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Abstract
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Pneumatic conveying characteristics were measured in vertical tubes for seeds of selected varieties of cereals, wide-row
crops, oil crops, legumes and catch crops. The measured values were used for graphical representation of variation
curves for the chosen groups of seeds. The values of the critical air velocity for seeds (velocity of seed lift) were com-
puted. Statistical significance of differences in the mean values of critical velocities of tested seeds was determined. The
critical velocity of cereal seeds ranged from 8.03 to 10.54 m/s. Among the crops grown in wide rows the highest critical
velocity of seeds was found out in maize (13.29 m/s), the lowest in sunflower seeds (8.38 m/s). In oil crop seeds, the
lowest critical velocity was recorded in poppy (4.67 m/s), which was the lowest value of all seed samples of the tested

crops. The highest value of the critical velocity was measured in pea seeds (14.85 m/s).
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Aerodynamic properties of seeds represent the
behaviour of seeds in airstream. They are mainly
related to seed properties (weight, shape, surface),
and also to the condition of the air environment
- airflow evenness (SRIVASTAVA et al. 2006). The
knowledge of aerodynamic properties of grains is
applied to the design of grain cleaning and sorting
systems as well as to the construction of the pneu-
matic sowing mechanism of seed drills.

The seeds placed in a central hopper of the seed
drill are sliding by gravity and by help of an opener
to a vane turnstile that delivers them fluently to the
airstream from the fan. The seeds are then con-
veyed by the airstream pressure usually in a vertical
direction upwards to a distribution head and then
horizontally or obliquely through delivery tubes to
drill coulters.
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The vertical delivery of seeds upwards is a lim-
iting feature for the appropriate function of the
sowing mechanism; it is possible only when the
volume flow rate of air (m?/s) and its velocity (m/s)
are chosen in such a way that the airstream will
convey the seeds evenly. This air velocity should
be higher than so called critical velocity of seeds
(velocity of seed lift) and should include a reserve
for the potential increased mass flow of seeds as-
sociated with the required change in specific seed-
ing rate. The upper limit of the air velocity is a re-
quirement to avoid seed damage in the course of
its conveyance.

It follows from the experiments conducted in the
past (NEUBAUER et al. 1986; PALTIK et al. 2003) that
the air velocity (v ) in the vertical duct should be
chosen in the range:
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where:

v, - air velocity at which seed damage begins to be vis-
ible (m/s)

v, - air velocity (m/s)

v, - critical velocity (lift velocity) of seeds (m/s)

With the growing demands for precision seeding
and seed placement of sown crops, especially ce-
reals and oilseed rape, it is necessary to critically
reconsider the requirements for seeds transporting
in the seed pipe. It will also be necessary to take
into account the energy consumption for ventilator
drive and change diameters of seed pipes. GUNER
(2007) determined that the terminal velocities for
wheat, barley, sunflower, and lentil varied from
9.86 to 10.27 m/s, 7.44 to 8.25 m/s, 6.13 to 6.61 m/s,
and 6.99 to 7.72 m/s, respectively. As GUNER (2007)
reported, when air alone was blown, the pressure
drop and the power requirement increased with
the air velocity. As an important requirement for
a limiting air velocity there is the risk of seeds
damage and loss of important properties for seed.
The danger of mechanical damage for all seeds in-
creased with increasing air velocity. Germination
and vigour index decreased when the conveying
velocity increased.

Starting points for measurements of aerodyna-
mic characteristics of seeds and mineral fertilizers
were formulated by STROSHINE (2000), CsizMA-
z1A and PoLyAk (2001) and GUNER (2007). Aero-
dynamic properties of wheat grain were studied by
KHOSHTAGHAZA and MEHDIZADEH (2006). Criti-
cal air velocity for seeds of forest trees was found
out by TyLEK and WALCZYK (2003). If the air veloc-
ity is chosen, the sown seeds gain a velocity in the
vertical tubes that is given by a difference between
the air velocity (v,) and their critical velocity (v_,).
For each kind of seed an optimum air velocity (v,)
exists which should correspond with seed homoge-
neity (weight, shape, surface) in order to ensure the
fluent flow of seed to drill coulters.

The seed with critical velocity (vcr) conveyed to
the vertical air duct with the air velocity v, > v_
will move upwards at the resultant absolute veloc-
ity (v,,,). Maximum velocity of each single seed
(Vs max) 18 given by a difference between the air-
stream velocity (v,) and the critical velocity of seed
(v.,). It means that within the airstream with its
constant velocity each seed with different critical
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velocity moves at different absolute velocity (v, ),
so particular seeds mutually hit each other and
influence their movement, which results in the ir-
regular delivery of seeds to drill coulters.

If the seed delivery to the air duct is irregular
(clustered), the quality of air conveying and the
seed distribution to the particular outlets in the
distribution head are deteriorated (HEege 1970;
MAHLSTEDT 1972).

The objective of the experiment was to define val-
ues of critical vertical velocities of seeds and the
seeds variation curves of selected crops according
to the vertical velocities, to evaluate parameters of
their non-homogeneity and to determine statistical
significance of the differences of critical velocities
of seeds.

MATERIAL AND METHODS

Seed samples acquired from the Oseva Uni a.s.
company and samples supplied by the experimen-
tal station of the Faculty of Agrobiology, Food and
Natural Resources affiliated to the Czech Univer-
sity of Life Sciences in Prague were used to meas-
ure aerodynamic properties of seeds. A labora-
tory K-293 air sorting machine (VEB Kombinat
Fortschritt; Anlagenbau Petkus, Wutha, Germany)
with the adjustable flow volume of air streaming
through the vertical aspiration duct of the sorting
machine was used for these measurements (Fig. 1).
Four repeated measurements were done in all seed
samples. Weight of each sample was 200 g. The
whole sample was sorted gradually by increasing
air velocity of about 0.55 m/s in the range from

Fig. 1. A part of the laboratory K-293 air sorting machine
with the vertical aspiration duct
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5.55 to 16.55 m/s. The separated part was weighed,
and the residue was re-sorted by higher air velocity.
The values of the critical velocity of seeds (velocity
of seed lift) were computed:

), = 2l X9 @
m

where:
v_ - critical velocity of seeds (velocity of seed lift) (m/s)
m, - weight of the respective class (g)

v, - velocity of the class centre (m/s)

m - weight of seed sample (g)

The measured values were used in the graphical
representation of variation curves for the chosen
groups of seeds expressed as % of sample weight.
The critical velocity is approximately identical with
the most frequent class of variation curve (assum-
ing the normal distribution of frequencies).

Measurements were methodically based on the
knowledge of aerodynamic properties of seeds of
field crops (JecH et al. 2011; Russo 2011). The
measured data were processed by methods of ex-
perimental statistics, using the Statistica 10 (Stat-
Soft, Inc., Tulsa, USA). Descriptive statistics were

subsequently computed for the values of the criti-
cal velocity of air. The description of the values of
the studied sets is determined by arithmetical mean
and median. The description of variability around
the mean value is defined by the parameter of vari-
ance and standard deviation. The evaluation of the
mean values reveals obvious differences. Analysis
of variance was used to test significance of the dif-
ferences in the mean values of critical velocities.

RESULTS AND DISCUSSION

Table 1 shows an overview of the crops, the seeds
of which were selected for measurements. Besides
the seed of crops planted in narrow rows, the crops
in which precision drilling is used were included.
Moisture content of seed ranged from 8.3% wet ba-
sis (w.b.) values to 14.0% w.b. The lowest values were
measured for oilseeds, the highest values for cereals.
According to AYDIN (2007), as the moisture con-
tent increased, the terminal velocity for kernel and
peanuts was found to increase linearly. The termi-
nal velocity increased linearly from 7.25 to 8.06 m/s
as the moisture content increased from 4.85 to 32%

Table 1. Crops and varieties in which the pneumatic conveying characteristics were determined

Crop Variety Thousand seeds weight (g)
Spring wheat (Triticum aestivum L.) Saxana 42.1
Winter wheat (Triticum aestivum L.) Darwin 45.6
Spring barley (Hordeum vulgare 1..) Blanik 45.2
Winter barley (Hordeum vulgare L.) Luxor 47.2
Winter triticale (x Triticosecale Wittm.) Pawo 44.7
Winter rye (Secale cereale L.) Aventino 38.2
Oat (Avena sativa L.) Korok 32.1
Naked oat (Avena nuda L.) Izak 27.9
Maize (Zea mays L.) CE220H 312.5
Sugar beet (Beta vulgaris L. var. altissima D5ll) Gaucho 28.1
Sunflower (Helianthus annuus 1..) LG 55.28 52.9
Sorghum (Sorghum Moench.) Express 23.6
Winter rape (Brassica napus L. var. napus) Hornet 5.6
White mustard (Sinapis alba L.) Polédrka 77
Poppy (Papaver somniferum) Opal 0.51
White lupine (Lupinus albus L.) Amiga 241.3
Field pea (Pisum sativum, conv. Speciosum Alef.) Arvika 215.0
Soya (Glycine soja L..) Merlin 185.7
Pea (Pisum sativum L.) Zekon 247.2
Phacelia (Phacelia tanacetifolia Benth.) Vétrovska 2.4
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Fig. 2. Variation curves for seeds of (a) spring wheat and winter wheat, (b) barley and winter barley, (c) winter triticale

and winter rye and (d) oat and naked oat

dry basis (d.b.). The relationship between mois-
ture content (Mc) and terminal velocity (V) for
kernel can be represented by following equation:
V. = 0.029Mc + 7.34, (R* = 0.99). Samples were
stored in accordance with the requirements for
the storage of seeds. In order to minimize changes
in critical velocity in the range of grain moisture
content, the effect of moisture on vertical velocity
change was not monitored. Figs 2 and 3 illustrate
variation curves for the groups of crop seeds, which
characterize the percentage of the individual frac-
tions sorted in vertical air velocity while increasing
the air velocity by 0.55 m/s. To make graphs trans-
parent, the scales of axes are identical in all figures.
White mustard is shown in two figures: as oil crop
and as commonly grown catch crop. The outputs
from measurements were divided into groups to

obtain clearly arranged graphs: cereals, wide-row
crops, oil crops, legumes and catch crops.

Tables 2 to 4 document descriptive statistics of
critical vertical velocities for seed of the particu-
lar crops. The coefficient of variation (CV) as a
relative value of the measure of dispersion of val-
ues around the mean value makes it possible to
compare different sets of measurement data. The
coefficients of variation range from 0.36 to 7.91%.
The values of the minimum and maximum define
the categories the statistical sets of data belong to.
The coefficient of asymmetry (skewness) quanti-
fies asymmetry from the Gaussian normal distri-
bution. The condition of data normality is fulfilled
when the skewness interval lies between the val-
ues -2 and 2. Distribution normality was fulfilled
in all cases, so one of the basic preconditions for
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Fig. 3. Variation curves for seeds of (a) wide-row crops, (b) oilseeds, (c) legumes and (d) intercrops

the use of the majority of statistical analyses was
fulfilled.

For the investigation of seed in the airstream and/
or for the determination of requirements for the
values of air velocity in the particular seeds, statis-
tical significance of differences in the mean values
of critical velocities was evaluated by the analysis
of variance. Based on the F-test, statistically signifi-
cant differences were found out between the values
of critical velocities for the particular seeds. Table 5
shows a detailed evaluation of the analysis of vari-
ance of critical vertical velocities for all kinds of
seeds. This table documents what values of the criti-
cal velocities of air are significantly different. The 7-
method was used for more detailed evaluation. The
means of the values are presented in ascending or-
der. The means designated by asterisks in the same
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column are not statistically different (on the chosen
significance level a = 0.05). Asterisks in different col-
umns indicate significantly different means.

An important precondition of the analysis of vari-
ance is homogeneity of variances for all variants. Based
on the performed test, variances can be considered as
insignificantly different. So the results of the analysis of
variance are not encumbered with an error that would
be caused by non-homogeneity of variances.

Table 5 documents that the measured critical
value of cereal seed was in the range of 8.03 (oat) to
10.54 m/s (winter wheat). Among the crops grown
in wide rows the highest critical velocity of seed
was found out in maize (13.29 m/s), the lowest in
the sunflower seed (8.38 m/s).

As for oil crops, the lowest critical velocity was
measured in seeds of poppy (4.67 m/s), which was
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Table 2. Descriptive statistics of critical vertical velocities for the variables Cereals

Indicator e g e e T )
Mean (m/s) 9.54 10.54 9.44 9.06 9.55 9.53 8.03 8.70
Median (m/s) 9.54 10.55 9.44 9.05 9.56 9.53 8.03 8.68
Standard deviation (m/s) 0.29 0.04 0.06 0.05 0.39 0.15 0.03 0.69
Variance (m/s) 0.08 0.00 0.00 0.00 0.15 0.02 0.00 0.47
Coefficient of variation (%) 3.01 0.36 0.68 0.58 4,04 1.60 0.33 7.91
Skewness -0.06 -0.49 0.31 1.13 -0.04 -0.21 -0.35 0.03
Difference max-min (m/s) 0.65 0.08 0.15 0.12 0.91 0.52 0.06 1.41
Minimum (m/s) 9.18 10.50 9.37 9.02 9.08 9.26 8.00 8.04
Maximum (m/s) 9.83 10.58 9.52 9.14 9.98 9.78 8.05 9.45
Table 3. Descriptive statistics of critical vertical velocities for the variables Wide-row and Oil crops

Wide-row crops Qil crops
ekt maize sugar beet sunflower  sorghum wintes white poppy

rape mustard

Mean (m/s) 13.29 10.24 8.38 10.43 7.65 9.02 4.67
Median (m/s) 13.42 10:23 8.35 10.42 7.65 8.96 4.67
Standard deviation (m/s) 0.43 0.05 0.20 0.05 0.05 0.17 0.02
Variance (m/s) 0.19 0.00 0.04 0.00 0.00 0.03 0.00
Coefficient of variation (%) 3.26 0.52 2.40 0.46 0.62 1.93 0.46
Skewness -1.39 0.28 0.77 1.30 0.17 1.56 -0.77
Difference max-min (m/s) 1.26 0.12 0.46 0.11 0.09 0.38 0.05
Minimum (m/s) 12.40 10.18 8.19 10.39 7.61 8.89 4.64
Maximum (m/s) 13.66 10.30 8.65 10.50 7.70 9.27 4.69

the lowest value among all seed samples of the test-
ed crops. The highest value of the critical velocity
was recorded in pea seed (14.85 m/s). The phacelia
seed (catch crop) was characterized by the low val-
ue of the critical velocity (4.90 m/s), which is close
to the value measured in poppy.

Table 4. Descriptive statistics of critical vertical velocities for the variables Legumes and Catch crops

A comparison of the measured values of the criti-

cal velocity of seeds with data in literary sources
shows that the measured values of cereal, maize
and pea seed are in the range of the given values.
PALTIK et al. (2003) reported moderately lower val-
ues of the critical velocity of cereal, maize and pea

Legumes Catch crops
Indicator :
white lupine field pea soya pea phacelia
Mean (m/s) 12.87 12.41 13.84 14.85 4.90
Median (m/s) 13.09 12.39 13.83 14.87 4.90
Standard deviation (m/s) 0.50 0.35 0.11 0.19 0.04
Variance (m/s) 0.25 0.12 0.01 0.04 0.00
Coefficient of variation (%) 3.85 2.81 0.81 1.28 0.89
Skewness -1.95 0.43 0.29 0.25 -0.03
Difference max-min (m/s) 1.04 0.84 0.26 0.53 0.09
Minimum (m/s) 12.13 12.02 13.71 14.62 4.86
Maximum (m/s) 13.17 12.86 13.98 515 4.95
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Table 5. Schematic representation of homogeneous groups of the values of critical velocities of air — more detailed
evaluation of the analysis of variance

Crop Velocity of air (m/s)

Poppy 4.67 ey

Phacelia 4.90 suas

Winter rape 7.65 .

Oat 8.03 PO

Sunflower 8.38 e PP P

Naked oat 8.70 wnan  aan

White mustard 9.02 awns  ssas

Winter barley 9.06 waen awas

Spring barley 9.44 saxs Aas

Winter rye 9.53 wana

Spring wheat 9.54 sane

Winter triticale 9.55 auan wEaw

Sugar beet 10.24 Pre sase

Sorghum 10.43 P

Winter wheat 10.54 wann

Field pea 12.41 P

White lupine 12.87 anaa wnan

Maize 13.29 wnnn aaan
Soya 13.84 e
Pea 14.85 P

*indicates significantly different means different (on the chosen significance level a = 0.05)

seed than are the values measured by the labora-
tory K-293 air sorting machine. STROSHINE (2000)
presents slightly lower values of critical speed of
barley (7.3 to 9.0 m/s), maize (9.8 to 11.3 m/s) and
soya (11.2 to 12.0 m/s) than the measured value.
The measured critical speeds of wheat and oats are
in the range of values found by STROSHINE (2000).

CONCLUSION

Variation curves of the critical velocities of the
main kinds of seeds indicate the degree of non-ho-
mogeneity of aerodynamic properties of seed. The re-
sult is uneven placement of seeds into the soil by seed
drills with pneumatic sowing mechanisms — irregular
spacing, and/or formation of clusters. It is particularly
crucial with the present trend of decreasing specific
seeding rates, mainly of cereals and oilseed rape, be-
cause producers require more regular distances of
seeds in the soil and optimum nutritive area aimed to
reach high yields. The results are applicable as back-
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ground data for the construction of pneumatic sow-
ing mechanisms of seed drills and as an argument for
the improvement of seed sorting quality.
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