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Chopped Forage Maize Compactibility
Effect of Repeated Compression, Increasing Pressure and Chop Length
Chopping longer lengths of forage
maize to improve structure efficien-
cy in silage has increasingly be-
come a topic of discussion. Besides
the effects of the longer pieces on
rumen physiology, the question 
arises on whether there could be
negative effects on the feed quality.
At the Institute of Agricultural En-
gineering in Bonn, this influence
was investigated.
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Increased chop lengths lead to lower dry
matter density in silos [1; 2]. With in-

creased chop lengths calling for more effec-
tive compression work [3], the question 
arises as to how the effectiveness of com-
pression can be increased.

It is not clear if a significant improvement
of the density in silos can be achieved by an
increased number of compression passages
alone, or if the material must be compressed
at a significantly higher pressure.

An attempt to answer this question was
made in cooperation with Syngenta Seeds
and the Chamber of Agriculture North 
Rhine-Westphalia; three maize varieties (A,
B and C) were cultivated on the fields of the
Haus Riswick agricultural training and re-
search station and chopped at two lengths (5
and 21 mm). Variety C was chopped only to
a length of 5 mm, but with variations in cut-
ting height, which resulted in one variant
with a conventional cutting height (C) and
another with increased cutting height (70 cm
cutting height, C*). 

Description of the chopped forage

With the aim of describing the physical pro-
perties of forage particles, a sieve stack was
used to grade the particles into eight frac-
tions from x>2 mm to x<40. This standard-
ized method has already been described in
some detail [4].

As regards the composition of the materi-
al, this paper shall concentrate on dry matter
content, which has a crucial influence on the
density that can be achieved [2].
Compactibility tests

The compactibility tests were carried out
with a materials testing machine (Zwick
1445). Compression tests of this kind have
been widely used since the 1960s [5, 6, 7].
For the present investigations the chopped
forage was compressed with a plunger at the
given rate of 90 mm/min. What is of special
interest apart from the maximum compressi-
on achieved is material relaxation, measured
one minute after the pressure on the materi-
al is released. „Density after relaxation“ can
be calculated on this basis. These values pro-
vide information on the behaviour of the ma-
terial under the load of the tractor and on ma-
terial relaxation after the compression pas-
sage. 

In the present investigations, the material
was first compressed at the maximum pres-
sure of 0.45 MPa. By comparison, in a se-
cond series of tests the pressure was lowered
to the common-practice value of 0.2 MPa,
but the material was compressed three suc-
cessive times.

Results of the sieve analysis

The results of the sieve analysis are presen-
ted in terms of a size class distribution in 
Figure 1. 

In the smallest fractions (x<2 to 3≤x≤6
mm) the percentages by weight of the 5 mm
variants are greatest. Depending on their
shape, maize grains or grain fragments can
be found in the size categories between x<2
and 6≤x≤10 mm. The higher relative density
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Fig. 1: Size class distri-
bution of the variants
60 LANDTECHNIK 4/2005



of maize grains  compared to the rest of the
plant explains the relatively high mass per-
centages of all variants in the range from x<2
to 6≤x≤10 mm. Due to the fact that the ma-
terial under consideration is dried material,
grains may constitute up to 45 % by weight
[8]. 

In the fractions from 10≤x≤15 to x>40
mm the 21 mm variants make up the greatest
mass percentages, with the dry matter share
possibly influencing the size class distribu-
tion in this case as well (Table 1).

The drier 21 mm variant has greater
weight percentages in the range of 15≤ x ≤25
and 25 ≤ x ≤ 40 mm, which may be a sign of
the size reduction of very dry material being
more difficult. The relevant research litera-
ture, too, has pointed out that there is a rela-
tionship between dry matter content and size
class distribution [9].

Results of the compactibility tests

The results of the first compaction test are
presented in Figure 2 (three compression
60 LANDTECHNIK 4/2005
passes at a pressure of 0.2 MPa). 
At a pressure of 0.2 MPa, the 5 mm vari-

ants tended to have a higher density than the
21 mm variants. 

The different variants achieved densities
between 267 and 320 kg DM/m3, which may
be interpreted as an indicator of effective
compression. However, the increases in den-
sity resulting from repeated compression
were only around 4 %.

With relaxation varying between 31 %
(C*) and 50 % (variety A, 21 mm), the abso-
lute density values ranged between 153 (va-
riety A, 21 mm) and 242 (C*) kg DM/m3.
Thus, the main problem lies in the great ex-
tent of material relaxation. Repeated com-
pression lowered relaxation  by up to 19 %.
In the second investigation the material was
compressed only once, but at a considerably
higher pressure (0.45 MPa). 

Figure 3 presents the results of the com-
paction test.

The densities of 287 to 334 kg DM/m3 at
the maximum pressure (0.45 MPa) were 31
to 38 % higher than the densities at a pres-
sure of 0.2 MPa. However, material relaxati-
on was significantly higher as well, ranging
from 45 % (C*) to 63 % (A, 21 mm). Thus,
this method of compression seems to be un-
suitable particularly for long-chopped mate-
rial with a high dry matter content. Ranging
from 145 (variety A, 21 mm) to 241 kg
DM/m3 (C*), density after relaxation was on
the same scale as after triple compression at
a pressure of 0.2 MPa. 

Conclusion

Theoretical chop length has a clear effect on
the percentages of the fractions from 2 to 6
and larger than 15 mm. An increase in chop
length from 5 to 21 mm leads to a decrease
in compactness of up to 17 %. 

Neither by compressing the material three
times at a pressure of 0.2 MPa, nor by com-
pressing it once with increased pressure
(0.45 MPa) was it possible to achieve suffi-
cient density after relaxation. Accordingly, it
must be assumed that under practical condi-
tions, too, it is only by a combination of re-
peated compression and increased pressure
(higher weight of the vehicle used for com-
pression) that sufficient compactness can be
achieved.  
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Fig. 2: Effect of repeated compression on dry matter density at a pressure of 0.2 MPa and one minute
after relaxation
Table 1: Dry matter
contents of the variants

Fig. 3: Influence of a
single compression path
on dry matter density, at
a pressure of 0.45 MPa
and one minute after
relaxation 

Influencing variable Variant
Breed A A B B C C*
chop length [mm] 5 21 5 21 5 5
dry matter [%] 44 43 36 35 40 42
201


