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ABSTRACT

Stands of European beech cover around 4.1% of the total forest area in Poland. In the Carpathians the share of European
beech amounts to 25.9%. Long intervals between mast seed years in beech force foresters to optimize the seed management.
The separation of seeds into various quality classes is usually done with devices working on the basis of physical properties
of seeds. The goal of this work was to analyze the critical velocity of beechnuts in order to determine, if the aerodynamic
properties of beechnuts can be used as a basis for their separation. The other goal of this work was development of an
algorithm of computer-aided image analysis.
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INTRODUCTION

Stands of European beech cover around 4.1% of the total forest area in Poland. In the Carpathians the share of
European beech amounts to 25.9%; it is one of the most important tree species [5]. Seeds are produced every
third year on average; mast years are separated by 6-12 year intervals. Long-term average need for beechnuts
amounts to 80-85 tons per year, while the seed production is as follows:

a) an average variant: (assuming mast seeding every 7 years and mean seed production 40 kg/ha): 55–67 tons per
year from the managed seed stands, 6.5–8 tons per year from the selection stands, 12 tons per year from
managed stands in the regeneration phase;
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b) the pessimistic variant (assuming the longest time without mast seeding equal to 8 years and the lowest seed
production equal to 30 kg/ha): 45–52 tons per year from the managed seed stands, 3.5–4.4 tons per year from the
selection stands, 8 tons per year from managed stands in the regeneration phase [2].

The increasing intervals between consecutive mast seed years in European beech force us to optimize the seed
management and to prolong the time of seed storage [8]. To obtain good germination or to choose seeds for
long-term storage we need to separate the fully developed viable beechnuts from the ones that are either empty
or damaged. To do that, we need to learn more about the biological and physical properties of seeds which are
suitable for germination.

Separation of seeds into quality classes is done with devices employing differences in physical properties of
seeds. Therefore a detailed knowledge of these physical parameters, which can be used in seed segregation, is
needed. The separation should be done in such way, to keep all the sound, viable seeds (large and heavy, small
and light), because they are essential from the point of view of maintaining the genetic variability of species [7].
Optimization of the mechanical separation of beechnuts needs searching among many physical properties for a
few which are promising for a fast and effective process of cleaning and separation of seeds [1].

Pneumatic devices are frequently used in the process of separation of seeds of forest trees. This is because
pneumatic devices have many advantages. They allow for purification and segregation of seeds simultaneously,
without changing the parameters of separation. Thus they can be considered universal devices. They do not
damage the seeds and they do not alter their physical and biological properties in the process of separation. They
are characterized by a high efficiency and they do not emit much noise. What is also essential, they do not cause
any dust emission to the atmosphere (in case of aspirators), so they can be used no only in seed extractory but
also in small laboratories.

The aerodynamic property of seeds which is used for seed separation in pneumatic segregators is the critical
velocity (of flying). It is defined as a velocity of vertical air stream which keeps the seeds suspended in the air,
which is a result of reaching a balance between the seed weight and the strength of the air stream [3].

THE AIM AND OBJECT OF STUDY

The object of study was analysis of the critical velocity in beechnuts, taking into account their belonging to
certain vitality classes. We tried to answer the question, if the critical velocity is a good separation feature for
beechnuts and what s the theoretical efficiency of separation based upon differences in that velocity. Another
goal of this work was also developing an algorithm of the computer analysis of the image obtained by using the
video camera as a research tool.

The objects of study were beechnuts of the Polish populations of European beech (Fagus sylvatica L.). Seed
collection started in October 2000 in the Bielsko Forest Division, Salmopol Forest Section. Purity of beechnuts
amounted to 96%, and their vitality (estimated on the basis of tetrazolium test) was 68%, which means that they
belonged to the third class of vitality. The beechnuts were dried until the water content went down to 9.8%. Mass
of 1000 seeds was equal to 249.8 g.

Apart from the direct measurements conducted in this investigation, we utilized a data base containing results
from previous studies, including parameters like the, mass of individual beechnuts or their density [10]. Among
those parameters there was also classification of the beechnuts into vitality classes, determined on the basis of
the X-ray analysis of the embryo development [6, 12]. Beechnuts were divided into three classes:

•  class I – encompassing the classes 0 and 2 according to the classification system used by the Forest
Service [14] – seeds empty, insufficiently developed or damaged, unable to germinate,

•  class II – ore of lees equal to the class 3 in the Forest Service system of seed classification – seeds
insufficiently developed, partly able to germinate,

•  class III – encompassing classes 4 and 5 in the Forest Service system of seed classification – seeds well
developed or with the embryo not perfectly attached too the seed shell, fully viable.

METHODS

The classical method of determining the critical velocity is placing single nuts in a conical-shaped vertical
channel with regulated air flow velocity; the height of suspension of beechnuts in the air is then determined.
Commonly used are the channels with the source of air from below, what – despite installation of vibration



dampers and guide rings – causes disturbances in the regularity of air flow. Because of the irregular shapes of
beechnuts and situation of their gravity centers the beechnuts move in the tunnel along complex trajectories; they
move forward along the walls of the channel and they rotate around their own axes. Therefore the height of
suspension is usually defined as the maximum or the minimum height reached by the nuts. However, it is a
simplification; according to the results obtained by the other authors, analyzed seeds frequently stay at certain
preferred heights, only very seldom reaching the extreme positions [9]. Because of that, the classical way of
conducting measurements was slightly modified in this study.

Figure 1. Aerodynamic tunnel: a – view from the front, b – view from
the side: 1 – ducted fan with guide rings, 2 – compensatory channel,
3 – confusor, 4 – thyristor controller of the fan output, 5 – side walls
of the tunnel, 6 – transparent front wall of the measuring tunnel, - the
back wall of the tunnel with focusing screen, 8 – reflector

Measurements were conducted in the aerodynamic tunnel (fig. 1), constructed in the Department of Forest
Works Mechanization at the Agricultural University of Cracow. The main part of the device is an observational
tunnel of variable cross-section. The air flow which keeps the seeds suspended in the air is generated by the fan,
which is connected to the system by a suction side. This enables the air to move into the observational tunnel
from the outside. Such solution associated with the employment of the tunnel attenuating the pulsation of the fan
results in a constant air flow at the entrance to the measuring tunnel. The regulation of the output of the fan is
obtained by changing the rotational speed, using a stepless thyristor voltage regulator. For measuring the velocity
of air flow with the accuracy of 0.02 m/s a tunnel hot wire anemometer produced by the British firm AIRFLOW
was employed; the telescope probe of this hot wire anemometer was placed in the upper part of the tunnel.

The beechnuts were placed in the tunnel individually, and their movements were recorded using the video
camera JVC GR 9800 (video clip). Because of the shadows which made the further analysis difficult, the
shadows of the beechnuts illuminated by a halogen reflector with a focusing screen were recorded [4].



Video clip: a research video-film recording the behaviour
of a beechnut in the air stream

Then, using the MultiScan software, 30 frames of the film shot at 0.5 s intervals were superimposed, producing
the image visible in figure 2a. After scaling the image it was subjected to a digital image analysis, based upon
the normalization of the contrast and using the median filter. These treatments allowed for showing marker
objects (beechnuts) against the bright background and diminish the information noise (fig. 2b). The next step
was conversion from octal to binary representation, as a result of which one-byte image was obtained, presenting
black objects against the black background (fig. 2c). Only such image could be analyzed in a quantitative way,
based upon determining the geometric gravity centres and calculating the distances from them to the points,
where the hot wire anemometer probe was placed. In places of consecutive locations of beechnuts the cross-
section of the tunnel was calculated automatically; then the velocities of the air stream were determined using the
stream continuity equation, and consecutively the mean velocity of air stream was calculated. This algorithm was
applied for 300 beechnuts, each class of embryo development represented by 100 nuts.

Figure 2. Consecutive phases of the computer-aided image analysis: a – mixed
film frames with sampling interval equal to 0.5 second, b – the image after
normalization of the filtration contrast, c - the image after conversion from octal
to binary representation, ready for quantitative analysis



RESULTS OF THE INVESTIGATIONS AND THEIR ANALYSIS

Results of the measurements of the critical air velocities were given in table 1. It presents the minimum values,
the maximum values and the mean with the coefficient of variability. These values were presented for each of
the three classes of seed vitality (embryo development). Significant differences among vitality classes were
ascertained. The critical air velocity for fully developed beechnuts (class III) is larger than the critical velocity
for beechnuts not fully developed (class II) by 10.7%, and larger by 29.0% than the critical velocity for class I
(empty beechnuts). Apart from that, beechnuts were characterized by a large stability of their aerodynamic
properties (low coefficients of variability). The lowest variability was found in the seeds fully developed; it was
two times smaller than the variability in empty seeds.

Table 1. Characteristics of the critical air velocities for beechnuts

Vitality classes Average
[m/s]

Minimum
[m/s]

Maximum
[m/s]

Coefficient of
variation [%]

I 7.70 4.88 10.25 13.9
II 8.97 6.27 11.28 9.3
III 9.93 7.79 11.58 7.0

While planning the mechanistic separation of seeds, taking into consideration only mean values for each vitality
class would be insufficient. We need also to know the ranges of a given feature; thus we looked at the minimum
and maximum values. The lower limits (minimum values) for seeds belonging for certain vitality classes were
significantly different; however, the upper limits (maximum values) were similar, especially for seeds
representing classes II and III. Therefore the effective segregation based upon differences in terminal air
velocities would be a difficult task.

In figure 3 a histogram presented the share of beechnuts in certain fractions of terminal air velocities. These
velocities were divided into 10 fractions, assuming the lowest recorded value to be the beginning of the first
fraction and the highest recorded value to be the upper end of the lowest fraction. The percentage of empty seeds
was largest in the fraction no 4, of seeds not fully developed – in fraction no 7, and of fully developed seeds – in
fraction no 8. Such histogram could be very useful while designing the process of segregation of beechnuts in an
air tunnel; on the basis of these results one could determine the optimal limit for the division of the particular
mixture. On the basis of that histogram a nomogram was produced (fig. 4), allowing for the estimation of the
viability of the target fraction and the rejected fraction, as well as for the determination of the losses associated
with sorting process. Numbers of classes in figure 4 are the same as numbers of the critical velocity fractions
presented in the histogram. One can say that rejecting three classes on the left hand side of the histogram would
not cause a significant increase in the quality of the sowing material. However, it should be done, because we
reject only empty seeds. Similarly, very low losses in valuable beechnuts were ascertained while setting the limit
of segregation at the velocity of 7.55 m/s. In that case the percentage of seeds able to germinate was 12%, but no
fully developed beechnuts were found in that fraction. Moving the separation limit to fractions no. 5 and no. 6
resulted in the increase of the germination ability of the target fraction seeds from 73.5% to 77.1 and 80.1%,
respectively. The losses of the fully developed seeds would be negligibly small, but the percentage of
germination ability of the rejected fraction would increase to 27.8% and 40.6%, respectively, mainly due to the
substantial increase in the amount of beechnuts not fully developed. Moving the separation limit even farther
could not be accepted because of ecological reasons, despite the fact, that this would increase the quality of the
selected seeds. When setting the separation limit at the terminal velocity of 7.56 – 8.59 m/s, we would need to
utilize the rejected sowing material. This results from the fact, that this material contains a lot of beechnuts not
fully developed, but still able to germinate. In case of multi-stage separation we could suggest to separate two or
three fractions from the right hand side of the histogram in the first step, and then to segregate the rejected
material\ using different set of separation features, like density or seed size. The pneumatic separation is
frequently used for dividing the whole set of seeds into weight fractions. We already know that the largest value
for sowing have the seeds which are either very heavy or at least moderately heavy. However, the terminal air
velocity is not functionally related to the seed mass; other factors, like the size of the bearing surface also play
significant roles. The larger is the bearing surface, the smaller could be the air velocity necessary to lift the seed.
On the other hand, large and viable seeds have also a large mass, and that is directly proportional to the terminal
air velocity. Other investigations conducted by the authors [12] showed, that the size and shape of beechnuts are
very stable features, similar among various classes of vitality (embryo development). Therefore we could assume
that the differences in the values of terminal velocities are caused largely by the differences in seed mass. In
figure 5 we presented the correlation between critical velocity and seed mass. Increase in the mass of beechnuts
up to 250g (per one thousand nuts) caused significant increase in the terminal velocity. Increasing the seed mass



farther did not cause such a significant increase in critical velocity – it stabilizes around 10 m/s. We suppose that
at this stage the important role is played by the increasing bearing surface of beechnuts. This makes the effective
segregation of largest beechnuts into weight fractions an impossible task. However, among the beechnuts
exceeding the mass of 250g the fully developed ones dominate; so, separating them into fractions is not
necessary from the pint of view of nursery practice.

Figure 3. Histogram of beechnuts in various classes of critical velocity; e – empty nuts, n-
not fully developed nuts, f – fully developed nuts

Figure 4. Nomogram of the assessment of efficiency of sorting beechnuts in a vertical air
stream: A – percentage of germination ability in the fraction sorted target fraction,
B – percentage of germination ability in the fraction rejected, C – losses of fully
developed beechnuts



Figure 5. Relationship between the critical velocity of beechnuts and their mass

CONCLUSIONS

1. Critical velocity in beechnuts can be considered a separation feature and utilized in designing working
elements in machines for cleaning and sorting seeds as well as for optimization of the process of seed
separation in a vertical air stream.

2. Better development of embryo in beechnuts (meaning higher viability class) results in higher critical
velocity and in lower variability.

3. Critical velocity allows for effective division of beech seeds into weight fractions, but without taking
into account seeds with largest mass.

4. Research stand for measuring aerodynamic properties of seeds along with the developed in this work
algorithm of image analysis allows for automation of the measurements while maintaining their
accuracy and for visualization of the behavior of seeds in the air stream.
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