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ABSTRACT 

The production and quality of any agricultural crop is determined both by the factors acting from the 

moment of sowing until harvesting, as well as by those that directly influence the seeds before sowing. In the 

organic cultivation of cereals, industrial plants, vegetables, medicinal plants, the seeds must be clean without 

any impurities because the maintenance of these crops does not allow using chemicals. There is a number of 

technologies and pieces of equipment for separating impurities. In case of separating impurities from the mass 

of small seeds, especially vegetable and flower seeds, the use of separation on sieves is very expensive 

because compared to other crops, vegetable seeds are produced in small quantities (except for beans, peas, 

lentils, etc.) and have a wide variety of characteristics. Vegetables belong to a large number of plant families. 

This is why their seeds have a very different structure, shape, size and chemical composition. To overcome 

these challenges, the experimental model Seed conditioning module for vegetable species – MCSL, which 

separates impurities by using the aerodynamic properties of the seeds was developed. Seed conditioning 

module for vegetable species is designed to improve the technologies of organic seed production for vegetable 

seeds, flowers, industrial plants, cereals and to solve practical problems regarding seed production in the case 

of vegetable crops. Starting from these considerations, the paper will present theoretical and experimental 

information on the influence of some factors on the aerodynamic properties of cereal seeds, vegetables and 

industrial plants. The quality of seed separation in this module depends on the degree of uniformity of the air 

velocity field in the working area, on the stability of this field and on its extent. 

 

REZUMAT 

Producția și calitatea oricărei culturi agricole este determinată atât de factorii care acționează din 

momentul însămânțării până la recoltare, precum și de cei care influențează direct asupra semințelor înainte 

de însămânțare. În cultura ecologica de cereale, plante tehnice, legume, plante medicinale, semințele trebuie 

să fie curate fără nici o impuritate deoarece întreținerea acestor culturi nu permite utilizarea substanțelor 

chimice. Pentru separarea impurităților există o serie de tehnologii și echipamente. În situația separării 

impurităților din masa de semințe mici, in special semințe de legume si flori, utilizarea separării pe site este 

foarte costisitoare deoarece în comparație cu alte culturi de legume semințele se produc în cantități mici ( 

excepție fasolea, mazărea, lintea etc.) și au caracteristici foarte variate. Legumele aparțin unui număr mare 

de familii botanice. Din această cauză semințele lor au o structură, formă, mărime și compoziție chimică foarte 

diferite. Pentru a răspunde acestor provocări a fost realizat modelul experimental Modul de condiționat semințe 

pentru speciile legumicole - MCSL care realizează separarea impurităților utilizând proprietățile aerodinamice 

ale semințelor. Modul de condiționat semințe pentru speciile legumicole este conceput în vederea perfecționării 

tehnologiilor de producere de sămânță ecologică la semințelor de legume, flori, plante tehnice, cereale, pentru 

rezolvarea unor  probleme practice privind producerea de sămânță la culturile din legumicultură. Pornind de 

la aceste considerente în cadrul lucrării sunt prezentate informații teoretice și experimentale privind influența 

unor factori asupra proprietăților aerodinamice ale semințelor de cereale, legume și plante tehnice. Calitatea 

separării semințelor în acest modul depinde de gradul de uniformitate a câmpului vitezelor aerului din zona de 

lucru, de stabilitatea acestui câmp și de întinderea lui. 
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INTRODUCTION 

Vegetable growing is a synthetic discipline, integrated in agricultural science and practice, with a well-

defined field of activity. It is one of the most complex branches of specialization of plant production due to the 

great diversity of cultivated plants and with a permanent dynamism following the change of species and hybrids 

but also the emergence of new technologies and equipment related to specific crops, (Jadhav et al., 2017). 

Seed production for leguminous plants is of great importance, as the vast majority of species propagate this 

way, (Panasiewicz et al., 2008). Due to the fact that the production obtained depends on the quality of the 

seeds, seeds from varieties and hybrids with superior properties and from superior biological categories 

without foreign bodies (impurities) must be used (Stroescu et al., 2019). Through its position in the national 

economic system, vegetable growing is a determining factor for the creation or development of productive 

units that operate both downstream (for the production of construction elements of greenhouses and solarium, 

installations for heating, ventilation, watering, soil disinfection, chemical fertilizers and pesticides, production 

of specific machines and tractors, etc.) as well as upstream (design and manufacture of machinery and 

installations for sorting, calibration, conditioning of vegetables and seeds, production of specific packaging, 

transport machinery and equipment, storage facilities, canneries, vegetable markets). Quality seeds form the 

basis of the vegetable production system. Seed quality, in terms of viability and vigour, depends mainly on 

harvesting, extraction conditions, cleaning, transport and storage (Stroescu et al., 2020). 

Seed production for vegetable species requires special attention due to the different types of seeds, 

their corresponding shapes and sizes. The conditioning of small vegetable seeds requires a high level of 

precision, therefore, cleaning must be performed in stages, paying special attention to the quality performance 

of each component equipment of the conditioning plants. (Pӑun et al., 2018). A considerable increase of 

productivity in vegetable growing can be ensured only through increased efforts to mechanize and automate 

production processes, ensuring a very good quality seed material and reducing manual labour consumption 

(Ciobanu et al., 2015). The paper presents some theoretical aspects and experiments under operating 

conditions for the conditioning of mixtures of cereal seeds, vegetables and industrial plants based on the 

aerodynamic principle, (Norkulova et al., 2016). 

 

MATERIALS AND METHODS 

Because vegetable seeds have a wide variety of shapes and sizes, it is preferable to use, in the 

conditioning process, equipment that works on the principle of separation by aerodynamic properties, because 

separation by size using sieves requires a great financial effort (sieves with holes suitable for each species 

are necessary), (Stroescu et al., 2018). In order to meet the requirements of vegetable growing stations, in 

particular, but also of individual producers of vegetable seeds and not only, INMA Bucharest created within a 

complex project, in partnership with vegetable growing stations, a seed conditioning module for vegetable 

species - MCSL, which works on the principle of separation by aerodynamic properties of the seeds (fig.1). 

The seed conditioning module for vegetable species MCSL (figure 1, a) consists of the following main parts: 1 

- aerodynamic sorter MCSL 1.0; 2 - sorts discharge system MCSL 2.0; 3 - working platform MCSL 3.0; 4 - 

electrical installation MCSL 4.0. (From: Test report Seed conditioning method for vegetable species, 2020). 

 

   
                          a                                   b                                                        c 

Fig. 1 - Seed conditioning module for vegetable species: a – MCSL 3 D; b, c – MCSL operating 

3 

1 
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This module can be used with good results also for separating impurities from cereal seeds. The MCSL 

module sorts seeds of the same size, but with different shapes, weights and roughness in three fractions, while 

removing light impurities in two fractions. For a uniform distribution of the seed layer that is subjected to air 

flow, MCSL is equipped with a feed cylinder. Depending on the shape and size of the seed, one of the three 

variants of grooved jackets will be mounted on the feed cylinder shaft. Depending on the degree of infestation 

with impurities, pre-cleaning and destination of the seeds, one or more passes of the resulted useful fractions 

through the equipment can be performed. The foreign bodies that frequently appear in the seed mass are: 

 - inert organic foreign bodies (chaff, chopped stems and leaves, dead insects, etc.);  

 - inert mineral foreign bodies (lumps, loose or sticky dust on seeds, sand, gravel, metal pieces of 

various sizes; 

- weed seeds; 

- seeds from the basic crop degraded by various diseases such as: smut, bunt; 

It should be emphasized that the separation processes in agriculture and the food industry are much 

more complicated than in other branches of the economy, because the material is very biologically diversified. 

These materials (cereal seeds, industrial plants, etc.) are characterized by high variability and low 

reproducibility (even within the same variety or species of grains) (Brăcăcescu et al., 2016). 

From the analysis of the specialized literature, of the studies and experiments carried out by various 

researchers from universities, research centres or private companies, regarding the factors that influence the 

process of separation of impurities from the mass of vegetable seeds (cereals, industrial plants), it is found 

that often addressed factors such as: humidity, density, relative to the speed of floating in the situation of an 

air flow at a well-determined height in a vertically oriented pipe, which blows the mixture of seeds and 

impurities, (fig.2), (Stroescu et al., 2019). 

 

 
Fig. 2 - Distribution of forces acting on solid particles (seed assimilated to spherical shape) in 

turbulent vertical air flow: G – weight force; Fd – frontal dynamic pressure force; Fp – bearing 

force; FM – Magnus force  

 

In the case of technical equipment using as a principle of separation the difference between the 

aerodynamic properties of the components, one must take into account the floating velocities of the seeds and 

impurities, but also the aerodynamic coefficient, respectively: 

 

                               𝑣𝑝 = √
𝜌𝑝

𝜋𝑑3

6

0.124𝑘
𝜋𝑑2

4

                               (1) 

 

                                                             𝑣𝑝 = 2,4√
𝜌𝑝

𝑘
 𝑑               (2) 

where: 

 vp   -floating velocity, m/s; 

 𝜌𝑝 - specific mass of the particle (spherical seed), kg/m3; 

 d   - particle diameter, m; 

 k   - aerodynamic drag coefficient (depends on the condition of the particle surface). 
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 The seed conditioning module for vegetable species MCSL sorts seeds of the same size, but with 

different shapes, weights and roughness in three fractions, while removing light impurities in two fractions. 

Depending on the degree of infestation with impurities, pre-cleaning and destination of the seeds, the passes 

of the seeds through the equipment can be repeated (fig.3). Under the influence of the ascending air flow, 

within the limits of floating velocities, the seeds fall to the bottom obtaining the fraction F1, the others go up to 

the first hole where the fraction F2 is separated, to the second hole where the fraction F3 is separated, or leave 

the column at the top entering the settling chamber where the fraction F4 of light bodies (impurities) is 

deposited. 

  The air sucked from the settling chamber is expelled by the fan into the second settling chamber where 

the dust and other very light impurities that form the sort (fraction) F5 are separated. The five fractions (of which 

three are useful) pass through the discharge hoppers and the two locks into the exhaust pipes and then into 

the bags. 

 

Fig. 3 - Technological flow scheme of seed conditioning module MCSL (Păun A., 2018) 

In order to verify the functional parameters of the Seed Conditioning Module MCSL and to analyse the 

aerodynamic properties of vegetable seeds, experiments were performed under operating conditions. The test 

of the Seed Conditioning Module for Vegetable Species MCSL was carried out within INMA under operating 

conditions and processed sorghum, wheat and sunflower seeds purchased on the market. 

The technological effect of seed pre-cleaning module MCSL was analysed compared to the product 

standards and assessed on the basis of the results obtained in a single pass through the installation of the 

product to be processed.  

The following determinations were made: 

• EcsM -  large foreign bodies removed, %; 

• Ecsm -  small foreign bodies removed, %;  

• Ecsu -  light foreign bodies removed, %;  

• Cps- good seeds of the product to be processed lost in by-products, %. 

The calculation formulas for determining the technological effect of the pre-cleaning group used were: 

  EcsM= [( CsMi- CsMe) / CsMi] x 100 [%]                                                               (3) 

 

                            Ecsm= [( Csmi- Csme) / Csmi] x 100 [%]          (4) 

 

   Ecsu= [( Csui- Csue) / Csui] x 100  [%]                    (5) 
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  Cps= ( Σmk / M) x 100 [%]          6) 

where:   

CsMi – content of large foreign bodies at the module input, (%); 

CsMe – content of large foreign bodies at the module output, (%); 

Csmi - content of small foreign bodies at the module input, (%); 

Csme - content of small foreign bodies at the module output, (%); 

Csui - content of light foreign bodies at the module input, (%); 

Csue – content of light foreign bodies at the module output, (%); 

Σmk – sum of good seed masses, in the products collected at the module outputs, during the entire 

test and determined by laboratory analysis, based on the samples taken separately from each 

by-product, reported to the total mass of analysed sample, expressed as percentage; 

M – good seed mass at module input, determined by laboratory analysis based on the samples taken 

at the module input of product to be processed and expressed as percentage reported to the 

total mass of samples, (Păun et al., 2017). 

 

RESULTS 

The results obtained from the experimental research activities carried out under MCSL Module operating 

conditions are presented in tables 1, 2, 3, 4. During the laboratory analyses, the moisture and impurity of the 

samples extracted from the supply and evacuation seed material were obtained, and their image is presented 

in figures 4, 5, 6, 7 and 8 (From: *** Test report Seed conditioning method for vegetable species, 2020). 

Table 1 

Determining the quality of the processed product 

Measured parameter Sample no. 

Sorghum seeds Wheat seeds Sunflower seeds 

Product 

inlet 

Product 

outlet 

Product 

inlet 

Product 

outlet 
Product 

inlet 
Product 
outlet 

Humidity [%] 

S I 16.42 16.19 7.6 7.4 9.6 9.3 

S II 16.40 16.20 7.4 7.3 9.4 9.1 

S III 16.48 16.19 7.7 7.35 9.7 9.3 

Average value 16.43 16.19 7.56 7.35 9.56 9.23 

Physical purity [%] 

S I 95.2 97.45 96.2 98.9 96.2 98.30 

S II 91.8 97.35 94.8 99.1 95.8 97.85 

S III 94.1 97.28 95.1 97.7 95.7 98.32 

Average value 93.7 97.36 95.37 98.56 95.90 98.15 

Light foreign bodies 

(weeds, dust, husks, 

plant debris, peels + 

dry seeds less than 1.5 

mm thick) (Csui and  

Csue) [%] 

S I 2.42 1.1 0.72 0.19 1.10 0.56 

S II 3.43 1.15 0.68 0.20 1.20 0.90 

S III 2.34 0.86 0.65 0.17 1.33 0.77 

Average value 2.73 1.05 0.68 0.19 1.21 0.74 

Ecsu 61.5 72.05 39.1 

Small foreign 

bodies(Csmi and 

Csme), [%] 

S I 0.42 0.15 0.22 0.04 0.32 0.10 

S II 0.45 0.25 0.25 0.04 0.25 0.11 

S III 0.43 0.33 0.23 0.06 0.33 0.15 

Average value 0.43 0.24 0.23 0.047 0.30 0.12 

Ecsm* 41.77 85.87 57.69 

Large foreign 

bodies(CsMi and 

CsMe), [%] 

S I 1.66 1.15 1.7 0.2 2.19 0.84 

S II 3.93 1.05 2.27 0.28 2.51 1.05 

S III 2.73 1.2 2.19 0.3 2.40 0.83 

Average value 2.77 1.13 2.05 0.26 2.37 0.91 

EcsM 59.20 87.31 47.36 
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Table 1  
(continuation) 

Determining the quality of the processed product 

Measured parameter Sample no. 

Sorghum seeds Wheat seeds Sunflower seeds 

Product 

inlet 

Product 

outlet 

Product 

inlet 

Product 

outlet 
Product 

inlet 
Product 
outlet 

Sharps, [%] 

S I 0.30 0.15 1.16 0.2 0.19 0.1 

S II 0.39 0.20 2,0 0.25 0.23 0.09 

S III 0.40 0.33 1.83 0.21 0.24 0.1 

Average value 0.36 0.22 1.66 0.22 0.22 0.1 

Hectolitre mess, kg/hl 

S I 14.3 14.1 74.3 80.1 74.3 80.1 

S II 14.3 13.6 79.3 79.05 79.3 79.05 

S III 14.5 13.9 79.1 78.95 79.1 78.95 

Average value 14.36 13.86 79.56 79.36 79.56 79.36 

Ecsm* includes sharps. 

 
Table 2 

Determination of good seed loss coefficient in by-products in the case of sorghum 

Measured parameter 
Characteristic value/        Test determinations Air flow 

speed, 
m/s F1 F2 F3 F4 F5 

Good seed mass / at 
equipment outlet (M) / in 

fractions, [%] 
78.4/79.8/83.2 14.6/13.6/11.28 1.8/1.6/1.3 - - 

3.5/5.5/
8.2 

Mass of good seeds in 
light and small foreign 

bodies (m1) , [%] 
- - - 1.4/1.2/0.9 - 

Mass of good seeds at 
the exit of the fan( m2) , 

[%] 
- - - - 1.2/1.1/0.6 

The sum of good seed 
masses  (Σmk), [%] 

97.45 / 97.35 / 97.28 

Good seed loss 
coefficient in by-products, 

Cps [%] 
4.51 /4 / 2.8 

 
 

Table 3 
Determination of good seed loss coefficient in by-products in the case of wheat 

Measured parameter 

Characteristic value/        Test determinations 
Air flow 

speed, m/s 
F1 F2 F3 F4 F5 

Good seed mass / at 
equipment outlet (M) / 

in fractions, [%] 
79.2/81.4/85.2 14.2/13.6/11.8 1.6/1.5/1.1 - - 

 
 
 
 
 
 
 
 

9 /10.2/11.3 

Mass of good seeds in 
light and small foreign 

bodies (m1) , [%] 

 
- 

 
- 

 
- 

 
1.5/1.4/0.7 

 

 
- 
 

Mass of good seeds at 
the exit of the fan( m2) 

, [%] 

 
- 

 
- 

 
- 

 
- 

 
1.2/1.0/0.3 

The sum of good seed 
masses  (Σmk) , [%] 

 
97.7/98.9/ 99.1 

 

Good seed loss 
coefficient in by-

products, Cps [%] 

2.76/2.42/1 
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Table 4 

Determination of good seed loss coefficient in by-products in the case of sunflower 

Measured parameter 

Characteristic value /        Test determinations 
Air flow 

speed, m/s F1 

 
F2 

 
F3 

 
F4 

 
F5 

 

Good seed mass / at 
equipment outlet (M) / 

in fractions, [%] 

84.1/85.85/91.2 
 

10.6/8.98/5.12 
 

1.5/1.2/0.9 
 

 
- 

 
- 

 
 
 
 
 
 

5.5/7.5/10 
 
 

Mass of good seeds in 
light and small foreign 

bodies (m1) , [%] 

 
- 

 
- 

 
- 

 
1.2/1.02 /0.7 

 
- 
 

Mass of good seeds at 
the exit of the fan( m2) 

, [%] 

 
- 

 
- 

 
- 

 
- 

 
0.9/0.8/0.4 

 

The sum of good seed 
masses  (Σmk) , [%] 

98.30/97.85/98.32 

Good seed loss 
coefficient in 

 by-products Cps [%] 
3.66/3.08/2.03 

 

 

           

 F1           F2 F3 F4  F5 

Fig. 4 - Samples collected during sorghum seed conditioning (air flow speed 5.5 m/s)  

         

 F1           F2 F3 F4  F5 

Fig. 5 - Samples collected during wheat seed conditioning (air flow speed 9 m/s) 

            

 F1           F2 F3 F4  F5 

Fig. 6 - Samples collected during sunflower seed conditioning (air flow speed 7.5 m/s) 

Analysing the collected samples, but also the results obtained from the table above, we notice the 

existence of good seeds within the fractions F2 and F5. To reduce the good seed mass in these fractions we 

have the possibility to adjust the feed flow (for a uniform distribution of the seed layer) with a feed cylinder. 

Depending on the shape and size of the seeds, one of the three variants of grooved jackets can be mounted 

on the feed cylinder shaft. Another solution is to modify the section of the sorting column. 
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Fig. 7 - Variation of loss coefficient Cps depending on the floating velocity 

 

 

Fig. 8 - Good seed mass F1 at the equipment outlet depending on the floating velocity 

From the analysis of the results presented in the tables and figures above, obtained during the 

experiments, the following phenomena were found: 

- the pre-cleaning capacity and the technological effect are influenced by the floating velocity, the 

degree of impurities and the feed cylinder of the equipment by the type of jacket and the speeds used; 

- the humidity of the processed product influences the aerodynamic properties of the seeds (Stroescu 

et al., 2020). 

- there are situations when the degree of impurities existing in the seed mass leads to the pass of the 

seeds through the separator twice; 

- the appearance of good seeds in fractions F3, F4 and F5 is due to the fact that these seeds were not 

threshed, detached from the husks. 

- the increase of the air flow speed leads to the decrease of the good seeds in by-products; 
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- the increase of the air speed in the sorting column over the floating velocity of the seeds has a 

negative effect because in by-products a higher percentage of good seeds appears 

 

CONCLUSIONS 

An analysis of the results obtained led to the conclusions: 

- it was found that both the intensity of the air flow and the mode and speed of the seed mixture supply 

in the working area of the separator had the greatest influence on the separation of the components; 

- precise regulation of the air flow rate led to good results in the separation process; 

The quality of seed separation in these systems depends on the degree of uniformity of the air speed 

field in the working area, the stability of this field and its extent. 

From the experiments performed under operating conditions it was found that: the coefficient of good 

seed losses in by-products Cps decreases from 4.5% to 2.8% with the increase of the floating velocity vp from 

3.5 m/s to 8.2 m/s for sorghum; Cps decreases from 3.2% to 1% for vp increase from 8.2 m/s to 11.5 m/s for 

wheat; Cps decreases from 3.66% to 2.03% for vp increase from 5.5 m/s to 10 m/s for sunflower. 

The separation module has the possibility to regulate the flow rate of the air flow from the sorting column by 

modifying the geometry of its cross section by actuating some control flaps. 
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