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INTRODUCTION

Alfalfa has a unique place in the hay
crop because of its high protein and
carotene content (4). As the total hay
loss in the United States averages 650
million dollars per year,a efforts are being
made to minimize these losses.

Farm crop losses that occur during
harvest depend on the conditions of the
crop at the time of harvest and on the
type of machinery used for harvesting.
An extensive review of the losses that

occur in the field during drying is
reported by Hall (3).

Daum (2) reported on the factors
affecting leaf shattering of hay during
mechanical handling. His experiment was
in two phases: (a) a determination of the
tensile strength of the leaf petioles; and
(b) an analysis of the effects of impact,
compression, and acceleration on leaf
loss. Pederson and Buchele (9) indicated
the existence of losses due to fermenta
tion. They showed that the losses occur
in the time interval between cutting and
storing of hay. They further indicated
that 90% of the transpired water leaves
the plant through the stomata, while 10%
passes through the water-resistant cuticle
of the leaves and stems. Many others (5,
7, 8, 11) studied the properties of the
stem only.

a Mears, D.R. and W.J. Roberts. 1969.
Methods of acceleration forage drying.
Paper no. 69-162, Amer. Soc. Agric. Eng.
St. Joseph, Missouri 49085.

* Present address: Chief Engineer, Mantron-
ics, P.O. Box 876, Fort Collins, Colorado
80521.
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The present investigation is to deter
mine how the stem-leaf moisture differ

ence affects leaf separation from the
plant when it is subjected to various
mechanical forces.

EXPERIMENTAL METHODS

The experiment was conducted on
alfalfa plants at three different stages of
maturity: (a) early bud stage; (b)
first-flower stage; and (c) full-flower
stage. The moisture content of each
sample was found on a wet basis (WB) for
both stem and leaf part, using the
following relation:

% Moisture content =
wetwt-drywtxl00(WB) (1)

wet wt

The above weights were determined to an
accuracy of 0.0001 g (error within ±1%
of the sample moisture content). Drying
was accomplished by placing the sample
in a Fischer isotemperature oven set at
280°F (137.8°C) for 2 h. The dry-weight
loss of the sample was less than 0.05% of
the weight of the samples.

The mechanical forces required to
separate the leaf from the plant at various
stem-leaf moisture difference levels were
determined experimentally using the
methods of MacAulay and Bilanski (6)
and Raghavan and Bilanski (10). The
various parameters considered were axial
force, bending force, vibration, and
tumbling. The number of test samples
required were collected from the field
using a random sampling technique (1).

Axial Force Test

A constant-rate loading mechanism (6)
was used to find the force for this test. In
this apparatus, the test plant was held by
a rubber-faced clamp. A clip at the end of
the chain was used to hold the desired
leaf. To increase the load on the leaf, the
overhang of the chain was increased until
it separated from the plant.
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During the axial force test, each stage
of maturity was further classified into
three groups depending on leaf size. The
axial force required to separate the leaf
from the stem was determined for each of

these groups. A total of 360 samples were
tested for each stage of maturity.

Bending Test

In this test the petiole was considered
to act as a cantilever at the stem, and
force was applied at the loading point
(point where the leaves are connected to
the petiole) by a constant-rate loading
mechanism. When the petiole was broken
from the stem, the load was recorded as
the ultimate bending force. This test was
conducted for samples with various
stem-leaf moisture differences. For each
stage of maturity, 480 samples were
tested.

Vibration Test

Each test sample was vibrated at
various frequencies for periods up to 1.25
h. A pan located beneath the sample
collected any leaves that were shaken
loose. Percent leaf loss was then cal
culated from the weight of the leaves
shaken loose and the sample weight. This
test procedure was repeated for various
stem-leaf moisture difference values. A
total of 60 samples were tested for each
stage of maturity during this test.

Tumbling Test

The samples were weighed and placed
in the rotating drum for a test period of 5
min. After the test, the stem portion of
the plant was carefully separated from
the leaves that were broken from the
stem during the treatment. Each portion
of the sample was then weighed on a
Mettler balance to determine the percent
age of leaf loss. A total of 180 samples
were tested at three different stages of
maturity.
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RESULTS AND DISCUSSION

The axial force (in grams) required to
separate the leaf from the stem is listed in
Table I. The values given in the table are
the mean values for each stage of
maturity of a particular leaf size.
Significance level is shown for each of
these values. At every stage of maturity,
alfalfa leaves were less securely connected
at higher values of stem-leaf moisture
content difference than at lower values.

Test results indicate that the variation in

stem-leaf moisture difference at each

stage of maturity was similar. The study
reported by Daum (2) did not consider
the effects of moisture content difference

between stem and leaves on tensile force

evaluation of leaf petiole. However, he
reported that the tensile strength de
creases with the decrease in moisture

content of the plant. This statement is
compatible with the results of the present
study.

The bending test results were analyzed
from the test data. This analysis indicated
the bending force to be independent of
stem-leaf moisture difference for all

stages of maturity.

The leaf loss information at various

stem-leaf moisture difference values for

the vibration test were used to plot
Figure 1. The linear relation shown in
Figure 1 was the result of regression
analysis. The coefficients of determina
tion (r2 value) for early bud stage,
first-flower stage and full-flower stage of
maturity were found to be 0.41, 0.63,
and 0.67, respectively.

For each stage of maturity, leaf loss
increased linearly with the increase in
stem-leaf moisture content difference.

Similar results were found during the
tumbling test. The equations for each
stage of maturity, along with their
coefficients of determination (r2 value)
are given in Table II. The analysis of
variance of leaf loss for both vibration

and tumbling test are listed in Table III.
The leaf loss during vibration and
tumbling tests was found to be highest
for full-flower stage, as compared to
first-flower and early bud stage of the
alfalfa plant.

CONCLUSIONS

1. The stem-leaf moisture content differ

ence affects leaf removal in tension.

When the stem-leaf moisture content

difference is minimal, the leaf is well
secured to the plant. This behaviour
exists for all stages of maturity of the
alfalfa plant.
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TABLE I MEAN VALUES OF AXIAL FORCE TO SEPARATE LEAF AT VARIOUS STEM
LEAF MOISTURE DIFFERENCE VALUES

Stage of maturity

Early bud stage

First-flower stage

Full-flower stage

Axial force (g)

Difference in % moisture
content between stem and

leaves (wet basis)

Large
(3.0 cm2)

area

Medium
(2.0 cm2)

area

Small
(1.0 cm2)

area

4

19

32

152**

150*

120*

137**

125*

104*

86**

79*

73*

2

13

23

163*

160/
154/

138*

125/
118/

93*

86*

76/

1

2

24

162***

154**

113*

129***

126**

98*

93***

92**

74*

Significant at 10%.
Significant at 5%.
Significant at 1%.
Significant at 0.1%.

TABLE II REGRESSION EQUATIONS RELATING PERCENTAGE LEAF LOSS TO
PERCENTAGE MOISTURE CONTENT DIFFERENCE BETWEEN STEM AND

LEAVES DURING TUMBLING TEST

Stage of maturity Regression equation Validity range
Coefficient of

determination

Early bud stage Lt =0.5 +0.19 (DM*) 0<DM<40 0.42

First-flower stage L = 8.2+0.15 (DM) 0<DM<40 0.67

Full-flower stage L = 12.5 +0.18 (DM) 0<DM<40 0.66

"*• L = percentage leaf loss.
* DM= difference in percent moisture content between stem and leaves (wet basis).

2. During the bending test, the bending
force needed to separate the leaf
from the plant was found to be
independent of stem-leaf moisture
differential.

3. Percent leaf loss due to vibration

increases linearly with the increase
in stem-leaf moisture differential.

The loss is higher for the mature
plants.

4. Stem-leaf moisture content differ
ence also affects leaf loss during
tumbling. The percent leaf loss in
creases linearly with the increase of
stem-leaf moisture differential.

SUMMARY

The effects of stem-leaf moisture
differential were examined for leaf
separation from an alfalfa plant sub
jected to different forces such as
tension, bending, vibration, and
tumbling at each of the three stages of
maturity. Overall results indicate an
increase of leaf loss due to mechanical
forces at higher stem-leaf moisture
different values.

TABLE III ANALYSIS OF VARIANCE FOR

PERCENTAGE LEAF LOSS

DURING VIBRATION AND

TUMBLING TEST

Significance level

Stage of maturity
Vibration

test

Tumbling
test

Early bud stage

First-flower stage

Full-flower stage

*

***

***

*

*

Significant at 5%.
Significant at 0.19?

—— EARLY BUD STA6E

—— FIRSr-FLOWER STAGE

-. FULL-FLOWER STASE

PERCENT MOISTURE CONTENT DIFFERENCE BETWEEN STEM AND LEAVESf\NETBASIS)

Figure 1. Leaf loss vs. percent moisture con
tent difference between stem and
leaves during vibration test.
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