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ABSTRACT

This paper presents the results of the cleaning tests of three different natural alfalfa seed lots and three different red clover seed
lots performed using seed processing machines. The alfalfa (Medicago sativa L.) and the red clover (Trifolium pratense L.) are two of
the most important perennial forage legumes in the Republic of Serbia. Alfalfa and red clover seeds for sowing should be clean, i.e.
free from weeds and foreign matter, and of high germination and genetic values. Such requirements can only be achieved by
cleaning, i.e. removing all undesirable impurities and poor-quality seeds. The following parameters important for the seed cleaning
process and equipment were observed: seed purity, contents of weed and other crop seeds, inert substance content, amounts of
processed seeds (kg), seed loss and processing output. The results obtained facilitate (depending on the amount and type of weeds
and other impurities found in the alfalfa and red clover seed lots considered) the proper adjustment of the seed processing equipment
to obtain the largest possible quantity of quality seeds that are in compliance with the laws and regulations of Serbia.
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REZIME

U radu su prikazani rezultati ispitivanja pri ¢iséenju tri razlicite partije naturalnog semena lucerke i tri razlicite partije crvene
deteline na masinama za doradu, odnosno odredeni su svi relevantni parametri na masinama za doradu. Lucerka (Medicago sativa
L.) i crvena detelina (Trifolium pratense L.) su dve najvaznije viSegodiSnje krmne biljke u Republici Srbiji. Njihov znacaj se ogleda
kako po povrsinama na kojima se gaje, tako i zbog proizvodnje izuzetno kvalitetne stocne hrane. Da bi se dobile dovoljne kolicine
kabastog hraniva od ove dve krmne biljke potrebno je obaviti kvalitetnu setvu koja je jedna od najvaznijih agrotehnickih mera od cije
uspesnosti zavisi prinos i kvalitet biljaka. Seme za setvu mora da bude Cisto, bez korova i stranih primesa, visoke klijavosti i genetske
vrednosti. Ove zahteve moguce je ostvariti samo cis¢enjem, odnosno odstranjivanjem svih nepoZeljnih primesa i semena loSijeg
kvaliteta. Ciséenje semena se obavlja na razlicitim masinama koje rade na principu razlika u fizickim osobinama semena. Iz
naturalnog semena s primesama cis¢enjem se uklanjaju razne necistoce i izdvaja se Cisto zrno osnovne kulture. Relevantni parametri
znalajni za masine za Ciséenje semena lucerke i crvene deteline koji su odredeni pri procesu dorade bili su: Cisto¢a semena, sadriaj
semena korova i semena drugih kultura, sadrzaj inertnih materija, koli¢ina doradenog semena (kg), gubici semena i randman
dorade. Dobijeni rezultati omogucavaju da se u zavisnosti od kolicine i vrste korova i ostalih primesa koje se nalaze u razlicitim
partijama naturalng semena lucerke i crvene deteline obavi pravilno podesavanje masina za doradu radi dobijanja §to vece kolicine
kvalitetnog semena koje odgovara zakonskim propisima.

Kljucne reci: lucerka, crvena detelina, seme, Ciscenje, korovi.
properties of seeds. The following physical properties of seeds

INTRODUCTION

The alfalfa (Medicago sativa L.) and the red clover
(Trifolium pratense L.) are two of the most important perennial
forage plants for domestic animal nutrition in the Republic of
Serbia. They are used directly as green fodder for grazing, both
in pure stands and in a mixture with grasses, or in a preserved
form such as hay, silage or flour (Vuckovié, 1999). Both plants
are characterized by high biomass vyields, forage quality and
rapid regeneration after mowing (Ocokoljié, 1974, Lugic¢ et al.,
2000; Markovié et al., 2007; Vasiljevi¢ et al., 2011; Knezevi¢
and Stanisavijevi¢, 2018).  Sufficient amounts of fodder
nutrients can be obtained from these two forage crops by quality
sowing. Sowing is one of the most important cultural practices
that greatly affect the yield and quality of plants. Seeds for
sowing must be of high germination and genetic values and free
from weeds and foreign matter. Quality seeds can only be
obtained by cleaning or removing undesirable impurities and
inferior-quality seeds. Seed cleaning is performed using different
machines that work on the principle of difference in the physical

are considered most important for processing: moisture, shape,
dimensions, sphericity, mass of 1000 seeds, volume and
porosity, volume-hectolitre mass, density, static and dynamic
angles of internal friction (angle of free fall), and the static
coefficient of surface friction (Babié¢ and Babié, 2012; Baskakov
et al., 2018; Black et al., 2006; Copeland and McDonald, 2004;
Djoki¢ and Stanisavljevié, 2012; Djoki¢ et al., 2012, Koprivica,
2018). A good knowledge of all the physical properties of crop
seeds is important for designing seed sowing, drying and
processing equipment, harvesting and transporting crops, and
storage facility construction. A number of different technological
operations are performed in a specific order (Djokic et al., 2018).
Immediately after harvest, natural seed is a very complex
mechanical mixture containing large and small weeds, impurities
of organic and inorganic origin, and whole, crusty and broken
seeds. Seed processing, as part of seed production, is a very
complex process with significant energy requirements
(Orobinsky et al., 2017). The amount of quality seeds obtained
depends on the content of impurities and the quantity and type of
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weeds in the seed processed. Natural seed purification is a
process in which various impurities and poor-quality seeds, as
well as weed and other crop seeds, are removed from the quality
seeds of the basic crop (Djoki¢ at al., 2016, Djoki¢ at al., 2017).

There are different stages of seed processing, one of which is
cleaning seeds using machines for additional weed cleaning.
Alongside pneumatic tables, friction and electromagnetic
separators are also used for seed cleaning. Electromagnetic
cleaning machines are greatly favoured for their high-quality
cleaning performance. Such high purity cannot be achieved by
pneumatic, trier or screen cleaning (Kozlov, 2013). According to
some authors (Djuki¢ et al., 2004, Karagi¢ et al., 2007), weed
species in alfalfa and red clover crops impede the harvesting
process, contaminate alfalfa and red clover seeds and hinder
their processing. The presence of dodder seeds (of the quarantine
weed Cuscuta spp.) is particularly harmful to crops. The dodder
is one of the most dangerous and economically damaging weeds,
especially if it is not timely controlled. Seed products must meet
the production and market standards of quality and comply with
the Serbian regulations for packaging and labelling seeds. The
Law on Seeds and Planting Material (Official Gazette of the
Republic of Serbia, No. 45, 2005) defines all the conditions
relative to the methods of agricultural seed production,
processing, use, marketing, import and testing. The quality of
alfalfa and red clover seeds must comply with the Official
Gazette of SFRJ No. 47/87. Processed alfalfa and red clover
seeds must have a minimum purity of 95 %, 2 % of other crop
seeds, no more than 0.5 % of weeds, with the exception of the
quarantine weeds dodder (Cuscuta spp) and curly dock (Rumex
crispus), a minimum germination of 70 % and a seed moisture
content of up to 13 %. The objective of the tests performed was
to determine and examine all the parameters relevant to the
processing of different natural alfalfa and red clover seeds and
the equipment used therein, thus indicating their overall
effectiveness.

MATERIAL AND METHOD

The experimental tests were performed at the seed
processing centre of the Institute for Forage Crops in KruSevac.
They involved a total of six lots of natural alfalfa and red clover
seeds, i.e. three lots of each, and were conducted in three
replications. The Danish Kongskilde and Damas equipment was
used for seed processing, whereas the German Emceka Gompper
(type 4) electromagnetic separator was used for final weed
cleaning. The equipment used consists of an intake pit with a
belt conveyor, bucket elevators, conveyor belts and a machine
for fine cleaning (the Alfa-4 type). The Alfa-4 machine for fine
seed cleaning consists of two shaker shoes with six sieves
arranged in two levels. For the processing of natural alfalfa
seeds, the upper sieves of the upper shaker shoe had round
openings of the following diameters: 2.75 mm; 2.5 mm; 2.25
mm. However, the lower sieve round openings of the upper
shaker shoe were 2.0 mm, 2.0 mm and 1.9 mm. The upper sieves
of the lower shaker shoe had longitudinal openings of the
following widths: 1.3 mm, 1.2 mm and 1.1 mm. However, the
longitudinal opening widths of the lower sieves of the lower
shaker shoe were 0.6 mm, 0.5 mm and 0.5 mm.

In the processing of red clover seeds, the sieves of the upper
shaker shoe had round openings of the following diameters: 2.75
mm, 2.5 mm, 2.25 mm, 2.2 mm, 1.9 mm and 1.9 mm. However,
the sieves of the lower shaker shoe had longitudinal openings of
the following widths: 1.4 mm, 1.3 mm, 1.2 mm, 0.6 mm, 0.5 mm
and 0.5 mm. The final cleaning of weeds and other impurities
was performed using an electromagnetic separator machine with
rollers. The US Nutra fine RS steel powder was used to clean the
seeds on the electromagnetic separator machine. The laboratory
seed purity analysis was performed using a magnifier with
illumination. A precise electronic scale was used to measure the

mass of the samples, which were 5 g (the working sample) and
50 g (the submitted sample). Measurements of the natural and
processed seed masses were carried out using an electronic
weighing range of up to 300 kg. The following seed parameters
were analyzed: seed purity (%), seeds of other species (%), inert
matter (%) and weed seeds (%). At the end of seed processing,
the amount of processed seeds (kg) was measured. The seed
processing output (%) and losses were calculated for the
processing equipment used (%).

The Tukey’s multiple range tests (p < 0.05) were used to
determine the effect of the seed treatments performed. The
results obtained were statistically processed using the Minitab
Inc. Program, 16.1.0, State College, Pennsylvania, USA.

RESULTS AND DISCUSSION

The average purity of the natural alfalfa seeds from all three
lots considered is shown in Table 1. The natural alfalfa seed
purity ranged from 70 % in the lot | seeds to 86 % in the seeds
from the lots Il and Ill. From a statistical perspective, the seeds
from the lots II and III had a significantly higher purity (p <
0.05) than the lot | seeds. Upon analysis, no other species were
found in all three experimental lots of natural alfalfa seeds. The
content of inert matter, in the form of soil and seed, was the
highest in the lot | natural alfalfa seeds, amounting to 30 %.
However, the inert matter contents of the natural alfalfa seeds
from the lots Il and Il were 14 % and 9.8 %, respectively. The
presence of plantains (Plantago sp), a grass mix (Poa sp) and
five seeds of the dodder (Cuscuta spp) was determined in the
alfalfa lot 1 working sample. The lot Il working sample
contained barnyard grass (Setaria spp), chamomile (Matricaria
chamomilla) and mixed grass (Poa sp) seeds. In addition to 4.2
% of weeds, sorghum (Sorghum halepense) and barnyard grass
(Setaria spp) seeds were also found in the lot Il working
sample.

Table 1. The average purity of natural alfalfa seeds

Lot | 1l 11
Seed structure % % %
Pure seed 70.0b 86.0a 86.0a
Other species 0 0 0
Inert matter 30.0a 14.0b 9.8¢c
»TR*“ Plantago | ,, TR" Setaria
Weeds sp, Poasp, | spp, Matricaria 4h2alse%re%2im
5 seeds of chamomilla, Setaria s '
Cuscuta spp Poa sp PP
Total 100 100 100

The average purity of the natural red clover seeds from all
three lots considered is shown in Table 2. The natural red clover
seed purity ranged from 74 % in the lot I seeds to 80 % in the
seeds from the lots 1l and I11. The red clover seeds from the lots
Il and 11l had a significantly higher (p < 0.05) average purity
than the lot | seeds. Upon laboratory analysis, seeds of other
plant species were not found in the lot | and Ill seed samples.
However, the lot 1l red clover sample contained 1 % of alfalfa
seeds. The inert matter in the form of soil was the highest in the
lot | seeds, amounting to 26 %. The inert matter in the form of
flowers and broken seeds accounted for 19.0 % of the lot Il red
clovers seeds. The inert matter in the form of harvest residues
accounted for 16.5 % of the lot Il red clover seeds. The content
of weeds was the highest in the lot 111 seeds (3.5 %), with a high
content of the quarantine weed dodder. In the 5 g sample of the
lot Il seeds, a total of 20 dodder seeds (Cuscuta spp) were
found, as well as some plantain (Plantago sp) and chamomile
(Matricaria chamomilla) seeds. A total of 6 pigweed
(Amaranthus retrofleksus) seeds were found in the 5 g sample of
the seeds from the lot I, whereas a total of two dodder seeds
(Cuscuta spp) were found in the 5 g sample of the lot 11 seeds.
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Table 2. The average purity of natural red clover seeds

Lot | Il 11
Seed structure % % %
Pure seed 740b 80.0a 80.0a
Other species 0 1.0 0
Inert matter 26.0a 190b 16.5¢
3.5 Plantago sp,
6 seeds of Matricaria
Weeds Amaranthus Ci:gﬁ?as s f chamomilla
retrofleksus PP 20 seeds of
Cuscuta spp
Total 100 100 100

To obtain quality seeds, it is necessary to remove weeds
from natural seeds immediately after harvest in order to avoid
self-heating and seed contamination. The sieves of seed cleaning
machines should be properly selected and arranged. The
optimum air flow rate during the cleaning process should be
maintained to prevent the quality seed from falling into the waste
bins of the processing machine (Tarasenko et al., 2017). The
determination and adjustment of parameters of the seed
processing equipment is carried out depending on the purity and
content of weeds in the seed sample (Poki¢ and Stanisavijevié,
2012). The air flow and seed quantity during processing are the
parameters that affect the total duration of the process, the
obtained quantity of seeds, and the total seed losses (Pokié,
2010). An electromagnetic separator machine is used for the
final cleaning of weed seeds. The quality of weed cleaning
depends on the amount of seed passed through the magnetized
cleaning rollers and the proper ratio between water and magnetic
seed cleaning powder (Uhlarik et al., 2018). The data on the
percentage of dodder seeds (Cuscuta spp) are relevant in practice
as they indicate the efficiency of separation and the percentage
of seeds lost in processing (Milosevi¢ et al., 1996). The average
purity of alfalfa seeds obtained using the processing machines
considered are shown in Table 3.

Table 3. The average purity of processed alfalfa seeds

Lot I 1 1l
Seed structure % % %
Pure seed 96.2 a 98.6 a 99.0a
. 0.2
Other species 0 0 red clover
Inert matter 3.8a 1.4ab 0.7b
in 5 g: 2 seeds . .
in 5 g: 3 seeds | of Matricaria Ol'lségdso%'
of Lolium chamomilla, Amaranthus
Weeds perene 1 seed of retrofleksus
and 2 seeds Poa sp and
of Setaria spp 2 seeds o?g(:ztifizegs
Polygonum sp PP
Total 100 100 100

The purity of alfalfa seeds was high, ranging from 96.2 % in
the lot | seeds to 98.6 % and 99.0 % in lot Il and Il seeds,
respectively. The lowest content of inert matter was recorded in
the lot 111 seeds (0.7 %). The inert matter content of the lot I
seeds was 1.4 %, consisting of empty seeds and harvest

and losses on the processing machines used

content of the seed samples analyzed was within the legal limits.
The average purity of the three red clover seed lots considered is
shown in Table 4. The purity of the red clover seeds analysed
was very high: 97.8 % in the lot Il seeds, 99.2 % in the lot Il
seeds and 99.7 % in the lot | seeds. A total of 0.6 % of alfalfa
seeds were found in the lot Il seed sample, whereas two curly
dock seeds (Rumex crispus) were found in the average 50 g
sample of the lot Il seeds. A total of 0.4 % of alfalfa seeds were
found in the lot 11l sample. The lot | seeds contained 0.1 % of
other species seeds (two tall fescue seeds). The lowest content of
inert substances (0.1 %) was recorded in the lot | seeds. The lot
Il seeds had an inert substance content of 0.2 %. The highest
content of inert matter (1.6 %) in the form of soil was found in
the lot Il seeds, as well as 0.2 % of weeds (namely redroot pig
weed (Amaranthus retroflexus) and chamomile (Matricaria
chamomilla) seeds). Weeds accounted for 0.1 % of the 5 g lot |
seed sample with one plantain (Plantago sp) and two chamomile
(Matricaria chamomilla) seeds found. A total of two curly dock
(Rumex crispus) seeds were found in the average 50 g sample of
the lot 11 seeds. No significant difference was found between the
seed lots considered as confirmed by the Tukey's multiple range
tests conducted (p < 0.05; Tables 3 and 4).The amount of natural
seeds of all alfalfa and red clover lots considered, the amount of
their processed seeds, the seed processing output and the seed
losses on the processing machines used are shown in Table 5.
The calculated values of processing output and machine losses
are expressed in percent. In the alfalfa seed samples, the
processing outputs varied from 59.1 % in the lot | seeds to 75.58
% in the lot Il seeds. The smallest losses in alfalfa seed
processing were recorded in the lot Il (14.43 %), whereas the
greatest losses were recorded in the lot Il (19.07 %). In the red
clover seed samples, the processing output was found to be the
lowest in the lot | (65.64 %) and the highest in the lot Il (70.2
%). The red clover seed losses on the processing machines used
were the smallest in the seed lot | (11.3 %) and the greatest in
the seed lot I11 (18.56 %). On balance, the red clover seed losses
were smaller than those of alfalfa as established by the Tukey's
multiple range tests conducted (Table 5).

Table 4. The average purity of processed red clover seeds

Lot | ] 11
Seed structure % % %
Pure seed 99.7 a 99.2 a 97.8a
0.1c
. 0.6a 0.4b
Other species | 2 tall fescue alfalfa alfalfa
seeds
Inert matter 0.1b 0.2b 1.6_a
soil
Yseetoot | 0.2
Matricaria in50g: Amaranthus
Weeds chamomilla 2 seeds of retroflexus,
1 seed of ' | Rumex crispus Matricaria
Plantago sp, chamomilla
Total 100 100 100

Table 5. Alfalfa and red clover processed seeds, processing outpu

t

residues. The highest inert matter of 3.8 % was found in the

lot | seeds. A total of 0.2 % of red clover seeds were found in Species
the processed alfalfa lot 111 seeds. The 5 g working sample of Seed Alfalfa | Red clover
the lot | seeds contained three perennial ryegrass (Lolium | Structure Lot
perene) seeds and two barnyard grass (Setaria spp) seeds. A ' 1 11 | I m
total of two chamomile (Matricaria chamomilla) seeds, one Natural 1345.0 a | 1000.0 ¢ |1132.0 bl 1950.0 b |1437.0 c| 2350.0 a
mixed grass seed (Poa sp) and two knotgrass (Polygonum sp) |_Seed (kg)
seeds were found in the 5 g sample of the lot Il seeds. There | Processed | soc o1 aos ¢ | 833.0a |1280.0 b|1009.0 ¢| 1531.0 a
were 0.1 % of weeds in the 5 g sample of the lot 11l seeds | _Seed (kg)
including one pigweed (Amaranthus retrofleksus) seed and | Processing 591c | 69.6b | 7558a | 65.64b | 702a | 65.15b
two barnyard grass (Setaria spp) seeds. The average weed | output (%)

Losses (%) | 15.56b | 19.07a | 1443b | 11.3b |12.23b| 18.56 a
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CONCLUSION

The purpose of processing alfalfa and red clover seeds is to
obtain as much quality seed as possible. The processing output
of the alfalfa seed lots considered ranged from 59.1 % in the lot |
to 7558 % in the lot Ill. The alfalfa seed losses on the
processing machines used ranged from 14.43 % in the lot Il to
19.07 % in the lot Il. The processing output of the red clover
seed lots considered ranged from 65.15 % in the lot 111 to 70.2 %
in the lot Il. The red clover seed losses were the smallest in the
lot 1 (11.3 %) and the greatest in the lot 111 (18.56 %). In order to
ensure good seed cleaning, appropriate cleaning techniques
should be applied with as little seed loss as possible. Natural
seeds of poor purity and quality lead to seed losses during the
cleaning process. Therefore, the machines for seed processing
should be properly selected and adjusted, depending on the
amount and type of weeds and impurities found in natural seeds.
The results obtained indicate that the processing of natural
alfalfa and red clover seeds and the processed seed output
depend on the initial purity of natural alfalfa and red clover
seeds, i.e. the presence and type of quarantine weeds.
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