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ABSTRACT – We aimed to differentiate the vigor of soybean seeds through antioxidant 
enzyme activity (superoxide dismutase-SOD, ascorbate peroxidase-APX, and catalase-
CAT) and relate them to the viability and vigor standard tests to verify if these enzymes 
detect tenuous differences in seed vigor. The following tests were performed: germination, 
fi rst germination count, germination speed index, initial growth of seedlings, electrical 
conductivity, and respiratory and enzymatic activity. It was only possible to differentiate just 
two lots of soybean seeds by vigor and germination test, considering that viability had higher 
germination in lot 2 (91%), which did not  differ from lot 3 (87.17%) nor from lot 1 (85.17%), 
while SOD and APX enzymes activity, in the roots, differed amongst the three lots. Thus, 
it was concluded that the viability and vigor standard tests relate to antioxidant enzyme 
activity, characterizing this method as an effi cient tool for detecting small differences in the 
vigor of soybean seeds.
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RESUMO – Metabolismo antioxidativo: uma ferramenta para detectar pequenas 
diferenças no vigor de sementes de soja. Objetivou-se diferenciar o vigor de sementes 
de soja por meio da atividade das enzimas antioxidantes (superóxido dismutase-SOD, 
ascorbato peroxidase-APX e catalase-CAT) e relacioná-las aos testes padrão de viabilidade e 
vigor, tendo por fi nalidade verifi car se estas enzimas detectam diferenças tênues no vigor das 
sementes. Foram realizados os seguintes testes: germinação, primeira contagem e índice de 
velocidade de germinação, crescimento inicial de plântulas, condutividade elétrica, atividade 
respiratória e enzimática. Foi possível diferenciar  apenas dois lotes de sementes de soja 
pelos testes de vigor e germinação, sendo que a viabilidade apresentou maior germinação 
para o lote 2 (91%), não diferindo do lote 3 (87,17%), diferindo do lote 1 (85,17%), enquanto 
que a atividade das enzimas SOD e APX, nas raízes, diferenciou as sementes em três lotes. 
Portanto, conclui-se que os testes padrão de viabilidade e vigor têm relação com a atividade 
das enzimas antioxidantes, caracterizando este método como uma ferramenta efi ciente para 
detectar pequenas diferenças no vigor de sementes de soja.

Palavras chave: ascorbato peroxidase, catalase, qualidade fi siológica, superóxido dismutase

INTRODUCTION

Germination is characterized by a sequence of 

events that results in the recovery of the metabolic 

activity of the embryonic axis. This process starts 

with the rehydration of the seed, where respiration is 

the fi rst metabolic activity to be rapidly activated to 

high levels, a few hours after imbibition, accelerating 
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the metabolism and the activation of respiratory 
and hydrolytic enzymes (Höfs et al. 2004, Marenco 
& Lopes 2009), which are responsible for the 
degradation of seed reserves, which results in the 
growth and development of a new seedling.

Reactive oxygen species (ROS) are produced 
through the incomplete reduction of O

2
 to H

2
O 

consequent to the aerobic metabolic processes of 
plants, such as respiration and photosynthesis (Skutnik 
& Rychter 2009), resulting in a partial molecular 
reduction of oxygen (D’Autréaux & Toledano 2007, 
Stanisavljević et al. 2011). The radicals that are 
produced by many different enzymatic systems, such 
as plant NADPH oxidases, also known as respiratory 
burst oxidase homologues (RBOHs), are the most 
thoroughly studied enzymatic ROS-generating 
systems (Marino et al. 2012). The ROS produced 
by RBOHs play essential roles in diverse processes, 
such as root hair development, stomata closure, and 
signaling mechanisms in response to abiotic and 
biotic stimuli (Montiel et al. 2013).

ROS have an essential role in several metabolic 
processes and are potentially dangerous when 
overproduced, especially when the plant is subjected 
to an environmental stress, which causes imbalance 
in cell redox state, commonly referred to as 
“oxidative stress” that can damage the membrane 
system leading to reduction of seed vigor (Apel & 
Hirt 2004, Mei & Song 2010, Carneiro et al. 2011) 
or lead to cell death (Marino et al. 2012).

In order to maintain a homeostatic balance, 
and eliminate these reactive species, plants present 
antioxidant enzymes such as superoxide dismutase 
(SOD), which catalyzes the dismutation of the 
superoxide radical in H

2
O

2
 and O

2
, catalase (CAT) 

and ascorbate peroxidase (APX) that breaks H
2
O

2
 

into H
2
O and O

2
. These enzymes protect plant cells 

and their sub-cell divisions from the cytotoxic effects 
caused by ROS (Soares & Machado 2007).

Since changes in membrane level are not always 
detectable with germination and vigor analyses, 
and cell damage leads to loss of viability (Kibinza 
et al. 2006), one enriching alternative would be to 
assess the activity of antioxidant enzymes as a way 
to improve the responses of these tests, since these 
analyses could verify the beginning of possible 
degenerative changes in the seeds and seedlings 
through the destabilization of cell membranes, with 
higher sensitivity.

The study of the activity of enzymes from the 
antioxidative system has been widely used to assess 
biotic and abiotic stresses (Soares & Machado 2007) 

in several species, such as seeds and seedlings of 
alfalfa (Medicago sativa L.) (Cakmak et al. 2010), 
barley (Hordeum vulgare L.) (Mei & Song 2010), 
Jathropa (Jatropa curcas L.) (Cai et al. 2011) and 
Picea omorika (Pančić) Purk. (Prodanović et al. 
2012). However, the relationship between the 
physiological quality of the seeds and the activity of 
these enzymes has been insuffi ciently studied.

Based on this, we aimed to differentiate the lots 
of soybean seeds through the activity of antioxidant 
enzymes and relate them to the viability and vigor 
standard tests to check if these enzymes detect 
tenuous differences in seed vigor.

MATERIALS AND METHODS

Three soybean seed lots, cultivar NA 4990RG 
obtained from a private company, were used. 
They were classifi ed through germination standard 
test (GT %), which were performed according 
to the Seeds Analysis Rules (Brazil 2009). Four 
replicates of 200 seeds were used, composed by four 
subsamples of 50 seeds for each lot, using paper 
rolls as a special substrate for germination, which 
were previously humidifi ed with distilled water in a 
proportion of 2.5 times its initial mass and kept in 
a germinator at 25ºC. The count was performed on 
the eighth day after sowing (DAS) and the results 
were expressed in germination percentage. The fi rst 
germination count (FGC%) was conducted together 
with the germination test, being the fi rst count for 
the soybean, performed on the fi fth day after sowing, 
and the results were expressed in normal seedling 
percentage. The germination speed index (GSI) was 
performed according to Maguire (1962), using the 
germination test, through daily counts from radicle 
protrusion by the seed tegument, until the number of 
emerged seedlings remained constant.

The analysis of initial growth of seedlings was 
performed by measuring the length of the aerial 
part (APL) and of the roots (RL) of 40 seedlings 
for each replicate at the end of the germination test. 
The measurement was performed with a millimeter 
ruler and the results were expressed in centimeter 
seedling-1. At the end of the germination test, the 
dry mass of the aerial part (APDM) and of the roots 
(RDM) were also measured, obtaining the dry mass 
of 40 seedlings for each replicate, gravimetrically, in 
a forced ventilation oven at 70 ± 1ºC, until constant 
mass with the results expressed in mg seedling-1. For 
the electrical conductivity test (EC), four replicates 
for each lot were used with four subsamples of 
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25 seeds each, a total of 400 seeds per treatment. 
Initially, the mass of dry seeds was determined, which 
were placed in fl asks with 75 mL of deionized water 

and kept in germinator at a constant temperature of 

25ºC. After incubation periods of three, six and 24h 

readings in a Digimed CD-21 Condutivimeter were 

carried out, with the results expressed in µS cm-1 g-1 

of seeds according to the methodology described by 

Krzyzanowski (1991).

The respiratory activity (RA) was determined in 

the Pettenkofer apparatus, where 100g of soybean 

seeds were placed in a storage fl ask, imbibed in 80 

mL of water for 60 minutes to initiate the respiratory 

process and, after that, the release of CO
2 
from the 

seeds was measured according to the methodology 

described by Mendes et al. (2009). The result was 

expressed in milligrams of released of CO
2
 by 

milligram of seed per hour (mg CO
2
 released mg of 

seed -1 h-1).

The activity of the antioxidant enzymes 

superoxide dismutase (SOD, EC 1.15.1.1), ascorbate 

peroxidase (APX, EC 1.11.1.11), and catalase (CAT, 

EC 1.11.1.6) was determined by using 400 mg of the 

aerial part and roots of soybean seedlings, which were 

collected, separately, at the end of the germination 

test, macerated with 10% of polyvinylpolypyrolidon 

(PVPP); enough to avoid oxidation of the material 

and homogenized in 1.5 mL of the extraction buffer 

(potassium phosphate 100 mM with pH 7.8, EDTA 

0.1 mM and ascorbic acid 20 mM). The sample was 

centrifuged at 12.000g for 20 minutes at 4ºC and 

the supernatant was used to determine the enzyme 

activity based on its fresh mass (FM).

The assessment of the activity of SOD was based 

on the enzyme capacity to inhibit the photoreduction 

of tetranitroblue tetrazolium (NBT) (Giannopolitis & 

Ries 1997) through chemical reaction with potassium 

phosphate (50 mM, pH 7.8), methionine (14 mM), 

EDTA (0.1 μM), NBT (75 μM), and ribofl avin (2 

μM), added by 100 µL of basic enzymatic extract, 

completing the fi nal volume of 2 mL with distilled 

water. The readings were performed at 560 nm, 

taking into account that one unit of SOD corresponds 

to the amount of enzyme able to inhibit in 50% the 

photoreduction of the NBT in test conditions.

The APX activity was performed according to 

Nakano & Asada (1981), through the assessment of 

the ascorbate oxidation rate at 290 nm during two 

minutes. The potassium phosphate buffer (100 mM, 

pH 7.0) was incubated at 28-30ºC for 10 minutes 

and, later, with the addition of ascorbic acid (0.5 

mM), H
2
O

2
 (0.1 mM) and 25 μL of enzymatic extract 

at the moment of the reading, completing the fi nal 

volume to 2 mL with distilled water.

The CAT activity was determined according to 

Azevedo et al. (1998) estimated by the decrease 

in absorbance at 240 nm during two minutes in a 

chemical reaction containing potassium phosphate 

(100 mM, pH 7.0) incubated at 28-30ºC for 10 

minutes, and, later, with addition of H
2
O

2 
(12.5 mM) 

and 25 μL of enzymatic extract at the moment the 

reading was performed, completing the fi nal volume 

to 2 mL with distilled water.

The experimental delineation was fully rando-

mized, with four repetitions for each of the analyses 

made. The data concerning the measured variables 

was submitted to analysis of variance and the means 

compared by the Tukey test (p≤0.05), through the 

software WinStat 2.0 (Machado & Conceição 2007).

RESULTS AND DISCUSSION

The analysis of variance showed a signifi cant 

difference at 5% error probability level for the 

variables: germination percentage, fi rst germination 

count, electrical conductivity after three, six and 24h 

of imbibition, respiratory activity and activity of the 

antioxidant enzymes superoxide dismutase (SOD), 

catalase (CAT) and ascorbate peroxidase (APX) in 

soybean seeds, cv. NA 4990RG (Tab. 1).

The soybean seeds were classifi ed in three 

lots by the germination test (Tab. 2), where lot 2 

presented the highest germination percentage (91%), 

not differing statistically from lot 3 (87.17%) but 

differing from lot 1 (85.17%), whereas all were above 

the minimum Brazilian standard for production 

and commercialization of soybean seeds (Brazil 

2005; Gianluppi et al. 2009). Concerning the vigor 

of the seeds, the lots were different and classifi ed 

in two levels, one with more vigor (lot 2) and the 

other with less (lot 1), characterized by the fi rst 

germination count test (FGC), germination speed 

index (GSI), aerial part length (APL), aerial part dry 

mass (APDM), corroborating to the germination test 

results (Tab. 2). Lot 3 remained in an intermediate 

level, since the variables APL and APDM did not 

statistically differ from the lot with higher vigor (lot 

2), while according to the variables FGC, GSI and 

APDM did not differ from the lot with less vigor (lot 

1). Root length (RL) and root dry mass (RDM) did 

not cause differentiation of any of the lots (Tab. 2).

Seed vigor is important as it enables identifying 

if seeds have the capacity to withstand climatic 
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adversities, considering that the germination test 

alone does not assure success in the performance of 

seeds in the fi eld (Franzin et al. 2004). Among these, 
the electrical conductivity test is very important to 
check the integrity of the cell membrane system 
(Lopes & Franke 2010, Tunes et al. 2011).

Electrical conductivity, in three hours of 
imbibition, enabled separating the soybean seeds in 
different lots, in which lot one had a lower vigor in 
relation to lots two and three (Fig. 1). However, after 
six and 24h of imbibition, it was possible to observe 

an increase in the amount of leachates released by 
the seeds, a result which enabled classifying the 
seeds in lots one and two with higher and lower 
vigor, respectively, besides separating lot three as 
intermediate compared to the other two (Fig. 1).

Respiratory activity also enabled distinguishing 
soybean seed lots in two levels, one with high vigor 
(lots 2 and three) and one with low vigor (lot 1) (Fig. 
2A). These results match the ones found for soybean 
cv. 8000 (Mendes et al. 2009), sunfl ower (Dode et 

al. 2012) and cowpea (Vigna unguiculata L.) seeds 

* Signifi cant at 5%, by F-test (p<0.05). ns Not signifi cant at 5% level, by F-test (p<0.05). DF = Degrees of freedom. CV = Coeffi cient 
of variation.

Means followed by standard error and same letter, in the column, do not differ by the Tukey test (p<0.05).

(Aumonde et al. 2012), confi rming the effi ciency 
of the method in separating lots into different vigor 
levels.

The activity of the antioxidant enzymes was 
more sensitive than the other viability and vigor 
tests differing soybean seeds into three lots. The 
antioxidant enzymes SOD and APX presented higher 
activity in the roots than in the aerial part of the 
soybean seedlings at the end of the germination test 

(Figs. 2B and 2C, respectively), while the opposite 
was shown for the enzyme CAT (Fig. 2D). This 
shows that during the germination process higher 
accumulation of H

2
O

2
 occurs in the aerial part than in 

the roots of the seedlings, because CAT is responsible 
for detoxifi cation of the hydrogen peroxide in excess 
in plant cells (Maia et al. 2012).

In the roots, the activity of SOD and APX was 
higher in lot 1, lower in lots 2 and 3 (Figs. 2B and 

Table 1. Analysis of variance of germination test (GT %), fi rst germination count (FGC %), germination speed index 
(GSI), length and dry mass of aerial part (APL, APDM) and roots (RL, RDM), electrical conductivity (EC) after three, 
six and 24 hours of imbibition, seed respiratory activity (RA) and antioxidant enzyme SOD, CAT and APX activity in 
aerial part (AP) and roots (R) of soybean seedlings, cultivar NA 4990RG, at the end of the germination test.

Table 2. Germination test (GT %), fi rst germination count (FGC %), germination speed index (GSI), length and dry mass 
of aerial part and roots of three soybean lots. 
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2C), enabling differentiating the soybean seeds in the 

three lots in terms of vigor. The CAT activity, on the 

other hand, did not show statistical difference (Fig. 

2D). Concerning the activity of these enzymes in 

the aerial part of the seedlings, there was a higher 

activity in the lot with greater germination (lot 2) 

and lower activity in lot 1, while lot 3 was ranked in 

an intermediate position compared to the other two 

lots. According to Deuner et al. (2011), the balance 

between the production and removal of intracellular 

hydrogen peroxide is directly linked to the capacity 

of plants keeping high activity of SOD, CAT and 

APX, as well as in some related studies with abiotic 

stress, the decrease of antioxidant enzyme activity is 

related to seeds and seedlings with lower viability 

and vigor (Demirkaya et al. 2010, Chauhan et al. 

2011, Prodanović et al. 2012).
Considering these results, we can infer that the lot 

with the best quality (lot two) (Fig. 2) showed higher 
activity of antioxidant enzymes in the aerial part and 
consequently greater ability to trigger the defense 
system, showing a better capacity to overcome 
adversities. Studies that have been developed 
analyzing the activity of these antioxidant enzymes, 

submitting different cultures to abiotic stress, have 
shown higher activity of SOD in more tolerant corn 
cultivars, both in their leaves (Hernández et al. 2000) 
and in their roots (Shalata et al. 2001). Nevertheless, 
Azevedo Neto et al. (2006) observed a decrease in 
the activity of SOD in the roots of a tolerant cultivar 
when submitted to saline stress, with a strong decrease 
of this enzyme in the sensitive cultivar. Besides this, 
in wheat seeds, it was noticed that the reduction of 
germination is associated with the accumulation of 
H

2
O

2
 concomitant to a progressive decrease of CAT 

and of SOD activity (Lehner et al. 2008).
The superoxide dismutase – SOD has the ability 

to catalyze the dismutation of the superoxide radical 
in H

2
O

2
 and O

2
, and H

2
O

2 
is a regulator of a multitu-

de of physiological processes like acquiring resistan-
ce, cell wall strengthening, senescence, phytoalexin 
production, photosynthesis, stomatal opening, and 
the cell cycle (Petrov & Breusegem 2012). Thus, we 
believe that the higher activity of SOD represents a 
higher capacity to tolerate biochemical and physio-
logical changes that the seeds undergo during the 
beginning of the germination process, showing hi-
gher vigor to adverse conditions and then, a higher 
survival capacity.

Fig. 1. Electrical conductivity (EC) after three, six and 24 hours of imbibition of the three lots of 
soybean seeds. Distinct letters differ from each other in the different imbibition periods by the Tukey 
test (p<0.05). Bars represent mean standard error.
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CONCLUSION

The viability and vigor standard tests are related 

with antioxidant enzyme activity, characterizing this 

method as an effi cient tool to detect small differences 
in the vigor of soybean seeds.
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