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Moisture Release from Cut Alfalfa

Abstract. Mechanical treatment of
alfalfa to increase its drying rate is
of only limited value because little
damage is done to the cellular organi-
zation. Killing the plant material with
steam markedly increases the drying
rate by modifying the permeability of
the cuticle or cell membrane, and this
may have practical significance in
forage preservation.

Extensive studies by plant physi-
ologists on the moisture relationships
of plants have established that adequate
turgidity of plant cells is of prime im-
portance; lack of turgidity results in
immediate cessation of growth. Adapta-
tions which prevent excess loss of
moisture, such as a waxy cuticle and a
sensitive means of stomatal control, are
vitally necessary for growth but con-
stitute large obstacles to the removal
of water during the drying of forage.
The initial rapid movement of water
from a severed plant soon ends because
of stomatal closure, and thereafter water
must move through the cuticle or
through wounds caused by mechanical
treatment (/). In this report we present
the results of an investigation of water
movement from alfalfa, which was
treated in various ways and subse-
gently dried in a laboratory drier.

Crimping and crushing are common
practices for increasing the drying rate
of forages since they produce wounds,
particularly in the stems. In order
to determine the extent of damage
caused by such treatment, portions of
alfalfa stems that had been crimped
in a meshed set of gears and then
exposed to steam for 2 minutes were
cross-sectioned and examined under
the microscope. Such a cross section
is shown in Fig. 1, from which it is
apparent that the epidermis had been
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cracked and the cells split apart toward
the pith, but few cells had actually been
broken.

To test the effects of such mechani-
cal treatments on the drying rate,
crimped and control samples of Nar-
ragansett alfalfa, each having an aver-
age weight of 65 g, were dried in a
laboratory drier regulated to give a
rate of air movement of 17 m®/min at
35.5°C and 28 percent relative humid-
ity. Four replications were used and
the results were statistically analyzed
on a computer. Figure 2 shows that
there was an initial rapid loss of
moisture from all samples, but in the
control samples the rate decreased
markedly after only 30 minutes of
drying. This early flattening out of the
drying curve probably resulted from
stomatal closure. In the crimped sam-
ple, where there is considerably greater
access of the moisture to the air, the
drying rate may have been limited by
the decreasing permeability of the cell
walls and cytoplasmic membranes. It
has been demonstrated that the resist-
ance of mesophyll cells to viscous flow
increases rapidly with loss of moisture
(2).

Killing the alfalfa by exposure to
steam for 2 minutes significantly in-
creased the drying rate, whether or not
a mechanical treatment was also used.
The increased rate of moisture move-
ment after steaming may be due to
the disruption of the plasma membrane
and the more rapid movement of the
cytoplasmic water as well as the vac-
uolar water (3).

It has been demonstrated that the
leaves of alfalfa do not appreciably in-
fluence the removal of water from the
stem during drying (/). In the steamed
samples it is not yet clear whether the
leaves function as an evaporating sur-
face for an extended length of time
or whether the cuticle of the stem, or
its waxy covering is modified. Leaf
impressions were made of steamed
leaves to see if stomatal action had
been affected, but the extreme dis-
tortion of the leaves prevented measure-
ments. This aspect of the problem is
being studied further.

Results of this study reveal that me-
chanical treatments can increase the
rate of drying only up to a point and
that the rate of water movement with-
in the plant may also be a limiting
factor. Killing the plant prior to dry-
ing has important practical implications
since the total energy required to dry
the plant is much lower. A hot-water
treatment was designed by Watson (4)

Fig. 1. Cross section of a portion of alfalfa
stem which had been crimped and steamed
after harvesting.
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Fig. 2. Comparison of the drying rates of
alfalfa after subjecting it to steaming or
crimping, or both. The drying conditions
were air movement, 17 m®/min; 35.5°C;
relative humidity, 28 percent.

to speed the drying process, but it was
considered impractical and was not
studied further. Because of the in-
creased use of mechanical harvesters
and driers, the Kkilling of plants with
either steam or hot water may be a
fruitful approach to the problem of
moisture release from drying forage,
provided no serious effect on nutritive
value is found.
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