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ABSTRACT: The use of computational resources to assess the physiological potential of
seeds has attracted the attention of researchers and professionals in the seed sector. The
aim of this study was to evaluate the vigor of cowpea seeds using the Vigor-S software
(Automated Seed Vigor Analysis System), in comparison to the information provided by
traditional vigor tests that are recommended for the species. Seven seed lots of the cultivar
BRS Guariba were used. They underwent germination and seed vigor assessment by testing
first germination count, accelerated aging, electrical conductivity, seedling emergence,
speed of seedling emergence and use of Vigor-S, an automated image system for seedling
assessment, in two evaluation periods. The data underwent analysis of variance, in a
completely randomized design and their means were compared by the Scott-Knott test (p <
0.05). An analysis was made of the correlation between the vigor tests traditionally used and
the variables provided by Vigor-S. Using the Vigor-S software for automated image analysis
of cowpea seedlings three days after sowing is an efficient alternative to detect differences
in vigor between seed lots, similarly to traditional seed vigor evaluations.

Index terms: Vigna unguiculata (L.) Walp, image analysis, seedling performance.

Avaliacao do vigor de sementes de feijao-caupi por meio do software
Vigor-S

RESUMO: O uso de recursos computacionais para a avaliagdo do potencial fisioldgico de
sementes tem atraido atencdo de pesquisadores e profissionais do setor sementeiro. O
objetivo deste estudo foi a avaliacdo do vigor de sementes de feijdo-caupi com a utilizagdo do
software Vigor-S (Sistema de Analise Automatizada do Vigor de Sementes). Foram utilizados
sete lotes de sementes do cultivar BRS Guariba que foram submetidos aos testes de primeira
contagem de germinacgao, envelhecimento acelerado, condutividade elétrica, emergéncia
de plantulas, velocidade de emergéncia de plantulas e sistema computadorizado de imagens
de plantulas (Vigor-S), avaliados em duas épocas. Os dados foram submetidos a analise da
variancia, em delineamento inteiramente casualizado e suas médias comparadas pelo teste
de Scott-Knott (p < 0,05) e a anadlise de correlagdo entre os testes de vigor tradicionalmente
utilizados e as variaveis fornecidas pelo Vigor-S. A analise computadorizada de imagens de
plantulas de feijdo-caupi com trés dias apds a semeadura por meio do software Vigor-S é
uma alternativa eficiente para detectar diferencas de vigor entre os lotes de sementes, de
forma similar as avaliagGes tradicionais do vigor de sementes.

Termos para indexagdo: Vigna unguiculata (L.) Walp, analise de imagens, desempenho de
plantulas.
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INTRODUCTION

The cowpea (Vigna unguiculata L. Walp) is an important plant species for the North, Northeast and Mid-West
regions of Brazil, whose production of seeds and grains is estimated at 122 and 712.6 thousand tons, respectively
(Brasil, 2020; CONAB, 2020). One of the most common problems faced by farmers when growing this species is low
seed quality. Many seeds are multiplied and stored by producers themselves between agricultural cycles (Smiderle et
al., 2017), which may further increase the loss of physiological quality before sowing is actually performed.

Quick detection of the vigor of cowpea seeds is essential to avoid loss of seed quality (and, consequently,
commercial losses) and to enable sowing. Thus, there has been ongoing research into alternative methods for seed
vigor assessment to compare their efficiency with that of traditional vigor tests. An example is automated seed vigor
assessment, e.g., automated analysis of seedling images, which is a feasible and promising alternative for seed vigor
assessment (Castan et al., 2018).

The use of this technique has been increasingly frequent, especially with the development of systems based on the
use of scanners to capture images — for example, the software Seed Vigor Imaging System — SVIS®, initially developed to
assess lettuce seed vigor (Sako et al., 2001) and later adapted to other species such as soybeans (Wendt et al., 2014)
and beans (Gomes-Junior et al., 2014). More recently, as a result of a partnership between the Universidade de Sdo
Paulo (USP/ESALQ) and the Brazilian Agricultural Research Corporation (Embrapa Instrumentagdo), and supported by the
Fundagdo de Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP), a group of researchers have developed an “Automated
Seed Vigor Analysis System (Vigor-S)”, whose vigor assessment efficiency has already been proven for corn seeds (Castan
et al., 2018), common beans (Medeiros et al., 2019), soybeans (Rodrigues et al., 2020) and melon (Leite et al., 2020).

Notably, Vigor-S was developed with the objective of assessing the physiological potential of corn and soybean
seeds. Although its simple, practical and fast seed quality assessment has been effectively applied to some other
particular species, the use of the automated seed vigor analysis methodology with the software Vigor-S is not yet
established for cowpea seeds.

Given the need to extend this methodology to other species, the aim of this study was to evaluate the efficiency
of the technique of automated seedling analysis using the software Vigor-S to detect the vigor of cowpea seeds in
different lots, and compare the outcomes with the information provided by traditional vigor tests recommended for
the species.

MATERIAL AND METHODS

The experiment used certified cowpea seeds from seven lots of cultivar BRS Guariba, produced in the 2017/2018
crop year. The seeds were donated by the company Sementes Tomazetti, located in the municipality of Primavera do
Leste, Mato Grosso, Brazil. Characterization of the lots was performed by applying the germination test, traditional
vigor tests, and automated seedling analysis by Vigor-S, as described below. The assessments were carried out in two
different periods with a four-month interval. During the experiment, the seeds were placed in a porous package and
stored in a dry chamber (20 °C and 50% relative humidity).

Moisture content: determined by the greenhouse method; two replicates with approximately 4.0 g of seeds for
each lot were maintained in a greenhouse at 105 + 3 °C for 24 hours, according to the Rules for Seed Testing (Brasil,
2009). The results were expressed as a percentage (wet basis).

Germination: the test used four replicates of fifty seeds per lot, with sheets of paper towel as substrate, previously
moistened with water at 2.5 times the dry paper weight and kept in a germinator at 25 °C, in the dark. The assessments
were performed on the fifth (first germination count) and eighth day after sowing by counting the number of normal
seedlings. The results were expressed as percentage of normal seedlings (Brasil, 2009).

Accelerated aging: four replicates of fifty seeds from each lot were distributed in a single layer on a suspended
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screen inside a transparent plastic box (11 x 11 x 3 cm), containing 40 mL of distilled water. The plastic boxes were kept
in a BOD incubator, set at 42 °C, for 48 hours, according to the methodology described by Dutra and Tedfilo (2007).
Subsequently, the aged seeds underwent the germination test, as described above; the assessments were carried out
on the fifth day after the germination test had been installed, and the number of normal seedlings was counted (Brasil,
2009). The results were expressed as a percentage.

Electrical conductivity: four replicates of fifty seeds were accurately weighed on a scale and subsequently placed to
soak in plastic cups (200 mL) containing 75 mL of deionized water and kept in a germinator for sixteen hours at 25 °C
(Dutra et al., 2006). The electrical conductivity readings were taken with the aid of a “DIGIMED DM-31" conductivity
meter and the mean values were expressed as uS.cm™.g? of seeds.

Seedling emergence in sand: four replicates of fifty seeds from each lot were distributed over a 6 cm layer of
medium textured sand, placed in plastic boxes (32 x 28 x 10 cm). After sowing, the seeds were covered with a thin
layer of 3 cm of sand and, subsequently, irrigation was carried out to 60% of the substrate’s water retention capacity.
The assessments were performed on a daily basis by counting the number of emerged seedlings until the seventh day
after the installation of the test. Average seedling emergence percentage was determined for each lot and the seedling
emergence speed index (ESI) was calculated, using the method proposed by Maguire (1962).

Automated seedling analysis (Vigor-S): five replicates of twenty seeds were used for each lot, distributed in two rows in
the upper third on two sheets of paper towel and covered with a third sheet (Figure 1a). The substrate was moistened with
water at 2.5 times the substrate weight, and the paper towel rolls were kept in a germinator at 25 °C, in the dark (Figure
1b). After three days, the seedlings from each replicate were transferred from the paper towel rolls to a 30 cm x 22 cm

Figure 1. Steps for computer analysis: installation of the seed germination test (a); substrate positioned at a near-
vertical angle (75 to 85° from the horizontal axis) (b); image acquisition by an inverted scanner (c) and analysis
window of cowpea seedlings scanned and processed by the software Vigor-S (d).
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blue Ethylene Vinyl Acetate (EVA) sheet, corresponding to the usable area of an HP Scanjet 200 scanner, installed upside
down inside an aluminum box (60 x 50 x 12 cm), adjusted to a 300-dpi resolution and connected to a computer (Figure 1c).
In the software, the following settings were applied: for growth and uniformity values, the percentages of 70% and 30%
were adopted, respectively; the hypocotyl and primary root values were set at 10% and 90%, respectively. The images were
processed by the software Vigor-S (Figure 1d) to determine the vigor and development uniformity indexes, within a range
from 0 to 1000. Seed vigor was proportional to these values, according to Castan et al. (2018). In addition, average values
were also determined for the length of all seedlings. Data were exported to a spreadsheet for subsequent analysis.

Statistical analysis: the data underwent analysis of variance in a completely randomized design, and the means were
compared by the Scott-Knott test (p < 0.05). Pearson’s correlation coefficients (r) were calculated for all combinations
between the vigor tests traditionally used and the variables provided by Vigor-S, in which the significance of r values
was determined by the t-test (p < 0.05). Statistical analyses were performed using the software R, version 3.5.1 (R Core
Team, 2020). Correlation was analyzed on the basis of the classification proposed by Figueiredo-Filho et al. (2014), in
which coefficients from 0.1 to 0.3 are considered as weak; from 0.4 to 0.6, moderate; and above 0.7, strong.

RESULTS AND DISCUSSION

The variation in moisture content between seed lots at the beginning of the assessments and after accelerated
aging was not greater than two percentage points (Table 1); thus, it did not interfere with the performance of seed lots
(Marcos-Filho, 2015a). Also, based on the analysis of variance (shown in Table 1), differences (p < 0.05) were found in
germination and vigor between the seed lots evaluated in the two assessment periods.

The findings of the germination test showed that lots 1, 3 and 4 were significantly better than the others in the
first evaluation period; in the second period, the lots were more stratified: lots 1 and 3 had the highest germination
potential, and lots 6, 7 and 2, the lowest potential, while the other lots had intermediate potential. In general, all lots
showed germination percentages within the standards for commercialization of cowpea seeds in Brazil, which currently
corresponds to a minimum of 80% germination (Brasil, 2013).

Table 1 shows that first count and accelerated aging tests indicated that lots 1, 3 and 4 had the greatest vigor;
lot 2 had less vigor and the other lots had an intermediate level of vigor in the first evaluation period. In the second
assessment period, for first count, only lot 1 showed high vigor; lots 2 and 7 showed the least vigor again and the other
lots had intermediate vigor. For accelerated aging, lots 1, 4, 3 and 5 had better results in comparison to the others.

In the electrical conductivity test in the first assessment period, lots 1 and 3 had more vigor than the others; in the
second assessment period, lots 1 and 3 were the most vigorous again; by contrast, lots 2 and 7 were the least vigorous,
while the other lots had intermediate performance. For seedling emergence, lots 1, 3 and 4 stood out in comparison
to the others in the first assessment period, while in the second period, only lots 1 and 3 had the best performance in
comparison to the other lots.

For emergence speed index, lots 1, 3 and 4 stood out, while lots 6 and 7 had the lowest performance and the others
had intermediate performance in the first evaluation period; in the second period, in turn, lots 1, 3 and 5 stood out
in comparison to the others. It can be seen that the behavior of the lots was similar in the two assessment periods;
however, it is clear that there was some loss in the quality of the lots after storage, especially for lot 4: during the first
assessment period, it had the best performances, while in the second period, it had an intermediate performance.

The differences in vigor of the seed lots used in this study were due to the fact that the lots showed variation in
germination percentage. However, the use of vigor tests was necessary, especially to detect small differences in vigor
(Marcos-Filho, 2015a). Among the various tests available, the accelerated aging test is one of the most sensitive and
efficient for assessing seed vigor (Marcos-Filho, 2015b), as it allows establishing a direct relationship between seed
behavior and seedling emergence in the field. In addition, it already has a standardized methodology that enables an
adequate assessment of the vigor of cowpea seeds (Dutra and Teéfilo, 2007).
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Table 1. Moisture content at the beginning of the assessments (MC); germination (G); first germination count (FGC);
moisture content after accelerated aging (MCAA); accelerated aging (AA); electrical conductivity (EC); seedling
emergence (SE) and seedling emergence speed index (ESI) in seven cowpea seed lots of cultivar BRS Guariba,
in two assessment periods.

MC G FGC MCAA AA EC SE ESI
Lots % uS/cm/g % -index -
1*tassessment
1 9.3 99 a 8la 26.1 77 a 179.77 a 97 a 10.94 a
2 8.6 85b 60 c 25.3 58 c 195.10 b 84 b 9.23b
3 9.2 97 a 8la 26.4 75a 181.87 a 95a 10.35a
4 9.4 96 a 75a 25.7 71a 187.46 b 92a 10.10a
5 9.1 91b 66 b 25.9 64b 188.27 b 86 b 9.42b
6 9.5 89b 61b 25.5 64 b 193.76 b 85b 8.69 ¢
7 8.5 88b 60 b 25.8 64 b 191.77 b 83b 8.33¢
(F) - 10.01* 24.27* - 13.43* 4.20* 6.54* 11.72*
CV (%) - 3.62 5.58 - 5.69 3.01 5.14 6.95
2" assessment
1 8.3 98 a 68 b 27.5 68 a 224.82 a 98 a 10.87 a
2 8.3 82¢c 46 ¢ 27.4 53b 27794 c 78 b 8.45b
3 8.1 97 a 75a 27.9 65a 237.98 a 94 a 10.45 a
4 8.1 Nb 66 b 27.7 67 a 243.49b 83b 9.28b
5 8.3 89b 63 b 27.9 63 a 256.07 b 85b 9.84a
6 8.1 86 ¢ 56 b 27.4 60 b 249.78 b 82D 8.92b
7 8.1 84 c 46 ¢ 28.1 57b 27594 c 81lb 8.70b
(F) - 10.89* 36.64* - 7.09* 16.52* 7.13* 12.07*
CV (%) - 4.22 6.07 - 6.46 3.80 6.27 10.87

Means followed by the same letter, in the columns, in each assessment period, do not differ statistically by the Scott-Knott test (p < 0.05);
CV: coefficient of variation.

Another established methodology to assess the potential of cowpea seed lots is the electrical conductivity test
(Dutra et al., 2006); lots whose seeds have intact cell systems result in lower conductivity values. As membrane integrity
is reduced, higher electrical conductivity values are found in the test; in practice, this affects the initial development of
the seedlings during germination.

Another important parameter when assessing the physiological quality of seeds is determined through the
seedling emergence test; the most vigorous lots have seeds that can quickly and uniformly establish seedlings even
when conditions are unfavorable. Dutra et al. (2007), when evaluating different cowpea genotypes using the seedling
emergence test, found that low-vigor seeds compromised the percentage of emerged seedlings, and the uniformity
and speed of seedling emergence.

The results of the variables obtained from Vigor-S (Table 2) were efficient in separating the cowpea seed lots. Based
on the vigor index, lots 1 and 3 were identified as more vigorous in comparison to the others, in the first assessment
period; however, in the second assessment period, lots 1, 3, 5, 4 and 6 were classified as more vigorous when compared
to the others. For the uniformity index, in the first assessment period, lots 1, 3, 5 and 4 had the highest averages, in
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contrast to lot 7, which had the lowest average. In the second assessment period, lots 1, 3, 4, 5 and 6 stood out in
comparison to lots 2 and 7. Finally, for total seedling length, in the two assessment periods, lots 1, 3 and 4 were
considered to have the greatest vigor, while lots 2 and 7 were classified as having the least vigor. In general, the Vigor-S
variables showed that lots 1 and 3 had high vigor while lots 2 and 7 had low vigor, in the two assessment periods. These
results are similar to those of the vigor tests traditionally used.

The use of the vigor test to measure the performance of seedlings is based on the principle that seeds with high
vigor will form more vigorous seedlings, reflecting the effectiveness of the mechanisms of repair, mobilization of
reserves and synthesis of new tissues during germination (Marcos-Filho, 2015b). In this context, the manual seedling
length test has been reported in the literature as efficient, and it is often used to assess the quality of seeds of different
species (Nakagawa, 1999), although it is time-consuming and errors are frequently made by analysts. However, such
errors are minimized by automated seedling analysis.

In addition to seedling length, the software Vigor-S also provides indexes of development uniformity and seedling
vigor, which were efficient in classifying seed lots in the present study, i.e., they are effective variables in seed quality
control programs (Silva et al., 2017). These variables are directly related to the stand, as the irregular emergence of
seedlings leads to delays in the development and irregular growth of plants at various phenological stages, with losses
in production (Marcos-Filho, 2015b). Importantly, seed lots with a high rate of development uniformity do not represent

Table 2. Vigor indexes (VI), growth uniformity index (Ul) and total seedling length (TSL) in the software Vigor-S, in
seven lots of cowpea seeds, cultivar BRS Guariba, in two assessment periods.

Vi ul TSL
Lots e index --------------m-mmo- cm
1tassessment

1 597.94 a 778.46 a 7.23 a
2 448.24 ¢ 617.20 c 543D
3 586.72 a 758.46 a 6.76 a
4 546.58 b 735.96 a 6.65 a
5 519b 736.16 a 5.78b
6 524.12 b 681.72 b 571b
7 538.06 b 668.94 b 5.78b
(F) 13.95% 10.98* 9.86*

CV (%) 5.50 5.42 7.75

2" assessment

1 554.62 a 762.88 a 7.19a
2 477.46 b 603.98 ¢ 4.85hb
3 547.52 a 744.62 a 6.79 a
4 528.84 a 741.08 a 6.58 a
5 539.96 a 736.96 a 5.86 b
6 528.56 a 729.58 a 570b
7 493.24 b 643.82 b 5.38b
(F) 4.49* 30.91* 12.31%*

CV (%) 5.75 341 8.78

Means followed by the same letter, in the rows, do not differ statistically by the Scott-Knott test (p < 0,05);
CV: coefficient of variation.
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a guarantee of well-developed seedlings, since poorly developed seedlings can present a high rate of uniformity. Thus,
the development uniformity index should not be considered on its own; rather, further studies should check how it
relates to other variables.

The simple correlation analysis (Figure 2) showed that the variables from automated seedling analysis were positively
correlated with the tests traditionally used to assess seed vigor, with the exception of electrical conductivity. Seedling
length showed a “strong” correlation with the accelerated aging test, which can be explained by the fact that these tests
assess seedling performance. The other variables had “moderate” correlations with all tests, a behavior that may be due
to the performance of the intermediate lots, which were ranked in different orders, depending on the test being used.
In general, the correlation values indicated dependence between the variables, i.e., the results generated by Vigor-S can
distinguish the quality of seed lots in a similar way to that of the traditional tests used to assess seed vigor.

There is a recurrent need to develop new technologies and improve existing techniques for evaluating the physiological
potential of seeds, through the integration of new algorithms and hardware architecture (Dell’Aquila, 2009). Castan
et al. (2018) evaluated the efficiency of the Vigor-S system in corn seeds, compared it to the software SVIS®, and
highlighted the following advantages: the assessment offers optimal use of the results, as it automatically provides
the lengths of the parts that make up the seedlings; analysts do not need to interfere in the analysis as much because
the software offers higher image resolution (300 dpi); data can be exported to the extensions of the software Excel. It
is worth noting that the acquisition of the system has a lower cost, since all it needs is a scanner, because the system
is available free of charge on the Internet through the following link: https://drive.google.com/open?id=0B8rVh_
veepVzdXMOMIJ1MOIOZEk.

As with other systemes, it is expected that the application of Vigor-S will be extended to species other the one it
was originally developed for. Medeiros et al. (2019) and Leite et al. (2020) reported positive correlations between the

G: Germination; FGC: first germination count; AA: accelerated aging; EC: electrical conductivity; SE: seedling emergence; SES: seedling
emergence speed; VI: vigor index; Ul: uniformity index; SL: seedling length.

Figure 2. Pearson correlation (r) among variables generated by traditional vigor tests and by computer-assisted analysis,
using the software S-vigor, of seedlings of seven lots of cowpea seeds.
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variables found by the software and the tests traditionally used to assess the vigor of bean and melon seeds. Rodrigues
et al. (2020) and Castan et al. (2018) also reported that the results they found when using Vigor-S were similar to those
of tests traditionally recommended for assessing the vigor of soybean and corn seeds, respectively. In another study,
Leite et al. (2018) concluded that Vigor-S can be used to detect phytotoxicity in soybean seedlings treated with different
chemicals. Although studies on the Vigor-S system are recent, the findings of the present study are promising; also,
it is expected that the system will soon be consolidated as an additional technique for seed quality control programs.

CONCLUSIONS

The automated analysis of seedling images using Vigor-S enables the distinction between cowpea lots based on
seedling length and on vigor and growth uniformity indexes.

The results found using the Vigor-S system are similar to those of other traditional tests. Thus, it can be potentially
used to evaluate seed vigor.
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