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Abstract: Seed storability of 22 selected soybean mutant lines from 
Argomulyo population irradiated by gamma ray were assessed by rapid 
aging tool, APC-IPB 77-1MM. Seed viability and vigor parameter observed 
due to genetic factors. The 90% ethanol was applied for 20, 40, 60 and 80 
min as accelerated aging test. M100-96-53-6 was estimated that has good 
storability with less seed deterioration rate expressed by slow slope of 
germination percentage, germination speed and electrical resistance value 
after 20-80 min of chemical accelerated aging. Electrical resistance (ER) 
test could be as alternative and a substitute of electrical conductance (EC) 
test as alternative of vigor test. The high heritability and moderate to high 
genetic advance were noted on all parameters except moisture content. 
Germination percentage and germination speed could be reviewed for early 
stage selection to improve traits at the next generation based on R-square 
value of regresion and genetic parameters obtained. 
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Özet: Gama ışını ile ışınlanmış olan Argomulyo popülasyonundan 
seçilen 22 soya fasulyesi mutant hatlarının tohum depolanabilirliği, APC-
IPB 77-1MM olarak bilinen hızlı yaşlandırma aleti ile değerlendirilmiştir. 
Hızlandırılmış yaşlandırma testinde 20, 40, 60 ve 80 dakika içinde 
uygulanarak % 90 etanol kullanılmıştır. M100-96-53-6 'nın 20-80 dakika 
kimyasal hızlandırılmış yaşlandırma yapıldıktan sonra tohumun 
çimlenme oranı, çimlenme hızı ve elektriksel direnç değerinde yavaşlama 
eğilimi gösterilerek daha az tohum bozulma oranının yanı sıra iyi 
depolanabilirliğe sahip olduğu tahmin edilmiştir. Vigor (güç) testi için 
elektrik iletkenliği (EC) testi yerine bir alternatif olarak elektrik direnci 
(ER) testi kullanılabilmektedir. Nem içeriği hariç tüm parametrelerde 
bitkilerin kalıtım derecesi yüksek ve genetik ilerleme orta ila yüksek 
olduğu kaydedilmiştir. Regresyonun elde edilen R-kare değeri ve genetik 
parametreler değeri bakımından sonraki nesilde özellikleri iyileştirme 
amacıyla seçime (seleksiyona) ilk aşama için tohumun çimlenme oranı ve 
çimlenme hızı gözden geçirilebilmektedir. 

  
** This article extracted from B.Sc. thesis of Siti MAESAROH. 
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1. Introduction 
 

Soybean, as source of functional food, containing about 37% of vegetable protein is one of the 
important legume crops in Indonesia with 0.539 million tons in 2017 (Ministry of Agriculture, 2018). It 
can be used as raw material due to about 25% of its oil content (Pereira et al., 2011). The supply of 
soybean in Indonesia is only about 30% of national demand per annum due to low productivity with 1-
1.5 ton/ha productivity.  National production is reducing day after day with every increase in the national 
(BPS, 2015).  

High production and productivity to achieve soybean self-sufficiency must be supported by 
supplying superior varieties with high quality seeds. Mutation breeding providing a source of genetic 
variation by developing and increasing genetic variability through mutation induction is necessary for 
improving crop yield and quality (Shu et al., 2011). 

Deterioration of soybean seed is faster than cereals crop seed due to high protein and fat contents 
(Lisjak et al., 2009). Sofalian et al. (2015) noticed that polymorphism of storage protein on seed of 
soybean genotypes could be used as for selection. Soybean seed viability among cultivars showed 
gradual decreasing with increasing storage periods up to six months (El-Abady et al., 2012). Mbofung 
et al. (2013) noted that soybean seed viability expressed by germination percentage was affected by 
environmental factors during storage.  

The Accelerated Aging (AA) test that established an injurious environmental condition (high 
temperature and relative humidity) for a specific period is applied in the chamber to evaluate the 
storability of seed lots (Gupta, 1993). The effectivity and good accuracy of accelerated aging with high 
temperature and RH for minimum 24 hours had been noted to predict relative storability and field 
emergence of soybean (TeKrony and Egli, 1997; Torres et al., 2004; Shivasharanappa et al., 2017). 
Demir and Mavi (2007) also noted the utilization of accelerated aging on melon seed lots for predicting 
seedling emergence. 

MPC IPB 77-1, a rapid aging machine that had been introduced by Sadjad et al. (1982) is used 
to estimate seed storability by chemical aging of 95% ethanol. It has been developed to MPC IPB 77-1 
M which provide shorter time of chemical accelerated aging test (Sadjad, 1991). The modified rapid 
aging tool of APC IPB 77-1MM from MPC IPB 77-1 M can be used to accelerate the deterioration of 
seeds with chemical or physical accelerated aging (Suhartanto, 1994). It has 60% smaller size chamber 
than previous model which can avoid vapor leakage lead to direct contact of seeds with vapor. The APC 
IPB 77-1 MM has been designed by placing the seeds in a non-stationary state and allowing for gradually 
seed devigoration. 

Electrical conductivity (EC) test is one of tool to determine seed vigor loss (Gupta, 1993). The 
using conductivity meter for testing vigour seed is sometimes limited in the university’s seed laboratory 
due to its availability. Electrical conductivity of solution can be obtained by measuring its resistance 
which has positive correlation with resistivity value. Electrical resistivity is described as reciprocal of 
conductivity (Heaney, 2003 and 2014).  The use of ohmmeter as a resistance measurement tool is quite 
easy, practical and cheap. 

The research aims are to estimate seed storability of soybean mutant lines with chemical 
accelerated aging by utilizing APC IPB 77-1MM, check effectivity of electrical resistance measuring 
for vigor test and determine genetic parameters value for supporting selection. 
 
2. Material and Methods 

 
The soybean line seeds of M7 population harvested at the same time were dried at 105±3 oC for 

24 h to determine seed moisture content in the beginning and after accelerated aging treatment (ISTA, 
2007). The selected lines of M7 population were used in respect to M7 population which is generally 
used as advanced yield potential trial due to their stability and uniformity to get promising new variety. 

The seeds moisturized between paper towel for 12 h were used for chemical accelerated aging 
with 95% ethanol vapor using Rapid Aging Tool (APC IPB 77-1MM) during different levels of 
treatment durations (20, 40, 60 and 80 min). Each of twenty-five treated seeds were placed between 
moist paper towel. The seeds rolled paper towel were germinated in growth cabinet at 24±1 oC under 
dark conditions for 5 days. 
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Figure 1. Sample soybean seeds for accelerated aging test. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

Figure 2. Rapid aging tool of APC IPB 77-1MM. 
 

2.1. Measurement 
 

Germination percentage (GP) 
Germination percentage one of standard germination test is simple to measure seed viability. 

Evaluation of normal seedlings (2 mm radicle) was observed on the fifth day of standard germination 
test. The degree of complete germinated seed over germination period was expressed as percentage 
following Bewley and Black (1994): 
 

𝐺𝑃	(%) = ∑"#
$
	𝑥	100%                                                                                                          (1) 

 
With GP (%) = germination percentage, n = the number of normal germinated seeds at “i” day, N= the 
total number of incubated seeds per test. 
 
Germination speed (GS) 

Speed of germination, a direct measure of seed vigor can be expressed by germination index on 
one hundred seeds (from partial germination counts with percentages instead of counts) was calculated 
using Equation 2 (Gupta, 1993). 
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GI	 = %&'()*	,-	%,*'./	0))1/2%3
1.40	5,	-2*05	6,&%5

+. . . +	%&'()*	,-	%,*'./	0))1/2%3
1.40	5,	-2%./	6,&%5

                                                              (2) 

  
Electrical resistance   

The resistivity can be found by measuring resistance and physical dimension of material. 
Conductivity value can be calculated by inversing resistivity value (Heaney, 2003 and 2014). 

 

𝜌 = !	#	$
%

                                                                                                                     (3) 
 
with 𝜌	is resistivity, R is resistance and w (width), h (heigth) and l (length) are physical dimension 
 

𝜎 = &
'

                                                                                                                           (4) 

 
with 𝜎 is conducitivity. 

Measurement of the electrical resistance (R) value of seeds used an electrical resistance meter 
(Ohmmeter). Twenty-five (25) seeds were soaked for 24 h in 100 ml of distilled water. After 24 h the 
seeds were stirred to ensure mixing and electrical resistance value was measured. 

 
2.2. Statistical analysis 
 

The experiment was designed in a Nested Plot Design with 22 soybean lines and two control 
varieties (Argomulyo as wildtype and Tanggamus as acid-tolerant variety) nested within five period of 
accelerated aging in 0, 20, 40, 60 and 80 min were distributed in to 3 replications. The percentage data 
were transformed by Arcsine transformation (Steel and Torrie, 1980) before the analysis of variance 
using computer statistical software “SAS’’ and difference among the means were made using t-Dunnet. 
Pearson Correlation coefficient and regression among germination parameters were analyzed using 
computer statistical software “MINITAB 14’’. 
 
Table 1. ANOVA models and estimate of variance components 
 

Source of variation Degrees of freedom Mean squares E(MS) 
Duration d-1 M5 σ2

e + g.σ2 r/d + gr σ2
g 

Rep (Duration) d(r-1) M4 σ2
e + g.σ2 r/d 

Genotype g-1 M3 σ2
e + r.σ2

g*d + r.d σ2
g 

Genotype*Duration (g-1)(d-1) M2 σ2
e + r.σ2

g*d 
Error d(g-1)(d-1) M1 σ2

e 
Note: d (duration), g (genotype), r (replication) E (expected) (Annicchiarico, 2002).  
 

Estimation of variance componetns were calculated by using formula (Syukur et al., 2012): 
 

Phenotypic variance (σ2
p)  = σ2

g + σ2
g*e / d + σ2

e /rd                                                             (5) 
 

Genotypic variance (σ2
g)  = (M3-M2) / rd                                                                        (6) 

 
Interaction variance (σ2

g*e)  = (M2-M1) / r                                                                          (7) 
 

Environmental variance (σ2
e)  = M1 

 
With r (replication), d (duration), and M1-M3 (mean square). 

Heritability (h2) was calculated using formula described by Tinker (2008) and categorized by 
Stansfield (1991): 

 
h2

bs = σ2
g / σ2

p                                                                                                                                                                                                                              (8) 
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h2
bs : Broad sense heritability 

σ2
g : Genetic variance 

σ2
p : Phenotypic variance. 

 
Phenotypic Coefficient of Variation (PCV) and Genotypic Coefficient of Variation (GCV) were 

determined by a formula suggested by Singh and Chaudhary (1985) as: 
 

PCV (%) = (√σ2
p / 𝑋%) × 100 %                                                                                                                   (9) 

 
GCV (%) = (√σ2

g / 𝑋%) × 100 %                                                                                                                (10) 
with 𝑋% (sample mean of character). 

 
Genetic advance (GA) and percentage of means (GAM) was computed according to Johnson et 

al. (1955) and Singh and Chaudhary (1985):  
 

GA = K × √σ2
p × h2

bs                                                                                                                   (11) 
 

GAM (%) = (GA / 𝑋%) × 100%                                                                                                 (12) 
 

Where, K = 2.06 with assumption of 5% selection intensity for the respective trait. 
 
3. Results and Discussion 
 
3.1. Moisture Content 
 

The initial moisture content among soybean mutant lines were uniform with values 8-9%. These 
moisture content values are recommended for storing of soybean seeds that have high protein content. 
The uniformity of seed water content is important to get standardization and to obtain greater reliability. 
The results confirm that high humidity level on seeds could be influenced by accelerated aging that leads 
to lowering or reduction seed quality (Marcos Filho, 2015). The uniform seed moisture contents of 29-
34% were noted after moisturizing and decreased between 28-31% after accelerated aging of each 
duration in contrast to Toledo et al. (2011) who reported uniformity of seed moisture content in each 
exposure duration and their increasing after time passed. Imaniar (2012) notified that decreasing 
moisture content after chemically accelerated aging is caused by replacement of water by ethanol which 
is easy-accessable in binding water molecules and lead entering ethanol into seeds. While the increasing 
moisture content after physical accelerated aging is caused by entering water vapor into seeds. 

 
3.2. Seed Viability and Vigor 
 

There was a significant (p <0.05) different effect between the interaction of accelerated aging 
duration and genetics on seed germination of soybean mutant lines (Table 2). Performance of manually 
harvested soybean mutant lines seeds have high initial seed viability. They showed more than 80% of 
germination percentage in the beginning (0 min) without application of increased accelerated aging. 
However, germination percentage decreased by increasing the duration of chemical accelerated aging 
on soybean mutant lines in agreement with Imaniar (2012). Mohammadi et al. (2011) noted decreasing 
germination percentage, germination rate and the normal seedling percentage that indicate seed 
deterioration of soybean.  

The different responses among soybean lines during accelerated aging period in agreement with 
Mustika et al. (2014) who noted difference of decrease rate of germination on Anjasmoro and Wilis 
varieties treated by physical accelerated aging. M100-96-53-6 line had a significantly higher 
germination percentage of 80% than Argomulyo on 60 min and 80 min of a duration of chemical 
accelerated aging. Germination percentage of M100-29A-42-15 line was noted significantly higher than 
Argomulyo and germination percentage of M200-20-52-3 line was noted significantly less than 
Argomulyo and Tanggamus on 60 min of accelerated aging duration. They indicated high seed 
longevity of M100-96-53-6 line and low seed longevity of M200-20-52-3 line due to seed viability after 
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accelerated aging. It can be predicted that M100-96-53-6 line and M200-20-52-3 line have good and 
bad storability respectively. These differences expressed by germination percentage on soybean mutant 
lines might be related to genetic, structural characteristics and chemical composition, as confirmed by 
Sheidaei et al. (2014). 

 
Table 2. Effect of accelerated aging duration and soybean mutant lines on germination percentage  
  

Mutant lines Duration of accelerated aging (min) 
0 20 40 60 80 

Percentage (%) 
M50-97-8-12 93.3 90.0 87.3 80.7 48.0 
M50-78-9-13 94.7 95.3 89.3 62.7 34.7t- 
M50-45-9-12 88.0 83.3 86.7 80.0 56.7 
M100-96-53-7 96.7 92.0 83.3 82.0 60.0 
M100-96-53-6 92.7 90.0 92.0 91.3a+ 87.3a+ 
M100-46-44-6 89.3 84.0 77.3 71.3 56.7 
M100-29A-42-15 95.3 89.3 92.0 92.7a+ 72.7 
M100-29A-42-14 94.0 91.3 81.3 61.3 32.0t- 
M100-29A-42-10 88.7 86.0 88.7 80.0 70.0 
M150-69-47-2 88.7 85.3 75.3 72.7 36.7t- 
M150-40-65-5 86.7 83.3 72.7 44.7 19.3t- 
M150-29-44-10 95.3 87.3 81.3 81.3 63.3 
M150-24-48-2 92.0 86.0 80.7 58.7 18.0t- 
M200-93-49-13 94.0 91.3 84.0 84.7 65.3 
M200-79A-50-5 88.7 84.7 84.7 77.3 62.7 
M200-64-51-2 89.3 86.0 86.0 62.7 45.3 
M200-62-54-4 94.7 91.3 72.0 66.0 34.0t- 
M200-39-69-6 82.0 67.3 64.7 45.3 24.7t- 
M200-20-52-3 96.0 88.7 71.3 17.3 at- 10.0t- 
M200-20-52-11 98.0 96.0 86.0 85.3 65.3 
M200-13-47-5 87.3 84.7 72.7 47.3 22.0t- 
M200-6B-58-7 85.3 84.0 76.7 66.0 36.0t- 
Argomulyo 85.3 72.0 74.0 55.3 34.7 
Tanggamus 94.0 90.7 87.3 78.0 85.3 

Means followed by the a letter within a column differ significantly of Argomulyo and t letter within a column differ significantly of Tanggamus 
at 5% level with Dunnet-test, (-) = less than, (+) = higher. 

 
A significant (p < 0.05) different effect was noted between the interaction of accelerated aging 

duration and genetic on germination speed of soybean mutant lines (Table 3). The decline in seed vigor 
expressed by germination speed values was noted on all soybean mutant lines. The increasing duration 
of accelerated aging caused reduction of germination speed in agreement with Mohammadi et al. (2011) 
and Rastegar et al. (2011). Summarily, accelerated aging decreased both germination percentage and 
germination speed of soybean similar to Imaniar (2012) who noted the loss of germination percentage 
and germination speed of Anjasmoro soybean variety seeds due to chemical and physical accelerated 
aging. 

Generally, non-significant germination speed values of soybean mutant lines were higher than 
Argomulyo and lower than Tanggamus in each duration of accelerated aging. M100-96-53-6 line had a 
higher significant germination speed value than Argomulyo and closed to Tanggamus that indicated its 
ability to germinate faster and higher. According to germination speed value, M100-96-53-6 line has 
been estimated that is more vigorous and has good storability than other lines.  

There were significant electrical resistance values among soybean mutant lines which are less 
than Argomulyo and Tanggamus in each duration of accelerated aging (Table 4). A few soybean mutant 
lines had a higher electrical resistance value than Argomulyo at 20 min of accelerated aging duration.   
The increasing duration of accelerated aging decreased the electrical resistances value of all soybean 
mutant lines. Decreasing electrical resistances values might be caused by membrane damage or loss of 
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membrane integrity led to electrolyte leakage. The increasing ionic concentration of seed soaking 
solution contributed to higher conductivity. It means that decreasing electrical resistances followed by 
decreasing electrical resistivity led to increasing electrical conductivity on solution as confirmed by 
Heaney (2003 and 2014). 
 
Table 3. Effect of accelerated aging duration and soybean mutant lines on germination speed 
 

Mutant lines Duration of accelerated aging (min) 
0 20 40 60 80 

M50-97-8-12 42 34 29 24 14t- 
M50-78-9-13 44 35 29 20 11t- 
M50-45-9-12 45 31 30 26 19 
M100-96-53-7 42 33 28 28 20 
M100-96-53-6 45 32 31 30    29a+ 
M100-46-44-6 36 31 25 24 17 
M100-29A-42-15 44 34 31 30 23 
M100-29A-42-14 44 35 28 19  12t- 
M100-29A-42-10 44 32 31 24 24 
M150-69-47-2 34 35 26 23  15t- 
M150-40-65-5 34 31 26 17    6t- 
M150-29-44-10 43 30 28 25 21 
M150-24-48-2 42 32 26 18     7t- 
M200-93-49-13 40 34 25 28 23 
M200-79A-50-5 40 29 27 25 20 
M200-64-51-2 41 30 29 21 17 
M200-62-54-4 50 35 25 20    9t- 
M200-39-69-6 36  23t-  21t- 14    8t- 
M200-20-52-3 44 31 24    4t-    3t- 
M200-20-52-11 46 33 30 28 21 
M200-13-47-5 42 30 25 15    9t- 
M200-6B-58-7 39 27 26 22 12t- 
Argomulyo 38 27 24 17 13 
Tanggamus 44 41 34 27 30 

Means followed by the a letter within a column differ significantly of Argomulyo and t letter within a column differ significantly of Tanggamus 
at 5% level, (-) = less than, (+) = higher. 

 
The unexpected data on untreated soybeans seeds which are showing values lower than 20 min 

treatment seeds might be caused by seed genetic as genetic variability and purity, size and weight 
(physical) uniformity and purity and less environmental factor. Although used seeds of M7 were selected 
from same seed lot, mentioned reasons might influenced on measuring electrical resistance between 
untreated seeds and 20 min treatment seeds. Each lot has its own characteristics led to seeds which have 
a common genotype might vary in their vigor depending on the maternal environment and their harvest 
and handling (Finch-Savage and Bassel, 2016). Each seed of seed lot which are produced and handled 
at the same time might have varying in vigor due to its own characteristic (Kuswanto, 2007). These 
unexpected data have been also suggested due to soaking time inaccuracy. The soaking time on untreated 
seeds might be slightly over 24 hours led to increasing the amount of electrolyte leakage impacted to 
low electrical resistance value. Hartati (2019) reported that the increasing soaking time on sesame seeds 
caused the increasing electrical conductivity. 

 
3.3. Effectivity of utilization electrical resistance  

 
A significant and strong positive correlation was noted between electrical resistance and other 

parameters (Table 5). It indicated that value of evaluated parameters increased with increasing electrical 
resistance value. It is indicated that resistivity value correlated positively with resistance value on same 
measured solution of soybean. It is also estimated that a solution which has high resistivity will has low 
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conductivity in agreement with Heaney (2003 and 2014). Oktaviani (2012) verified that conductivity 
value had a negative correlation with germination percentage and germination speed on black soybean.  
 
Table 4. Effect of accelerated aging duration and soybean mutant lines on electrical resistance 
 

Mutant lines Duration of accelerated aging (min) 
0 20 40 60 80 

Ohm (Ω) 
M50-97-8-12 21.33t- 25.50a+ 17.33t- 16.17 12.33t- 
M50-78-9-13 21.00t- 22.67t- 17.33t- 15.17t- 11.33t- 
M50-45-9-12 20.00t- 24.67 18.33 14.83t- 12.50t- 
M100-96-53-7 21.33t- 24.00t- 16.00t- 15.50t- 12.42t- 
M100-96-53-6 22.33 23.17t- 17.00t- 17.00 15.00 
M100-46-44-6 20.67t- 22.00t- 15.67t- 15.83 12.83 
M100-29A-42-15 22.33 23.67t- 17.67t- 16.50 13.83 
M100-29A-42-14 19.83t- 24.67 13.17t- 13.83t- 11.00t- 
M100-29A-42-10 21.00t- 26.00a+ 18.67 15.67t- 14.17 
M150-69-47-2 20.33t- 21.67t- 17.00t- 15.83 11.00t- 
M150-40-65-5 21.00t- 24.33 17.00t- 13.67t- 10.50t- 
M150-29-44-10 20.33t- 23.33t- 16.83t- 15.83 12.50t- 
M150-24-48-2 21.67t- 24.50 16.00t- 15.00t-   9.67t- 
M200-93-49-13 20.00t- 25.33 16.67t- 16.00 13.00 
M200-79A-50-5 20.67t- 23.67t- 15.83t- 15.50t- 12.83 
M200-64-51-2 18.83at- 24.33 19.00 14.83t- 11.33t- 
M200-62-54-4 21.33t- 26.00a+ 16.67t- 14.50t-   9.83t- 
M200-39-69-6 21.50t- 22.67t- 15.67t- 13.67t- 11.33t- 
M200-20-52-3 20.00t- 24.00t- 17.17t- 13.17t-   8.83at- 
M200-20-52-11 20.00t- 24.17t- 17.00t- 15.17t- 12.00t- 
M200-13-47-5 19.83t- 21.50t- 17.17t- 13.17t-   8.75at- 
M200-6B-58-7 20.83t- 19.67t- 17.83t- 14.83t- 11.67t- 
Argomulyo 23.33 20.33 17.17 15.67 13.17 
Tanggamus 26.67 29.33 22.67 18.67 16.17 

Means followed by the a letter within a column differ significantly of Argomulyo and t letter within a column differ significant of Tanggamus 
at 5% level, (-) = less than, (+) = higher. 
 

Table 5. Correlation between electrical resistance value and other parameters 
 

Parameters Germination percentage Germination speed Moisture content 
Electrical 
resistance 

0.634 0.729 -0.231 
0.001** 0.000** 0.279ns 

 
Note: ** significant at 1% level.  

 
3.4. Regression analysis  
 

Increasing duration of accelerated aging was inverse of reduction seed viability and seed vigor 
showed by negative regression coefficient on soybean mutant lines. In this condition, a high R-squared 
value showed a higher loss of viability and vigor. The M100-96-53-6 line had good seed viability and 
vigor as an indicator of good seed storability due to low R-squared value compared to other soybean 
mutant lines (Figure 3-5). On the contrary, high R-squared values were noted on M200-20-52-3 line that 
indicated bad seed storability. 
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Figure 3. Relation between accelerated aging duration and germination percentage. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Relation between accelerated aging duration and germination speed. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Relation between accelerated aging duration and electrical resistance. 
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3.5. Variance components and genetic parameters 
 

Variance components of germination parameters showed Table 6 and were calculated by using 
formulas in Table 1. According to Stansfield (1991), the high heritability (> 0.5) was noted on 
germination percentage, germination speed and electrical resistance, while moisture content was 
categorized to moderate heritability (0.2-0.5) (Table 6). This high heritability implied that the heredity 
regressed < 30% toward the mean of previous generation and characters were mostly influenced by the 
genotype. Kalpande et al. (2015) also noted the high heritability estimate on germination seed, electrical 
conductivity and vigor index of sorghum landraces.  

The high to low GA of this study were noted on germination percentage, germination speed, 
electrical resistance value and moisture content respectively. High genetic advance as percentage of 
mean (GAM) on germination percentage and germination speed (> 20%), moderate on electrical 
resistance value (10-20%) and low on moisture content (≤10%) were noted in accordance with Johnson 
et al. (1955). Additive genes action was suggested on germination percentage and germination speed 
expressed by high heritability with moderate to high values of GA in agreement with Naik et al. (2016) 
and Joshi et al. (2018) who noted additive gene and non-additive gene effects on soybean yield traits. 
Whereas non-additive gene action was indicated on the moisture content expressed by moderate 
heritability with low genetic advance. Kalpande et al. (2015) also suggested the high heritability with 
low genetic advance showed a non-additive effect that was most influenced by environmental than 
genotype on germination percentage and vigor seed of sorghum landraces. It had been notified 
effectivity and reliability of using a combination of heritability with genetic advance over mean (GAM) 
to predict the progress of selection. The combination of the high heritability and moderate to high genetic 
advance provide variation sources and improvement of the traits in the selection process (Jain et al., 
2018). In this study, germination speed, germination percentage and electrical resistance value could be 
considered as criteria in sequence for selecting soybean mutant lines in consequence of the appearance 
of a character that is influenced by genetic and less environmental factor. 
 
Table 6. Variance components and genetic parameters on seed viability and vigor of soybean mutants 

lines 

Parameters Mean σ2e σ2g σ2g*e σ2p h2bs GCV PCV GA GAM 
Germination  
Percentage (GP) 75.00 169.58 76.99 45.90 97.47 0.79 11.70 13.16 16.06 21.42 

Germination speed (GS) 27.81 29.43 11.13 3.99 13.89 0.80 12.00 13.40 6.15 22.12 
Moisture content (MC) 29.99 3.15 0.13 0.11 0.36 0.35 1.18 2.00 0.43 1.45 
Electrical resistance 17.86 2.49 1.30 0.58 1.58 0.82 6.39 7.05 2.13 11.93 

 
Note: σ2

e (environmental variance), σ2
g (genotypic variance), σ2

g*e (interaction of genotypic and environmental variance), σ2
p (phenotypic 

variance), h2
bs (broad sense heritability), GCV (genotypic coefficient of variance), PCV (phenotypic coefficient of variance), GA 

(genetic advance), GAM (GA as percentage of means). 
 
According to Deshmukh et al. (1986) classification, medium PCV and GCV of germination 

percentage and germination speed (10-20%) and low PCV and GCV on remaining parameters (< 10%) 
with smaller differences were observed in this study. The higher PCV than GCV with small differences 
between PCV and GCV indicated that these parameters are less influenced by the environment in 
phenotypic expression in agreement with Kalpande et al. (2015) and Ali et al. (2016). The parameters 
had medium PCV and GCV with smaller differences that might be effective for selection. Similarly, 
Tuhina-Khatun et al. (2015), Ali et al. (2016) and Kuswantoro et al. (2018) mentioned the effectivity of 
selection due to the high or medium of PCV and GCV with narrow differences. 
 
4. Conclusion 
 

Diversity in seed storability of soybean mutant lines was influenced by most of the genetic and 
some degree of environmental factors. M50-45-9-12, M100-29A-42-10, M100-29A-42-15, M100-96-
53-6, M100-96-53-7, M200-93-49-13 and M200-20-52-11 lines had been estimated good seed 
storability and M200-13-47-5 and M200-20-52-3 lines had poor estimated seed storability compared to 
Argomulyo as wild type based on germination percentage, germination speed and electrical resistance 
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value. M100-96-53-6 and M200-20-52-3 lines deteriorated to the slowest and fastest as expressed on 
the slope graph. Beside using electrical conductivity value, electrical resistance value could be used as 
an alternative method to evaluate seed vigor test. It is also recommended to compare electrical 
conductivity value and electrical resistance to confirm the validity.   

Germination percentage, germination speed and electrical resistance could be considered to 
select lines having good quality seeds with estimated storability values as a step of plant breeding 
purposes. To evaluate seed performances, selected good lines of accelerated aging might be compared 
to natural dry storage following field emergence test. 
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