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Implications of seed coat cracking on soybean seed quality

ABSTRACT: Seed coat cracking is a “physiological defect” that occurs in soybean seeds, 
affecting their integrity. The objective of this study was to evaluate the effect of seed coat 
cracking on the physiological quality and storability of soybean seeds. Seeds from three 
lots were used: one from the NS 7209 IPRO cultivar and two from the 8473 RSF cultivar, 
produced in the states of Goiás and Mato Grosso, Brazil. Each lot was manually segregated 
into three portions: the original lot (OL), seeds with an intact seed coat (IS), and seeds with 
a cracked seed coat (CS), which were stored at temperatures of 15 °C and 28 °C for 270 days. 
The experiment was carried out in a completely randomized design. Vigor and viability were 
evaluated using the tetrazolium test, first germination count, germination test, accelerated 
aging, and electrical conductivity at 0, 45, 90, 135, 180, 225, and 270 days of storage, as well 
as seedling emergence in a seedbed after 0, 90, 180, and 270 days of storage. Seed coat 
cracking in soybean reduced the physiological quality of the lots in all the tests compared to 
seeds with intact seed coats, and this effect was more pronounced when seeds were stored 
at 28 °C. Seed coat cracking contributes to increased seed deterioration in soybean when 
seeds are stored under high-temperature conditions.

Index terms: deterioration, permeability, storage, viability, vigor.
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RESUMO: O rasgo é um “defeito fisiológico” que ocorre no tegumento das sementes de soja 
e afeta a sua integridade. O objetivo deste estudo foi avaliar o efeito da presença de rasgo no 
tegumento sobre a qualidade fisiológica e armazenabilidade de sementes de soja. Utilizou-
se sementes de três lotes, sendo um da cultivar NS 7209 IPRO e dois da cultivar 8473 RSF, 
produzidas nos estados de Goiás e Mato Grosso. Cada lote foi segregado manualmente em 
três porções, sendo elas: Lote original (LO), sementes com tegumento íntegro (TI) e com 
presença de rasgo no tegumento (TR), as quais foram armazenadas sob as temperaturas de 
15 °C e 28 °C durante 270 dias. O experimento foi realizado em delineamento inteiramente 
casualizado. Foram avaliados o vigor e viabilidade pelo teste de tetrazólio, primeira contagem 
de germinação, porcentagem de germinação, envelhecimento acelerado e condutividade 
elétrica aos 0, 45, 90, 135, 180, 225 e 270 dias de armazenamento, além de emergência em 
canteiro aos 0, 90, 180 e 270 dias. A presença de rasgo no tegumento da semente de soja 
reduziu a qualidade fisiológica dos lotes em todos os testes realizados quando comparada 
a semente com o tegumento íntegro, de forma mais acentuada no armazenamento a 28 °C. 
O rasgo no tegumento contribui para o aumento da deterioração das sementes, quando o 
armazenamento se dá sob condição de alta temperatura. 

Termos para indexação: deterioração, permeabilidade, armazenamento, viabilidade, vigor. 
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INTRODUCTION

Soybean [Glycine max (L.) Merrill] is an important leguminous plant for grain production and one of the most valuable 
oilseed crops in the world. Due to its chemical composition, it is widely used and grown throughout the world, and Brazil 
(169.0 M.t-1), the United States (120.7 M.t-1), and Argentina (51.0 M.t-1) are the largest producers (USDA, 2024).

Over the years, there have been constant efforts to increase soybean production in Brazil by expanding the growing 
area and, above all, by increasing yield. These efforts include the use of healthy seeds of high genetic, physical, and 
physiological quality, which is essential for success in soybean growing. According to França-Neto et al. (2016), high-
vigor plants with superior field performance ensure higher yield.

However, in the seed production system, the challenge is not only to produce high quality seeds, but also to preserve 
them up to the time of sowing, since the storage period can be long and under conditions that are not always ideal.

Among the intrinsic factors that affect seed storage potential, the seed coat plays a prominent role, for although it is 
quite thin, it performs an important function in protecting the embryo from pathogen attacks and mechanical damage. 
The seed coat is responsible for modulating gas exchanges between the seed and its environment and for regulating 
the rate of water absorption and desorption during imbibition and drying of the seed, protecting the embryo from 
injuries that could be caused by rapid imbibition (Chachalis and Smith, 2000; Marcos-Filho, 2015). The permeability 
of the seed coat changes when there are cracks, fissures, and scratches resulting from handling procedures (such as 
harvesting, drying, processing, and sowing operations), insect attack, or certain environmental conditions during seed 
maturation (Qutob et al., 2008). Thus, to efficiently preserve seed quality, it is of utmost importance for the seed coat 
to be intact, that is, without fissures or cracks on the surface.

Seeds of some soybean cultivars have cracks in the seed coat, also known as physiological rupture. This is defined as 
a physiological defect of the seed and is one of the forms of damage that compromises the seed coat. Seen in the grain 
filling phase, at the R5.4 stage, it appears as a rupture/crack in the dorsal lining brought about by the rapid turgidity 
of the seed cells due to excess water (Senda et al., 2018). It is therefore correlated with moisture, though it does not 
necessarily arise from it. The cracking shows variation among the different genotypes, with different shapes and sizes, 
and is randomly distributed over the seed. Depending on the shape of the seed, it can extend from the cotyledon to 
the embryonic axis in the region of the radicle. Furthermore, according to the environmental conditions the plants will 
experience in the field, above all when they reach the point of physiological maturity (R7 stage), the genotypes in which 
the seeds show cracking of the seed coat may be affected by moisture deterioration. As storage progresses, the seeds 
with the cracked seed coat are more susceptible to deterioration, which, depending on the location of its occurrence, 
may make plant tissues important for radicle emergence unviable (Huth et al., 2016; Zorato, 2018).

The appearance of this physiological defect in seeds in different soybean lots and genotypes has raised questions in 
relation to possible reduction in seed vigor and viability. Thus, the aim of this study was to evaluate the effect of seed 
coat cracking on the physiological quality and longevity of soybean seeds.

MATERIAL AND METHODS

The study was developed in the Seed Analysis Teaching Laboratory (Laboratório Didático de Análise de Sementes) of 
the graduate studies program in seed science and technology of the Universidade Federal de Pelotas in the municipality/
county of Capão do Leão, RS, Brazil. Three soybean seed lots were used: one from the cultivar NS 7209 IPRO (Nidera 
Seeds), maturity group 7.2, produced in the state of Mato Grosso (MT); and two from the cultivar 8473 RSF (Brasmax-
GDM), maturity group 7.4, one produced in Goiás (GO) and the other in the state of Mato Grosso (MT). The seeds of 
each lot were evaluated considering the original lot (OL) and manually segregated into seeds with an intact seed coat 
(IS) and cracked seed coat (CS) (Figure 1 and Table 1).



Journal of Seed Science, v.46, e202446030, 2024

3Soybean seed coat cracking

Figure 1.	 Appearance of seeds with seed coat cracking.

Table 1.	 Initial characterization of seed lots regarding origin, percentage of seed coats that are cracked, moisture 
content (MC), and 1000 seed weight (1000SW).

Cultivar Origin Identification Cracking
(%)

MC
(%)

1000SW
(g)

NS 7209 IPRO MT1/ Original lot (OL) 18 11.6 220.0
NS 7209 IPRO MT Intact seed coat (IS) 0 11.6 220.6
NS 7209 IPRO MT Cracked seed coat (CS) 100 11.7 220.4

8473 RSF GO Original lot (OL) 38 11.6 206.3
8473 RSF GO Intact seed coat (IS) 0 11.8 203.0
8473 RSF GO Cracked seed coat (CS) 100 11.8 212.9
8473 RSF MT Original lot (OL) 24 11.5 189.4
8473 RSF MT Intact seed coat (IS) 0 11.6 186.4
8473 RSF MT Cracked seed coat (CS) 100 11.6 197.0

1/ MT: Mato Grosso. GO: Goiás (Brazil).

The seed lots were stored at temperatures of 15 °C and 28 °C in semi-hermetic packaging to maintain seed 
moisture throughout the storage period. Analyses to monitor quality were carried out at 45-day intervals for a 
total of seven evaluation times: 0, 45, 90, 135, 180, 225, and 270 days of storage. After each period, the following 
evaluations were made:

Tetrazolium test (TZ): two 50-seed subsamples were used per replication, placed between sheets of germination 
testing (germitest) paper moistened with distilled water and pre-conditioned for 16 hours in an incubation chamber 
at 25 °C + 2 °C. At the end of that period, the seeds were transferred to 50 mL volume plastic cups and were totally 
immersed in tetrazolium solution (0.075%) and kept at 35 °C in a BOD type chamber until they were stained, a period 
of around 120 minutes. After staining and washing in running water, the seeds were classified from 1 to 8 according to 
the type and intensity of seed damage. Viability was represented by the sum of the percentages of seeds within classes 
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from 1 to 5; whereas vigor level was assessed using classes from 1 to 3. The seeds that exhibited moisture damage 
were quantified, with vigor reduction classified as MD 4-5 and viability reduction as MD 6-8. Results were expressed as 
percentages (França-Neto and Krzyzanowski, 2022). 

Germination test (G): this was conducted with four 50-seed subsamples per replication, and the substrate was 
three sheets of germination testing paper moistened with distilled water in the amount of 2.5 times the weight of the 
dry paper. The seeds were kept in a germination chamber at a temperature of 25 °C + 2 °C. The seedlings considered 
normal were counted at eight days after sowing, as recommended by the Rules for Seed Analysis (Regras para Análise 
de Sementes) (BRASIL, 2009).

First germination count (FGC): this was performed along with the germination test, counting the number of normal 
seedlings on the fifth day after setting up the test.

Accelerated aging (AA): in this test, the methodology recommended by the ISTA (2017) and supplemented by 
Marcos-Filho (2020) was adopted. Approximately 200 seeds from each treatment, per replication, were distributed 
in a single layer on an aluminum screen fastened inside the germination box (gerbox) plastic boxes, functioning as an 
individual compartment. To each gerbox, 40 mL of water was added, and the boxes were placed in a BOD type chamber. 
The temperature was regulated to 41 °C + 0.3 °C for a period of 48 hours, and then the germination test was performed 
on the seeds, following the recommendations of the Rules for Seed Analysis (BRASIL, 2009).

Bulk Electrical Conductivity (EC): a total of 25 seeds per subunit were used for each replication; the seeds were 
weighed and then immersed in 75 mL of deionized water for a period of 24 hours, keeping the temperature at 25 °C 
+ 2 °C in a BOD incubator (Krzyzanowski et al., 2023). After this period, electrical conductivity readings were taken 
of the imbibition solution with the aid of a digital benchtop conductivity meter, Digimed brand, and the values were 
expressed in μS cm-1 g-1.

Emergence in a seedbed: for this analysis, 200 seeds per experimental unit were used, which were sown in the soil 
at a depth of 3 cm. Emerged seedlings were counted at 14 days after sowing. This analysis was carried out every 90 days 
(0, 90, 180, and 270 days of storage).

Statistical analyses: a split-plot experimental design was used, with the three groups segregated from each lot 
allocated to the main plot and the seven storage times allocated to the split-plot, with three replications for each 
test. The three seed lots were evaluated individually [NS 7209 IPRO, 8473 RSF (GO), and 8473 RSF (MT)] at each of 
the temperatures (15 °C and 28 °C). Analysis of variance was performed on the data, which met the suppositions of 
normality and homoscedasticity, followed by comparisons of means by Tukey’s test for each of the variables evaluated. 
For the quantitative factor (storage periods), polynomial and exponential regressions were carried out. The statistical 
programs R 4.2.3 (R Core Team, 2023) and SigmaPlot 12.5 were used.

RESULTS AND DISCUSSION

There was no interaction between the seed coat cracking and storage period (SP) factors for first germination count 
(FGC) in the seeds stored at the temperature of 15 °C. However, on average, the FGC of the seeds with a cracked seed 
coat (CS) had significantly lower values than the seeds with an intact seed coat (IS) (Table 2).

At the storage temperature of 28 °C, there was interaction between the segregated seeds and the storage periods, 
and significant differences between the segregated seed groups were observed at 45, 90, and 180 days for seed lots 
8473 RSF (MT), NS 7209 IPRO, and 8473 RSF (GO), respectively (Table 2).

Although no interaction was observed between the factors at the storage temperature of 15 °C for FGC, the seeds 
with a cracked seed coat showed germination (G) lower than that of the seeds with an intact seed coat as of 135 days of 
storage for the NS 7209 IPRO seed lot, and at 270 days for the 8473 RSF (MT) seed lot (Table 2). However, no significant 
differences were observed between the seeds with cracked seed coats and intact seed coats from the 8473 RSF (GO) 
seed lot over the periods evaluated.
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Under storage conditions at 28 °C, similar results were observed; however, significant differences between 
germination of seeds with and without a cracked seed coat already occurred at 90 days of storage for the NS 7209 
IPRO and 8473 RSF (MT) seed lots. In contrast, for the 8473 RSF (GO) lot, a difference was observed as of 180 days, 
and all the segregated groupings of seeds already had germination percentages below the legal requirements for seed 
commercialization (80%) (MAPA, 2013) (Table 2).

Evaluation of the performance of the seed lots over the period of storage at 15 °C shows that the seeds of the 
NS 7209 IPRO lot maintained their FGC percentage up to 225 days without significant variations. After that period, a 
reduction of approximately 10 percentage points was observed (Figure 2A). However, the cultivar 8473 RSF showed 
reduction of 3.4 percentage points in the seed lot from GO and 3.9 percentage points in the seed lot from MT at the 
end of storage (Figure 2C and 2E).

The seed lots stored at 28 °C exhibited similar FGC values for nearly 90 days. However, after that period, there was 
exponential reduction in the FGC up to 180 days for NS 7208 IPRO and up to 270 days for 8473 RSF (GO and MT) (Figure 
2B, 2D, and 2F). Seeds with a cracked seed coat from both 8473 RSF lots showed lower storage potential than the other 
segregated groups (Figure 2D and 2F).

Seeds from the NS 7209 IPRO lot at the temperature of 15 °C had lower germination as of 225 days of storage 
(Figure 3A). However, in seeds from the lot stored at 28 °C, the germination percentage declined at 90 days, with 
drastic reduction up to 180 days, followed by a stabilization period, fitting a sigmoidal model (Figure 3B). There was no 
interaction between the segregated groups and the storage periods for the 8473 RSF (GO) lot, which showed an overall 

Table 2.	 Tests of first germination count (FGC) and germination percentage (G) of three soybean seed lots from the 
cultivars NS 7209 IPRO and 8473 RSF from the states of GO and MT, Brazil, segregated into the groups of 
the original lot (OL), of seeds with intact seed coat (IS), and of seeds with a cracked seed coat (CS) stored at 
temperatures of 15 °C and 28 °C.

SP 
(Days)

NS 7209 IPRO 8473 RSF (GO) 8473 RSF (MT)
15 °C 28 °C 15 °C 28 °C 15 °C 28 °C

IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS

FGC

0 93 94 98 93 94 98 100 98 99 100 98 99 99 98 96 99 98 96 NS
45 91 90 89 87 85 85 99 98 98 96 95 94 98 98 96 95 96 89 A
90 93 92 91 86 85 76 99 98 99 96 94 91 98 97 98 96 92 85 AB

135 93 91 85 71 62 59 97 97 95 92 93 89 94 94 92 91 89 85 B
180 93 92 89 18 15 7 98 96 96 70 49 40 97 95 93 80 67 49 BC
225 89 91 88 0 0 0 99 96 96 54 30 15 96 96 94 45 35 27 C
270 83 79 76 0 0 0 97 94 95 11 3 0 95 95 90 5 0 0

Mean 91 90 88 51 49 46 98 97 97 74 66 61 97 96 94 73 68 62

G

0 97 98 98 97 98 98 100 100 99 100 100 99 99 98 99 99 98 99
45 94 91 90 92 89 89 99 98 98 98 97 97 98 98 96 97 97 91
90 94 93 93 88 85 77 100 99 99 96 95 93 98 98 98 97 92 87

135 95 94 88 74 66 59 97 97 97 96 96 94 95 95 93 93 92 86
180 97 94 91 21 16 7 99 98 96 76 53 46 98 97 97 83 69 62
225 92 93 91 0 0 0 99 98 97 64 34 16 98 97 96 49 39 32
270 92 81 79 0 0 0 97 98 97 11 3 0 96 99 92 5 0 0

Mean 94 92 90 53 51 47 99ns 98 98 77 68 64 97 97 96 75 70 65
1/ Means that have the same color in the row do not differ from each other by Tukey’s test (p < 0.05). SP: storage period. ns: not significant. OL: 
original lot. IS: seeds with intact seed coat. CS: seed with cracked seed coat.
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reduction of approximately 2% in germination throughout the period of storage at 15 °C (Figure 3C). However, in storage 
at 28 °C, seeds from this lot that had intact seed coats had greater storability; they maintained their germination level 
for approximately 180 days, whereas the other segregated groups showed reduction in germination at 135 days (Figure 
3D). A similar response was observed for the 8473 RSF (MT) lot (Figure 3E and 3F).

Figure 2.	 First germination count (FGC) of three soybean seed lots from the cultivars NS 7209 IPRO (A and B) and 8473 RSF 
from GO (C and D) and from MT (E and F), segregated into groups of the original lot, of seeds with intact seed 
coat, and of seeds with a cracked seed coat, stored at temperatures of 15 °C (A, C, and E) and 28 °C (B, D, and F).
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Figure 3.	 Germination percentage (G) of three soybean seed lots from the cultivars NS 7209 IPRO (A and B) and 8473 RSF 
from GO (C and D) and from MT (E and F), segregated into groups of the original lot, of seeds with intact seed 
coat, and of seeds with a cracked seed coat, stored at temperatures of 15 °C (A, C, and E) and 28 °C (B, D, and F).

Seed germination capacity declines as storage time increases. This reduction in viability is highly affected by the 
temperature (T) and relative humidity (RH) of the environment (Radha et al., 2014); the lower the T and RH, the 
lower the rate of reduction in quality from an advancing seed deterioration process (Delouche, 2002; Krzyzanowski 
et al., 2022) (Figures 2 and 3).
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Storage potential not only varies among cultivars, but also varies among seed lots and even among the seeds of a 
single lot. That was observed in this study, where segregated groups of seeds (OL, IS, and CS) coming from the same 
seed lot showed different storage potential (Figures 2 and 3), with more intense reduction in the values of FGC and G 
in the seeds with a cracked seed coat (CS), particularly observed in storage at the temperature of 28 °C.

The results regarding seed vigor and viability evaluated by the tetrazolium test are shown in Table 3. Comparing 
the three seed lots used, greater vigor was seen in the seeds with an intact seed coat (IS) in relation to those that 
had a cracked seed coat (CS and OL), corroborating the results of Pieper et al. (2024). This was confirmed at both 
temperatures (15 °C and 28 °C) beginning at 0 storage time, and it was more evident as of 90 days of storage, above 
all for the seed lot from the cultivar NS 7209 IPRO when stored at 28 °C. The seeds of the original lot (OL) showed 
intermediate results, tending toward the results of the seeds with intact seed coat. The percentage of cracked seeds 
found in the original seed lots was below 40% in the three lots evaluated (Table 1).

The results of seed viability and vigor obtained using the tetrazolium test were similar to each other, and the seeds 
with cracked seed coats showed data significantly lower than the other segregated groups as of 90 days of storage 
for the cv. 8373 RSF seed lots, and as of 135 days for the NS 7209 IPRO seed lot at both temperatures (Table 3). This 
reduction in physiological quality over the storage period is mainly due to moisture damage, the only damage that 
intensifies over the storage period.

At the temperature of 15 °C, vigor through the tetrazolium test decreased an average of 10 percentage points 
comparing time 0 and 270 days (Figures 4A, 4C, and 4E). These results fit second- and third-degree polynomial regression 

Table 3.	 Vigor (VG) and viability (VB), evaluated using the tetrazolium test (TZ), of three soybean seed lots from the 
cultivars NS 7209 IPRO and 8473 RSF from the states of GO and MT, segregated into groups of the original lot 
(OL), of seeds with intact seed coat (IS), and of seeds with cracked seed coat (CS), stored at temperatures of 
15 °C and 28 °C.

SP 
(Days)

NS 7209 IPRO 8473 RSF (GO) 8473 RSF (MT)
15 °C 28 °C 15 °C 28 °C 15 °C 28 °C

IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS

VG

0 91 89 92 91 89 92 94 97 90 94 97 90 98 97 92 98 97 92 NS
45 94 93 83 88 89 85 98 95 93 91 89 87 95 95 94 87 91 83 A
90 95 90 89 78 77 70 97 94 87 88 86 86 92 92 86 88 85 81 AB

135 93 91 83 78 76 66 93 92 87 87 82 78 96 93 91 82 75 71 B
180 97 90 88 54 46 37 94 92 87 70 64 47 96 94 88 79 74 68 BC
225 88 84 79 5 3 0 95 91 85 60 45 19 94 84 80 38 37 27 C
270 78 73 68 0 0 0 87 82 79 22 21 8 89 86 79 6 3 3

Mean 91 87 83 56 54 50 94 92 87 73 69 59 94 92 87 68 66 61

VB

0 95 96 95 95 96 95 99 97 96 99 97 96 98 99 95 98 99 95
45 97 97 92 97 95 94 100 98 97 97 96 95 97 98 96 95 95 90
90 98 97 95 88 88 87 100 97 92 96 92 90 96 92 89 95 90 89

135 97 99 93 93 89 83 99 98 96 93 87 88 97 98 93 93 86 81
180 99 95 92 86 79 68 98 94 95 85 77 65 97 95 94 88 85 80
225 95 92 89 29 18 11 98 94 91 74 59 50 94 96 87 67 60 52
270 85 80 77 7 0 0 96 94 89 43 34 16 95 93 84 30 25 17

Mean 95 94 90 71 66 63 99 96 94 84 77 71 96 96 91 81 77 72
1/ Means that have the same color in the row do not differ from each other by Tukey’s test (p < 0.05). SP: storage period. ns: not significant. OL: 
original lot. IS: seeds with intact seed coat. CS: seed with cracked seed coat.
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models. Furthermore, the seeds with cracked seed coats had shorter viability than the seeds of the original lot and the 
intact seeds without cracking.

However, the lots stored at the temperature of 28 °C had a different response, obtaining non-linear regression curves, 
with a sigmoidal trend. The seeds went through a period with little variation in vigor level from time 0 to 135 days (Figures 
4B, 4D, and 4F). After that period, there was a sharp reduction in the vigor of these seeds, followed by a new phase of 
stability. This reduction in vigor was more pronounced in the cv. NS 7209 IPRO lot and in the seeds with cracked seed 
coat from the cv. 8473 RSF (GO) lot. For the lot from this cultivar, stabilization occurred at 225 days of storage (Figure 4B).  

Figure 4.	 Vigor, evaluated using the tetrazolium test (TZ), of three soybean seed lots from the cultivars NS 7209 IPRO (A 
and B) and 8473 RSF from the states of GO (C and D) and MT (E and F), segregated into groups of the original 
lot, of seeds with intact seed coat, and of seeds with cracked seed coat, stored at temperatures of 15 °C (A, C, 
and E) and 28 °C (B, D, and F).
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As the storage period progressed, there was greater distance between vigor levels comparing the seeds segregated from 
the original lot, the intact seed coat group, and the cracked seed coat group for the 8473 RSF (GO) seed lot (Figure 4D). 
There was no interaction between the factors in the 8473 RSF (MT) lot for the vigor variable (Figure 4F).

In storage at 15 °C, there was a slight reduction in seed viability only as of 225 days of storage (Figures 5A, 5C, and 
5E). However, in the seed lots stored at 28 °C, viability reduced significantly at 180 days, especially in the NS 7209 IPRO 
lot (Figure 5B). Seeds with a cracked seed coat from the 8473 (GO) lot had lower longevity than the other segregated 
groups, especially compared to seeds with an intact seed coat (Figure 5D).

Figure 5.	 Viability, evaluated using the tetrazolium test (TZ), of three soybean seed lots from the cultivars NS 7209 IPRO 
(A and B) and 8473 RSF from the states of GO (C and D) and MT (E and F), segregated into groups of the original 
lot, of seeds with intact seed coat, and of seeds with cracked seed coat, stored at temperatures of 15 °C (A, C, 
and E) and 28 °C (B, D, and F).
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On average, seeds with a cracked seed coat had a higher percentage of moisture-damaged seeds in the 4 and 5 
classification of the tetrazolium test (MD 4-5), that is, viable seeds but without vigor, as well as in the 6 to 8 classification 
(MD 6-8), representing seeds that died from this damage (Table 4). That is because the cracked seed coat is an easy 
entry point for water in the seed, favoring moisture deterioration at the end of maturation of seeds in the field (França-
Neto and Krzyzanowski, 2022). Moisture deterioration tends to progress during the storage period in a more or less 
rapid way depending on temperature and relative humidity conditions of the environment the seeds are in (Moreano 
et al., 2011). Thus, seeds that were placed in classes 4 and 5 (MD 4-5) may pass to classes 6 to 8 (MD 6-8) over the 
period; and a higher percentage of seeds in classes 4 and 5 may represent a lower percentage in classes 6 to 8, as 
observed in seeds with an intact seed coat in storage at 28 °C at 270 days of storage (Table 4). 

Regardless of the segregated grouping of the seeds, over the period of storage at 15 °C, an increase of approximately 
7 percentage points in MD 4-5 was observed for the NS 7209 IPRO lot (Figure 6A). In storage at 28 °C, an increase in 
MD 4-5 was observed for all the lots and their segregated groups, and in a faster way in seeds with a cracked seed coat 
from lots NS 7209 IPRO and 8473 RSF (MT) (Figures 6B and 6F). However, seeds from the NS 7209 IPRO lot and seeds 
with a cracked seed coat from the 8473 RSF (GO) lot showed a reduction in MD 4-5 as of 180 days (Figures 6B and 6D), 
a period in which there was a significant increase in MD 6-8 (Figures 7B and 7D). 

Over the storage period at 15 °C, differences were not observed among the segregated groups of seeds within the 
same lot for MD 4-5 (Figures 6A, 6C, and 6E), but MD 6-8 increased for the seeds with a cracked seed coat already at the 
beginning of the storage period (Figures 7A, 7C, and 7E). MD 6-8 represents the percentage of seeds that died through 

Table 4.	 Moisture damage in classes 4 and 5 (MD 4-5) and in classes 6 to 8 (MD 6-8) using the tetrazolium test, of three 
soybean seed lots from the cultivars NS 7209 IPRO and 8473 RSF from the states of GO and MT, segregated 
into groups of the original lot (OL), of seeds with intact seed coat (IS), and of seeds with cracked seed coat 
(CS), stored at temperatures of 15 °C and 28 °C.

   
NS 7209 IPRO 8473 RSF (GO) 8473 RSF (MT)

15 °C 28 °C 15 °C 28 °C 15 °C 28 °C
IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS

MD 4-5

0 2 2 2 2 2 2 2 0 3 2 0 3 0 0 1 0 0 1 NS
45 2 2 6 8 4 8 1 2 3 4 5 5 0 1 0 5 2 3 A
90 2 3 6 10 11 17 3 0 2 8 4 4 3 2 3 7 4 7 AB

135 4 5 8 13 12 17 3 3 6 5 1 9 0 1 0 10 8 7 B
180 2 4 4 32 33 31 2 0 4 14 11 18 0 0 1 5 10 11 BC
225 8 9 10 28 14 11 2 2 3 14 13 24 0 4 3 27 22 24 C
270 11 7 8 7 0 0 7 5 7 21 13 8 3 4 3 22 21 14

Mean 4 5 6 14 11 12 3 2 4 10 7 10 1 2 2 11 10 10

MD 6-8

0 2 3 1 2 3 1 0 1 0 0 1 0 1 0 2 1 1 2
45 1 1 4 3 3 3 0 0 1 3 3 2 2 1 2 2 3 8
90 2 3 4 12 12 13 0 3 5 3 8 7 2 3 11 5 8 9

135 2 1 6 7 10 15 0 0 3 4 6 9 1 2 6 6 13 18
180 0 3 5 14 21 32 0 4 2 13 22 31 0 1 5 9 11 17
225 4 7 10 63 81 87 1 4 6 23 41 54 3 2 8 29 37 48
270 11 18 16 92 100 100 3 4 10 56 65 82 4 6 15 69 74 83

Mean 3 5 7 28 33 36 1 2 4 15 21 26 2 2 7 17 21 26
1/ Means that have the same color in the row do not differ from each other by Tukey’s test (p < 0.05). SP: storage period. ns: not significant. OL: 
original lot. IS: seeds with intact seed coat. CS: seed with cracked seed coat.
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moisture deterioration, and thus shows that the cracked seed coat, especially when located near the embryonic axis, 
can be quite consequential in reducing seed viability through moisture damage at that site (Zorato, 2018).

Figure 6.	 Moisture damage in classes 4 and 5 (MD 4-5) using the tetrazolium test, of three soybean seed lots from the 
cultivars NS 7209 IPRO (A and B) and 8473 RSF from the states of GO (C and D) and MT (E and F), segregated 
into groups of the original lot, of seeds with intact seed coat, and of seeds with cracked seed coat, stored at 
temperatures of 15 °C (A, C, and E) and 28 °C (B, D, and F).
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In the accelerated aging test, there was no interaction among the factors for NS 7209 IPRO and 8473 RSF (MT) seed 
lots stored at 15 °C. However, the 8473 RSF (GO) lot clearly showed that seeds with the cracked seed coat had greater 
reduction in quality after exposure to the stress test, which was observed at 180 days of storage for the 8473 RSF (GO) 

Figure 7.	 Moisture damage in classes 6 to 8 (MD 6-8) using the tetrazolium test, of three soybean seed lots from the 
cultivars NS 7209 IPRO (A and B) and 8473 RSF from the states of GO (C and D) and MT (E and F), segregated 
into groups of the original lot, of seeds with intact seed coat, and of seeds with cracked seed coat, stored at 
temperatures of 15 °C (A, C, and E) and 28 °C (B, D, and F).
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lot (Table 5). Nevertheless, in storage under the temperature of 28 °C, beginning at 45 days, significant differences were 
seen among the segregated groups of seeds, with lower values of germination after aging in seeds that had a cracked 
seed coat (Table 5).

When stored at the temperature of 15 °C, the seeds from the NS 7209 IPRO and 8473 RSF (MT) lots exhibited a 
sigmoidal curve regarding accelerated aging over the storage period, decreasing in vigor up to 90 days, followed by a 
period of stabilization that lasted up to 180 days, with subsequent decline (Figure 8A and 8E). However, in the 8473 RSF 
(GO) lot, the seeds with intact seed coat maintained their quality up to 225 days after the beginning of storage, whereas 
seeds from the original lot and those with a cracked seed coat showed reduced vigor as of 180 days (Figure 8C).

The seeds from the NS 7209 IPRO lot at the temperature of 28 °C after 48 h of AA had pronounced reduction in vigor 
from the beginning of storage, reaching near zero germinated seeds at 135 days of storage (Figure 8B). This reduction 
was observed in the other lots [8473 RSF (GO) and (MT)] only at 45 days of storage and reached zero at 225 days for 
the cv. 8473 RSF (GO) and at 180 days for the cv. 8473 RSF (MT) for seeds with a cracked seed coat (Figures 8D and 8F).

Seed storability is a genetically regulated trait, and it is affected by the initial quality, pre-storage history, seed 
moisture content, relative humidity and temperature of the environment, and length of storage, as well as biotic agents 
and other factors of lesser importance (Gris et al., 2010). Therefore, especially the accelerated aging test shows a 
difference in vigor between the seed lots of the cultivars (NS 7209 IPRO and 8473 RSF) and also between the lots of 
the same cultivar (8473 RSF from GO and from MT) (Table 5 and Figure 8). Furthermore, evaluation of the segregated 
groups of seeds from the same lot shows that those that have a cracked seed coat had a sharper reduction in quality 
than the others, probably through having absorbed water more rapidly during the test due to the defect in the seed 
coat, which is an important barrier that regulates the rate of water absorption (Marcos-Filho, 2015). 

In the electrical conductivity test, the seeds that had cracking in the seed coat (OL and CS) had higher leachate 
levels than the seeds with an intact seed coat (IS), especially in storage at 28 °C. Seeds from the 8473 RSF (MT) lot 
stored at 15 °C did not show interaction among the factors; nevertheless, electrical conductivity in CS was 21% higher 
than in IS (Table 6).

Table 5.	 Accelerated aging (AA) of three soybean seed lots from the cultivars NS 7209 IPRO and 8473 RSF from the 
states of GO and MT, segregated into groups of the original lot (OL), of seeds with intact seed coat (IS), and of 
seeds with cracked seed coat (CS), stored at temperatures of 15 °C and 28 °C.

SP 
(Days)

NS 7209 IPRO 8473 RSF (GO) 8473 RSF (MT)
15 °C 28 °C 15 °C 28 °C 15 °C 28 °C

IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS

AA

0 88 86 85 88 86 85 98 96 92 98 96 92 93 96 93 93 96 93 NS
45 83 78 75 41 27 21 95 96 95 88 87 65 94 90 87 85 85 66 A
90 78 67 61 5 4 0 95 94 93 59 56 51 89 90 87 58 54 26 AB

135 71 64 56 0 0 0 90 91 92 51 41 20 92 88 84 40 29 4 B
180 70 67 60 0 0 0 95 90 88 0 0 0 90 88 84 0 0 0 BC
225 71 52 50 0 0 0 92 85 84 0 1 1 88 84 81 0 0 0 C
270 21 17 10 0 0 0 75 70 58 0 0 0 77 74 67 0 0 0

Mean 69 62 57 19 17 15 91 89 86 42 40 33 89 87 83 39 38 27
1/ Means that have the same color in the row do not differ from each other by Tukey’s test (p < 0.05). SP: storage period. ns: not significant. OL: 
original lot. IS: seeds with intact seed coat. CS: seed with cracked seed coat.
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Figure 8.	 Accelerated aging (AA) of three soybean seed lots from the cultivars NS 7209 IPRO (A and B) and 8473 RSF 
from the states of GO (C and D) and MT (E and F), segregated into groups of the original lot, of seeds with 
intact seed coat, and of seeds with cracked seed coat, stored at temperatures of 15 °C (A, C, and E) and 28 °C 
(B, D, and F).
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Table 6.	 Electrical conductivity (EC) of three soybean seed lots from the cultivars NS 7209 IPRO and 8473 RSF from the 
states of GO and MT, segregated into groups of the original lot (OL), of seeds with intact seed coat (IS), and of 
seeds with cracked seed coat (CS), stored at temperatures of 15 °C and 28 °C.

SP 
(Days)

NS 7209 IPRO 8473 RSF (GO) 8473 RSF (MT)
15 °C 28 °C 15 °C 28 °C 15 °C 28 °C

IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS IS OL CS

EC

0 50 61 66 50 61 66 44 46 49 44 46 49 39 41 45 39 41 45 NS
45 64 65 65 74 74 91 51 62 63 62 63 64 53 59 61 63 64 72 A
90 77 86 87 96 110 125 61 70 67 75 77 89 61 58 70 63 64 84 AB

135 71 73 73 137 124 142 63 59 67 96 92 100 55 57 66 67 78 81 B
180 74 98 93 145 151 157 74 86 82 95 90 106 65 78 77 76 90 116 BC
225 85 88 88 178 190 192 58 72 77 106 119 137 59 64 72 97 106 112 C
270 90 111 116 199 217 231 83 81 90 133 143 163 62 74 81 133 141 144

Mean 73 83 84 125 132 143 62 68 71 87 90 101 56 61 67 77 83 93
1/ Means that have the same color in the row do not differ from each other by Tukey’s test (p < 0.05). SP: storage period. ns: not significant. OL: 
original lot. IS: seeds with intact seed coat. CS: seed with cracked seed coat.

There was an increase in the electrical conductivity of the seeds as the storage period increased, above all in the 
seeds stored at 28 °C (Figure 9). This increase was more expressive in the leaching of cellular exudates in the first 45 
days of storage and after 225 days, fitting sigmoidal regression models (Figures 9A, 9C, 9D, 9E, and 9F). Seeds from the 
original lot (OL) and those with an intact seed coat (IS) from the NS 7209 IPRO lot stored at 28 °C exhibited a linear 
increase in electrical conductivity of 5.9 and 5.6 μS cm-1 g-1, respectively, every 10 days of storage (Figure 9B). No 
interaction among the factors was found for the cv. 8473 RSF (MT) stored at 15 °C (Figure 9E).

During the seed aging process under high temperature, membranes loosen, increasing the rate of metabolic 
reactions. That facilitates the formation of free radicals, also favoring increased leaching of intracellular content, 
typically sugars, creating an environment favorable to multiplication of microorganisms around the seed (Table 6 and 
Figure 9) (Souza and Marcos-Filho, 2001; Kumar et al., 2015; Taiz et al., 2017; Krzyzanowski et al., 2022). This cascade 
effect of harmful reactions can be even more pronounced in seeds with a cracked seed coat, since such seeds have 
one less protective barrier than the others (Figure 1). They provide an easier route for entry and exit of water and 
intracellular content, making them more susceptible to deterioration (Yaklich and Barla-Szabo, 1993).

Regarding the seedbed emergence test for the NS 7209 IPRO cultivar lot stored at 15 °C, the seeds with a cracked 
seed coat had significantly lower results than the others at 90 and 180 days of storage. It was the only segregated 
group of the lot that lost quality over the storage period (Table 7). In this same lot stored at 28 °C at 90 days of storage, 
seedlings from seeds without seed coat cracking had greater emergence capability. In the 8473 RSF (GO) lot, there was 
no interaction among the factors when the seeds were stored at 15 °C. However, on average, seeds with seed coat 
cracking showed lower seedling emergence than the others, and reduction was observed at 180 days. For the 8473 
RSF (MT) lot at both temperatures (15 °C and 28 °C), and for the 8473 RSF (GO) lot stored at 28 °C, the seeds with a 
cracked seed coat produced seedlings with lower emergence than the others at all the times tested, while the OL seeds 
exhibited intermediate results.

Under the conditions in which this experiment was conducted, during the storage period, all the lots stored at 28 °C 
showed reduction in seedling emergence at each 90-day interval. Seeds with a visually intact seed coat (IS) stored at 15 °C 
did not show significant reduction in seedling emergence over the period evaluated (Table 7).

The deterioration process is inevitable and intensifies as storage time increases. Nevertheless, this can be slowed 
through the use of refrigerated storage and maintenance of suitable seed moisture content. Soybean seed coat cracking 
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is a real defect present in a large number of cultivars currently used on the market, and this needs to be understood and 
managed responsibly, always prioritizing final seed quality.

Figure 9. Electrical conductivity (EC) of three soybean seed lots from the cultivars NS 7209 IPRO (A and B) and 8473 RSF 
from the states of GO (C and D) and MT (E and F), segregated into groups of the original lot, of seeds with 
intact seed coat, and of seeds with cracked seed coat, stored at temperatures of 15 °C (A, C, and E) and 28 °C 
(B, D, and F).
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CONCLUSIONS

Seed coat cracking in soybean has a negative effect on the longevity of seed lots, especially when the seeds already 
have a certain level of deterioration. Therefore, seeds with cracking of the seed coat should preferably be stored at low 
temperature.
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