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DRYING OF LEGUME HAY PLANTS

A STUDY TO DETERMINE THE ROLE OF THE LEAVES IN
DRYING THE STEMS AND THE RELATION OF

METHOD OF DRYING TO LOSS OF LEAVES
AND CHEMICAL COMPOSITION1

FLOYD LINVILLE HIGGINS2

INTRODUCTION

Altho various theories have been advanced to explain and justify
practices in drying legume hay crops, few investigations have been
conducted to substantiate or disprove these theories.3 The purpose of
the present investigations was to gain information on the drying process
and from the facts derive principles of practical value to farmers.

Drying is a very important phase of hay production and this
is especially true with the legume hay crops because of the readiness
with which the dry leaves break from the stems in handling. It is well
known that poor methods of drying generally result in inferior hay.
The ideal method is one that will reduce the moisture content rapidly
to a point at which the hay can be safely stored and at the same time
retain the palatability and feeding value.

The investigations were conducted between 1924 and 1927, inclusive,
at University Farm, St. Paul, Minnesota. The results are reported
under the following heads: (1) the role of the leaves in drying the
stems, (2) relation of method of drying to loss of leaves, (3) relation
of method of drying to chemical composition.

ACKNOWLEDGMENTS

The writer is indebted to A. C. Amy, under whose direction this
study was outlined and who gave valuable advice throughout the in-
vestigations. Appreciation is also expressed to H. K. Wilson for sug-
gestions relative to manner of presentation of the data and to J. W.
Nelson for assistance in the chemical determinations.

THE ROLE OF THE LEAVES IN DRYING THE STEMS

The common opinion has been that in making hay the leaves function
in withdrawing the moisture from the stems if they are not prevented
from drying too rapidly. The following quotations bi-' ing, out this
theory: McClure (11) "When the plant is cut off as in the case of hay
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can be safely stored, the term drying is used in preference to curing throughout this report.
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plants, the leaves if kept alive will continue to transpire or pump water

from the plant until a large per cent of it has been evaporated." Cox (3)

"Legume hay crops such as clover, alfalfa, sweet clover, and soybeans

cure best under conditions which prevent the drying of the leaves.

Transpiration is thus allowed to continue and the moisture in the stem

is largely drawn out through the leaf surface." Rather (13) "The mois-

ture contained within the plant is normally lost by evaporation through

the leaves. The swath left by the mower, however, does not give the

leaves opportunity to function effectively. Strong sunlight will quickly

wither these leaves and shut off the moisture passages through which

the stem moisture moves."
Among the first to express doubt of this theory were Piper, et al.

(12) who say, "There is serious doubt as to the accuracy of the theory

that the leaves of cut plants act as pumps."

Methods of drying based on this theory are widely recommended.

If it is true that the leaves function in withdrawing the moisture from

the stems, this would have a very important bearing on the method of

drying hay crops.
Experiment on the Technic

The technic of the experiment to determine the role of the leaves in

drying the stems necessitated removing the leaves from one lot of sam-

ples. As Willard (18) has questioned the effect of the wounds made by

removing the leaves upon the rate of drying of the stems, an experiment

was carried out to determine this effect.

Materials and Methods

The experiment was conducted with alfalfa, red clover, sweet clover.

and soybeans. Four uniform samples, each consisting of twenty stalks,

were selected from each crop and the leaves were removed. Two of

the samples were dried with wounds exposed and two with wounds

sealed with paraffin. All samples were placed in shallow trays in the sun

to dry. They were weighed at regular intervals until the stems were

judged to have reached a moisture content at which hay can be stored

in the barn or mow without danger of heating. The paraffin was re-

moved and weighed and the weight of the paraffin was subtracted from

that of the stems in calculating the moisture percentages. The samples

were placed in a drying oven at a temperature of 170 degrees F. for five

days and the oven-dry weights were obtained.

Probable errors were computed by the deviation from the mean

method in which the formula P.E. of the mean in percentage equals

-4- 0.6745 /S(d2)  In this formula n equals the number of replicates
N (n-1)

and N equals the total number of samples used. In order readily to
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compare the moisture content of samples dried under different con-
ditions it appeared highly desirable to have available for each pair a
number that could be considered a least significant difference. Such a
least significant difference was obtained for each pair (a) by multiply-

ing the probable error in percentage by V2 and this result in turn by
3.2, and (b) finally multiplying the higher value of the two percentages
compared by the result obtained. The square root of 2 is 1.41 and a -
deviation Of 3.2 times the probable error gives odds of 31 to 1 that the
value is significant.

Results

The moisture content, in percentage, of stems dried with wounds
exposed and with wounds sealed with paraffin are given in Table 1.

The results for alfalfa, red clover, and soybeans show no appreciable
differences in moisture content between stems dried with wounds ex-
posed and' with wounds sealed with paraffin. Except for the last two
determinations for red clover and the last determination for soybeans,
the differences are small and well below the least significant difference.
For alfalfa the greatest difference was 3.0 per cent compared to the
least significant difference of 7.6 per cent. For red clover the greatest
difference was 6.6 per cent compared to the least significant difference
of 8.3 per cent and for soybeans the greatest difference was 0.9 per cent
compared to the least significant difference of 0.9 per cent.

It is evident that during the latter part of the drying period the stems
of sweet clover with wounds exposed lost moisture faster than those
with wounds sealed. During the first part of the drying period there
were no significant differences but from August 5 at 1 1 :30 a.m. to the
end of the drying period the differences were consistently higher than
the least significant differences. At the end of the drying period the
stems with wounds exposed contained 3.7 per cent less moisture than
those with wound sealed. The differences, altho not large, will have to
be taken into account in comparing the loss of moisture from stems of
sweet clover dried with leaves attached and leaves detached.
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Table 1

Moisture Content of Stems Dried with Wounds Exposed and with Wounds
Sealed with Paraffin

Date Hour

Moisture content, per cent.

Wounds
exposed

Wounds
sealed

Difference
in favor of

wounds exposed*

" Least
significance
difference

Alfalfa, 1/10 Bloom stage
July 29 10:00 a.m. 70.4 69.0 -1.4 15.0

1:30 p.m. 62.3 62.4 +0.1 13.3
5.15 p.m. 55.3 56.6 +1.3 11.9

July 30 11:45 a.m. 40.5 43.0 +2.5 8.6
3:00 p.m. 35.7 38.7 +3.0 7.6

July 31 12:30 p.m. 22.3 25.1 +2.8 4.7
August 1 8:00 a.m. 14.1 16.9 +2.7 3.0

12:00 noon 12.2 13.2 +1.0 2.6
4:30 p.m. 9.7 9.1 -0.6 2.1

Sweet clover, Bud stage
August 3 10:00 a.m. 69.8 71.7 +1.9 9.8

4:00 p.m. 61.5 64.9 +3.4 8.9

August 4 1:30 p.m. 52.6 57.4 +4.8 7.8

August 5 8:00 a.m. 44.7 50.9 +6.2 7.0

11:30 a.m. 41.3 47.9 +6.6 6.5
4:30 p.m. 33.3 41.9 +8.6 5.7

August 6 1:30 p.m. 21.6 30.8 +9.2 4.2

4.00 p.m. 19.5 23.2 +3.7 3.2

Red Clover, 1/4 Heads brown stage

August 2 11:00 a.m. 76.9 75.9 -1.0 12.3
4:15 p.m. 69.2 68.8 -0.4 11.1

August 3 11:45 a.m. 54.1 55.1 +1.0 8.8
4:00 p.m. 45.2 51.8 +6.6 8.3

August 4 1:30 p.m. 33.4 35.5 +2.1 5.7

August 5 8:00 a.m. 24.6 26.1 +1.5 4.2

11:30 a.m. 19.2 20.7 +1.5 3.3

4:30 p.m. 12.0 14.3 +2.3 2.3

August 6 1:30 p.m. 5.8 7.4 +1.6 1.2

Soybeans, Pods well filled stage

September 2 3:00 p.m. 75.1 75.3 +0.2 1.2

September 3 8:30 a.m. 72.9 73.0 +0.1 1.2

1:00 p.m. 69.5 69.5 0.0 1.1

4.00 p.m. 67.3 67.4 +0.1 1.1

September 4 11:00 a.m. 65.0 65.3 +0.3 1.1

September 5 11:00 a.m. 55.2 56.1 +0.9 0.9

* Plus (+) indicates that' the stems with wounds exposed contained less moisture than

those with the wounds sealed.

Minus •(--) indicates the lower moisture content of the stems with the wounds sealed.

Laboratory Experiments to Determine the Role of the Leaves in
Drying the Stems

As the experiment on the technic showed that the wounds made by

removing the leaves did not affect the loss of moisture from the stems

of alfalfa, red clover, and soybeans to any appreciable extent and af-

fected the loss, of moisture from the stems of sweet clover to only a

small extent, the technic as planned was used. The best way to deter-

mine to what extent the leaves function in removing moisture from the

stems seemed to be to dry in the sun and in the shade samples of stems
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with leaves detached beside samples with leaves attached. In the shade
the leaves attached to the stems would, according to the prevalent theory,
pump the water from the stems, while in the sun the leaves would dry
so rapidly that they would soon cease to function in this way.

Materials and Methods

Vigorous, uniform stands of alfalfa, sweet clover, red clover, and
soybeans were available at University Farm. The plants were cut at
the stage at which they are usually harvested for hay and immediately
placed in moisture-proof bags. They were then taken to a shed where
500-gram samples were weighed out, care being taken to obtain samples
that were uniform in size of stems and in leafiness. The leaves were
removed from the stems of four samples of each crop. The entire leaf,
including the stipules, was pinched off by hand. Except in one test
with soybeans, the inflorescences and the seed pods were removed with
the leaves. Several men aided in removing the leaves as it was very
impOrtant that the work be done rapidly before appreciable changes in
the moisture content of stems and leaves could take place. With one
man at each sample, the time required ranged from 10 to 15 minutes.
The stems from which the leaves had been removed and the detached
leaves were weighed separately. Before placing the samples out to dry,
the leaves were mixed with the stems so that he distribution of stems
and leaves approximated that of the stems with leaves attached.

Samples of stems with leaves attached were placed to dry in the sun
and under an artificial shade along with the samples of stems with leaves
detached. Each sample was dried in a shallow tray, 18 x 30 inches,
made of wire screen for the bottom and 1 x 3-inch lumber for the sides
and ends. It was raised an inch from the ground. The sample was
spread out evenly. The artificial shade was made of wool sacks laid
over a frame 3 feet high. The sides of the shade were open, permitting
free circulation of air beneath. At regular intervals, varying from 1 to
3 hours for the different tests, duplicate samples of stems with leaves
attached were taken from those drying in the sun and in the shade and
the leaves removed from the stems. The stems and leaves were then
weighed separately, placed in cloth bags, and taken to a drying oven.
At the same time that these samples were taken in and the leaves re-
moved, the samples of stems with leaves detached were taken in, the
stems and leaves weighed separately, mixed together again, and returned
to the sun and shade. To secure comparable conditions, all samples
were stirred at this time. The following weather conditions were re-.
corded: Temperature, relative humidity, wind. movement, and cloudi-
ness. A sling psychrometer was used to ascertain the temperature and
the relative humidity. At the end of the drying period all remaining
samples were placed in the drying oven, where all were dried for five
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days at a temperature of 170 degrees F. The oven-dry weights were

then obtained and the moisture percentages computed. By this proced-

ure the moisture content of stems and leaves dried with leaves attached

and with leaves detached were obtained at intervals throughout the dry-

ing period.
Results with Alfalfa in 1926

Data for the tests conducted in 1926 are given in Table 2 and shown

graphically in Figures' 1, 2, 3, and 4.
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Fig. 1. Comparative Drying of Stems and Leaves of Alfalfa in the
Sun and in the Shade with Leases Attached and Leaves Detached

Experiment conducted August 17, 1926.
Solid lines represent leaves attached; broken lines, leaves detached.

The results of the work carried out on August 17 indicate no sig-

nificant differences between the moisture content of the stems dried in

the sun with leaves attached and those dried in the sun with leaves de-

tached. In the shade there were no significant differences except at
1 :00 p.m. when the stems with leaves detached contained 2.4 per cent

less moisture than those with leaves attached. It is noted, however, that

the leaves attached to the stems contained, during the latter part of the

drying period, significantly more moisture than those detached 'from the

stems. The differences are greater for the samples dried in the sun.

The fact that the attached leaves dried slower than the detached leaves

indicates that moisture passed from the stems to the leaves. However,

the data for the stems offers no indication that the leaves aid in drying

the stems by withdrawing the moisture from them.
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Moisture Content of Stems and Leaves of Alfalfa Dried in the Sun and in the Shade with Leaves Attached and with
Leaves Detached, 1926

Moisture content, per cent

Date
and

. hour

Sun

Leaves
attached

Leaves
detached

Difference
in favor
of leaves
attached*

1/10 Bloom-August 17
10:30 a.m. 74.1 74.1 0.0
11:00 a.m. 71.5 72.4 +0.9
1:00 p.m. 66.8 66.6 -0.2
2:00 p.m. 64.9 66.3 +1.4
3:00 p.m. 62.8 63.5 +0.7
4:00 p.m. 61.9 62.1 +0.2

1/10 Bloom-August 26 and 27
10:30 a.m. 73.3 73.3 0.0
1:00 p.m. 60.55 64.8 +4.3
2:00 p.m. 53.1 59.9 +6.8
3:30 p.m.
11:00 a.m.

46.6
36.0

54.6
41.6

+8.0
+5.6

1:30 p.m. 26.7 33.4 +6.7
- 1/2 Bloom-July 26

10:00 a.m. 71.5 72.4 +0.9
10:45 a.m.
11:45 a.m.
1:20 p.m.
2:20 p.m.
3 :20 p.m.

69.0
65.4
61.6
59.4
56.6

69.6
67.7
65.3
63.5
61.9

+0.6
+2.3
+3.7
+4.1
+5.3

4:20 p.m. 54.0 60.5 +6.5
Full bloom-August 2 and 3

9 :30 a.m. 68.0 68.0 0.0
11:00 a.m. 60.8 58.8 -2.0
12:00 noon 54.6 55.3 +0.7
2:10 p.m. 42.7 44.0 +1.3
3:20 p.m.
4:30 p.m.

42.5
35.7

41.5
37.1

-1.0
+1.4

8:30 a.m.
9:45 a.m.

34.8
35.7

38.8
37.8

+4.0
+2.1

Stems
Weather

Shade conditions

Difference
Least Leaves Leaves in favor Least Temperature, Relative

significant attached detached of leaves significant degrees F. humidity,
difference attached* . difference per. cent

2.5 74.1 74.1 0.0 2.1 72 73.0
2.4 74.5 73.5 -1.0 2.1 72 57.0
2.2 73.4 71.0 -2.4 2.0 74 58.0
2.2 71.2 70.1 -1.1 2.0 72 65.0
2.1 70.1 68.9 -1.2 1.9 73 65.0
2.1 69.3 68.1 -1.2 11.9 73 64.0

9.2 72.3 72.3 0.0 4.1 80 54.0
8.2 68.4 68.4 0.0 3.9 83 49.5
7.5 65.9 66.2 +0.3 3.8 85 44.5
6.9 61.8 63.1 +1.3 3.6 85 41.5
5.2 54.8 54.0 -0.8 3.1 88 49.0
4.2 49.0 49.0 0.0 2.8 95 41.5

2.8 72.3 72.3 0.0 2.6 77 60.0
2.7 69.1 70.6 +1.5 2.5 80 54.0
2.6 68.5 69.4 +0.9 2.5 80 54.0
2.5 65.7 67.6 +2.1 2.4 81 51.5
2.5 66.3 66.6 +0.3 2.4 80 51.0
2.4 66.5 65.2 -1.3 2.4 81 54.0
2.3 63.8 64.4 +0.6 2.3 78 53.0

4.8 67.0 67.0 0.0 2.1 • • •
4.2 63.9 63.3 -0.6 1.9 85
3.9 62.8 61.3 -1.5 1.9 50.0
3.1 56.3 55.4 -0.9 1.7 90 42.0
2.9 55.0 51.9 -3.1 1.6
2.6 55.3 50.7 -4.6 1.6 85.5 51.0
2.8 41.0 35.1 -5.9 1.1 75.0 70.0
2.7 43.6 33.9 -9.7 1.0 75.0 59.0

* Plus (+) indicates that the stems with leaves attached contained less moisture than those with leaves detached.
Minus (-) indicates the lower moisture content with leaves detached.



Table 2-Continued

Moisture content, per cent

Leaves
Weather

Date Sun Shade conditions
and
hour Difference Difference

Leaves Leaves in favor Least Leaves Leaves in favor Least Air
attached detached of leaves significant attached detached of leaves significant Cloudiness movement

attached* difference attached* difference

1/10 Bloom-August 17
10:30 a.m. 74.8 74.8 0.0 2.9 74.8 74.8 0.0 3.6
11:00 a.m. 71.4 70.0 -1.4 2.8 75.5 73.2 -2.3 3.6
1:00 p.m. 64.2 58.2 -6.0 2.5 71.0 69.6 -1.4 3.4
2:00 p.m. 64.1 54.4 -9.7 2.5 72.0 68.4 -3.6 3.4
3 :00 p.m. 58.2 50.0 -8.2 2.3 71.1 66.5 -4.6 3.4
4:00 p.m. 57.1 47.3 -9.8 2.2 69.3 65.2 -4.1 3.3

1/10 Blown-August 26 and 27
10:30 a.m. 75.5 75.5 0.0 9.2 75.8 75.8 0.0 8.7
1:00 p.m. 59.7 58.1 -1.6 7.3 69.5 71.4 +1.9 8.0
2:00 pm. 43.5 45.7 +2.2 5.3 66.8 69.0 +0.2 7.7
3:30 p.m. 30.7 32.4 +1.7 3.8 62.5 65.0 +2.5 7.2
11:00 a.m. 20.8 17.0 -3.8 2.5 51.8 54.1 +2.3 6.0
1:30 p.m. 12.5 10.6 -1.9 1.5 43.0 45.5 +2.5 4.9

1/2 Bloom-July 26
10:00 a.m. 73.0 73.5 +0.5 8.2 72.7 72.7 0.0 2.6
10:45 a.m. 68.0 65.8 -2.2 7.6 69.5 68.8 -0.7 2.5
11:45 a.m. 65.4 61.7 -3.7 7.3 67.6 66.8 -0.8 2.4
1:20 p.m. 61.0 56.2 -4.8 6.8 66.0 64.3 -1.7 2.4
2:20 p.m. 57.4 51.8 -5.6 6.4 66.4 62.7 -3.7 2.4
3 :20 p.m. 53.9 47.5 -6.4 6.0 65.8 60.5 -5.3 2.3
4:20 p.m. 40.4 44.2 +3.8 4.9 64.5 59.0 -5.5 2.3

Full bloom-August 2 and 3
9:30 a.m. 74.3 74.3 0.0 12.3 74.7 74.7 0.0 3.6
11:00 a.m. 65.2 57.9 -7.3 10.8 70.2 69.6 -0.6 3.4
12:00 noon 59.0 47.2 -11.8 9.8 67.9 67.1 -0.8 3.3
2:10 p.m. 37.5 22.6 -14.9 6.2 63.0 60.6 -2.4 3.1
3:20 p.m. 29.2 17.5 -11.7 4.8 60.3 57.4 -2.9 2.9
4:30 p.m. 20.9 15.3 -5.6 3.5 58.5 52.2 -6.3 2.9
8:30 a.m. 30.2 28.1 -2.1 5.0 36.1 30.4 -5.7 1.8
9:45 a.m. 28.3 23.9 -4.4 4.7 36.3 29.2 -7.1 1.8

* Plus (+) indicates that the stems with leaves attached contained less moisture than those with leaves detached.
Minus (-) indicates the lower moisture content with leaves detached.
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In the test made August 26 and 27 the stems dried in the sun with
leaves attached lost moisture slightly more rapidly than those dried in
the sun with leaves detached. During the latter part of the drying
period the stems from which the leaves had been removed contained
from 5.6 to 8.0 per cent more moisture than those with leaves attached.
However, in the shade there were no significant differences. According
to the prevailing theory, the leaves function in withdrawing the moisture
from the stems most effectively in the shade. In this test the leaves
attached to the stems lost moisture practically as rapidly as those de-
tached from the stems both in the sun and in the shade. The attached
leaves in the sun, however, contained 3.8 per cent more moisture at
11:00 a.m. August 27, and at the end of the drying period 1.9 per cent
more moisture than the detached leaves. There is a possibility that the
detached leaves lost some moisture through the wounds.
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Fig. 2. Comparative Drying of Stems and Leaves of Alfalfa in the
Sun and in the Shade with Leaves Attached and Leaves Detached

Experiment conducted August 26 and 27, 1926.
Solid lines represent leaves attached; broken lines, leaves detached.

The data for the test made on July 26, with alfalfa at the one-half
bloom stage, show that in the sun the stems from which the leaves had
been removed dried slower during the latter part of the drying period
than those with leaves attached. At the end of the drying period they
contained 6.5 per cent more moisture than those with leaves attached.
In the shade, however, there were no significant differences. For the.
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leaves dried in the sun there were no significant differences until 3 :20

p.m., when the attached leaves contained 6.4 per cent more moisture

than the detached ones. At the end of the drying period the difference

was not significant. In the shade, the attached leaves contained from

3.7 to 5.5 per cent more moisture during the latter part of the drying

period than did the detached leaves.
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Fig. 3. Comparative Drying of Stems and Leaves of Alfalfa in the

Sun and in the Shade with Leaves Attached and Leaves Detached
Experiment conducted July 26, 1926.

Soli.1 lines represent leaves attached; broken lines, leaves detached.

The results of the test conducted on August 2 and 3 show that in the
sun the stems with leaves detached dried as rapidly as those with leaves
attached. At 8:30 a.m. the stems with leaves detached contained 4.0
per cent more moisture than those with leaves attached, but at 9 :45 a.m.

of the following day, the end of the drying period, the difference was

not significant. In the shade, during the latter part of the drying period,

the stems with leaves detached actually lost moisture faster than those
with leaves attached. Why this should be the case is not known, as
there is no reason why the leaves attached to the stems should retard

the loss of moisture from the stems. Any loss through wounds would

be expected to be greater during the early part of the drying period

than during the later part. During the first part of the drying period

the ittached leaves in the sun dried slower than the detached ones. At

11:00 a.m. the difference was not significant but from 12 :00 m. until

4 :30 p.m. the attached leaves contained from 5.6 to 14.9 per cent more

moisture than the detached ones. At 8:30 a.m. and 9:45 a.m. there

were no significant differences. In the shade there were no significant

differences between the moisture content of attached leaves and detached

ones during the first part of the drying period, but during the later part
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Fig. 4. Comparative Drying of Stems and Leaves of Alfalfa in the
Sun and in the Shade with Leaves Attached and Leaves Detached

Experiment conducted August 2 and 3, 1926.
Solid lines represent leaves attached; broken lines, leaves detached.

the attached leaves contained from 2.9 to 7.1 per cent more moisture
than the detached ones.

Throughout the tests, the drying of both stems and leaves was more
rapid in the sun than in the shade.

Results with Alfalfa in 1927

In 1927 two tests were made with alfalfa at the one-tenth bloom
stage. The samples were dried in the sun only. In the work done on
July 29 and 30 the samples for moisture determinations were taken in
duplicate in weighing bottles and dried in an electric oven at a tempera--
ture of 1000 C. The results are given in Table 3 and are shown graphi-
cally in Figures 5 and 6.

For the test completed on July 26, the data show that during both
the first part and the later part of the drying period, the stems with
leaves detached dried as rapidly as those with leaves attached. On July
25 from 1:15 to 4 :45 p.m. the stems with leaves attached contained from
4.4 to 6.5 per cent less moisture than those with leaves detached. Except
for the first part of the drying period, the leaves attached to the stems
were consistently higher in moisture content than were those detached.
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Fig. 5. Comparative Drying of Stems and Leaves of Alfalfa in the
Sun with Leaves Attached and Leaves Detached

Experiment conducted July 25, 26, 1927.
Solid lines represent leaves attached; broken lines, leaves detached.

At the end of the drying period, however, the difference was very small.

Weather conditions were ideal for drying.
In the test made on July 29 and 30, during the latter part of the

drying period, the stems with leaves detached dried faster than those
with leaves attached. Data of similar nature are found in Table 2 for

the test made on August 2 and 3. At 11:45 a.m. July 29, the stems with
leaves detached contained 2.2 per cent more moisture than those with
leaves attached. From 1 :45 p.m. to 3 :45 p.m. July 29, there were no
significant differences, but from 5 :15 p.m. -July 29 to 3 :00 p.m. July 30,
the stems with leaves detached were consistently lower in moisture con-
tent. With the exception of the early part of the drying period and at
11:00 a.m. July 30, the attached leaves were higher in moisture content
than the detached ones.

From the data in Tables 2 and 3 it is evident that the leaves do not
aid to any appreciable extent in drying the stems of alfalfa. It is true
that in the tests on July 26 and August 26, 1926, the stems dried in
the sun with leaves detached contained from 5.6 to 8 per cent more
moisture than those with leaves attached. In all other tests in sun and
shade the stems wtih leaves detached dried as rapidly as those with
leaves attached.



Table 3

Moisture Content of Stems and Leaves of Alfalfa Dried in the Sun with Leaves Attached and with Leaves Detached, 1927

Moisture content, per cent

Date Stems Leaves Weather conditions
and
hour Difference Difference Tempera-

Leaves Leaves in favor Least Leaves Leaves in favor Least ture, Relative Air
attached detached of leaves significant attached detached of leaves significant degrees humidity, Cloudiness movement

attached* difference • attached* difference F. per cent

1/10 Bloom stage-July 25 and 26

9:15 a.m. 74.7 76.0 +1.3 5.0 77.3 78.1 +0.8 9.0 81 51.0 Clear Light breeze

11:15 a.m. 67.4 71.3 +3.9 4.7 68.4 66.5 -1.9. 8.0 84 43.5 66 64

1:15 p.m. 60.0 66.0 +6.0 4.4 53.6 49.7 -3.9 6.3 88 33.5 44

3:15 p.m. 54.4 60.9 +6.5 4.0 34.0 29.8 -4.2 4.0 84 44.0 Still

4:45 p.m. 53.2 57.6 +4.4 3.8 27.0 21.4 -5.6 3.2 84 47.5

9:00 a.m. 45.0 46.6 +1.6 3.1 18.4 12.6 -5.8 •2.2 80 61.0 Light breeze

11:00 a.m. 41.9 41.4 -0.5 2.7 15.2
-

7.7 -7.5 1.8 89 49.5 44 44

1:00 p.m. 35.1 35.5 +0.4 2.4 10.2 5.5 -4.7 1.2 90 41.0 " 44

3:00 p.m. 28.0 29.7 +1.7 2.0 8.1 5.5 -2.6 0.9 90 42.0 Cloudy 64

4:00 p.m. 26.9 27.1 +0.2 1.8 6.7 5.5 -1.2 0.8 90 39.0 Clear .

1/10 Bloom stage-July 29 and 30

9:45 a.m. 71.2 72.9 +1.5 2.0 78.0 76.7 -1.3 7.1 72 40.0 Clear Light breeze

11:45 a.m. 52.2 64.4 +2.2 1.8 63.3 62.3 -1.0 5.7 75 38.0

1:45 p.m. 55.9 54.9 -1.0 1.5 51.1 39.5 -11.6 4.6 76 42.0 .

3:45 p.m. 49.0 49.7 +0.7 1.4 34.7 26.1 -8.6 3.1 76 38.0 " 44 44

5:15 p.m. 50.0 43.5 -6.5 1.2 34.4 21.0 -13.4 3.1 • • • • •

9:00 a.m. 43.9 40.9 -3.0 1.1 24.5 17.6 -6.9 2.2 75 51.0 . if

11:00 a.m. 37.3 32.0 -5.3 0.9 17.8 16.3 -1.5 1.6 79 44.0 Cloudy 44 64

1:00 p.m. 34.6 29.6 -5.0 0.8 15.9 12.7 -3.2 1.4 80 38.0 • Cloudy Still

3:00 p.m. 34.0 30.0 -4.0 0.8 12.3 10.5 -1.8 1.1 76 52.0 46 46

* Plus (+) indicates that the stems with leaves attached contained less moisture than those with leaves detached.

Minus (--) indicates the lower moisture content with leaves detached.
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Fig. 6. Comparative Drying of Stems and Leaves of Alfalfa in the Sun with

Leaves Attached and Leaves Detached
Experiment conducted July 29, 30, 1927.

As in several cases the leaves attached to the stems remained con-

sistently higher in moisture than those detached, it indicates that the
moisture passed from the stems to the leaves, resulting in the higher

moisture content of the attached leaves. In other tests, however, this
difference was not apparent. The data for the stems do not show

corresponding lower moisture content for those with leaves attached.

The results agree with those obtained by Willard (18), Kiesselbach

and Anderson (15), and Westover (17), all of whom found no indica-

tion that the leaves aid in drying the stems of alfalfa.

Results with Sweet. Clover

The data for the two tests with biennial white sweet clover conducted

in 1924 and 1927 are given in Table 4 and in Figures 7 and 8.
The data for the test with sweet clover conducted on June 15 and 16

show that in the sun the stems from which the leaves had been removed
los moisture less repadly than those with leaves attached. From 12 :30
p.m. June 15 to the end of the drying period the stems with leaves de-
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Fig. 7. Comparative Drying of Stems and Leaves of Sweet Clover in the

Sun and in the Shade with Leaves Attached and Leaves Detached
Experiment conducted July 15, 16, 1927.

Solid lines represent leaves attached; broken lines, leaves detached.

tached contained from 3.2 to 4.0 per cent more moisture than those with
leaves attached. Cool weather prevailed and drying was slow both in
the sun and in the shade. In the shade there were no differences be-
tween the stems dried with leaves attached and those dried with leaves
detached. The loss in moisture, however, was so small that no definite
conclusion can be made. The fact that the attached leaves were much
higher in moisture than the detached ones adds further evidence that
with sweet clover a considerable amount of moisture passes from the
stems into the leaves. In the sun, at the end of the drying period, the
leaves attached to the stems contained 32.6 per cent more moisture than
those detached. In the shade the differences were less, and at the end
of the drying period the leaves attached to the stems contained 7.2 per
cent more moisture than those detached.

The data for the test made July 25 and 26, 1924, in which the sam-
ples were dried in the sun only, show striking differences between the
moisture content of stems dried with leaves attached and those dried
with leaves detached. From July 25 at 3 :00 p.m. to the end of the
drying period the stems from which the leaves had been removed con-
tained from 8.8 to 9.0 per cent more moisture than those with leaves
attached. It is also noted that the leaves attached to the stems contained
from 11.0 to 22.0 per cent more moisture than those detached from the
stems.



Table 4
Moisture Content of Stems and Leaves of Sweet Clover Dried in the Sun and in the Shade with Leaves Attached

and with Leaves Detached

Moisture content, per cent

Stems
WeatherDate Sun Shade conditionsand

hour Difference Difference
Leaves Leaves in favor Least Leaves Leaves in favor Least Temperature, Relative
attached detached of leaves significant attached detached of leaves significant degrees F. humidity,

attached* difference attached* difference per cent

Bud stage-June 15 and 16, 1927
8:30 a.m. 82.0 82.6 4-0.6 2.7 82.1 82.1 0.0 2.4 62 50
10:30 a.m. 78.7 81.1 +2.4 2.6 79.6 81.4 +1.8 2.4 66 36
12:30 p.m. 76.4 79.9 +3.5 2.6 79.2 81.0 +1.8 2.4 67 38
2:30 p.m. 74.8 78.7 +3.9 2.6 79.5 80.6 +1.1 2.4 69 40
4:30 p.m. 73.8 77.8 +4.0 2.5 78.6 80.2 +1.6 2.4 68 43
10:30 a.m. 71.0 74.2 +3.2 2.4 76.5 78.3 +1.8 2.3 69 55
12:30 p.m. 69.7 72.9 +3.2 2.4 76.3 77.7 +0.9 2.3 67 54

Bud stage-July 25 and 26, 1924t
9:45 a.m. 76.7 76.7 0.0 3.1 • • • • • • • • • t • •
11:00 a.m. 71.3 72.1 +0.8 3.0 • • • • • • • • •
1:00 p.m. 64.8 67.0 +2.2 2.8 • • • • • • • • • •
3:00 p.m. 55.4 69.9 +4.5 2.9 • • •
5:00 p.m. 52.2 61.2 +9.0 2.5 • • • • • •
8:30 a.m. 43.1 51.9 +8.8 2.1 • • • • • • • • • • • •

* Plus (+) indicates that the stems with leaves attached contained less moisture than those with leaves detached.
Minus (-) indicates the lower moisture content with leaves detached.

f Samples dried in sun only.
t Weather data not available.



Table 4-Continued

Moisture content, per cent

Leaves
Weather

Date Sun Shade conditions
and
hour Difference Difference

Leaves Leaves in iavor Least Leaves Leaves in favor Least Air
attached detached of leave, significant attached detached . of leaves significant • Cloudiness movement

attached* difference attached* difference

Bud stage-June 15 and 16, 1927

8:30 a.m. 80.7 80.2 -0.5 8.2 81.3 81.3 0.0 1.7

10:30 a.m. 74.4 71.6 -2.8 7.5 78.8 78.4 -0.4 1.7

12:30 p.m. 72.3 66.1 -6.2 7.3 78.5 76.9 -1.6 1.7

2:30 p.m. 68 7 57.9 -10.8 6.9 77.9 75.6 -2.3 1.7

4:30 p.m. 69.1 52.2 -16.9 7.0 76.5 74.1 -2.4 1.6

10:30 a.m. 63.2 39.2 -24.0 6.4 74.8 67.7 -7.1 1.6

12:30 p.m. 59.6 27.0 -32.6 6.0 72.8_ 65.6 -7.2 1.5

Bud stage-July 25 and 26, 1924t

9:45 a.m. 79.8 79.8 0.0 10.7 • • • • • • •

11:00 a.m. 74.5 76.1 -1.6 10.0 • • • • • • • • •

1:00 p.m. 65.2 43.2 -22.0 8.7 .. • • • • • • • • • •

3:00 p.m. 47.5 29.5 -18.0 6.3 • • • • • • • •

5:09 p.m. 32.2 17.5 -14.7 4.3 • • • • • • • •

8:30 a.m. 24.5 15.4 -11.0 3.3 • • • • • • • • • • • •

* Plus (+) indicates that the stems with leaves attached contained less moisture than those with leaves detached.
Minus (-) indicates the lower moisture content with leaves detached.

t Samples dried in sun only.
. t Weather data not available.
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Fig. 8. Comparative Drying of Stems and Leaves of Sweet Clover in
the Sun with Leaves Attached and Leaves Detached

Experiment conducted July 25, 26, 1924. •
Solid lines repreEent leaves attached; broken lines, leaves detached.

It has already been shown that with sweet clover the wounds made
by removing the leaves had an appreciable effect on the loss of moisture
from the stems. Consequently, the stems from which the leaves had
been removed lost an additional amount of moisture. Allowing for this
loss, the differences between the moisture content of the stems dried
with leaves attached and those with leaves detached would .be still
(Treater. Thus it is evident that the leaves of sweet clover aid to a con-
siderable extent in withdrawing the moisture from the stems during
the drying period. These results are similar to those obtained by
Willard (18), who found that the stems of sweet clover from which
the leaves had been removed contained from 3 to 7 per cent more mois-
ture at the end of the drying period than did stems with leaves.attached.

Results with Red Clover

The results of the one test with red clover in which samples were
dried. in the sun only are given in Table 5 and are shown graphically
in Figure 9.

The data presented in Table 5 show that stems of red clover with
leaves attached dried no more rapidly than those with leaves detached.
On August 2. from the beginning of the drying period to 3 :00 p.m.



Table 5

Moisture Content of Stems and Leaves of Red Clover Dried in the Sun with Leaves Attached and with Leaves Detached

One-Fourth Heads Brown Stage, 1926

Moisture content, per cent

Dried in sun

Stems Lea,,es Weather conditions

Date Difference Difference Tempera-

and Leaves Leaves in favor Least Leaves Leaves in favor Least ture, Relative Air

hour attached detached of leaves significant attached detached leaves significant degrees humidity* Cloudiness movement

attached* difference attached difference F. per cent

August 2

- 9:00 a.m. 74.2 75.3 -1.1 5.4 74.9 74.6 +0.3 6.9 67 54 Clear. Slight breeze

11:00 a.m. 69.1 71.0 -1.9 5.1 67.7 65.2 +2.5 6.2 69 40 Cloudy

1:00 p.m.

3:00 p m.

65.2

62.8

68.0

65.5

-2.3

-2.7

4.3

4.7

62.2

57.2

53.6

53.0

+3.6
+4.2

5.7
5.3

69

72

40
41 64 46

4:30 p.m. 56.2 61.8 -5.6 4.4 51.6 43.5 +3.1 4.7 70 44

August 3
9:00 a.m.

11:00 a.m.

1:00 p.m.

48.9
43.8
40.6

50.7
44.6
36.9

-1.8
+4.2

+3.7

3.6
3.2
2.6

40.8
31.2
25.1

36.6
28.4
21.2

+4.2
+2.8
+3.9

3.8
2.9
2.3

70
78

78

50
42

• 37

Clear
64

it

Slight breeze
it CC

ti

4:00 p m. 33.3 29.0 +4.8 2.1 22.5 17.2 +5.3 2.1 77 42 " Breezy

* Plus (+) Indicates that the stems with leaves attached contained less moisture than those , with 
leaves detached.

Minus (-) indicates the lower moisture content w'.th leaves detached.
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there were no significant differences. At 4 :30 p.m. the stems with
leaves attached contained 5.6 per cent moisture than those with leaves
detached. On August 3 at 9:00 a.m. the difference was not significant
but from 11.00 a.m. to the end of the drying period the stems without
leaves contained 3.7 to 4.8 per cent less moisture than those with leaves
attached.
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Fig. 9. Comparative Drying of Stems and Leaves of Red Clover in the
Sun with Leaves Attached and Leaves Detached

Experiment conducted August 2. 3, 1926.
Solid lines represent leaves attached; broken lines, leaves detached.

For the leave there were no significant differences up to 4 :30 p.m.
August 2. On August 3 at 9:00 a.m. the attached leaves contained 4.2
per cent more moisture than the detached ones, but at 11:00 a.m. the
difference was not significant. From 1 :00 p.m. to the end of the drying
period the attached leaves contained from 3.99 to 5.3 per cent more
moisture than the detached ones.

Thus for red clover the indications are that the leaves do not func-
tion to any appreciable extent in drying the stems.

Results with Soybeans .

The data obtained in the work with soybeans are presented in
Table 6 and are shown graphically in Figures 10 and 11.

The data f or the work carried out on September 13 show that the
stems dried in the sun with leaves detached were consistently slightly
higher in moisture than those with leaves attached. The differences
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were small and with two exceptions were less than the least significant
difference. It is noted that in the shade the results are similar to those
obtained in the sun. In the shade from 3 :30 p.m. to the end of the
drying period the stems with leaves detached contained from 5.2 to 7.2
per cent more moisture than those with leaves attached. At the end of
the drying period the difference was 6 per cent; the least significant
difference was 3 per cent.

80-

60—

Li 40—u
ci
LU

-K 20—
,-

z n
0 V 
080

40—

•
•
•
•

Sun

LEAVES

•••,
•
•
•

Shade -------

5
TEMS

............ 

.....

5hade5un

30 12.1 6

NOON
SEPT. 13

-

12 6 12 6
NOON

SEPT. 14

12 6 12 6
NOON

5EPT.15

Fig. 10. Comparative Drying of Stems and Leaves of Soybeans in the
Sun and in the Shade with Leaves Attached and Leaves Detached

Experiment conducted September 13, 14, 15, 1927.
Solid lines represent leaves attached; broken lines, leaves detached.

In the sun the attached leaves lost moisture at approximately the
same rate as the detached ones. The differences were small, not con-
sistent in one direction, and in every case less than the least significant
difference. In the shade from 10:30 a.m. September 14 to 10 a.m.
September 15 the detached leaves contained from 3.6 to 8.7 per cent
more moisture than the attached. At the end of the drying period the
difference was 1.6 per cent and the least significant difference was 1.6
per cent.

The detached pods in the sun were consistently higher in moisture
than those attached to the stems. The differences ranged from 3.2 to
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9.2 per cent. In the shade the same relationship held. This indicates

that because of the hairy covering and the nature of the protective coat

of the pods, moisture was lost from them very slowly and that when

they were attached to the stems the moisture passed from the pods to

the stems.
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Fig. 11. Comparative Dr., ing of Stems and Leaves of Soybeans in the

Sun and in the Shade with Leaves Attached
and Leaves Detached

Experiment conducted September 2, 3, 4, 5, 1926.

Solid lines represent leaves attached; broken lines, leaves detached.

Data from the second test carried out on September' 2 to 5 show that

when dried in the sun there were no significant differences between the

moisture content of the stems dried with and without leaves. In the

shade, however, the stems with leaves detached were consistently higher

in moisture content from 4 :00 p.m. September 2 to 4 :30 *p.m. Sep-

tember. 3. At the end of the drying period the difference was 1.9 per

cent; the least significant difference was 2.3 per cent.

The leaves detached from the stems and dried in the sun were sig-

nificantly higher in moisture than the attached ones. These results are

just the opposite from those obtained in several tests with alfalfa, sweet

clover, and red clover, in which the attached leaves were higher in mois-

ture content than the detached ones. The difference at the end of the

drying period was 5.9 per cent; the least significant difference was 2.6

per cent. Dried in the shade, the detached leaves were significantly

higher in moisture content from 4 :00 p.m. September 2 to 1 :30 p.m.
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September 3 than the attached ones. At the end of the drying period
there was no difference. Altho the leaves rriay have aided in drying the
stems, there were not the striking differences in moisture content be-
tween the attached and the detached leaves as were found for sweet
clover.

The data for soybeans indicate that the leaves aid to a small extent
in withdrawing the water from the stems.
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Fig. 12. Comparative Drying of Alfalfa in the Swath, Windrow, and
Cock, First and Second Cuttings, 1927

Solid lines represent swath throughout; short broken lines, windrow
throughout; and lines short and long alternated,

with cock throughout.

From the results given in Tables 2 to 6 it appears that with leg-
umes having relatively small stems, such as alfalfa and red clover, the
leaves do not function in withdrawing the moisiure from the stems
during the drying period. With legumes having large stems, such as
sweet clover and soybeans, the indications are that the leaves may aid
in withdrawing the moisture from the stems.

Field Experiment with Alfalfa

The theory that the leaves of legume hay plants, if kept from drying
too rapidly, aid in drying the stems by withdrawing the moisture from



Table 6

Moisture Content of Stems, Leaves, and Pods of Soybeans Dried in the Sun and in the Shade with Leaves and Pods
Attached and Detached

Moisture content, per cent

Stems
Weather

Date - Sun Shade conditions
and
hour Difference Difference

I.eaves Leaves in favor Least Leaves Leaves in favor Least Temperature, Relative
attached detached of leaves significant attached detached of leaves significant degrees F. . humidity,

attached* difference attached* difference per cent

Pods, well filled stage-September 13, 14, and 15, 1927
11:00 a.m. 73.7 75.9 +2.2 7.0 73.7 75.9 +2.2 4.3 87 57.5
1:00 p.m. 68.8 71.5 +2.7 6.6 71.9 73.8 +1.9 4.2 89 55.5
3:30 p.m. 64.4 68.1 +3.7 6.3 64.7 71.9 +7.2 4.1 90 56.0
10:30 p.m. 47.2 57.7 +10.5 5.3 61.6 66.8 . +5.2 3.9 86 60.0
1:30 p.m. 48.4 52.1 +3.7 4.8 58.7 64.3 +5.6 3.6 90 53.0
3:30 p.m. 44.7 48.8 +4.2 4.5 55.5 62.3 +6.8 3.5 90 53.0
10:30 a.m. 35.0 39.3 +4.2 3.6 47.9 54.7 +6.8 3.1 76 55.0
1:00 p.m. 32.9 35.9 +3.0 3.3 46.4 52.4 +6.0 3.0 76 55.0

Pods, well filled stage-September 2, 3, 4, and 5, 1926
10:00 a.m. 74.3 75.7 .4:1.4 3.3 74.3 75.8 +1.5 2.9 81 61.0
1:00 p.m. 69.8 71.9 +2.1 3.1 72.2 74.6 +2.4 2.9 89 49.5
4:00 p.m. 66.1 68.8 +2.7 3.0 69.0 73.0 +4.0 2.8 88 46.0
10:30 a.m. 60.4 61.9 4-1.5 2.7 66.6 69.4 4-2.8 2.7 73 58.0
1:30 p.m. 58.8 ' 59.3 +0.5 2.6 63.9 68.3 4-4.4 2.6 74 54.0
4:30 p.m. 57.6 57.5 -0.1 2.5 64.3 67.4 +3.1 2.6 73 50.0
11:00 a.m. 56.5 55.4 -1.1 2.5 64.9 65.3 +0.4 2.5 77 52.0.
11:00 a.m. 47.0 47.3 +0.3 2.1 57.4 59.3 +1.9 2.3 El 54.4

* Plus (4-) indicates that the stems with leaves attached contained less moisture than those with leaves detached.
Minus (-) indicates the lower moisture content with leaves detached.



Table 6-Continued

Moisture Content of Stems, Leaves, and Pods of Soybeans Dried in the Sun and in the Shade with Leaves and Pods

Attached and Detached

Moisture content, per cent

Leaves
Weather

Date Sun Shade conditions

and
hour Difference Difference

Leaves Leaves in favor Least Leaves Leaves in favor Least Air

attached detached of leaves significant attached detached of leaves significant Cloudiness movement
attached* difference attached* difference

Pods well filled stage-September 13, 14, and 15, 1927

11:00 a.m. 72.7 75.4 +2.7 22.9 72.7 75.8 +3.1 10.9 Clear Light breeze

1:00 p.m. 49.4 50.6 +1.2 15.4 69.3 67.2 -2.1 10.0 . td

. 3:30 p.m. 30.8 32.4 +1.6 9.8 62.1 58.7 -3.4 8.9 it

10:30 a.m. 16.5 16.3 -0.2 5.0 32.6 41.3 +8.7 5.9 td

1:30 p.m. 16.5 12.4 -4.1 ' 5.0 23.4 31.3 +6.9 4.5

3:30 p.m. 14.1 11.9 -2.2 4.3 19.6 25.3 +5.7 3.6 6,

10:30 a.m. 11.6 11.9 +0.3 3.6 15.3 18.9 +3.6 2.7 4,

1:00 p.m. 10.5 11.9 +1.4 3.6 14.2 15.8 +1.6 1.6 Cloudy Still

Pods well filled stage-September 2, 3, 4, and 5, 1926

10:00 a.m 71.7 75.5 +3.8 12.4 71.7 73.8 +2.1 6.9 Clear Breezy

1:00 p.m. 37.1 44.8 +7.7 7.4 61.4 64.7 +3.3 6.0

4:00 p.m. 20.8 26.4 +5.6 4.3 37.2 44.1 +6.9 4.1 Partly cloudy "

10:30 a.m. 15.1 19.0 +3.9 3.1 22.4 28.1 +5.7 2.6 Clear Light breeze

1:30 p.m. 12.7 17.0 +4.3 2.8 15.8 21.1 +5.3 2.0 d,

4:30 p.m. 10.8 16.5 +5.7 2.7 17.8 17.3 -0.5 1.7 d, t,

11:00 a.m. 12.8

.
16.8 +4.0 2.8 14.1 17.0 +2.9 1.6 dt it

11:00 a.m. 9.8 15.7 +5.9 2.6 13.0 13.0 0.0 1.2 ,C C,

* Plus (+) indicates that the stems with leaves attached contained less moisture than those with leaves detached,

Minus (-) indicates the lower moisture content with leaves detached,
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Table 6-Continued

Moisture Content of Stems, Leaves, and Pods of Soybeans Dried in the Sun
and in the Shade with Leaves and Pods Attached and Detached

Moisture content. per cent

Pods

Date Sun Shade
and
hour Differ- Least Diner- Least

. Pods Pods ence signifi- Pods Pods ence signifi-
attached detached in favor cant attached detached in favor cant

of pods differ- of pods differ-
attached* ence attached* ence

Pods well filled stage-September. 12, 13, and 15, 1927

11:00 a.m. 75.1 78.3 -4-3.2 3.0 75.1 79.5 +2.4 2.8

1:00 p.m. 69.6 76.8 • +7.2 2.9 72.5 76.4 +3.9 2.7

3:30 p.m. 66.8 74.8 4-8.0 2.9 68.8 74.9 +6.1 '2.7

10:30 a.m. 61.4 69.7 +8.4 2.4 64.7 72.8 +8.1 2.6

1:30 p.m. 58.1 67.3 +9.2 2.6 64.5 71.7 +7.2 2.6

3:30 p.m. 57.0 65.2 +8.2 2.5 63.6 70.6 +7.0 2.5

10:30 a.m. 53.9 58.5 +4.6 2.2 60.3 66.7 +6.4 2.4

1:00 p.m. 48.9 56.3 +7.4 2.2 61.2 65.1 +3.9 2.3

* Plus (+) indicates that the stems with pods attached contained less moisture than

those with pods detached.

Minus (-) indicates the lower moisture content with pods detached.

them during hay making was founded largely upon casual observations

of methods of drying hay crops in the field. The Dain system, developed

in Iowa, is based entirely on this theory and is widely recommended.

The purpose of this experiment was to compare the Dain method

with certain other methods of drying hay crops in the field.

Materials and Methods

A 2-acre field of vigorous, uniform alfalfa was available for the

experiment. The season was favorable for hay crops and the yields of

the first and second crops were 2.4 and 1.4 tons per acre, respectively.

The first crop was cut in the morning of June 29 at the one-fourth

bloom stage; the second crop in the morning of August 11 at the same

stage. In each case the field was divided into fourteen equal parts and

the alfalfa of each part was dried by a different method. The methods

used are given in Tables 7 and 8. The raking and turning were done

with a left-hand side-delivery rake. The alfalfa drying in the windrow

was turned every four hours. Canvas covers were placed on all cocks;

this may not be the general farm practice but was necessary here to

insure against rain.
Duplicate shrinkage samples were taken immediately after the crop

was cut and at regular intervals thereafter until the hay was judged to

be dry enough to store. The size of the samples ranged from 10

pounds for the green material to 3 for the dry hay. Immediately after

sampling, each sample was placed in a jute bag and weighed. All sam-

ples were dried in an oven at a temperature of 170° F. for five days.
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The oven-dry weights were than obtained and the moisture percentage

was calculated.
Results

The results of the work with the first crop are given in Table 7.
The results of drying the crop in the swath, in the windrow, and in the
cock are shown graphically in Figure 12.

From Table 7 it is noted that the moisture content of the alfalfa at
time of cutting was 74.6 per cent. The weather was ideal for drying
and by 4 :00 p.m. of the first day the moisture content had been reduced
by the first five methods of drying to 51.0, 56.7, 52.2, 51.0, and 54.3
per cent, respectively. At 5 :00 p.m. of the second day the moisture
content was 26.5, 20.8, 24.5, 25.0, and 27.5 per cent, respectively. At
this time the hay from these five methods of drying was judged to be
dry enough to store. The moisture content for each method of drying,
except that dried in the swath 2 hours and then in the windrow for the
rest of the period, is well toward the upper limit at which hay can be
stored without danger of heating. Under the conditions of this experi-
ment these five methods were practically equally efficient. There is no
indication that the drying was more rapid when the crop was raked
with a left-hand side-delivery rake immediately after moving. This
rake is very efficient as it places the crop in a windrow with a large per-
centage of the leaves on the inside and a large percentage of the stems
on the outside exposed to the sun and the air. These conditions bring
about more even drying of the stems and leaves and result in less loss
of leaves and better quality hay, especially when the crop is heavy. In
the case of rain, the rake can be used to very good advantage in turning
the windrow. A better windrow resulted when the crop was allowed
to wilt partially in the swath. It is highly important, however, that the
crop be windrowed before the leaves become brittle. If allowed to lie
in the swath too long the leaves break from the stems so readily that
a large proportion of them are lost in handling.

The alfalfa, cocked immediately after cutting, dried very slowly. At
10 :00 a.m. July 2, four days after cocking, shrinkage samples from the
center of the cock showed a moisture content of 52.8 per cent and at
4 :00 p.m. July 7, almost ten days after cocking, the moisture content
was 39.8 per cent. At this date, the lower portions of the cocks were
badly molded.

Partial drying in the swath and windrow before cocking increased
the rate of drying approximately in proportion to the number of hours
dried in the swath and windrow. Four days after cutting, the alfalfa
dried in the swath for 4, 6, and 8 hours preceding cocking was about
ready for the stack or mow; that dried for only 2 hours before cocking
required 9 days to reach the proper stage for storing.



Table 7
Moisture Content, Taken at Intervals During the Drying Period, of Alfalfa Dried in the Field by Different Methods,

First Crop-One-fourth Bloom Stage, 1927
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June 29
10:00 a.m. 74.6 74.6 74.6 74.6 74.6 74.6 74.6 74.6 74.6
11:00 a.m. 64.2 64.2 64.2 64.2 67.3 ••• ••• •••
2:00 p.m. 61.0 60.4 61.0 61.0 60.3 .. • •• ••• •••
4:00 p.m. 51.0 56.7 52.2 51.0 54.3 •• ••• ••• •••
6:00 p.m. 49.8 44.2 44.9 46.3 52.8 .•• ••• ••• •••

June 30
9:00 a.m. 38.8 41.2 34.3 45.7 42.9 64.5 54.9 50.9 38.3

11:00 a.m. 37.0 35.2 39.5 34.2 45.9 ••• ••• •••
1:00 p.m. 33.5 35.4 28.6 32.6 31.4 • • ••• ••• • •
3:00 p.m. 33.3 24.2 30.9 30.5 27:0 .. ••• ••• • •
5:00 p.m. 26.5* 20.8* 24.5* 25.0* 27.5* • • ••• ••• • •

July 2
10:00 a.m. • • • • • • • 52.8 51.0 43.7 21.6

July 3
10:00 a.m. • • • • • • . 43.4 45.8 32.2 20.2*

July 6
5:00 p.m. • • • • . 42.7 36.0 21.8* . •

July 7
4:00 p.m. • • • • • • • • • • • 39.8 25.9* ... ..

* Moisture content of hay when judged to be dry enough to mow.
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There were striking differences in the quality of the hay produced

by the different methods of drying. Alfalfa left in the swath through-

out dried very unevenly, the top layer drying much more rapidly than

the layer next to the ground. This was especially noticeable with the

heavy yield of the first cutting. At the time that the top _layer was

ready for the barn, the lower layer was only slightly wilted. The top

layer being exposed to the sun and dew was badly bleached and the

leaves were so brittle that they dropped from the stems readily.

The alfalfa dried mainly in the windrow was of much better quality,

being green, soft, and tough and retained its leaves better. High quality

hay resulted from drying 2 to 4 hours in the swath followed by windrow-

ing with the left-hand side-delivery rake and completing the drying

process in the windrow or in the windrow and cock.

Results with the second crop are given in Table 8. The results of

drying the crop in the swath, in the windrow, and in the cock are shown

graphically in Figure 12.
The results of the experiment with the second crop show that the

most rapid drying occurred when the crop was dried in the swath

throughout or when dried from 4 to 6 hours in the swath and then wind-

rowed. Drying in the swath for 2 hours preceding windrowing and

drying in the windrow throughout resulted in slightly slower drying.

Thus at 3 :00 p.m. of the first day of drying, or 6 hours after cutting,

the moisture content of the portion dried in the swath throughout was

26.7 per cent. For that dried in the swath for 4 hours and windrowed

it was 28.4 per cent and for that dried in the swath for 6 hours and

windrowed it was 28.4 per cent. These percentages of moisture are

well toward the upper limit at which hay can be safely stored. At this

time the moisture content for the portion dried in the swath for only

2 hours preceding windrowing was 32.3 per cent and for that dried in

the windrow throughout was 35.2 per cent. The portion dried in the

swath for 2 hours and windrowed reached the proper stage for storing

at 1 :00 p.m. on the second day of drying that dried in the windrow

throughout reached this stage by 11:00 a.m. of the second, day of drying.

The increase in moisture content from 26.7 to 32.4 per cent for the

portion dried in the swath throughout was evidently due to difficulty in

obtaining representative samples. The other increases in moisture con-

tent were small and were probably due to the absorption of moisture

from the air by the dry material.

As shown in Table 8, ideal weather conditions prevailed during the

drying period. The second crop was finer stemmed than the first and

with the favorable weather conditions drying was very rapid, especially

in the swath and windrow. As with the first crop, drying in the swath

throughout resulted in very inferior hay, as the stems and leaves became



Table 8

Moisture Content, Taken at Intervals During the Drying Period, of Alfafa Dried in the Field by Different Methods,
Second Crop-One-fourth Bloom Stage, 1927
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1:00 p.m. 36.1 42.3 36.1 36.1 47.9 ... • • • • • • • • 84 47
3:00 p.m. 26.7 32.3 28.4 28.4 35.2 .. ... .. . 84 41 44 d4 CC

5:00 p.m. 32.4 32.7 26.8 23.0 33.5 • • .. ... ... .. ... ... .. 84 41 4( Cil

August 12

• 9:00 a.m. 25.0 29.7 27.3 25.8 33.4 ... ... .. . 69 72 Partly cloudy Slight breeze11:00 a.m. 17.8 30.6 22.6 21.6 24.6 • • • • • • • . • • • .. 74 62 46

BClear 43 

CC 44

1:00 p.m. 17.1 19.8 12.1 19.8 17.6 .. .. ... ... .. .. .. • • 82 Breezy3 :00 p.m. 21.3* 13.7" 13.5" 13.5* 18.9* ... ... ... ... ... • ... ... 82 40 Partly cloudy "5:00 p.m. ... ... • • • • • . 44.0 34.7 26.7 18.9* 17.0* 31.4 27.9 19.4* 23.6* 79 44 'Clear
August 13

5:00 p.m. . . . ... ... .. ... .. ... 81 44 Partly cloudy BreezyAugust 15
9:00 a.m. ... ... • • • ... ... ... ... • • • • .. 75 52 Clear Slight breeze3 :00 p.m. . . .. . 30.6 32.6 23.7* • • . . 26.3 16.3* .. . .. 83.5 38 Cloudy CC CC

August 19
2:00 p.m. ... .. 33.3 18.1* ... .. 19.9* . .. ... .. 71 41 Clear CI

August 20
11:00 a.m. ... ... ... ... 26.5" ... • • • • • • • • • . . 69 47 "
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* Moisture content of hay When judged to be dry enough to mow.
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very brittle 4nd many of . the leaves dropped from the stems when

handled.
The alfalfa cccked as soon as cut dried very slowly. It was at the

proper stage for storing on August 20 at 11:00 a.m. or 9 days after

cocking. Owing to the finer stems, the lower moisture content when

cocked, and the drier condition of the ground, no mold developed in the

lower part of the cocks as was the case with the first crop. The hay

of best quality was obtained when the crop was dried for the most part

in the cock.
Dried in the swath for 2 hours preceding cocking hastened drying

and the crop reached a moisture content of 18.1 per cent on August 19 at

2:00 p.m. The portion dried for 4 hours preceding cocking had a mois-

ture content of 26.7 per cent by 5 :00 p.m. of the second day of drying;

that dried for 6 and 8 hours preceding cocking had moisture content of

26.7 and 26.7 per cent, respectively. The portion dried for 4 hours in

the windrow preceding cocking, however, required until August 15 at

3 :00 p.m. to reach a moisture content of 26.3 per cent. Drying was

more rapid for those portions dried partly in the swath, partly in the

windrow, and partly in the cock when the length of. time dried in the

swath was increased.
These results agree with those obtained by Kiesselbach and Ander-

son (9), who found that drying in the swath for a time preceding

windrowing or cocking reduced the time required for drying in propor-

tion to the number of hours left in the swath. However, they found a

greater difference between drying in the swath throughout and drying

in the windrow throughout than was found in the investigation here

reported.
Under unfavorable weather conditions the differences in quality of

hay from the different methods of drying would undoubtedly have been

still more striking.

RELATION OF METHOD OF DRYING TO LOSS

OF LEAVES

As the leaves of legume hay crops dry more rapidly than the stems

and have a tendency to break from the stems when dry, the saving of

the leaves is one of the most important considerations during drying.

Under poor methods the loss of the leaves is large and the quality of

the hay is much lowered. The object of this experiment was to deter-

mine the effect of method of drying alfalfa upon the readiness with

which the leaves break from the stems.

Materials and Methods

The original plan was to carry out this study with the alfalfa that

was dried in the field experiment to compare different methods of
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drying. However, time did not permit carrying out the work at that
time and another field .of alfalfa was used for this experiment.

A uniform second crop of alfalfa was available for this work in
August, 1927. The crop was cut in the full bloom stage in the morning
of August 24. The field was approximately one acre in size and was
divided into 5 sections. The alfalfa of each section was dried by a
different method. The raking was done with a left-hand side-delivery
rake. Canvas covers were kept on all cocks throughout the drying
period.

The different methods of drying are given in Table 9. In order to
dry a part of the crop in the swath in the shade, an artificial shade was
erected over a portion of the field immediately after cutting. Weather
conditions were favorable for drying throughout the greater part of the
period. From August 24 to 26 it was clear and breezy. The tempera-
ture during the daytime ranged from 64 to 80 degrees F. and the rela-
tive humidity from 62 to 34 per cent. Rain fell during the morning of
August 27 and cool, cloudy weather prevailed the rest of the day and all
day August 28. During August 29 and 30 it was clear and breezy and
the temperature during the day ranged from 68 to 82 degrees F. and
the relative humidify from 85 to 52 per cent.

When the hay was judged to be dry enough to store, shrinkage
samples were taken and each lot of hay was stored separately in a well-
ventilated barn loft. It was undisturbed until the following January,
when shrinkage samples from the different lots showed the moisture
content to be very nearly the same.

The test to determine the readiness with which the leaves break
from the stems was carried out as follows: Five 2,000-gram samples
were weighed out from each lot of hay. Each sample was then sub-
jected to a vigorous shaking which consisted of picking it up with an
ordinary pitch fork and shaking it vigorously with rapid motions
through a vertical distance of 8 inches for 30. seconds. The leaves
breaking from the stems were caught on a canvas and weighed. All the
shaking was done by one man and care was taken to perform the mo-
tions in approximately the same way for each sample. The data for
this experiment are given in Table 9.

Results

Marked differences were evident in the quality of the hay from the
different methods of drying. The alfalfa dried in the swath exposed to
the sun was badly bleached and appeared hard and brittle. That dried
in the windrow had better color and was tougher and softer. That
dried for the most part in the cock was of excellent quality; the green
color of the living plants was retained and the stems and leaves re-
mained soft and tough.
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Table 9

Loss of Leaves from Alfalfa Dried by Different Field Methods and Subjected to Shaking

Drying
Method of drying period,

hours

Moisture content, per cent
Loss of leaves
shaken for
30 seconds

Probable error of the
difference between
the loss of leaves
from the differ-
ent methods

Difference
divided by
probable
error

Odds that the
difference
is signifi-

cantAug. 30, 1927 Jan. 30, 1928
grams per cent

Swath in sun   32 11.8 15.7 506 -1- 38 25.3 506 - 332 = 174 --I- 46 3.8 95.15 to 1

506 - 414 = 92 -I-- 49 1.9 4 to 1

, 506 - 432 = 74 -I- 50 1.5 2.21 to 1

506 - 446 --,-_- 60 -I- 51 1.2 1.39 to 1

Swath in shade     74 22.5 16.3 414 4- 31 20.7 414 - 332 = 82 + 40 2.1 5.38 to 1

414 - 432 = 18 -I- 46 0.4 Less than 1 to 1

414 - 446 = 32 + 46 0.7 Less than 1 to 1

Windrow not turned   74 17.9 15.5 432 +. 32 21.6 432 - 332 = 100 -1- 41 2.4 8.48 to 1

432 - 446 = 14 -I- 47 0.3 Less than 1 to 1

Windrow turned every 4 hours  74 15.9 16.0 446 4- 34 22.3 446 - 332 = 114 --1-. 42 2.7 13.58 to 1

Swath 2 hours, windrow 4 hours, cocked  145 22.8 - 16.6 332 + 25 16,6
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While carrying out the test to determine the loss of leaves, it was
evident that the leaves of the hard, brittle hay broke from the stems
much more readily than did the leaves from the tougher hay dried in
the shade in swath, or in the sun in windrow or cock. The difference
was most striking between the hay dried in the swath in the sun and
that dried for the most part in the cock. The difference of leaves
shattered from the stems was 174 grams. In the light of the probable
error the odds that this difference is significant are 95 to 1. The odds
that the differences in grams between the alfalfa dried in the windrow
and turned every 4 hours and that dried for the most part in the cock
are significant are 13 to 1.

• RELATION OF METHOD OF DRYING TO CHEMICAL
COMPOSITION

The purpose of this experiment was to determine the effect upon the
quality of the hay of drying hay crops by artificial heat compared with
drying in the sun and in the shade. The high moisture content of hay
plants at cutting time and the usual accompanying high atmospheric
temperature provide favorable conditions for fermentation. One of
the chief advantages claimed for the artificial method of drying is that
fermentation is stopped before it has progressed to any appreciable de-
gree. Hay dried in the field is also subject to damage by loss of leaves
in handling and bleaching, and to leaching of the nutrients by rain.

Review of Literature

Honcamp (4), in Germany, found that hay plants dried rapidly in
a vacuum apparatus underwent very little change in digestibility. When
dried by the ordinary methods there was always a loss of nutritive sub-
stances aside from possible mechanical losses. There was a decrease in
digestible protein when the plants were dried by means of air heated
by direct fire.

Swanson and Latshaw (15) reported that alfalfa dried in the sun
had a higher total protein content than that dried in the shade.

Shuey (14) concluded that the loss in digestible constituents during,
handling and drying in the field mar vary from 20 per cent under favor-
able conditions to 50 per cent under adverse weather conditions.

In experiments carried out in Kansas (6) it was found that sweet
clover dried in the sun had a higher total protein content than that dried
in the shade. With alfalfa, prolonging the period of drying produced
a larger amount of water-soluble nitrogen and protein nitrogen. The
samples dried in the sun had a larger percentage of water-soluble carbo-
hydrates than those dried in the shade. Sprinkling decreased the water-
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soluble carbohydrates for both the samples dried in the shade and those

dried in the sun.
Piper et al. (12) reported the results of experiments carried out by

workers in the United States Department of Agriculture which showed

that artificially dried hay is superior to field-dried hay both in chemical

composition and in palatability.
Weiske (16), in Germany, observed that meadow hay held at a

temperature of 100° F. was lower in digestible protein than that kept

at the temperature of the atmosphere even when kept at this tempera-

ture only from 2 weeks to a month. This change was somewhat more

marked in the moistened hay both in chemical composition and in pala-

tability.
In regions of high rainfall, weather conditions at the time of hay

making are frequently unfavorable. Cloudiness, high humidity, and
rain retard drying, and this results in losses in quality. Under these
conditions there is a real need for a practical method of drying hay crops
artificially.

Piper et al. (12) cite a method of artificial drying devised in 1894
by an English farmer named Neilson. In this method the green ma-
terial was placed in round stacks having a cylindrical open space at the
center extending from the bottom to near the top. A pipe extending
under the stack connected this open space to a powerful fan which
sucked out the air, thus causing the outside air to penetrate the stack.
The fan was operated from 15 to 60 minutes each day for from one to
three weeks.

.The Institute of Agricultural Engineering of the University of
Oxford conducted a series of experiments on the artificial drying of
hay crops in 1923, 1924, and 1925 (15). In 1923, air at the temperature

of the atmosphere was driven by a fan through a tunnel into an open

space under the stack of green material. In 1924, heated air was simi-

larly used, with a better method for distributing the air within the
stack. The results of these trials were as follows:

Peas, beans, and cereals were successfully dried by using air of

atmospheric temperature. However, the conclusion was that this method

could not be depended upon and under adverse weather conditions would

not be practical. In 1924 and 1925, the drying of hay plants with

heated air was successful, provided there was sufficient heat and the

volume of air was so regulated as to obtain the necessary heat reaction

inside, the material. As to the most desirable temperature to use, the

conclusion was that it should be as high as possible without having an

injurious effect on the material. A temperature of 180 to 190 degrees F.

was considered not too high. Chemical analysis showed the feeding

value of the hay dried artificially at these temperatures to be practically



38 MINNESOTA TECHNICAL BULLETIN 83

the same as that of the green hay plants and superior to that of hay
dried under ordinary field conditions.

Aitkinhead (1), working at Purdue University, devised a dryer on
the same general plan as that developed at Oxford except that the hot
gases of combustion were mixed with the air blown into the stack.
Stacks of alfalfa and soybeans were successfully dried with this ap-
paratus.

Kieffer (18) describes a large drying plant devised by A. J. Mason,
of Chicago. By this method the hay crop is hauled to the dryer as soon
as cut. Here it is dumped on the conveyor, which spreads it out in a
thin layer and carries it slowly through a large drying chamber. This
chamber is heated by large furnaces located underneath. The hot air
at a temperature of 275 degrees F. enters the drying chamber along
with the gases and smoke. This plant will dry about 20 tons of alfalfa
per day, but owing to the high cost is adapted only to large farms.

Regarding the advantages of this method of hay making, Kieffer
(14) says, "The, quality of hay made by this is far superior to the best
sun-cured alfalfa. The Mason system loses no leaves." Mason (16)
makes the following statements regarding artificial drying: "Under the
normal and familiar process of curing, occupying twenty-four hours or
more, fermentation makes such headway that it is rare to find a hay
that has not lost 25 per cent of the protein it contained when a living
plant. These two losses—that is, the chemical one due to incipient fer-
mentation and the mechanical loss—mean that a crop of leguminous
plants will contain twice as much nutrient when artificially dried as
when naturally dried under favorable conditions."

From the review of literature it appears that very few experiments
have been conducted in which hay plants were dried under controlled
temperatures and air movement and the effect on the quality of the
hay determined.

Materials and Methods

The crops used were alfalfa and red clover. The stages of develop-
ment of these crops were full bloom for alfalfa and one-fourth bloom
f or red clover. The samples were harvested from uniform vigorous
stands and taken to the laboratory, where 500-gram samples were
weighed out. Duplicate samples were dried in electric ovens at 180
degrees F., 140 degrees F., and 90 degrees F. The temperatures were
controlled by thermo-regulators and the variation was approximately
2 degrees. Each oven was fitted with an electrically operated fan to
provide a constant and adequate circulation of air. Samples in dupli-
cate were also dried in the open in the sun and under artificial shade.
These samples were kept in the laboratory each night and during rainy
periods in the daytime. All samples were observed from time to time

47.)
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and stirred as needed. At the end of the drying period they were placed
in a large oven at a temperature of 170 degrees F. for 5 days. The
oven-dry weights were than obtained and the moisture percentages
computed.

The weather was clear with a slight breeze during the greater part
of the period when the samples were dried in the open in the sun and
shade. The alfalfa was dried from July 7 to July 11. The temperature
during the daytime ranged from 64 to 84 degrees F. and the relative
humidity from 78 to 41 per cent. The red clover was dried from July 14
to July 17. The temperature during the daytime ranged from 72 to 84
degrees F. and the relative humidity from 7.4 to 47 per cent. During
the night of July 15 there was a heavy rain and cloudiness prevailed all
day on July 16.

Chemical analyses were made of the hay dried in the oven at 180
degrees F. and of that dried in the sun and in the shade. The methods
as given in the official methods of the A. 0. A. C. were used throughout.

Results

The chemical analyses and other data are given in Table 10.
Comparison of the composition of the hay from the three methods

of drying shows practically no difference. The alfalfa dried in the
shade was slightly lower in nitrogen-free extract and fat than that dried
in the oven. The alfalfa dried in the sun was lower in fat than that
dried in the oven and that dried in the shade.

Table 10

Effect of Method of Drying Alfalfa and Red Clover upon the Chemical
Composition of the Hay

Moisture content
Method Length  
of of

drying drying
period

Beginning
of drying
period

End of
drying
period

Ash
Crude.
protein Fiber

Nitrogen 
free

extract Fat

Alfalfa
hours per cent per cent per cent per cent per cent per cent per cent

In oven-180° F..... 6 72.2 2.9 7.8 13.9 34.4 42.0 1.9
In sun  54 71.4 5.1 7.7 14.0 34.1 42.9 1.2
In shade  100 71.8 8.2 8.6 14.0 34.4 40.8 1.5

Red clover
In oven-180 F 5 77.2 7.6 6.7 15.9 25.4 50.3 1.8
In sun  55 75.6 12.5 6.7 15.4 26,5 49.7 1.8
In shade  79 76.1 9.5 6.7 14.9 28.2 48.5 1.7

The red clover dried in the sun was slightly lower in crude protein
than that dried in the oven, and that dried in the shade was lowest in
crude protein. The same relation is noted in the nitrogen-free extract.
In fat content there is no difference between the samples dried in the sun
and those dried in the oven, but the samples dried in the shade are
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slightly lower. These slight differences are probably due to fermenta-
tion. In fiber content the hay dried in the shade was highest, that dried
in the sun next highest, and that dried in the oven lowest. The samples
dried in the shade required a much longer period than those dried in the
sun and there was greater opportunity for fermentation. In the oven,
the samples were reduced in moisture content so rapidly that fermenta-
tion was largely prevented. The losses in the shade, however, are so
small that they are of no practical importance. Under ordinary methods
of drying in the field where the hay crop is not rained upon and is well
aerated, it appears that very little fermentation takes place even when

several days are required for drying.
The quality of the hay dried in the oven was excellent. The green

color of the or original material was retained and from observation and
chemical analysis it appeared that the palatability and composition were
as high as could be obtained by any other method of drying.

SUMMARY AND CONCLUSIONS

1. The purpose of the investigations here reported was to gain in-
formation on the drying process and from the facts derived principles

of practical value to farmers. The results are reported under the fol-

lowing heads: (1) the role of the leaves in drying the stems, (2) rela-

tion of method of drying to loss of leaves, (3)relation of method of

drying to chemical composition.
2. An experiment made to test the accuracy of the technic planned

to determine the rOle of the leaves in drying the stems showed that the
wounds made by detaching the leaves from the stems had no appreciable

effect on the drying of the stems of alfalfa, red clover, and soybeans

but with sweet clover materially hastened the drying of the stems. •
3. Results of tests with alfalfa and red clover show that the leaves

did not function to any appreciable extent in withdrawing the moisture

from the stems during the drying period. Results of tests with sweet

clover and soybeans show that the leaves may aid in the drying of the

stems by withdrawing the water from them.
4. Drying of stems and leaves was more rapid in the sun than in

the shade.
5. In a field experiment in which the Dain method of drying alfalfa

was compared with several other methods, no advantage resulted from
windrowing immediately after mowing.

Alfalfa windrowed with a left-hand side-delivery rake immediately
after cutting and turned every 4 hours dried at practically the same rate
as that left in the swath throughout the drying period.

When dried in the swath for 2, 4, 6, and 8 hours, preceding windrow-
ing, the alfalfa dried at practically the same rate as that dried in swath
or windrow throughout.
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Alfalfa cocked as soon as cut dried very slowly and there was a

tendency for mold to develop.
Where partial drying in the swath or windrow preceded cocking, the

rate of drying increased in proportion to the number of hours left in

the swath or windrow.
With clear, hot weather alfalfa dried in the swath to a moisture con-

tent of approximately 25 per cent was badly bleached and the leaves

were so brittle that a large proportion of them was lost during handling.

Alfalfa dried for the most part in the windrow or cock retained the

green color and was soft and tough and the amount of leaves lost during

handling was small.
6. Alfalfa dried in the swath in the sun lost 25.3 per cent in weight

when subjected to shaking as compared with losses of 20.7, 21.6, 22.3,

and 16.6 per cent for that dried in the swath in shade, in windrow

and not turned, in windrow and turned, and that dried for the most part

in the cock, respectively. The odds that the difference between 25.3

and 16.6 per cent is significant are 95 to 1.

7. Alfalfa and red clover dried to less than 8 per cent moisture in

a well-ventilated oven at a controlled temperature of 180 degree's F. in

from 5 to 7 hours had essentially the same composition as hay dried in

the sun to moisture percentages of from 5.1 to 12.5 in' from 32 to 55

hours, or in the shade to moisture content of from 8.2 to 19.5 per cent

in from 79 to 100 hours.
The fact that the composition of the hay dried slowly in the shade

was practically the same as that dried more rapidly in the sun and in

the oven indicates that under conditions such as these fermentation does

not take place to any extent.

LITERATURE CITED

1. Aitkenhead. Wm.
1926 Stack and grain drying. Ind. Agr. Ext. Sta. Circ, 139.

2. Association of Official Agricultural Chemists

1925 Official and tentative methods of analysis. 2d ed. Revised to July 1,

1924. Washington, D.C.

3. Cox, J. F.
1925. Crop Production and Soil Management. John Wiley & Sons, Inc.

4. Honcamp, F.
1915 Vergleichende Untersuchungen iiber die Zusammensetzung und

Verdaulichkeit von frischen Gras, natiirlich geworbenem und

kiinstliche Trocknung geNvonnenem Heu. Die Landwirtschaft-

lichen Versuch-Stationen, Band 86 :215-276.

5. Institute of Agricultural Engineering, University of Oxford

1926 Preliminary report of an investigation into the artificial drying of

crops in the stack. Bull. 2.



42 MINNESOTA TECHNICAL BULLETIN 83

6. Kansas Agricultural Experiment Station
1918 Report of the work with field crops in Kansas. Kans. Sta. Rept.,

pp. 26-35, 36, 38, 81.
7. Kieffer, H. E.

1926 Make hay while it rains. Milk Producers Review. VII :6.
8.

1927 Artificial drying of alfalfa and other crops. Agr. Eng. 8. 12.
9. Kiesselbach, T. A. and Anderson, Arthur

1926 Alfalfa investigations. Neb. Agr. Expt. Sta. Bull. 36:82-116.
10. Mason, A. J.

1917 Some studies in agriculture by a non-farmer. (Read before the
Chicago Literary Club, March.)

11. McClure, H. B.
1920 The shrinkage of market hay. U. S. Dept. of Agr. Bull. 873.

12. Piper, C. V. et al.
1924 Hay. U. S. Dept. of Agr. Yearbook. pp. 285-376.

13. Rather, H. C.
1924 Curing alfalfa. Mich. Agr. Expt. Bull. 35.

14. Shuey, R. C.
1914 Alfalfa. Jour. Ind. and Eng. Chem. 6:910-919.

15. Swanson, C. 0. and Latshaw, W. L.
1916 Chemical composition of alfalfa as affected by stage of maturity,

mechanical losses and conditions of drying. Jour. Ind. and Eng.
Chem. 3 :726-729.

16. Weiske, H.
1897 -Ober die Verluste und chemischen Veranderungen, welche die

vegetabilischen Futtermittel infolge langeren Aufbewahrens hei
hoheren Temperaturen erleiden. Land. Vers. Stat:48. 6:379-389.

17. Westover, H. L.
1926 Comparative shrinkage in weight of alfalfa cured with leaves at-

tached and removed. U. S. Dept. of Agr. Bull. 1424.
18. Willard, C. J.

1926 Do legume leaves hasten the curing 'process by pumping moisture
from the stems? Jour. Amer. Soc. Agron. 18:369-375.






