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S u m m a r y. The aim of this work was to present meth-
odology and results of research on triticale grain (cv Pawo) 
subjected to storage under silo pressure. The pressure was sim-
ulated by the strain of spring-assisted device, which developed 
35, 52 and 70 kPa of stress. The aim of this experiment was to 
detect geometric changes after storing the commodity at height-
ened moisture (14, 16, 18, 20, 22, 24%) while the temperature 
of storage was 6 and 20° C. The measurements were taken after 
stress relaxation by the use of Svistmet computer vision system. 
The results showed that geometric changes of grain character-
istics were detected after storage in high-moisture and high-
pressure conditions (20-24% and 52-70 kPa). The most respon-
sible factor of these changes was moisture content of the grain.

K e y  w o r d s : triticale, silo, storage, geometric character-
istics, image analysis.

INTRODUCTION

The raise of air fl ow resistance through the silo 
is strictly connected with deformations of grain mass 
and decrease of its porosity [18]. The airfl ow resistance 
should be known due to choosing the best solution of air 
conditioning of the silo [8]. The most important factors 
that are responsible for airfl ow resistance are: moisture 
content, density, porosity, grain shape and friction coef-
fi cient [9, 10]. The shape and grain size are dependent 
on climate conditions, agriculture, variety factors and 
growth conditions [16]. The volume-to-area ratio is one 
of the most important factors that infl uences on airfl ow 
resistance of shaken grain layers [11, 12]. Deformations 
that occurs after silo stress change airfl ow conditions [3, 
8], as well as biological activity and market value of grain 
[4, 7]. The judgment of external changes in commodity 
as well as its injuries in an objective way is extremely 
diffi cult [13, 14]. The use of up-to-date computer systems 
is convenient in the judgment of complex processing 
expressed by colour changes [1, 20]. Sorting of tomatoes 
[6] or superfi cial alterations of citrus fruits [2] are an 

examples of using modern thermo-vision systems. The 
new measurement systems (computer image analyzers), 
allows to calculate more complicated biological object 
parameters such as area, perimeter or colour dispersion 
[5, 15]. The next example of research with the use of 
computer vision is assessment of technological value 
of grain [17], evaluating ingredients quantities [21] or 
comparison grains of many varieties to specifi c produc-
tion applications [19]. The basic application of computer 
visual systems by means of grain is its morphometric 
description [22]. This is very important aid to judge of 
commodity as quality criterion in industrial applications 
or characterize of various grain varieties [23].

MATERIALS AND METHODS

Triticale grains (cv. Pawo) at initial moisture content 
of 14% were moistened to 16, 18, 20, 22 and 24% of 
moisture. The grain then was placed to cylindrical shaped 
vessels of 2l capacity. Vessels have a specially designed 
stress-developing mechanism (Fig. 1).

The stress values were 35, 52 and 70 kPa accordingly 
to the stress simulation in silo conditions. Such a tension 
is equal to the thrust of over ten meters high bed of grain, 
which is commonly met in the industry plants. The grain 
was placed also to non-stressed vessels as reference mate-
rial. The storage of commodity lased to the stoppage of 
relaxation in the stressed layer. After storage 3 parts of 
volume of 30 ml were randomly taken from the vessel 
and mixed together. Every measurement was taken out 
with the participation of 100 grains taken from the mix-
ture. Objects of the study were placed on specimen table 
that was illuminated with backlight to emboss the grain 
silhouette. Every measurement was taken 10 times with 
10 grains which were placed on limited area to improve 
the measurement precision. Images taken digitally were 
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stored for further analysis. After storage the images were 
digitally fi ltered to dual-color (binary image) (Fig. 2) 
which was the basis of measurements (SVISTMET).

Fig. 1. Specially designed silo-stress simulator vessel

a

b

Fig. 2. Triticale grain measurement images: a- digital primary 
image, b – binary digital image with edge line

Fig. 3. Area of horizontal projection in dependence of silo pressure
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The following were measured: length, width, area of 
horizontal projection and shape coeffi cients:
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where:
L – length of grain,
S- width of grain,

A – area of horizontal projection,

P – perimeter of grain,

R – radius of equivalent area.

RESULTS

Triticale grains were analyzed by the detection of its 
geometric alterations caused by tension formed in the 
experiment. Moisture content, temperature of storage 
and stress were taken into account during data analyzing. 
This procedure is common in this kind of research. The 
measurements of projected area and accompanying shape 
coeffi cients K1 and K2 were taken on 100 grain samples 
from stress cylinders. Grain extension, expressed by K1 
coeffi cient and K2 coeffi cient, which defi nes perimeter to 
area ratio was presented in Figures 5-8, whereas changes 
of projected area were explained in Figures 3-4.

The curve shape of projected area changes were 
similar in accordance to all pressure values applied 
in cylinders. Slight increase of projected area caused 
by moisture changes was observed. Neither the value 
of external load nor temperature of storage infl uenced 
signifi cantly the projected area changes (Fig. 3 and 4). 
Analysis by comparison of the pair of values correspond-
ing to 22% of moisture only 70 kPa of external pressure 
caused signifi cant extension of grain. This phenomenon 
was observed for grain stored at 6 °C as well as at 20 °C.

The K1 coeffi cient for triticale (this is description for 
grain extension) was stable. Mean values during experi-
ments, taking into account all the experimental factors 
were at 2,45 to 2, 72 values level, which is standard for 
non-loaded grain. Temperature and moisture content 
changes did not infl uence K1 values for particular value 
of load (Fig. 5 

This is probably associated with strong infl uence of 
stress caused by silo as opposed to other factors (i. e. 
moisture and temperature). The grain subjected to extreme 
load (70 kPa of stress) keeps constant length-to-width 
ratio. Slight decrease for higher grain moisture values 
was observed (Fig. 6).

The values of K2 coeffi cient stayed resist for non-
loaded grain during experiment (Fig. 7). There were no 
evident changes of this parameter. Higher values of K2 
coeffi cient were obtained at loads over 35 kPa and 20 
deg. C storage temperature. This is explained by higher 
plasticity of grain that occurs in these storage conditions. 

Fig. 4. Area of horizontal projection in dependence of storage temperature
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Fig. 5. The comparison of K1 changes caused by storage pressure 

Fig. 6. The temperature course of K1 coeffi cient
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Fig. 7. The temperature course of K2 coeffi cient

Fig. 8. The pressure course of K2 coeffi cient
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Commodity is less susceptible to damage, which is re-
ferred to boundary line changes. Additionally, at higher 
pressure values the K2 course is disordered doing dif-
fi cult or impossible to interpret. There was no evidence 
of pressure control on K2 values curves after storage in 
the range of 6 to 20 deg. C (Fig. 8). 

CONCLUSIONS

1. Temperature of storage had no infl uence to area chang-
es values during experiment.

2. All shape changes that occurred after storage were 
constant, being performed without stable damages or 
breaks, which was proved by K1 and K2 calculations.

3. Slight K2 changes were observed only after high-pres-
sure and high-moisture storage of grain at 20 deg. C.

4. The results of the experiment proved that all grain 
geometric changes may occur at extreme storage con-
ditions (20 deg. C, 52, and 70 kPa) for grain being 
moistened at least to 20%. Higher moisture values 
were the main factor responsible for these variations.
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WP YW NACISKÓW W SILOSIE NA ZMIANY 

CECH GEOMETRYCZNYCH PSZEN YTA

S t r e s z c z e n i e . Praca przedstawia metodyk  i wyniki 
oceny zmian cech geometrycznych ziarna pszen yta odmiany 
Pawo po przechowywaniu w warunkach symulowanego labo-
ratoryjnie obci enia. Napr enia o warto ciach 35, 52 oraz 70 
kPa by y wywo ywane w specjalnych cylindrach symuluj cych
warunki przechowywania w silosie. Celem pracy by o ustale-
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nie przebiegu zmian cech geometrycznych nasion w zmiennych 
(wilg. 14, 16, 18 20, 22 i 24%; temp. 6°C oraz 20°C) wa-
runkach ich przechowywania. Pomiary cech geometrycznych 
przeprowadzono z u yciem systemu SVISTMET. Wyniki ba-
da  wskazuj , e zmiany cech geometrycznych ziaren (staty-

stycznie nieistotne) wyst puj  tylko w skrajnych warunkach 
przechowywania (20°C, 52 i 70 kPa) w warunkach wysokiej 
wilgotno ci, która by a g ównym czynnikiem tych zmian.

S o w a  k l u c z o w e : pszen yto, silos, przechowywanie, 
cechy geometryczne, analiza obrazu.


