent.
Examination of the drying curves (Figure
8) disclosed that treatment 3KA (Table
III) removed the moisture quicker and,
subsequently, reached the 25 per cent
value approximately two hours sooner
than the other two treatments, treatment
2KA and treatment 1KA. A double crush
ing at cutting followed an hour and one-
half later by a single crushing, with two
turn-over rakings at four and six hours
after cutting, were the sequenced pro
cesses in treatment 3KA. The leaf losses
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Figure 3.
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Drying curves for treated hay at
Elora.

(Table HI) ranged from a high of 28 per
cent, by treatment 2KA, to a low of 14
per cent, by treatment 4KA. Treatment
number 3KA had a 22 per cent leaf loss.

(d) The fourth layout, which was also
in the Kemptville area, consisted of 60
per cent trefoil hay and the remainder a
mixture of numerous varieties of grasses.
The sky was overcast until noon and then
it was clear and sunny the rest of the day
during the experiment. These conditions
are evident from Figure 9, where the
temperature stayed between 20°C and
27 C until noon and then proceeded to a
maximum of 32°C. The relative humidity
during the early part of the day was very
high and remained above 50 per cent all
day.

Under these almost adverse weather
conditions, one treatment, treatment
number 2KT (Table IV), was able to
maintain a reasonable drying rate (Figure
10). The final moisture content of the
hay exposed to this process approached
35 per cent, approximately five per cent
less than the next lowest, treatment 3KT.
Treatment 2KT, after a single crushing at
cutting, was followed one and one-half
hours later by a double crushing with two
turn-over rakings at four and six hours
after cutting. The leaf loss high of 27 per
cent resulted from treatment 2KT. The
trefoil leaf losses for all the treatments
doubled after the second raking occurred.

2. Covariance Analysis

A better approach for comparing the
effectiveness of hay treatments is a
statistical comparison of the moisture
contents of the material at specified time
periods after cutting. An analysis of co-
variance was used to correct for the varia
tion in original water content in the treat
ments. The original ratio of water weight
to the dried matter weight for each
sample of each treatment at each loca
tion, was compared to the ratio cal
culated at the selected time intervals. This
analysis determined the treatment which
produced the maximum moisture loss
over the specified period.

The adjusted treatment ratio means
after five and nine hours of drying respec
tively, for the water weight to dried
weight ratios, which are products of the
covariance analysis, were transcribed into
moisture content percentages and appear
in Tables V, VI, VII and VIII. The results
of the covariance analysis indicated, for
all four experiment locations, that a dif-
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Figure 7. Temperature and humidity during
Kemptville alfalfa experiment.
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Figure 9. Temperature and humidity during
Kemptville trefoil experiment.
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Figure 10. Drying curves for treated hay at
Kemptville (trefoil).
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ference between the treatments did exist.

A comparison of the adjusted treatment
means was calculated using Duncan's New
Multiple Range Test.

There was no significant difference
between any of the treatments at any of
the four locations after five hours of dry
ing. After nine hours a significant differ
ence between treatments existed.

At Ridgetown (Table V) treatment 2R
was significantly better than treatment
4R. Treatment 2R (Table I) combined a
double crushing one and one-half hours
after a cutting-crushing stage with two
single turn-over rakings at three and five
hours after cutting. Treatment 4R was a
one crushing operation at cutting with
the same rakings as treatment 2R. Elora
data show the same order and also a signi
ficant treatment difference (Table VI) as
at Ridgetown. The only change in the
above treatments at this area was a one
hour delay in the last turn-over raking
(Table II). The alfalfa field experiment in
Kemptville (Table VII) demonstrated that
treatment 4KA was significantly slower in
drying than any other treatment. In this
treatment (Table III), one crushing at cut
ting time, one crushing one and one-half
hours later, another crushing another one
and one-half hours after the latter crush
ing and two single turn-over rakings at
four and six hours after cutting, were the
processes incorporated. The Kemptville
trefoil results (Table VIII) emphasized a
significant difference between treatment
4KT and the other treatments, treatment
4KT (Table IV) being significantly slower
in moisture removal. In general, for all
four locations nine hours after cutting, as
far as moisture removal was concerned,
treatment 2 and treatment 3 were better
than treatment 1 and treatment 4. How
ever, leaf losses were higher in the two
former treatments.

Examination of the results from cut
ting at 7:00, 8:00 and 9:00a.m. and dry
ing until 5:00 p.m., through a covariance
analysis, disclosed that there was no
significant difference between the water
losses at 5:00 p.m. This lack of signi
ficance between the three moisture con
tents existed at all four experimental
locations (Table IX).

CONCLUSIONS

The goal of this investigation, which
was an attempt to produce a system of
removing sufficient moisture- under
natural drying so that the hay canbe cut
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TABLE V SIGNIFICANCE BETWEEN ADJUSTED MOISTURE MEANS FOR

RIDGETOWN

Drying Hours
2R

Treatment

tR

Numb ers *

3R 4R

196. ** 214. 216. 254.

66. *** 68. 68. 72.

5

PR 3Ji
102. 120. 186. 160.

50. 55. 58. 62.

* These numbers refer to the machine tests as listed numerically in
Table I.

* * .

Per cent moisture on dry basis.

Per cent moisture on wet basis.

TABLE VI SIGNIFICANCE BETWEEN ADJUSTED MOISTURE MEANS FOR
ELORA

Drying Hours
2E

Treatment Numbers *
IE 3E_

197. **

66. ***

2E

79.

44.

203.

67.

IE

99.

49.

212.

68.

3E

104.

50.

714t,

241. I

71.

4E

124.

55.

These numbers refer to the machine tests as listed numerically in
Table I.

Per cent moisture on dry basis.

Per cent moisture on wet basis.
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TABLE VII SIGNIFICANCE BETWEEN ADJUSTED MOISTURE MEANS FOR
KEMPTVILLE ALFALFA

Dry ng Hours Treatment Numbers *

JKA

5

in. **

53. ***

138. 156.

58. 61.

168.

63.

3KA 2 KA ^K^

9

42.

30.

47. 59.

32. 37.

83.

45.

These numbers refer to the machine tests as listed numerically in
Table I.

Per cent moisture on dry basis.

Per cent moisture on wet basis.

TABLE VIII SIGNIFICANCE BETWEEN ADJUSTED MOISTURE MEANS FOR
KEMPTVILLE TREFOIL

Drying Hours
2KT

Treatment Numbers *

Ikt 3KT

238. ** 255. 273.

73.70.

2KT

84.

47.

72.

3KT

100.

50.

LL

104.

51.

4KT

317.

76.

—

149.

60.

These numbers refer to the machine tests as listed numerically in
Table I. '

Per cent moisture on dry basis.

Per cent moisture on wet basis.
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and baled in one day, was attained at one
location, Kemptville.

The three crushing processes followed
by turn-over rakingsat four and six hours
after cutting were the best operations for
accelerating drying. Double crushing one
and one-half hours after the cutting and
the single crushing, with the above raking
sequence on a good drying day, produced
a 25 per cent moisture content state,
which is the safe storage value, 10 hours
after the 8:00 a.m. cutting. This opera
tion, with the raking sequence varying
slightly, also developed the highest leaf
loss ranging from 4 to 28 per cent. These
leaf losses were approximately twice as
large as the smallest leaf losses caused by
the treatment with the slowest drying
rate which utilized only one crushing.
Leaf losses increased as the alfalfa con

tent in the hay decreased. The three
crushing treatments were significantly
better than the one crushing treatment at
all locations.

There was no significant difference
between the moisture contents taken at

5:00 p.m. for the 7:00, 8:00 or 9:00 a.m.
cuttings with one crushing at any
location.

SUMMARY

An attempt was made to produce a
system where the hay, cut in the morn
ing, was conditioned during natural field
drying to remove sufficient moisture, in
order that it could be baled and put into
storage before the evening dew.

Four different treatments, repeated
four times at four locations within the
province, were used. The four treatments
combined crushing and raking operations
at different time intervals with the crush
ings varying in number from one to three
and two rakings.

Hay sampling at hourly intervals en
abled graphs of moisture content versus
drying time to be plotted and the drying
curves for the various treatments were
then compared. Elimination of the ori
ginal water density variation across each
field was performed by using an analysis
of covariance, which adjusted the results
accordingly to properly compare the
treatments at selected time intervals. The

meteorological and the leaf loss data,
when applicable, also received considera
tion.

The three crushing processes followed
by turn-over rakings at four and six hours
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after cutting, were the best operations for
accelerating drying. Double crushing one
and one-half hours after the cutting and
single crushing, on a good drying day
with the above rakings, produced a 25 per
cent moisture content state 10 hours

after the 8:00 a.m. cutting. These opera
tions with the raking sequence varying
slightly, also developed the highest leaf
loss, ranging from 4 to 28 per cent.
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EVAPORATION

Location

-NT {%) Significant
D ifference

Between
Water
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7 am

cut

5 pm 8 am

cut

5 pm 19am

|cut
5 pm
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82 * 64 82 63 80 62 No
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Kemptvi 11e

ALFALFA

80 50 80 46 81 55 No

Kemptvi 11e
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86 54 84 55 84 59 No

* Per cent moisture on wet basis.
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