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Abstract 

Rapid tests such as electrical conductivity provide fast and consistent results regarding 

stratification of seed lots by vigor. They are important tools used to evaluate the physiological 

quality of seeds of several species, however, no such information was found for Sorghum 

bicolor. The objective of this study was to evaluate the relationship between the physiological 

quality of the seeds by the mass and individual conductivity tests. Four plots of the Fepagro 

19 cultivar were analyzed through the degree of moisture, weight of one thousand seeds, first 

count and germination, radicular and shoot length, dry mass, cold test and emergence of field 

seedlings. Subsequently, they were submitted to mass electrical conductivity experiments 

with variations in the imbibition time (2, 4, 6, 8, 12 and 24 hours), temperature (20, 25 and 30 

ºC), number of seeds (25 and 50), volume of water (50 and 75 mL) and individual (2, 4, 6, 8, 

12 and 24 hours). The design was completely randomized and the data evaluated by the 

Tukey test. Only the lowest physiological quality batch was detected in the 20 °C, 75 mL and 

25 seeds for 12 hours combinations; the individual test detected the least physiological 

quality batch, and it was possible to perform it in 24 hours. 

Keywords: tests, germination, Sorghum bicolor, vigor 

1. Introduction 

Sweet Sorghum bicolor is an alternative crop which can be grown in different regions of the 

country. Its sugar is stored in the stalks and provides bagasse for the industry. In addition, it 
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presents some advantages such as the cultivation from seeds and a much smaller cycle in 

relation to sugarcane (Teixeira et al. 1997). 

The physiological quality of the seeds is important for the productive sector once it provides 

greater security in the use of those by the time of planting (Dias & Marcos Filho, 1996). 

Through the appropriate methodology, the evaluation of the physiological quality makes 

possible to estimate the vigor, field performance and the disposal of inferior quality lots, 

before they be commercialized. Thus, methods that estimate the physiological potential of 

lots are fundamental, since after the physiological maturity, the seeds go through continuous 

and irreversible processes of aging and deterioration. 

The advancement of technologies and the need for high productivity, made the germination 

test proposed by Brasil (2009) insufficient to compose the adequate information of a seed lot. 

Tests that evaluate seeds vigor provide more sensitive indexes when compared to the 

traditional germination test (AOSA, 1983). The electrical conductivity test has been used to 

evaluate the seeds vigor, potential of emergence and storage of species such as soybean and 

wheat (Mattioni et al. 2015, Mertz et al. 2012). However, the results can be affected by some 

factors such as: characteristics of the seed itself (size and genotype, mechanical damage, 

insect injury); imbibition temperature, chemical treatment; degree of moisture, quality and 

volume of water (Vieira & Krzyzanowski, 1999, Marcos Filho, 2015). 

The electrical conductivity test can be conducted in a mass or individual method. Steere et al. 

(1981) proposed the determination of individual electric conductivity of seeds, which was 

developed to correct problems existing in the mass evaluation, especially in samples that 

contain damaged seeds or that present variations in the leaching capacity. Through this test, it 

was possible to classify lots of different vigor levels according to the physiological quality, as 

well as to determine the germination estimation on an efficient way (Mattioni et al. 2015). 

Although this test has already been well establish for many cultures, there are some lacking 

information about its application for Sorghum bicolor. 

Considering this context, the objective of this work was to evaluate the physiological 

relationships with the quality potential of different sweet sorghum (Sorghum bicolor) seed 

lots through mass and individual electrical conductivity tests. 

2. Materials and Methods 

2.1 Initial Evaluation Sorghum Bicolor Seeds 

The experiments were conducted at the didactic and seed research laboratory located at the 

Departamento de Fitotecnia of the Universidade Federal de Santa Maria (UFSM), in the Rio 

Grande do Sul state, Brazil. It was used four seed lots from Fepagro F-19 cultivar. These seeds 

were produced in the experimental filed of Fitotecnia (UFSM) in 2012/2013. Prior the 

beginning of the study, the seeds were stored in a cold chamber during a period of six months. 

For this reason, samples from all lots were evaluated separately for physical and physiological 

characteristics by performing the following tests: weight of thousand seeds, moisture content, 

germination test, root and shoot length, dry mass of seedlings, cold test and emergence of 

seedlings on field (Nakagawa, 1999, Brasil, 2009). 
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2.2 Evaluation of the Physiological Quality of the Seeds by the Mass and Individual 

Conductivity Test  

The mass conductivity test was conducted by evaluating eight replicates. Afterwards, the seeds 

were placed to soak in plastic containers. Variations in the number of seeds, water volume, 

temperature and imbibition time were applied. The number of 25 and 50 seeds was used. The 

volume of water used for imbibition was 50 and 75 mL and temperatures of 20, 25 and 30 ºC 

for 2, 4, 6, 8, 12 and 24 hours of imbibition. Then, the electrical conductivity of the imbibition 

solution was read, without agitation, through the calibrated model of the Digimed DM 31, 

previously calibrated, with a constant electrode of 1.0 and the results were expressed in μS cm-1 

g-1 (Vieira, 1994). At each reading time, the electrode was washed with deionized water and 

dried with paper towel in order to avoid conducting waste from one vial to the other. 

The Automatic Seed Analyzer (SAD 9000-S) was used to perform the conductivity test of the 

solution individually. This appliance has a tray with 100 wells, with one seed per well and 5 ml 

of deionized water. The trays were placed inside the B.O.D. at a constant temperature of 25 ºC 

and the readings performed in six imbibition periods (2, 4, 6, 8, 12 and 24 hours) for each lot 

and cultivar. The results were expressed in μS cm-1 seed-1 (Mattioni et al. 2015). 

2.3 Statistical Analisys 

The results of the determination of the weight of one thousand seeds and degree of humidity 

were not submitted to statistical analysis. A completely randomized design was used for all 

the tests performed. The tests to determine the physiological quality of the seeds in the initial 

characterization were conducted with eight replicates of 50 seeds to evaluate the lot effects. 

The mass electrical conductivity experiment was performed by eight replicates in a 

completely randomized design. The treatments were arranged in a 4 x 3 x 2 x 2 x 6 

five-factorial scheme (4 lots, 3 temperatures, 2 water volumes, 2 seed numbers and 6 

imbibition periods). 

The individual electrical conductivity experiment was also performed in a completely 

randomized design by eight replicates to evaluate the lot effects, in the 2, 4, 6, 8, 12 and 24 

hours imbibition periods. 

In order to attempt the assumptions of the mathematical model, the percentage results were 

transformed in arc-sine √x/100. Those percentages represented the germinated seeds or 

normal seedlings obtained by the tests. The data were submitted to analysis of variance and 

F- Test to 5% error probability and the means were compared by the Tukey test (p<0.05) by 

Sisvar® Software (Ferreira, 2011).  

3. Results and Discussion 

The data from the initial characterization for F-19 cultivar are presented in Table 1. The data 

referent to the weight of thousand seed and moisture content were not statistically analyzed. 

There was a consistent uniformity on moisture content with a small variation of 0.68 percentage 

points, which means that the variability between the lots was low. There was a significative 

difference for cold test (CT) and radicle length (RL) between the lots. Lot 3 presented the best 
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physiological quality, followed by lots 1 and 2, and lot 4, which presented the lower quality.  

Table 1. Initial characterization of sweet sorghum seeds with moisture content (MC), 

1000-seed weight, percentage seed germination (PG), first count of germination (FC), cold 

test (CT), epicotyl length (EL), radicle length (RL), dry mass (DM), emergence of seedlings 

on field (ESF) of four lots of F-19 cultivar 

Seed lot 
MC 

(%) 

1000-seed 

weight (g) 

PG 

(%) 

FC 

(%) 

CT 

(%) 

EL 

(cm) 

RL 

(cm) 

DM 

(g) 

ESF 

(%) 

1 13.24 20.07 91 a 86 a  86 ab 7.42 a  13.95 ab 1.44 a 85 a 

2 13.15 19.41 89 a 82 a  81 ab 6.83 a  14.30 ab 1.55 a 85 a 

3 12.89 20.08 90 a 87 a 88 a 7.33 a 14.98 a 1.51 a 85 a 

4 12.86 19.78 87 a 83 a 80 b 6.99 a 13.63 b 1.54 a 81 a 

Mean   90 85 84.1 7.1 14.2 1.5 83.9 

C.V.(%)   4.99  6.10  6.38 9.40  6.60 7.60 6.15 

*Means followed by the same letter in the column do not differ by Tukey test, p<0.05 

Tables 2 to 4 presents the results of mass conductivity test. Commonly, the quality evaluation 

of a seed lot is compared between the results found in the initial characterization of the seeds 

and the vigor test. Therefore, it is possible to notice statistical differences in the physiological 

quality of the lots and some variables on the mass conductivity test. Still, the results which 

were more similar to the values of the initial characterization, were obtained with the 

combination of 20 ºC, 75 mL, 25 seeds from 12 to 24 hours of imbibition. 

These were the variables that had the greatest relationship with cold and root length tests 

(Table 1), in which provided the classification of lot 3 with better physiological quality and 

lot 4 with lower. Similarly, the values of mass electrical conductivity in these combinations 

showed that lot 3 presented the lowest value of electrical conductivity and lot 4 the higher 

value, thus, there was a relationship between the initial characterization tests with the mass 

electrical conductivity test for stratification of seed lots by its physiological quality. 

The other combinations employed do not demonstrated relationship with the initial 

characterization tests. Although there were significant differences among the lots in some 

variables, these differences did not provided the same stratification of the lots in relation to the 

physiological quality obtained on the initial tests. However, Alves and Sá (2009) identified that 

after 4 hours of imbibition there was difference between the lots for arugula seeds. This shows 

that the results can be very different depending on the species (sorghum, saccharine, forage, etc.) 

and even different cultivars, since the genetics of each material is unique. 

The confirmation of the lot of lower physiological potential was clearer, compared to the lot 

of higher physiological quality. Probably the identification of the lot of higher physiological 

quality was not evident, because in the initial characterization it can be observed that lots 1, 2 

and 3, were very similar and only lot 4 presented lower physiological quality, different from 
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the other lots. The same occurred in the mass electrical conductivity test, which was efficient 

on the identification of the lot of low physiological potential. Similar results were found by 

Silva et al. (2014) using the same method, who observed on whole bean seeds the 

stratification of the lots after five hours of immersion, however, when using only cotyledons 

the time of the test could be reduced, with the same efficiency, in two hours. 

Therefore, the test can be influenced by several variables that can change the results 

significantly, since the evaluation is through the leachate in the solution. For example, 

Machado et al. (2011) determined through the electrical conductivity test that the volume of 

250 mL of water and temperature of 25 °C for 24 hours was promising for the differentiation 

of seed lots of peas, which was a higher volume of water than the applied on our study.  

Table 5 shows the means values of individual electrical conductivity using 2, 4, 6, 8, 12 and 

24 hours of imbibition at 25 ºC. It can be noticed that the test is very sensitive and shows 

difference between the lots after only two hours of imbibition. 

Table 2. Mass electrical conductivity means (μS cm-1g-1) using the combinations 2, 4, 6, 8, 12 

and 24 hours imbibition time, number of seeds of 25 and 50 seeds and volume of water of 50 

and 75 mL at the temperature of 20 ºC, respectively, in four lots of sorghum seeds for F-19 

cultivar 

Period of imbibition (hours) 

Seed lot 2 4 6 8 12 24 

50 mL/25 seeds 

1 22.3 a 26.8 b 30.3 b 33.7 b 37.0 b 44.5 c 

2 23.6 a 33.3 a 38.5 a 40.9 a 46.3 a 56.4 a 

3 22.1 a 26.7 b 30.9 b 34.5 b 37.3 b  44.8 bc 

4 23.3 a 27.9 b 33.1 b 36.2 b 40.5 b 49.1 b 

50 mL/50 seeds 

1 12.9 a 18.6 a 23.1 b 25.1 b 29.4 b 35.9 b 

2 12.1 a 22.2 a  26.8 ab  29.1 ab  33.1 ab  40.3 ab 

3 12.1 a 21.6 a  25.8 ab  28.8 ab  32.5 ab  40.1 ab 

4 12.3 a 22.7 a 27.8 a 30.3 a 34.8 a 42.4 a 

75 mL/25 seeds 

1 10.1 a 16.7 a 19.9 a 22.6 a  24.9 ab  30.3 ab 

2 11.4 a 18.5 a 22.4 a 24.6 a 27.8 a 32.7 a 

3  9.6 a 16.4 a 18.5 a 20.4 a 23.1 b 27.1 b 

4  9.8 a 17.9 a 21.3 a 24.6 a 28.3 a 33.3 a 

75 mL/50 seeds 

1 6.2 a 10.9 a 13.9 a 15.7 a 17.7 b 22.6 b 

2 7.0 a 12.8 a 16.7 a 19.6 a 22.9 a 27.5 a 

3 7.1 a 13.2 a 17.1 a 19.7 a 23.1 a 28.2 a 

4 6.2 a 12.3 a 16.3 a 19.2 a 23.3 a 29.2 a 

C.V.(%) = 13.24 

*Means followed by the same letter in the column do not differ by Tukey test, p< 0.05 
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In the initial characterization, by the tests of cold and radicle length, lot 4 had the lowest 

physiological quality (Table 1), and other lots were very similar. Analyzing these data, it is 

verified that in the individual electrical conductivity test (Table 5), the highest value of 

electrical conductivity was in lot 4. This fact demonstrates the sensitivity of the test in 

discriminating the lot of lower physiological quality. The same was not observed for the lot 

with the highest physiological potential, probably due to the similarity between the lots, as 

evidenced by the statistical analysis. The same fact has occurred on the study of Soares et al. 

(2010), where it was possible to discriminated only the lower quality lot, when using the 

mass electrical conductivity test in forage sorghum seeds, with 2, 4 and 6 hours of imbibition 

in 75 mL of water, in 16 hours of imbibition, in 50 mL of water. 

Table 3. Mass electrical conductivity means (μS cm-1 g-1) using the combinations 2, 4, 6, 8, 

12 and 24 hours imbibition time, number of seeds of 25 and 50 seeds and volume of water of 

50 and 75 mL at the temperature of 25 ºC, respectively, in four lots of sorghum seeds for F-19 

cultivar 

Period of imbibition (hours) 

Seed lot 2 4 6 8 12 24 

50 mL/25 seeds 

1 15.4 a 24.6 b 30.4 b 34.8 b 40.2 b 47.2 c 

2 16.6 a  27.0 ab  33.8 ab  37.9 ab  44.7 ab  54.2 ab 

3 17.6 a 29.4 a 35.0 a  39.0 ab 45.4 a 52.2 b 

4 19.4 a 30.5 a 36.6 a 41.4 a 49.1 a 58.2 a 

50 mL/50 seeds 

1 9.6 a 15.9 a 21.2 b 25.0 b 28.3 c 35.2 c 

2 8.5 a 17.4 a  24.4 ab 31.0 a  36.1 ab 44.5 b 

3  10.9 a 18.1 a 26.0 a 29.9 a 34.0 b 41.7 b 

4  11.5 a 18.4 a 28.2 a 33.1 a 39.4 a 49.4 a 

75 mL/25 seeds 

1  9.1 a 14.4 a 16.8 b 19.2 b 21.8 b 27.0 c 

2 11.2 a 18.9 a 23.5 a 26.3 a 29.4 a 39.4 a 

3  9.3 a 16.5 a  20.3 ab  22.8 ab  24.9 ab  31.4 bc 

4 10.8 a 17.0 a  21.0 ab  23.6 ab 27.5 a 34.6 b 

75 mL/50 seeds 

1 10.2 a 14.1 a 16.8 a 19.8 a 22.9 a 28.5 a 

2  9.0 a 14.7 a 18.3 a 21.1 a 24.1 a 30.8 a 

3 11.5 a 15.2 a 19.3 a 21.8 a 24.5 a 30.9 a 

4 12.3 a 15.7 a 19.6 a 22.2 a 25.1 a 32.1 a 

C.V.(%) = 13.24 

*Means followed by the same letter in the column do not differ by Tukey test, p< 0.05 

The results obtained in our study, suggest that the use of discrepant lots in terms of 

physiological quality may assist in routine laboratories, offering a more reliable comparative 

in the stratification results. These results corroborate with Mertz et al. (2012) evaluating 
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wheat seeds by the individual electrical conductivity test, which pointed that after 3 hours of 

imbibition the test was efficient in evaluating the physiological quality potential of wheat 

seeds, showing the differences between the lots. 

The coefficients of variation were high, in the same way, Barbieri et al. (2013) also found 

high values for wheat seeds, most probably as a function of the distance from the mean 

values, which may increase the causes of variation in the statistical analysis, but did not 

compromise the test result. These variations are probably related to the fact that the test is 

carried out individually in each seed, and small variations in seed quality, such as mechanical 

damages, result in higher values of electrical conductivity in the solution and, consequently, 

generate discrepant values that contribute to the increase observed in the statistical analysis. 

Table 4. Mass electrical conductivity means (μS cm-1 g-1) using the combinations 2, 4, 6, 8, 

12 and 24 hours imbibition time, number of seeds of 25 and 50 seeds and volume of water of 

50 and 75 mL at the temperature of 30 ºC, respectively, in four lots of sorghum seeds for 

F-19 cultivar 

Period of imbibition (hours) 

Seed lot 2 4 6 8 12 24 

50 mL/25 seeds 

1  16.9 b  23.2 b  28.0 b 31.1 c 36.7 c 50.8 c 

2  22.5 a  30.2 a  36.1 a 40.5 a 46.4 a 63.1 a 

3  20.4 ab  26.5 ab  31.5 ab  34.5 bc  39.3 bc  52.8 bc 

4  20.6 ab  27.4 ab  32.2 ab 35.8 b 41.5 b 55.8 b 

50 mL/50 seeds 

1 14.2 b 21.2 b  26.2 c 28.8 c 33.1 b 44.1 c 

2  18.3 ab 26.4 a  32.6 ab  37.3 ab 42.9 a 58.6 a 

3  18.2 ab  25.4 ab  30.5 bc 33.9 b 37.3 b 49.3 b 

4 20.3 a 29.3 a  35.9 a 40.4 a 46.1 a 60.9 a 

75 mL/25 seeds 

1 10.3 a 15.3 a 19.0 b 21.9 b 25.5 b 35.1 b 

2 12.8 a 19.3 a 23.5 a 26.7 a 31.8 a 43.4 a 

3 12.0 a 16.8 a  20.4 ab  22.9 ab 26.9 b 36.3 a 

4 13.1 a 18.9 a 23.8 a 26.9 a 32.6 a 43.6 a 

75 mL/50 seeds 

1  9.2 a 14.1 a  17.8 b  21.2 b 25.8 b 33.7 b 

2 12.1 a 17.3 a  21.9 ab  25.5 ab 30.9 a 41.4 a 

3 11.7 a 17.3 a  21.6 ab  24.2 ab  29.3 ab 39.2 a 

4 12.8 a 18.5 a  23.1 a  26.7 a 32.2 a 42.4 a 

C.V.(%) = 13.24 

*Means followed by the same letter in the column do not differ by Tukey test, p< 0.05 

However, recently promising results are not always found in the literature for all crops. Souza 

et al. (2009) evaluating castor bean seeds did not find any relation between the tests that 

compose the initial seed quality and the individual electrical conductivity test. So, there was 



Journal of Agricultural Studies 

ISSN 2166-0379 

2020, Vol. 8, No. 2 

http://jas.macrothink.org 415 

no efficiency of the test in distinguishing the lots from the potential of physiological quality 

according to the methodology used in the study, with only 2, 4 and 6 hours of imbibition of 

the seeds in the solution, a fact that may explain the non-detection of differences between the 

lots. 

Table 5. Individual electrical conductivity means (μS cm-1 seed-1) in four sorghum seed lots, 

using the combinations of 2, 4, 6, 8, 12 and 24 hours imbibition time at the temperature of 25 ºC 

in four lots of sorghum seeds for F-19 cultivar 

*Means followed by the same letter in the column do not differ by Tukey test, p< 0.05 

The speedy that these tests can provide information on the physiological quality of the seed 

lot can be variable, depending very much on the species, type of seed structure and lot quality. 

Therefore, different results of the variables are successfully found for lot stratification. Torres 

et al. (2015) achieved efficiency for the evaluation of the physiological potential of coriander 

seeds after only two hours of imbibition. Other studies use whole seeds, embryonic axes or 

cotyledons, such as Silva et al. (2014) in bean seeds, where it was possible to only identify 

the lot of higher physiological quality.  

4. Conclusion 

The mass and individual electrical conductivity tests were efficient in detecting the lot of 

lower physiological quality, especially at the temperature of 20 ºC, 75 mL and 25 seeds 

during 24 hours of imbibition in F-19 cultivar sorghum seeds. 

The use of discrepant lots regarding the physiological quality may help in the comparison 

between the electrical conductivity test and the tests that compose the initial characterization. 
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