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ABSTRACT: Processing consists of sequential operations aimed at cleaning, classifying, and
treating seeds, with the goal of improving the quality of the lot. The aim of this study was
to evaluate the effect of the processing stages on the physical and physiological quality of
chickpea seeds, cultivar BRS Cicero. Seeds were sampled before processing and after passing
through the air screen machine (upper sieve of 12 mm and lower sieve of 7.5 mm), elevators,
storage silo, and gravity table (upper discharge, high intermediate, low intermediate,
and lower discharge). The seeds were evaluated for moisture content, physical purity,
germination test, electrical conductivity test, emergence in sand, emergence speed index,
accelerated aging, and tetrazolium test. The processing resulted in increased physical purity
and reduced percentage of broken seeds in the lot of chickpea seeds. Seeds collected from
the upper and intermediate chutes of the gravity table showed higher germination values.
Seed processing using the air screen machine and the gravity table is effective in improving
the physical and physiological quality of the lot of chickpea seeds, cultivar BRS Cicero.

Index terms: gravity table, pulses, vegetables.

RESUMO: O beneficiamento consiste em operagdes sequenciais que visam limpar, classificar
e tratar as sementes, visando a melhoria da qualidade do lote. Objetivou-se com este
trabalho avaliar o efeito das etapas de beneficiamento na qualidade fisica e fisioldgica de
sementes de grao-de-bico, cultivar BRS Cicero. As sementes foram amostradas antes do
processamento e apos a saida da maquina de ventilador e peneiras (peneira superior de
12 mm e inferior de 7,5 mm), elevadores, silo armazenador e mesa de gravidade (descarga
superior, intermedidria alta, intermedidria baixa e inferior). As sementes foram avaliadas
guanto aosteores de dgua, purezafisica, teste de germinagao, teste de condutividade elétrica,
emergéncia em areia, indice de velocidade de emergéncia, envelhecimento acelerado
e teste de tetrazolio. O beneficiamento promoveu o aumento da pureza fisica e redugdo
do percentual de sementes quebradas no lote de sementes de grdao-de-bico. As sementes
coletadas nas bicas superiores e intermediarias da mesa de gravidade apresentaram valores
superiores de germinagdao. O beneficiamento de sementes, utilizando a maquina de ar e
peneiras e a mesa de gravidade, é eficiente para o aprimoramento da qualidade fisica e
fisioldgica do lote de sementes de grao-de-bico cultivar BRS Cicero.

Termos para indexagao: mesa de gravidade, pulses, hortaligas.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is a Fabaceae species of great importance, being the third most consumed in the world
and constituting around 20% of the world production of legumes (Ullah et al., 2020). In addition to being an excellent
source of protein, chickpeas are rich in carbohydrates, minerals, vitamins, and fiber, differentiating themselves from
other legumes by their higher digestibility and low content of antinutritional substances (Merga and Haji, 2019).

Brazil has only eight chickpea cultivars registered in the National Register of Cultivars (Registro Nacional de Cultivares -
RNC), namely: Ama, Apu, BRS Cicero, BRS Aleppo, BRS Cristalino, BRS Toro, BRS Kalifa and IAC Marrocos (Brasil, 2022). It
should be noted that there is a dimensional variability of seed size according to the cultivar; for instance, the cultivars
IAC Marrocos and BRS Aleppo have medium-sized seeds, while BRS Cicero has larger seeds (Dias et al., 2019).

Processing consists of the process by which sequential operations are carried out on specific equipment, through
which the seeds are cleaned, classified and treated to improve the quality of the lot. However, even with increasingly
precise equipment, which reduces damage and improves the quality of the lot, it is necessary to measure the effects
caused by the processing on quality.

Araujo et al. (2011) observed that the use of air screen machine and the gravity table eliminates undesirable
materials, increasing the physical and sanitary purity of lots of mung bean seeds. Also, Gadotti et al. (2020) observed
that coriander processing was efficient in separating seeds with better sanitary quality, by removing contaminated
seeds. Similar results have been found for other crops, such as castor bean (Santos-Neto et al., 2012) and soybean
(Teles et al., 2013; Juvino et al., 2014; Moreano et al., 2018; Folquini et al., 2022). Regarding chickpea, there is no
information in the literature so far.

Therefore, the aim of this study was to evaluate the effect of the processing stages on the physical and physiological
quality of chickpea (Cicer arietinum L.) seeds, cultivar BRS Cicero.

MATERIAL AND METHODS

Chickpea seeds, cultivar BRS Cicero, were mechanically harvested in a production field of Embrapa-Hortalicas, in
Brasilia-DF, Brazil. The seeds were harvested with 10% moisture content. Subsequently, they were processed at the
Seed Processing Unit (SPU) of the same company, passing through the air screen machine and the gravity table.

After stabilizing the operation of the machines, approximately one hour after the beginning of the process, samples
(seeds) were collected at each stage of the processing, with regular intervals of five minutes between samplings.
Approximately 25 single samples of each treatment were collected, with an average weight of 240 g, obtained at
different points depending on the machines and equipment, according to the flowchart and descriptions presented in
Figure 1 and Table 1.

For each treatment, the single samples were grouped/homogenized into composite samples to form the average
samples (6000 g), which were sent for analysis in the laboratory. Ten treatments were obtained in the various stages of
processing and in the different machines (Table 1 and Figure 1).

In the Laboratory, the quality of the seeds of each treatment was evaluated by the following tests and evaluations:

Moisture content: performed by the oven method at 105 £ 3 °C, with four replications of 25 g of seeds each,
according to Brasil (2009). The results were expressed as a percentage (%).

Physical purity: in four replications of 1,000 g, the components were separated by manual picking with the aid of
tweezers. The results were expressed as percentage of pure seeds (P) and broken seeds (BS) (Brasil, 2009).

Germination: conducted with four replications of 50 seeds, using as substrate the Germitest paper, moistened with
distilled water in the proportion of 2.5 times its dry weight. The paper rolls with the seeds were kept in a germination
chamber at 20 °C. Evaluations were performed at 5 (first count) and 8 days, computing the seedlings considered normal,
and the results were expressed in % (Brasil, 2009).
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Figure 1. Flowchart of the stages of processing of chickpea seeds, indicating the points for collecting the samples to
constitute the treatments (T0, T1, T2, T3, T4, T5, T6, T7, T8 and T9).

Table 1. Description of the treatments, represented by the points of collection of seed samples in the stages of
chickpea processing.

TREATMENTS DESCRIPTION

TO Composed of the raw material (seeds + possible impurities), that is, not processed (T0).

T Material (seeds + possible impurities) collected after passing through the first elevator
and before the air screen machine (ASM)

™ Material (seeds + possible impurities) collected at the ASM, after passing through the 12-mm-
mesh upper sieve (round holes) and before the 7.5-mm-mesh lower sieve (round holes).
Material (seeds + possible impurities) collected at the ASM, which was retained on the

T3 7.5-mm-mesh lower sieve (round holes) and before the second elevator. The purpose of
this sieve is to remove extremely small seeds (< 7.5 mm in diameter).

T4 Material (seeds + possible impurities) collected after passing through the second elevator,
responsible for feeding a storage silo.

T5 Material (seeds + possible impurities) collected at the outlet of the storage silo.

T6 Material (seeds + possible impurities) collected at the upper discharge of the gravity table.

T7 Material (seeds + possible impurities) collected at the high intermediate discharge of the
gravity table.

T8 Material (seeds + possible impurities) collected at the low intermediate discharge of the
gravity table.

T9 Material (seeds + possible impurities) collected at the lower discharge of the gravity table.

Electrical conductivity: performed with four replications of 50 intact seeds, previously weighed on a precision scale.
The seeds were placed in disposable cups with capacity of 200 mL, in which 75 mL of distilled water were added.
The cups with the seeds and water were placed in a germination chamber (B.0.D.) at 25 °C and kept for 24 hours.
Subsequently, the electrical conductivity of the seed soaking solution was read with the conductivity meter, and the
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results were expressed in uS.cm?.g? (Vieira and Krzyzanowsky, 1999).

Emergence in sand: conducted in plastic trays containing sand, using 100 seeds for each treatment, divided into
four replications of 25 seeds, sown at 3 cm depth. The trays were kept under ambient conditions, where irrigation
was done frequently. Emergence percentage was calculated by computing the total seedlings emerged after complete
stabilization of the stand (ten days after setting up the test).

Emergence speed index: calculated with the daily values obtained from the number of plants emerged, from the
first to the last day of duration of the emergence test, according to Maguire (1962). Seedlings with the cotyledons
above the substrate surface were considered emerged (Nakagawa, 1999).

Accelerated aging: performed with four replications of 50 seeds, for each treatment, which were arranged in a
single layer and distributed on a plastic screen, fixed inside a “gerbox” plastic box, containing sodium chloride (NaCl)
solution at the bottom. Then, the boxes were closed and placed in a B.O.D. chamber, at 41 °C, where they were kept
for 24 hours (Dias et al., 2020). After this period, the seeds were placed to germinate according to the methodology
described for the germination test, and the evaluation of the number of normal seedlings was performed at five days
after setting up the test, expressing the results in percentage (%).

Tetrazolium test: performed with four replications of 25 seeds each, placed in pre-conditioning to soak in sheets
of Germitest paper moistened with an amount of water equal to 2.5 times the weight of the dry paper, and kept in a
germination chamber at a temperature of 30 °C for 18 hours. Subsequently, the seeds were subjected to tetrazolium
solution at 0.1% concentration for 6 hours, in a germination chamber, in the dark, at a temperature of 30 °C. After this
period, the solution was drained and then the seed coat was removed. Subsequently, the seeds were longitudinally
sectioned through the embryo using a scalpel, and the internal and external analysis was performed, quantifying the
levels of vigor and viability and identifying the causes of the loss of physiological quality of the seeds, due to mechanical
damage, bugs and/or humidity (Paraiso et al., 2019).

Finally, the seeds were subjected to the classification proposed by Paraiso et al. (2019), as follows: Class 1 - viable
and vigorous seeds, with absence of lesions; Class 2 - viable and vigorous seeds, with superficial lesions distant from the
vital parts; Class 3 - viable and non-vigorous seeds, with lesions in the embryonic axis that did not affect the vascular
cylinder; Class 4 - non-viable seeds, with damage to vital parts, compromising the normal development of the seedling.

The results were expressed as percentage of viable seeds (TZVB) (classes 1, 2 and 3), percentage of vigorous seeds
(TZVG) (class 1 and 2), percentage of seeds with mechanical damage (TZMD) (class 2, 3 and 4), and percentage of seeds
without damage (SWoD) (class 1) (Paraiso et al., 2019).

The experimental design was completely randomized, with ten treatments and four replications. The data were
evaluated for normality and homogeneity of the residuals by the Kolmogorov-Smirnov and Layard/Samiuddin tests,
respectively. Then, they were subjected to analysis of variance (p <0.05) by means of the F test and, when significant,
the means were compared by Tukey test (p <0.05). It is worth pointing out that the TZVB variable did not show normality
and, therefore, was evaluated by the Kruskal-Wallis test at 5% probability level.

RESULTS AND DISCUSSION

The analysis of variance of the data related to the evaluated characteristics is shown in Table 2, except for TZVB, which
did not show normality. It can be observed that the variables moisture content, accelerated aging, seedling emergence,
emergence speed index, vigor by the tetrazolium test, mechanical damage by the tetrazolium test and seeds without
damage by the tetrazolium test did not show statistical difference between the treatments evaluated (P > 0.05). However,
the other variables, such as purity, broken seeds, first germination count, germination and electrical conductivity, were
influenced by the different stages of processing (P < 0.05).

The initial moisture content of the seeds did not differ statistically between processing stages, with a mean value
of 10.1% (Table 3). This similarity of values is important so that quality tests are not affected. Marcos-Filho (2016)
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Table 2. Summary of the analysis of variance (P value and coefficient of variation — CV) of the data regarding moisture
content (MC), purity (P), broken seeds (BS), first germination count (FGC), germination (G), seedling emergence
(E), emergence speed index (ESI), electrical conductivity (EC), accelerated aging (AA), vigor by tetrazolium
test (TZVG), mechanical damage by tetrazolium test (TZMD) and seeds without damage by tetrazolium test
(SWoD), according to the stages of the processing of chickpea seeds, cultivar BRS Cicero.

Factor of Variation MC P BS FGC G E
Processing Stages 0.0571 <0.0001 <0.0001 0.0013 0.04215 0.8876
CV (%) 1.39 2.32 11.68 7.04 7.8 21.82
Factor of Variation ESI EC AA TZVG TZMD SWoD
Processing Stages 0.0859 0.0347 0.8516 0.5607 0.1093 0.1224
CV (%) 26.11 5.99 10.03 16.78 15.54 42.97

Table 3. Moisture content (MC), purity (P), broken seeds (BS) and germination (G), according to stages of processing
of chickpea seeds, cultivar BRS Cicero.

MC** p* BS* G*
Treatment
(%) (%) (%) (%)
TO-raw sample 10.1a 84.27 e 12.82 b 74.5 ab
T1l-elevator 1 11.0a 83.38 e 12.75b 81.5ab
T2-12 mm sieve 11.0a 85.29 de 12.87 b 73.5ab
T3-7.5 mm sieve 11.0a 91.88 bc 8.07 cd 77.5 ab
T4-elevator 2 109 a 91.51c 8.20¢c 72.8ab
T5-storage silo 109 a 89.33 cd 10.42 bc 79.0 ab
T6-upper discharge 10.8 a 96.35 ab 3.64 de 77.0ab
T7-high intermediate discharge 10.8a 96.84 a 3.15e 84.0a
T8-low intermediate discharge 10.8 a 92.13 bc 7.86 cd 79.0 ab
T9-lower discharge 11.1a 20.93f 78.62 a 68.5b
Mean 10.8 - - -

*Means followed by the same letter in the column do not differ statistically from each other by Tukey test at 5% probability level; **Means
followed by the same letter in the column do not differ statistically from each other by the F test at 5% probability level.

reports that seed moisture content directly influences several aspects of physiological quality, such as the speed of
deterioration and, therefore, its determination is fundamental in official quality tests of seed lots.

In the different stages of processing, it was observed that the physical purity ranged from 20.93 to 96.84 % (Table 3). It
is observed that the material collected from the lower discharge of the gravity table (T9) had the lowest purity value,
while samples collected from the upper (T6) and high intermediate (T7) discharges had the highest values (96.35
and 96.84%, respectively). It is worth pointing out that, at the lower discharge of the gravity table (T9), there was a
predominance of empty pods and pieces of plants, which was already expected, because these materials are lighter.
The principle of use of the gravity table in seed processing is to separate the seeds of lower specific weight (lower
physiological quality) and then conduct them to the lower discharge of the instrument (Moreano et al., 2013).

According to Normative Instruction No. 42 of the Ministry of Agriculture, Livestock and Food Supply (MAPA),
the minimum purity standard for the marketing of certified chickpea seeds (C1 and C2) is 97% (Brasil, 2019). It can
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be observed that the purity of T6 and T7 is very close to 97%; however, it is recommended to make more precise
adjustments in the gravity table to reach the marketing standard.

Therefore, the importance of using the air screen machine and gravity table in the processing of chickpea seeds is
highlighted. Similar results have been found for seeds of soybean (Moreano et al., 2013; Teles et al., 2013) and mung
beans (Araujo et al., 2011), for which the use of the air screen machine and gravity table substantially improves the
final quality of the seed lots.

The percentage of broken seeds ranged from 3.15 to 78.62 % (Table 3). It is observed that the lower discharge of the
gravity table (T9) had higher values of broken seeds (78.62%), which was already expected, as the material collected
has lower specific weight. In addition, the TO treatment (raw lot, without processing), had 12.82% of broken seeds,
highlighting that the harvest caused mechanical damage to the seeds.

The processing of seeds reduced the percentage of broken seeds, especially after the passage of seeds in the air
screen machine (T3) and gravity table (T6 and T7), with values of 8.07, 3.64 and 3.05%, respectively (Table 3).

Also in Table 3, it can be seen that germination did not show great distinction in its value during processing, with
only one statistical difference, when the seeds collected at the high intermediate discharge of the gravity table (T7) had
higher germination values than seeds collected at the lower discharge (T9). Similar results were found in the processing
of mung bean seeds (Araujo et al., 2011). Moreano et al. (2013) verified in their study that the cleaning machine did
not improve the physiological quality of soybean seeds, but this characteristic was improved after the passage of the
seeds on the gravity table.

It should also be noted that seed germination ranged from 68.50 to 84.0%, in accordance with Normative Instruction
No. 42 of the Ministry of Agriculture, Livestock and Food Supply (MAPA), which establishes the minimum value of 60%
for the marketing of certified chickpea seeds (C1 and C2) in Brazil (Brasil, 2019). Therefore, it was observed that, in all
stages of processing, the seeds had germination higher than that required by the Brazilian legislation.

The results of the first germination count, electrical conductivity, accelerated aging, emergence, emergence speed
index tests are presented in Table 4. The values of the first germination count were close to those of the germination
count, especially for seeds from the lower discharge of the gravity table (T9), which led to the lowest percentage of
normal seedlings (68.50%). Regarding the results of electrical conductivity, its values ranged from 115.36 to 135.57

Table 4. First germination count (FGC), electrical conductivity (EC), accelerated aging (AA), emergence (E) and
emergence speed index (ESI), according to stages of processing of chickpea seeds, cultivar BRS Cicero.

Treatment FGC* EC* AA** E** ESI**

(%) ps.cm*.g* (%) (%)
TO-raw sample 71.75 ab 115.36 b 69.50 a 56.0a 9.5a
T1-elevator 1 76.75 ab 122.59 ab 70.50a 53.0a 9.4a
T2-12 mm sieve 68.50 b 121.72 ab 67.0a 52.0a 9.1a
T3-7.5 mm sieve 75.0 ab 131.06 ab 71.0a 53.0a 12.2a
T4-elevator 2 67.75 b 126.29 ab 74.50 a 62.0a 11.8a
T5-storage silo 79.0 ab 130.35ab 70.0a 56.0a 114 a
T6-upper discharge 77.0ab 130.75 ab 72.25a 55.0a 9.5a
T7-high intermediate discharge 84.0a 131.04 ab 76.0a 58.0a 12.2a
T8-low intermediate discharge 78.5 ab 126.93 ab 70.0a 58.0a 14.6a
T9-lower discharge 68.50 b 135.57 a 71.75a 47.0a 8.3a
Mean - - 71.25%. 55.0% 10.8

*Means followed by the same letter in the column do not differ statistically from each other by Tukey test at 5% probability level; **Means
followed by the same letter in the column do not differ statistically from each other by the F test at 5% probability level.
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uS.cm™.g?, and the treatments raw sample (T0) and lower discharge of the gravity table (T9) had the lowest and highest
values, respectively.

According to Haesbaert et al. (2017), higher values of electrical conductivity are related to a greater release of
exudates to the external environment through the cell membrane, indicating that the seeds are more deteriorated.
Therefore, the higher values found in the lower discharge of the gravity table (T9) indicate that the seeds of this
treatment show possible damage to these structures, thus corroborating the results obtained in the germination test.

Most of the seeds from the T9 sampling point are immature, defective, light and malformed. Immature, defective
and malformed seeds have deficient organization of their cell membranes and, therefore, allow greater release of
leachate into the solution in the electrical conductivity test (Gongalves et al., 2015). Except for T9, the raw sample
treatment (TO) did not differ statistically from the other stages, highlighting that the machines did not affect the
electrical conductivity throughout processing.

Table 4 also shows that the variables accelerated aging, seedling emergence and emergence speed index did not
differ as a function of the processing stages, with mean values of 71.25%, 55.0% and 10.8, respectively. The accelerated
aging testisimportant to determine which seeds are more vigorous and therefore more tolerant to high air temperatures
and relative humidity (Araujo et al., 2021), while the seedling emergence test is important to predict seed behavior in
the field, where the conditions are not always favorable.

The results of viability (TZVB), vigor (TZVG), mechanical damage (TZMD) and seeds without damage by the
tetrazolium test (SWoD) for chickpea seeds are described in Table 5. There was no statistical difference (p > 0.05) in any
of these variables. The mean values of viability (TZVB), vigor (TZVG), mechanical damage (TZMD) and seeds without
damage (SWoD) were 99.6, 66.9, 73.3 and 24.7%, respectively. The results of viability by the tetrazolium test (TZVB)
did not correspond to those of germination, which showed lower means, regardless of the treatment evaluated. This
is related to the cultivar BRS Cicero, which, due to its characteristics (genetic quality, intrinsic to the cultivar, and large
seeds, hence more susceptible to mechanical damage), has shown lower physiological quality (germination) when
compared to other chickpea cultivars, such as BRS Aleppo (Dias et al., 2019).

Table 5. Viability (TZVB), vigor (TZVG), mechanical damage (TZMD) and seeds without damage (SWoD) by tetrazolium
test according to stages of processing of chickpea seeds, cultivar BRS Cicero.

TZVB* TZVG** TZMD** SWoD**
Treatment

(%) (%) (%) (%)
TO-raw sample 100 a 68 a 84 a 16 a
T1-elevator 1 100 a 66 a 79 a 21a
T2-12 mm sieve 100 a 58 a 85a 15a
T3-7.5 mm sieve 100 a 73 a 69 a 31a
T4-elevator 2 100 a 69 a 67 a 33a
T5-storage silo 99a 60 a 73 a 27 a
T6-upper discharge 100 a 72 a 67 a 33a
T7-high intermediate discharge 100 a 62 a 78 a 22a
T8-low intermediate discharge 97 a 71a 66 a 33a
T9-lower discharge 100 a 70 a 65 a 16 a
Mean 99.6 66.9 73.3 24.7

*Means followed by the same letter in the column do not differ statistically from each other by the Kruskal-Wallis test at 5% probability level;
**Means followed by the same letter in the column do not differ statistically from each other by the F test at 5% probability level.
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It was observed that, regardless of the processing stages, the chickpea seeds already had high levels of initial
mechanical damage, which is related to the harvesting process. To have quality seeds, a good regulation of the harvester
to reduce the level of damage during harvest and threshing is of paramount importance (Holtz and Reis, 2013). In
addition, the regulation must be adjusted according to the crop, genetic material and seed moisture content. It is also
known that chickpea seeds, as well as common bean and soybean seeds, for having the embryonic axis relatively close
to the external surface and a not very thick seed coat, are quite susceptible to mechanical damage (Pinto et al., 2012;
Neves et al., 2016).

The effects of mechanical damage to seeds are immediate or latent. Immediate ones are easily characterized
by naked-eye observation of broken seed coats and separated and/or broken cotyledons. In latent ones, there are
microscopic cracks and/or abrasions or internal damage in the embryo, where germination may not be immediately
affected, but the vigor, storage potential and performance of the seed in the field are reduced (Holtz and Reis, 2013).

With the results of the present study, the importance of processing in improving the physical and physiological
characteristics of chickpea seeds has been proved. It was observed that this process is fundamental to increase the
physical purity of the lot, especially the gravity table, more specifically the high intermediate discharge and the upper
discharge, T7 and T6, respectively, which are in general the points of greatest gains. For soybean and common bean,
it was observed that seeds discharged in the upper part of the discharge zone of the gravity table had significantly
higher physical and physiological qualities than seeds discharged in the middle and lower parts (Buitrago et al., 1991;
Moreano et al., 2013), results similar to those of the present study. Although the processing contributes to improving
the physiological quality of the seed lot, it is known that this characteristic is determined in the field and not in the seed
processing units.

CONCLUSIONS

Seed processing using air screen machine and the gravity table is efficient forimproving the physical and physiological
quality of the lot of chickpea seeds, cultivar BRS Cicero.

ACKNOWLEDGEMENTS

This study was financed in part by the Coordenac¢do de Aperfeicoamento de Pessoal de Nivel Superior - Brasil
(CAPES) - Finance Code 001.

REFERENCES

ARAUIJO, R.F; ARAUJO, E.F.; ZONTA, J.B.; VIEIRA, R.F.; DONZELES, S.M.L.D. Fluxograma de beneficiamento para sementes de
feijdo-mungo-verde (Vigna radiata L.). Revista Brasileira de Sementes, v.33, n.3, p.387-394, 2011. https://doi.org/10.1590/50101-
31222011000300001

ARAUJO, J.0.; DIAS, D.C.FS.; NASCIMENTO, W.M.; MARTINS, A.O.; LIMAO, M.A.R. Accelerated aging test and antioxidant
enzyme activity to assess chickpea seed vigor. Journal of Seed Science, v.43, n.1, p.1-12, 2021. http://dx.doi.org/10.1590/2317-
1545v43253934

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento. Regras para Andlise de Sementes. Ministério da Agricultura, Pecudria
e Abastecimento. Secretaria de Defesa Agropecudria. Brasilia, DF: MAPA/ACS, 2009. 399p. https://www.gov.br/agricultura/pt-br/
assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf

BRASIL. MinistériodaAgricultura, Pecuariae do Abastecimento. Instrugcdo Normativan242, de 17 de setembro de 2019. Diario Oficial da
Unido, Brasilia: DF, 2019. 6p. https://pesquisa.in.gov.br/imprensa/jsp/visualiza/index.jsp?data=19/09/2019&jornal=515&pagina=6
Access on: Nov. 13, 2021.

BRASIL. RNC: Registro Nacional de Cultivares - RNC Descri¢do e finalidade. Brasilia: DF, 2022. https://sistemas.agricultura.gov.br/
snpc/cultivarweb/cultivares_registradas.php

Journal of Seed Science, v.45, e202345025, 2023


https://doi.org/10.1590/S0101-31222011000300001
https://doi.org/10.1590/S0101-31222011000300001
http://dx.doi.org/10.1590/2317-1545v43253934
http://dx.doi.org/10.1590/2317-1545v43253934
https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf
https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf
https://pesquisa.in.gov.br/imprensa/jsp/visualiza/index.jsp?data=19/09/2019&jornal=515&pagina=6
https://sistemas.agricultura.gov.br/snpc/cultivarweb/cultivares_registradas.php
https://sistemas.agricultura.gov.br/snpc/cultivarweb/cultivares_registradas.php

Processing on the quality of chickpea seeds 9

BUITRAGO, I.C.; VILLELA, F.; TILLMANN, M.A.A.; SILVA, J.B. Perdas e qualidade de sementes de feijdo beneficiadas em maquinas de
ventiladores e peneiras e mesa de gravidade. Revista Brasileira de Sementes, v.13, n.2, p.99-104, 1991. https://www.agrolink.com.
br/downloads/81552.pdf

DIAS, L.B.X.; QUEIROZ, P.A.M.; FERREIRA, L.B.S.; FREITAS, M.A.M.; LEAO-ARAUJO, E.F,; SILVA, P.P.; NASCIMENTO, W. M. Accelerated
ageing as a vigour test on chickpea seeds. Australian Journal of Crop Science, v.14,n.1, p.339-346, 2020. http://dx.doi.org/10.21475/
2jcs.20.14.02.p1957

DIAS, L.B.X.; QUEIROZ, P.A.M.; FERREIRA, L.B.S.; SANTOS, W.V.; FREITAS, M.A.M.; SILVA, P.P.; NASCIMENTO, W.M.; LEAO-ARAUJO,
E.F. Teste de condutividade elétrica e embebicdo de sementes de grdao-de-bico. Revista Brasileira de Ciéncias Agrdrias, v.14, n.2,
p.1-8, 2019. https://doi.org/10.5039/agraria.v14i2a5641

FOLQUINI, P.; COELHO, C.M.M.; NERLING, D. Quality of soybean seeds sampled during processing. Journal of Seed Science, v.44,
€202244011, 2022. http://dx.doi.org/10.1590/2317-1545v44259615

GADOTTI, G.l; HORNKE, N.F; CAVALCANTE, J.A; SILVA, J.G; GONCALVES, V.P; CAPILHEIRA, A.F. Efficiency of the gravity table in the
processing of coriander seeds. Horticultura Brasileira, v.38, n.2, p.211-216, 2020. https://doi.org/10.1590/50102-053620200214

GONCALVES, V.D.; MULLER, D.H.; FAVA, F.F.L.C.; CAMILI, E.C. Maturagdo fisioldgica de sementes de pimenta ‘bode vermelha’. Revista
Caatinga, v.28, n.3, p.137-146, 2015. https://doi.org/10.1590/1983-21252015v28n316rc

HAESBAERT, F.M.; LOPES, S.J.; MERTZ, L.M.; LUCIO, A.D.; HUTH, C. Tamanho de amostra para determinacdo da condutividade
elétrica individual de sementes de girassol. Bragantia, v.76, n.1, p.54-61, 2017. https://doi.org/10.1590/1678-4499.389

HOLTZ, V.; REIS, E.F. Perdas na colheita mecanizada de soja: uma analise quantitativa e qualitativa. Revista Ceres, v.60, n.3, p.347-
353, 2013. https://doi.org/10.1590/S0034-737X2013000300007

JUVINO, A.N.K.; RESENDE, O.; COSTA, L.M.; SALES, J.F. Vigor da cultivar BMX Poténcia RR de soja durante o beneficiamento e
periodos de armazenamento. Revista Brasileira de Engenharia Agricola e Ambiental, v.18, n.8, p.844-850, 2014. https://doi.
org/10.1590/1807-1929/agriambi.v18n08p844-850

MARCOS-FILHO, J. Seed Physiology of Cultivated Plants. Londrina: ABRATES, 2016. 616p.

MAGUIRE, J.D. Speed of germination aid in selection and evaluation for seedling emergence and vigor. Crop Science, v.2,n.2, p.176-
77,1962. https://doi.org/10.2135/cropscil962.0011183X000200020033x

MERGA, B.; HAJI, J. Economic importance of chickpea: production, value, and world trade. Cogent Food and Agriculture, v.5, n.1,
p.1-12, 2019. https://doi.org/10.1080/23311932.2019.1615718

MOREANO, T.B.; BRACCINI, A.L.; SCAPIM, C.A.; FRANCA-NETO, J.B.; KRZYZANOWSKI, F.C.; MARQUES, O.J. Physical and physiological
qualities of soybean seed as affected by processing and handling. Journal of Seed Science, v.35, n.4, p.466-477, 2013. https://www.
scielo.br/j/jss/a/9cPgCkzDdfWIKPwfvT94ZDQ/?lang=en

MOREANO, T.B.; MARQUES, O.J.; BRACCINI, A.L.; SCAPIM, C.A.; FRANCA-NETO, J.B.; KRZYZANOWSKI, F.C. Evolution of the physical
and physiological quality of soybean seeds during processing. Journal of Seed Science, v.40, n.3, p.313-322, 2018. https://doi.
org/10.1590/2317-1545v40n3198414

NAKAGAWA, J. Testes de vigor baseados no desempenho das plantulas. In: KRZYZANOWSKI, F.C.; VIEIRA, R.D.; FRANGCA NETO, J.B.
(Eds.). Vigor de sementes: conceitos e testes. Londrina: ABRATES, 1999. p.1-21.

NEVES, J.M.G.; OLIVEIRA, J.A,; SILVA, H.P.; REIS, R.G.E.; ZUCHI, J.; VIEIRA, A. Quality of soybean seeds with high mechanical damage
index after processing and storage. Revista Brasileira de Engenharia Agricola e Ambiental, v.20, n.11, p.1025-1030, 2016. https://
doi.org/10.1590/1807-1929/agriambi.v20n11p1025-1030

PARAISO, H.A.; BRANDAO-JUNIOR, D.S.; AVELAR, R.L.S.; COSTA, C.A; GOMES, L.S.P.; NASCIMENTO, W.M. Adjustments in the
tetrazolium test methodology for assessing the physiological quality of chickpea seeds. Journal of Seed Science, v.41, n.1, p.7-12,
2019. https://doi.org/10.1590/2317-1545v41n1187777

PINTO, T.L.F.; MONDO, V.H.V.; GOMES-JUNIOR, F.G.; CICERO, S.M. Analise de imagens na avaliagdo de danos mecanicos em sementes
de soja. Pesquisa Agropecudria Tropical, v.42, n.3, p.310-316, 2012. https://doi.org/10.1590/51983-40632012000300010

SANTOS-NETO, A.L.; CARVALHO, M.L.M.; OLIVEIRA, J.A.; FRAGA, A.C.; SOUZA, A.A. Use of densimetric table to improve the quality
of commercial castor bean seeds. Revista Brasileira de Sementes, v.34, n.4, p.549-555, 2012. http://dx.doi.org/10.1590/s0101-
31222012000400004

Journal of Seed Science, v.45, e202345025, 2023


https://www.agrolink.com.br/downloads/81552.pdf
https://www.agrolink.com.br/downloads/81552.pdf
http://dx.doi.org/10.21475/ajcs.20.14.02.p1957
http://dx.doi.org/10.21475/ajcs.20.14.02.p1957
https://doi.org/10.5039/agraria.v14i2a5641
http://dx.doi.org/10.1590/2317-1545v44259615
https://doi.org/10.1590/S0102-053620200214
https://doi.org/10.1590/1983-21252015v28n316rc
https://doi.org/10.1590/1678-4499.389
https://doi.org/10.1590/S0034-737X2013000300007
https://doi.org/10.1590/1807-1929/agriambi.v18n08p844-850
https://doi.org/10.1590/1807-1929/agriambi.v18n08p844-850
https://doi.org/10.2135/cropsci1962.0011183X000200020033x
https://doi.org/10.1080/23311932.2019.1615718
https://www.scielo.br/j/jss/a/9cPgCkZDdfWJKPwfvT94ZDQ/?lang=en
https://www.scielo.br/j/jss/a/9cPgCkZDdfWJKPwfvT94ZDQ/?lang=en
https://doi.org/10.1590/2317-1545v40n3198414
https://doi.org/10.1590/2317-1545v40n3198414
https://doi.org/10.1590/1807-1929/agriambi.v20n11p1025-1030
https://doi.org/10.1590/1807-1929/agriambi.v20n11p1025-1030
https://doi.org/10.1590/2317-1545v41n1187777
https://doi.org/10.1590/S1983-40632012000300010
http://dx.doi.org/10.1590/s0101-31222012000400004
http://dx.doi.org/10.1590/s0101-31222012000400004

10 S.G.F. Santos et al.

TELES, H.F,; PIRES, L.L.; CUNHA, M.G.; SANTOS, F.P.; AMELOTI-NETO, F. Incidence of Sclerotinia sclerotiorum and the physical and
physiological quality of soybean seeds based on processing stages. Journal of Seed Science, v.35, n.4, p.409-418, 2013. https://
www.scielo.br/j/jss/a/qZGsfMYsFnKvwhvHPPTRjHL/?lang=en

ULLAH, S.; KHAN, J.; HAYAT, K.; ELATEEQ, A.A.; SALAM, U.; YU, B.; MA, Y.; WANG, H.; TANG, Z. Comparative study of growth, cadmium
accumulation and tolerance of three chickpea (Cicer arietinum L.) cultivars. Plants, v.9, n.3, p.1-18, 2020. https://doi.org/10.3390/
plants9030310

VIEIRA, R.D.; KRZYZANOWSKI, F.C. Teste de condutividade elétrica. In: KRZYZANOWSKI, F.C.; VIEIRA, R.D.; FRANCA NETO, J.B. (Eds.).
Vigor de sementes: conceitos e testes. Londrina: ABRATES, 1999. p.1-26.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Seed Science, v.45, e202345025, 2023


https://www.scielo.br/j/jss/a/qZGsfMYsFnKvvhvHPPTRjHL/?lang=en
https://www.scielo.br/j/jss/a/qZGsfMYsFnKvvhvHPPTRjHL/?lang=en
https://doi.org/10.3390/plants9030310
https://doi.org/10.3390/plants9030310

	_Hlk137459671

