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Electronic Moisture Meters for Silage

Principle




build up on each plate of the capacitor. Capaci-
tance is the amount of charge that builds up per
unit of voltage applied. Capacitance is propor-
tional to the dielectric constant (D) of the material
between the plates, increases with the surface area
(A) of the plates, and decreases as the distance
between the plates (L) increases.

x A
L

capacitance =

When forage is placed in the electric field between
plates, molecules that have a positive and negative
charge on different ends (such as water) orient
themselves with the electric field, and this alters
the electric field. The dielectric constant of forages
increases as moisture content increases because
the dielectric constants for water, forage dry mat-
ter, and air are different. For water, D is 78; for dry
matter, D is about 4; for air, D is about 1.

Method

Manufacturers specify the forage moisture range
for their instrument. This is generally 25-78% for
alfalfa, and 35-80% for corn.

1. Obtain a representative sample of the forage in
which particle lengths are about 0.75 inch on
average. If sampling from a windrow, chop the
forage with shears before testing.

2. Tsolate a properly sized sample that is suitable
for the instrument. This varies from about 0.5
pound to 2 pounds, depending on the meter.

3. Mix the sample well before loading it into the
instrument. The moisture content of the sample
should be uniform throughout the sample.

4. For some conductance meters, the sample should
be sealed in a polyethylene bag and put in the
instrument. Make sure the bag is about 1 inch
thick when filled, is carefully sealed, and is not
wet on the outside.

5. Compress the forage in the meter until the
pressure indicator is activated. This is meant to
pack the forage to a standard density. In some

Part ll: On-Farm Methods

instruments, the pressure indicator is mechani-
cal; in others it is electrical. Check that electrical
density indicators are functioning by manually
pushing the switch that senses density in the
forage chamber.

6. After compressing the forage, allow the meter
about 20 seconds to stabilize.

7. Press the temperature compensation switch (if
present) and record the meter reading. If re-
quired, measure the temperature of the sample
with the probe of the instrument.

8. Consult the manufacturer’s conversion chart to
obtain the moisture content. There are usually
different charts for corn and haycrops. Some
charts require the temperature of the sample
and the number of turns in the compression
device when the sample was loaded.

9. Repeat the process for 4 samples of the same
forage, and average the 4 moisture readings.

Accuracy

Tests of electronic moisture meters have shown
them to be fairly inaccurate. There is no apparent
pattern for predicting when the meter will be high,
low, or accurate.

A test of a capacitance device was conducted by
the Prairie Agricultural Machinery Institute in 1981.
For alfalfa, the meter was accurate at 20% moisture
but read 45% moisture when the actual moisture
was 70%. For corn the meter read 35% when actual
moisture was 40%, and read 66% when actual
moisture was 72%. Thus, the results were better
with corn than alfalfa, and better at low moisture
than at high moisture. If the meter reading is low
in forage being ensiled, seepage losses and
clostridial spoilage could result.

A test of a conductance device found that for
alfalfa, the meter read 33% when actual moisture
was 30%, but read 62% when actual moisture was
70%. The meter was accurate at 40% moisture. For
corn, the meter was accurate at 70% moisture but
read 28% when actual moisture was 34%. Thus, the

13
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3. Collect readings at several locations within the
same bale.

4. Test bales from several spots within the field and
average the moisture readings.

For testing in bale chambers

1. The bale-chamber sensor has two metal elec-
trodes that contact the hay as it passes through
the bale chamber. The sensor must be installed
so that the electrodes are aligned in a certain
direction relative to the flow of hay.

2. Power is supplied by connection to the 12-volt
tractor battery with an auxiliary 9-volt battery for
portable operation.

3. Moisture readings are continuously displayed
on the digital readout. With enough cable, the
readout can be placed near the tractor operator.

Accuracy

Studies were conducted at the University of Ken-
tucky in 1987 to assess the accuracy of the model
F-4 Delmhorst meter against oven drying at 150°F
for 48 hours (figure 2.5). Delmhorst readings
coincided with oven moisture at 17%. Above 17%

Part Il: On-Farm Methods

moisture, the Delmhorst readings were below
oven values. Below 17% moisture, Delmhorst
readings were above oven moistures. For ex-
ample, hay at 23% moisture would have a Delmhorst
reading of 20%, and hay at 33% moisture would
have a Delmhorst reading of 25%. This would
result in hay going into storage too wet, and
heating and browning would be likely to occur.

Although Delmhorst readings were related to ac-
tual hay moisture content (meter readings ex-
plained 85% of the variation in hay oven moisture),
there was still some inaccuracy. Averaging 12
separate readings on a particular bale resulted in
moisture content readings within 2.0 percentage
points of the actual moisture content. Accuracy can
be improved by using a set of your own samples
to calibrate the Delmhorst meter to microwave
oven readings made on the farm. However, the
variations in moisture readings may be due more
to field variation than to instrument inaccuracy.

Safety

The pin prod provided for windrow moisture
measurement is made of sharpened metal. Care
should be taken when handling this unit to avoid
injury. The voltages at the end of the prod are too
small to administer an electrical shock to humans.
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Figure 2.5. Relationship between Delmhorst meter readings and actual alfalfa hay moisture content.
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Accuracy

Oven procedures vary widely because each has its
limitations. First is the problem of evaporating all
the water from the sample. Although free water is
completely removed, the amount of mechanically
trapped water varies with oven temperature. At
140°F, the sample may contain 2-5% moisture,
most of which is mechanically trapped. At 212°F,
much of the mechanically trapped water will be
evaporated, but bound water remains. At 275°F, all
of the mechanically trapped water will be evapo-
rated, and significant amounts of the bound water
will be removed.

Although higher temperatures remove more wa-
ter, they also cause a greater loss of volatile non-
water compounds including ammonia, ethanol,
and organic acids such as acetic and propionic
acids. Even at 140°F some of these compounds will
be lost during drying. If the dried sample will be
used for further chemical analysis, drying above
140°F may affect the measurement of sugar and
nitrogen contents because of chemical reactions
occurring during drying.

Part lll: Laboratory Methods

For most samples, drying at around 212°F gives
reasonably accurate results (1 percentage point).
The water not evaporated is approximately matched
by the nonwater compounds that are lost from the
sample. However, for feeds high in molasses or for
silages, the loss of volatile organic compounds
results in measured moisture contents that are
higher than actual values. In these cases, oven
temperatures of 140-160°F and drying times of up
to 3 days are necessary to approximately balance
the moisture retained with the nonwater com-
pounds lost by drying.

Given these inaccuracies, it may be surprising that
oven drying is the usual method for moisture
determination in commercial and research labora-
tories. However, the method is relatively inexpen-
sive and repeatable, and it requires no toxic
chemicals or hazardous procedures. Furthermore,
the accuracy is acceptable for all but a few research
studies. For the foreseeable future, vacuum or
forced-air oven drying will probably remain the
method of choice for most laboratory determina-
tions of forage moisture content.

19
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In most cases, toluene distillation can provide
accurate measurements of moisture content (1
percentage point) in silages provided a correction
is made for volatile compounds in the condensed
water. Without this correction, accuracies of mois-
ture determination are similar to those from vacuum
or forced-air oven drying. Because of cost and
safety, this procedure is not warranted for other
types of forage and feed samples, which are best
measured through oven-drying techniques.

Part lli: Laboratory Methods

Safety

The major problem with this method is working
with and disposing of the toluene. The vapor is
irritating to eyes and lungs. The liquid is easily
absorbed through skin and has various toxic
effects on humans, although it is not a known
carcinogen. Toluene is highly flammable; normal
disposal is through incineration. Precautions in
handling toluene are necessary.

21
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Glossary

Absorbance. Logarithm of 1 divided by the reflec-
tance of a sample.

Accuracy. The closeness of a measured value to
the true value.

Average. The sum of a set of data points divided
by the number of data points.

Calibration. Establishment of the relation be-
tween an electrical measurement and a physical
quantity such as moisture content.

Capacitance. The electrical charge needed to
develop a given voltage across two parallel plates.

Composite sample. A sample of forage taken
from a group of subsamples mixed together.

Conductance. The ease with which a material
conducts electricity.

Dielectric. A material that changes capacitance
when itis inserted between two electrically charged
plates.

Fermented feed. Forage and high-moisture corn
preserved by lactic acid bacterial action in a silo.

Hertz. The frequency with which electrical current
alternates. One Hertz = one cycle per second.

Lot. 1. All the forage from a single day’s cutting.
2. A single species or known mixture harvested
from a specific field.

Mean. Average.

Microwave radiation. Electromagnetic radiation
with wavelengths of 0.001 to 0.1 meters.

Nanometer. One billionth of a meter.
25.4 million nanometers = 1 inch.

Near infrared (NIR) radiation. Electromagnetic
radiation with wavelengths in the range of 750—
2,600 nanometers.

Pascal. A unit of pressure.
6,895 pascals = 1 pound per square inch.

Population. The collection of all members of a
group; for example, all forage samples to be tested.

Reflectance. The near infrared energy diffusely
reflected from a sample, divided by the energy
reflected from a ceramic disk.

Repeatability. The tendency to obtain similar
results when a test is repeated several times with
the same sample.

Representative sample. A sample whose com-
position is truly typical of the population from
which it is taken.

Sample. A subgroup or member selected from a
population.

Standard deviation. A measure of variability in
test data. Normally 68% of observation values fall

within +1 standard deviation from the mean.

Subsample. A small amount of forage taken from
a lot of forage to be moisture tested.

Toluene. A chemical used to boil water from a
forage sample.

Watt. A unit of power output or input.
746 watts = 1 horsepower.

27



Comparison of Methods for Determining Forage Moisture Content

Operating Moisture Sample Testing Typical
Method Principle Range Size Time Error

On-Farm Methods

Laboratory Methods
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