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Principles for measuring density in silages

Among the process engineering parame-
ters, the density of silage has a major in-

fluence on silage quality. It is physically ex-
pedient to state the necessary surface densi-
ties of the original substance (fresh matter).
One criterion for the level of storage intake
density of the original substance is that the
gas exchange may not be greater than the gas
formation in the material to be ensiled. This
means that for wilted ensiling matter, assum-
ing a free ensiling matter surface without any
cover, the density should be > 750 kg
OM/m3. If the whole surface is covered with
plastic sheeting, a storage intake density of
only 400 to 500 kg OM/m3 is necessary (Ret-
tig 1972, cited in [2]).

Density measurements conducted on silos
in practice revealed, however, that in more
than half the cases the recommended densi-
ty values were not achieved (Thaysen 2006,
cited in [2]). The main reason for this is in-

sufficient compaction during storage intake.
In order to achieve the required minimum
densities, it is necessary to compact careful-
ly with tractors or other suitable vehicles [2,
3]. The time required for compaction de-
pends on the compaction technique applied
and essentially on the dry matter content. It
is a major disadvantage that there are no re-
liable density measuring instruments for
practical farmers that work online during
storage intake.

Principles for measuring density

A series of principles were analysed and as-
sessed as regards their suitability for online
measuring of the silage density (Table 1). It is
not possible to describe the physical princi-
ples on which they work in detail here.

The measuring procedures set out in lines
5 to 9 of Table 1 enter into question to a cer-
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Table 1: Compiling and assessing possible measuring methods for online density measurement of
silage material



tain extent, with consideration being given to
various aspects. 

The penetrometer has been designed and 
tested for determining density. It supplies
very precise results for a wide variety of den-
sities and moisture contents. 

The method of recording the depth to which
the tractor sinks in by comparison with non-
compacted matter is only suitable to a limit-
ed degree. It would not be a major problem
to record the actual measurements if suffi-
ciently different contours are available. As
the measured value is not related directly to
the density, it is influenced by interference
parameters. 

The radiometric probe has been tested for de-
termining densities in and on the feed stock.
The studies conducted [2] revealed a very
precise signal that could be processed well
for evaluation. This measuring procedure is
also used in other branches of industry. 

The film - pressure/force measuring system is
also only useful to a limited extent, as there
is not yet any matured measuring system
ready for series installation in tractors. How-
ever, in principle it is conceivable that the
compaction condition could be determined
in this way. 

Ultrasonic density measurement is known as a
low-cost and precise method of determining
density and depths. The measuring proce-
dure is widely used in many branches of in-
dustry. The major differences explained bet-
ween the sonic transmission in solid and li-
quid materials and transmission in air is
avoided in all cases of application by air
compensation. However, it is not possible to
use this to determine silage densities. 

Measuring the depth to which a vehicle
sinks in with the aid of a measuring wheel is the
cheapest and simplest option for determin-
ing differences in density. However, this me-
thod does not provide any direct values re-
garding the storage density. It is relatively
easy to record the actual measurements, and
if developed further, this method could re-
present a potential solution. 

With high-frequency moisture sensors it is pos-
sible to detect the moisture in products. As
moisture determination is always influenced
by the density of the matter being measured
too, calibration on the basis of density would
be conceivable. However, as practical appli-
cations have shown, it is so far only possible
to consider a small depth of penetration and
only to measure the moisture content.

Microwave scatter field probes are characterised
by a higher depth of penetration than the
high-frequency moisture sensors, whereby
this depth of penetration depends strongly on
the density and moisture content of the mat-
ter being measured. Experiments will have
to demonstrate whether the microwave scat-
ter field probes are suitable for recording
density, or only for measuring moisture con-
tent. One disadvantage is the direct contact
needed between the measuring head and the
surface. 

A preferred solution is the georadar „Gro-
und Penetrating Radar“. The advantage over
all the other methods is that it combines a
high depth of penetration, direct determina-
tion of density and online recording of meas-
urements. The georadar works in a lower fre-
quency range. It is widely used in geophy-
sics. Reasons for this include the further
development of the processor capacity and
the relatively low prices. Its suitability speci-
fically for maize, grass or other silages with
a wide variety of densities and moisture con-
tents will have to be explored in experi-
ments.

Test results

Alongside radioactive density probes, the
preferred solutions are considered to be the
use of georadar and the microwave scatter
field probes. Experiments were conducted

with the latter. As the results obtained with
georadar are not yet satisfactory because fur-
ther development of the software and higher-
frequency antenna are necessary, this paper
only discusses the results of experiments
with microwave scatter field probes.

The experiments were conducted with 
five maize silages in the dry matter (DM)
range DM = 26% to 37%, and six grass si-
lages with DM = 22% to 67%. The micro-
wave probe was a planar sensor from Messrs.
TEWS, Hamburg. The analysis provided sta-
tistically significant results [1]. The meas-
uring signal is influenced both by the densi-
ty and by the dry matter content (Fig. 1). The
standard deviations are distinctly lower at
higher DM contents than at lesser contents.

Conclusions

Some physical principles appear to be suita-
ble for continuous (online) or discontinuous
density measuring of matter to be ensiled
and silages. The selection of the measuring
methods analysed and partly examined dis-
tinguishes between direct or indirectly deter-
minable density values, error magnitude,
handling, outlay and price. The results ob-
tained make it worth continuing the exami-
nations in order to provide farmers with an
option for checking an important process pa-
rameter during silage storage intake.
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Fig. 1: Effect of the parameters density ρ and dry matter content DM on the measuring signal MS of a
microwave sensor during measuring the density of  eleven silage samples (forage maize and gras)


