
Abstract
Eastern galega (Galega orientalis) contains amino acids and

vitamins necessary for the normal functioning of the animal
organism. In addition, it is a good precursor to many cultures. One
of the drawbacks of Eastern galega is the hard shell of the seeds,
which leads to increased seed consumption, a prolonged time of
seedlings and an irrevocable loss of part of the sown seeds. The
most affordable, simple and productive is the mechanical method
of violating the tightness of the coating film of seeds. The aim of
the study was to conduct comparative experiments with the exist-
ing scarifier, to create an improved design of a disk scarifier,
which allows to improve the quality of seed treatment, and the the-
oretical justification of its structural and technological parameters.
The original design of the disk scarifier on the seeds of the Eastern
galega was investigated. The working bodies of the blades of the
scarifier disc and their changing installation angle allows to adjust
the contact angle of the seeds with the abrasive surface of the
grinding wheel, thereby scratching the hard shell of the seeds
without injuring them. In contrast to the used designs of scarifiers,
the device under development provides for a pneumatic system for
removing dust and impurities from the abrasive surface of the
grinding wheel by the air flow and additional seed treatment with
the microbiological preparation rhisotorfin. In the study of quali-
tative indicators of scarification of Eastern galega at an average
moisture content of 9%, the following parameters were deter-

mined: seed germination,%; the degree of scarification,% and the
degree of crushing of seeds,% with disk rotation modes - 700, 900,
1100, 1300, 1500 rpm. The studies have shown high-quality seed
treatment compared to its counterpart. In the recommended range
of disk revolutions of 900 ... 1100, the proposed scarifier showed
a decrease in the degree of crushing of seeds by 0.2 ... 0.4%, an
increase in the degree of scarification by 2 ... 3% and the degree
of germination by 4 ... 5%. The use of the developed design of the
scarifier in international practice will reduce the damage of the
treated seeds and increase the yield of legumes.

Introduction
An important role in the production of legumes is played by

seed material, the quality of which, along with other parameters,
is determined by germination, which is adversely affected by the
hard, tight shell of the seeds impermeable to water and air, inhibit-
ing the swelling of seeds, not allowing the embryo to develop
(Rehal et al., 2019). These, leading to the delay in the germination
of seedlings, loss of part of the sown seeds, and reduced yield
(Rusdy, 2017). The solution to this issue is a violation of the
integrity of the seed coat in various ways. This technique of
preparing seeds for sowing is called scarification, and the techni-
cal devices used for this process are called scarifiers (Galíndez et
al., 2016).

In addition to grass seeds and forage crops, various methods
of scarification are effective for farm crops - wheat, oats, barley,
peas, onions, carrots, spinach, radishes, beets, parsley, cabbage,
tomato, cilantro, dill (Janushko, 2010), as well as for seeds of for-
est crops (Cochrane, 2017; Jabłoński et al., 2018). But scarifica-
tion is especially widely used for legumes (Zhetkergenkyzy et al.,
2015).

The practical methods for seed scarification before sowing
include: mechanical (physical impact); chemical (acid treatment);
thermal (warming and freezing); ultrasound (processing in an
ultrasound field). The first three methods are most widespread;
processing in an ultrasonic field at the given time is not widely
used (Zubova, 2017). There are various points of view on the
effectiveness and advantages of a particular method of scarifica-
tion.

The randomised studies conducted in Brazil with wood bean
on its scarification with sandpaper (mechanical scarification),
immersion in concentrated H2SO4 (chemical) and hot water (ther-
mal) in the time interval of 5÷20 min with intervals of 5 min
showed that the most effective treatment was chemical (20 min
treatment with germination of 93.0% of viable seeds), the lowest
efficiency was shown by heat treatment (Bichoff et al., 2018). The
same conclusions were reached by Czech researchers during the
scarification of the mucuna-preta bean culture (de Oliveira et al.,
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2017). The scientists who have carried out the scarification for five
local legumes in the Arabian desert in Qatar also note that chemical
scarification is more preferable (Bhatt et al., 2016).

In turn, the experiments with four types of legumes in
Argentina showed that heat treatment is most effective for the
species T. subterraneum (Mira et al., 2017). The same conclusions
were reached by Canadian scientists who studied the effect of scar-
ification on the germination of three species of clover
(Schellenberg and Biligetu, 2015). At the same time, scientists
from different countries obtained data indicating the advantages of
mechanical treatment (Mirsky et al., 2015; Nagar and Meena,
2015; Statwick, 2016; Müller et al., 2017). In our opinion, and this
is confirmed by research (Koobonye et al., 2018), chemical and
thermal scarification of seeds, with all its advantages, is rarely
used in mass production. With mechanical scarification, in the case
of mass processing of large batches of seeds, with the use of tech-
nical devices - scarifiers, significantly reducing the complexity of
the process, it is possible to achieve the required quality of pro-
cessing with a high level of seed germination (Koobonye et al.,
2018).

The researchers Luo et al. (2013) created and tested the design
of the 9BQS-3.0 machine with a pneumatic scarification and sow-
ing complex, which proved to be quite good in simultaneous oper-
ations of seed scarification and sowing in China. The researchers
Bouteiller et al. (2017) conducted research on the use of an auto-
matic grinding machine for forest seeds and recommended short-
term grinding (5 min) to achieve the best results. In the USA, a
mechanical electric drum scarifier coated with 80 grit sandpaper
was used to scarify Waltheria indica seeds, ensuring seed germina-
tion after treatment for 15 or 30 s by 95% and 99%, respectively
(Lukas et al., 2016).

Mechanical scarification in agriculture and forestry is also
widely used in Russia, the existing scarifiers are being modernised
and new ones are being designed (Zubova, 2017), parameters are
being introduced to evaluate the quality indicators of the scarifier
(Shevchenko et al., 2018). 

We conducted experimental studies of leguminous seed scari-
fiers available in the Republic of Bashkortostan, determining that
the existing designs are imperfect and have a number of draw-
backs, which is also confirmed by other researchers: insufficiently
high quality of scarification (Verbovskij, 2009); repeated impacts
on some of the seeds on the scarifying surface and, accordingly,
their increased damage (Lukin, 2013). In addition, the production
often faces the task of treating scarified leguminous seeds with the
microbiological preparation rhizotorfin, which is done manually.

Materials and methods

Experimental studies with an existing scarifier model
Experimental studies were conducted to determine the quality

of scarification with the existing model of the SK-300 scarifier
(Pensmash, http://penzmash.ru/root/) to identify shortcomings and
further ways to eliminate them. The determination of quality indi-
cators was carried out according to the method proposed by
Burkov et al. (2014) below. It was revealed that, along with the
above disadvantages, the technological process using the scarifier
used in the production consists of several separate operations: seed
scarification; manual cleaning of seeds from dust and impurities
formed during scarification; manual processing of peeled seeds on
a tarpaulin biological product. This implies the need to improve the

structural and technological parameters of the scarifier in order to
eliminate the identified shortcomings.

The design of the scarifier and the principle of its oper-
ation

For research, a disk scarifier design is proposed (Figure 1), the
technological process of which is as follows. Eastern galega
(Galega orientalis) seeds are loaded into the hopper and the drive
is turned on. The metering device sets the seed supply on a rotating
disk with blades, on which the seeds move along a path close to the
logarithmic spiral until they meet with the blade (scarification zone
I). The blades change the direction of movement of the seeds,
while increasing their speed. Descending from the disk, the seeds
come into contact with the abrasive surface of the grinding wheel,
thereby undergoing scarification by scratching the hard shell and
creating the possibility of penetration of moisture and air to the
seeds. The shape of the blades and their changing installation angle
allows adjusting the angle of contact of the seeds with the abrasive
surface. After contact, the dust and impurities formed from the
abrasive surface of the grinding wheel are captured by the air flow
(cleaning zone II) formed by the fan, and through the air ducts they
leave the unit. Scarified seeds fall onto the cone guide and roll onto
the lower disc.

Next, the seeds are treated with rhizotorfin (seed treatment
area with preparation III). The microbiological preparation from
the tank through the pipeline and a sprayer in the form of aerosol
droplets formed covers the scarified seeds as they roll down from
the cone guide to the lower disk. In addition, on a rotating lower
disk, the seeds are additionally treated with aerosol drops, provid-
ing quality processing. Spray pressure is provided by a pump with
a regulator. After that, the processed seeds are delivered to the con-
tainer.

In the study of qualitative indicators of scarification of Eastern
galega seeds at an average moisture content of 9%, the following
parameters were determined: seed germination,%; the degree of
scarification,% and the degree of crushing of seeds,% under disk
rotation modes - 700, 900, 1100, 1300, 1500 rpm (Figure 1).

The mathematical model of the pneumatic system for
removing dust and impurities

For a theoretical description of the technological process of
formation, movement and removal of dust particles and impurities
in a seed stream by a pneumatic system (zone II of Figure 1), we
propose using methods of mechanics of two-phase gas-particle
flows (Mudarisov et al., 2017). Usually, for the mathematical
description of the gas flow with particles, the Navier-Stokes sys-
tem of equations is used with the addition of continuity equations
to this system, mass conservation for the formed mixture, and
momentum conservation. However, for the mathematical descrip-
tion of the operation of the pneumatic system of the scarifier, it is
necessary to establish the possibility of applying the methods of
two-phase flows as applied to its technological process. For this, it
is necessary to establish the flow regime of the gas-particle mix-
ture (air-dust and air-seeds), determined by the Reynolds number
Reр and the volume concentration of particles αс. To determine
these parameters, in turn, you need to know the amount of trans-
ported material and the speed of air flow and particles, as well as
their drag coefficient.

Having determined these indicators by the method (Mudarisov
et al., 2017), we obtained the parameters of the air-grain mixture
in the pneumatic system of the scarifier:
- the speed of the air flow to ensure the transportation of seeds
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of various crops vg = 17 ÷ 24 m / s;
- the speed of the air flow to ensure the transport of droplets vg

= 45 ÷ 75 m / s;
- volumetric concentration of seeds αс = 0.0003 ÷ 0.0015;
- volumetric concentration of drops 1.14*10–7 < αк < 3.8*10–7; 
- Reynolds number of drops Reр = 61 ÷ 205;
- Reynolds number of seeds Reр = 980 ÷ 4800;
- Seed resistance coefficient CD = 0.35 ÷ 0.50.

The low volume concentration of seeds and drops makes it
possible to use the methods of mechanics of two-phase media for
the mathematical description of the operation of pneumatic scarifi-
er systems. The Reynolds number of solid (seeds) and liquid
(droplets) particles allows us to determine their drag coefficient in
the equations of particle dynamics for any point in the considered
region of the pneumatic system. The calculated values of the air
flow speed allow choosing a fan and justifying the frequency of
rotation of its blades to ensure the transportation and distribution
of particles.

To substantiate the constructive and technological parameters
of the seed scarifier by laboratory tests, it was found that in cases
where 60÷80% of dust particles and impurities have a diameter of
up to 2 μm, 10÷20% - from 2 to 5 μm and up to 10% - over 10 μm
and at the same time, the speed of their soaring at the level of
0.000018-0.58 m/s, the air flow created by the fans sucks them in
with an average speed of about 0.26-0.54 m/s from the lower and
middle parts of the processing chamber to the intake parts of the
fan ducts. So, the recommended air flow rate should be 0.8-2.5
m/s, in order to ensure that the scarified seeds are cleaned of dust
and impurities formed during processing on the one hand and, on
the other hand, that goat seeds are not sucked into air ducts of size
2, 5-3 mm (soaring speed 7-9 m/s) and droplets of rhizotorfin 300-
400 microns in size (soaring speed 2.7-7.4 m/s).

These factors are favourable and necessary to ensure the tech-

nological process of scarification with the required quality of pro-
cessing. To confirm the calculated and experimental data, mod-
elling was carried out in the developed mathematical model for the
flow of a two-phase air-particle medium and its numerical imple-
mentation in the FlowVision software package.

Since modern methods of numerical simulation have not yet
reached the possibility of modelling the complete technological
process of seed treatment inside a technical device, we have devel-
oped a model for the interaction of the air flow with the Polisorb
VP powder preparation, which in its dimensional characteristics
corresponds to dust and impurities remaining after seed scarifica-
tion. The speed of their soaring in this case is in the range of
0.000018-0.58 m/s (Yаnchenko, 2000).

Using the FlowVision software package made it possible to
visualise the movement of the air flow in the zone for cleaning
seeds from dust and impurities (zone II of Figure 1), as well as to
obtain the results of calculations of the velocity, pressure and tra-
jectories of particles (dust and impurities) at any point.

The analysis of Figure 2 shows that the air flow is directed
from the bottom and centre of the processing chamber to the fan
ducts.

The maximum air flow rate was noted at the junction of the
treatment chamber and fans and is approximately 9 m/s. In the cen-
tral zone of the treatment chamber, the speed is low and amounts
to 0.08-0.79 m/s.

Figure 3 shows that dust particles and impurities with an aver-
age speed of about 6 m/s move along the fan duct, that is, they are
sucked off and removed from the treatment zone, and therefore
favourable working conditions are created during seed treatment
with the drug. At the same time, Eastern galega seeds of 2.5-3 mm
in size with a soaring speed of 7-9 m/s and droplets of a treating
liquid of 300-400 microns in size with a soaring speed of 2.7-7.4
m/s cannot be carried away by the air flow.
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Figure 1. Experimental seed scarifier: A) 3D drawing; B) appearance: 1- electric motor; 2- upper blade disc; 3- abrasive surface of the
grinding wheel; 4- adjusting crane; 16-tank with a microbiological preparation rhizotorfin; 5- sprayer; 6- pillar; 7- way window with
shutter; 8- lower disk; 9- conical guide; 10- air duct; 11- fan; 12- hopper for seeds; I - scarification zone; II - zone for cleaning seeds
from dust and impurities; III - seed treatment zone.
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Thus, the developed mathematical model of the two-phase air-
particle flow and its numerical implementation in the FlowVision
software package confirms the operability of our proposed flow
chart of a scarifier with the additional function of cleaning seeds
from dust and impurities before processing with a microbiological
preparation.

The statistical data processing
The methodology for determining indicators is based on a

method for determining the quality indicators of the work of scar-
ifiers, proposed by Burkov et al. (2014). Before each experiment,
in accordance with State Standard 12036-85 (2011), two weighed
samples of eastern Galega seed seeds of 500 g each were taken
from the starting material fraction. Four samples of 100 seeds each
were taken from the first sample (control) and from the second
one, which were passed through a scarifier, to determine seed ger-
mination. In addition, an average sample of 20 g was taken from
the second sample and determined by analysis (State Standard

                             Article

Figure 2. Fragment of the motion of air velocity vectors visualisation in the ZY plane in the FlowVision software package (II zone for
cleaning seeds from dust and impurities): 1- housing wall; 2- part of the duct; 3- drive shaft; 4- cone guide.

Figure 3. Fragment of visualising the movement of particles in air flows in the ZY plane in the FlowVision software package (II zone
for cleaning seeds from dust and impurities): 1- housing wall; 2- part of the duct; 3- cone guide.
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12037-81, 2011) the amount of crushed seeds in it. After recount-
ing the total mass of scarified seeds, a mass of crushed seeds was
obtained. The degree of crushing of seeds was determined by the
expression,%

                                                                        
(1)

where mdс is the mass of crushed seeds in the second sample, kg;
mН2 is the mass of the second sample, kg.

To determine the germination rate, the method of seed germi-
nation between paper was used - samples characterising the sow-
ing quality of seeds before and after processing, respectively. For
this, at the end of 14 days, the number of seeds sprouted and hard
(which did not swell and did not change the appearance) was cal-
culated by the established date for determining germination.

The germination was determined as,%:

                                                                   
(2)

where S is the total number of seeds germinated after 14 days; K
is the amount of hard seeds, R is the amount of hard seeds, is laid
in the sample.

The arithmetic mean value of all analysed samples was taken
as the result of the analysis. If the deviation of the parameter values
in one of the analysed samples from the arithmetic mean value is
greater by a value, then the germination rate was determined by the
analysis of the remaining three samples. If such a deviation has
another sample, then the analysis was repeated.

The degree of scarification was determined as the ratio of the dif-

ference in the number of hard seeds in samples before and after treat-
ment to the amount of hard seeds in samples before treatment,%:

                                                                                                  

                                                              
(3)

where К1 is the amount of hard seeds in the sample before process-
ing; К2 - the amount of hard seeds in the sample after processing.

Results and discussion
To compare the experimental data, the comparative studies of

our proposed scarifier with the СК-300 (PJSC ‘Penzmash’), were
carried out.

Figure 4 shows the obtained data on the germination and
degree of scarification of Eastern galega seeds after processing on
the proposed scarifier and the existing СК-300 scarifier. The anal-
ysis of the germination data indicates that the quality indicators of
the proposed scarifier are higher than those of the existing one, the
same is observed in terms of the degree of scarification. The rec-
ommended modes in this case are the range of 900÷1100 revolu-
tions of the disk, in which the degree of seed germination is
90÷91% without treatment with rhizotorfin, and the degree of scar-
ification is 87÷92%. The data on the degree of scarification of
seeds presented in Figure 1 suggest that with an increase in the
number of revolutions and, accordingly, the speed of impact of
seeds on the abrasive surface (the degree of roughness of the abra-
sive wheel is 40 μm), the degree of scarification increases from
84% at 700 rpm to 98% at 1500 rpm.
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Figure 4. Dependences of the quality indicators of the proposed and existing scarifiers on the number of disk revolutions: (degree of
germination: 1 - of the proposed scarifier, 4 - of the СК-300 scarifier; degree of scarification: 2 - of the proposed scarifier, 3 - of the
СК-300 scarifier).
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But along with this, the degree of crushing of seeds also
increases, which is an unfavourable factor during processing
(Figure 5). With the recommended regime of the disc rotation
range of 900÷1100, the degree of crushing of seeds will be
1.2÷2.0%, which is permissible by agrotechnical standards.

The experimental data on the quality of work of the proposed
seed scarifier showed that mechanical scarification is preferable
when processing large quantities of legume seeds in production,
significantly reducing the complexity of the process. This is also
evidenced by the results of other researchers (Nagar and Meena,
2015; Bouteiller et al., 2017; Müller et al., 2017; Koobonye et al.,
2018).

Unlike other used disk scarifiers, we propose, in addition to
mechanical scarification, to carry out additional processing of scar-
ified Eastern galega with the microbiological preparation rhizo-
torfin in the device, having previously cleaned the seeds of dust
and impurities by air flow.

The parameters of the pneumatic seed cleaning system are
determined by simulation. The experimental data were confirmed
by theoretical studies of the mathematical description and mod-
elling in the form of a polydisperse two-phase flow taking into
account the concentration, air flow velocity, and drag coefficient.
Similar studies were carried out by other scientists, which are
reflected in the works (Kutzbach and Quick, 1999; Miu, 2015).

A comparative analysis of theoretical and experimental studies
has shown that reliability is greater than 0.95 according to
Student’s t-criterion, which suggests that it is possible to accept the
results as reliable.

The obtained characteristics allow us to develop recommenda-
tions for optimising the structural and technological parameters of
the pneumatic system and the design of the developed scarifier as
a whole.

The proposed design of a universal seed scarifier will reduce
the damage to the treated seeds and increase the yield of legumes.

Conclusions
In the proposed scarifier, two operations are sequentially per-

formed - scarification and treatment with a microbiological prepa-
ration. The use of the developed device for scarification of Eastern
galega seeds ensured high-quality pre-sowing treatment of seeds.
Compared with the existing scarifier, in the recommended range of
disc speeds of 900÷1100, the proposed scarifier showed a decrease
in the degree of crushing of seeds by 0.2÷0.4%, an increase in the
degree of scarification by 2÷3% and the degree of germination by
4÷5%.

In contrast to the disk scarifiers used in Russia and abroad, we
propose, in addition to mechanical scarification, to carry out addi-
tional processing of scarified goat seeds with the microbiological
preparation rhizotorfin in the device, having previously cleaned the
seeds of dust and impurities by air flow. The pneumatic cleaning
system proposed in this case is calculated in a mathematical model
of the technological process of work by the methods of mechanics
of two-phase flows. The obtained parameters allow us to establish
that to simulate the technological process of the dust and premix
cleaning system, two-phase gas-particle flow methods can be used.
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