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INTRODUCTION

The increase in soybean planting area is linked to its use 
in human and animal feeding, because its seeds present 
high levels of  protein (37 to 42%) and oil (17 to 22%), 
besides other components, especially isoflavones, which 
have a potential inhibitory effect on the growth of  cells 
and enzymes involved in carcinogenic processes (Barnes, 
1995; Sediyama, 2013; 2016).

The widespread use of  soybeans and their coproducts, 
raises the demand of  new cultivars with the most favorable 
characteristics. The selection of  new cultivars depends 
fundamentally on the genetic variability and mutations. The 
natural frequency of  mutations is about 10-6 per generation, 
but may reach the order of  10-3 when the genetic material 
is subjected to the use of  physical agents, such as gamma 
rays; the frequency of  mutations is also proportional to the 
applied dose of  rays (Borém and Miranda, 2013).

The genetic variability depends on the survival of  the 
individual and on the stability of  their genome. The 

stability of  a genome depends on replication and repair 
mechanisms of  the damages that constantly occur in the 
structure of  deoxyribonucleic acid - DNA (Costa et al., 
2001; Morita et al. 2010). However, the use of  mutagens, 
such as gamma rays, offer great possibilities for increasing 
genetic variability by the creation and incorporation of  
new genes of  agronomic interest such as yield (Tulmann 
Neto et al. 1995; Jan et al., 2012; Ramchander et al., 2015).

Soybean yield and quality characteristics (oil content 
and high protein levels) have been increased through 
selection efforts in breeding programs (Bruce et al. 2019). 
However, there are different market demands, such as 
obtaining resistance to diseases and pest insects, adapting 
to abiotic stresses and improving nutritional quality 
(Dall´Agnol, 2016).

The use of  gamma radiation in soybean has allowed to 
identify mutant strains with several characteristics favorable 
to the use for human food, such as strains with lower 
levels of  antinutritional factors and better sensory quality 
(Dixit et al., 2011; Lee et al., 2011), in addition, innumerable 

The supply the constant demand for new soybean cultivar, it is necessary to select superior plants in populations of high genetic variability. 
To generate new plant variants which would perform satisfactorily in the field and produce seeds of better composition, gamma rays can 
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gains in biological parameters for the soybean plant and 
generation of  genetic variability have been offered through 
induced mutation, which is highly effective and useful, as 
mutations are transmitted to the next ones. generations, 
may drive the evolution of  the adaptive genome and 
generate other new beneficial characteristics (Verma et al., 
2018; Lande et al., 2018; El-Azabs et al. 2018).

Interestingly, soybean seed chemical composition is an 
important determinant in the economic value of  the 
crop, since soybean is mainly utilized in feeding and 
manufacturing of  industrial products (Patil et al., 2017). 
The use of  techniques that facilitate the evaluation of  these 
components such as NIR, has been demonstrated (Basoni 
et al., 2017; Wee et al., 2018).

In view of  this, the objectives of  this study were to increase 
soybean genetic variability and the chances of  identifying 
presumed mutants with better agronomic characteristics 
and seeds with superior chemical composition.

MATERIALS AND METHODS

Seeds of  VX04-6828 soybean line at the final stage of  the 
breeding program, with a water content of  approximately 
12.0%, were irradiated with doses of  0 (control), 50, 150 
and 250 Gy of  gamma radiation from of  a source of  60Co, 
Gammacell-220, under dose rate of  0.312 kGy/h.

The irradiated seeds were sown at 20° 46’ south latitude, 
42° 52’ west longitude and 648 m altitude. The soil of  the 
study area is classified as Red-Yellow Argisol (PVA), of  clay 
texture. The 08-28-16 formulated fertilizer was applied in 
the sowing furrow at a dose of  300 kg ha-1.

The field trial was carried out in a randomized block 
design, with three replications, each plot consisting of  a 
20 meters row, with 15 seeds per meter, totaling 300 seeds 
of  each treatment of  irradiation and lineage, which gave 
origin to the plants of  the M1 generation (1st generation 
after irradiation). Cultural practices were applied as needed. 
From this planting, 90 plants per row were identified, on 
which, plant performance evaluations were performed, 
and the 72 best plants of  each treatment were selected to 
produce the M2 generation (Figure S1).

In the following agricultural year, thirty M2 seeds from 
each of  the 72 selected plants of  each treatment were 
sown in rows of  2 meters each, spaced at 0.70 cm, in three 
randomized blocks. At 21 days after sowing, thinning was 
performed, maintaining 20 plants per line. Both M1 and 
M2 generations were submitted to daily observations on 
emerged seedlings until the 21st day after sowing, to identify 

chlorotic plants and, at the end of  the experiment, to 
evaluate the sterile plants.

Ten plants of  each row were identified, totaling 720 plants, 
which were individually evaluated for their performance 
through the following characteristics: Plant height at full 
flowering (R2), height of  insertion of  the first pod, and 
height of  plants at maturity (R8), in centimeters; number 
of  nodes on the main stem; number of  pods with zero, 
one, two, three or four seeds; weight of  one hundred 
seeds; number of  seeds per plant, seeds per pod and pods 
per plant.

Plants with the greatest number and weight of  seeds were 
selected, totaling 552 plants. The chemical quality of  the 
soybean seeds was evaluated by means of  their content of  
protein, oil, oleic acid, linolenic acid, linoleic acid, stachyose, 
sucrose, raffinose and total sugars. Twenty-five seeds of  
each plant were harvested in three replicates, which were 
milled (MA20 model mill with a 10-mesh sieve), and the 
flours were subjected to near-infrared spectrometry (NIR).

The results were presented by means of  boxplot diagrams, 
for a better visualization of  the distribution of  the different 
variables under study, and those that differed by the 
analysis of  variance, presented in regression, by means 
of  the computational statistical software “R” (R Core 
Team, 2015).

RESULTS AND DISCUSSION

The characteristics evaluated in the M2 generation, 
indicated that there is variation between the plants in the 
different doses of  gamma rays, which denotes potential 
for the process of  genetic improvement, since it points 
out the existence of  variability necessary for the selection 
of  superior genotypes.

The distribution of  the data originated by the evaluated 
agronomic characteristics is presented on Figures 1 to 6 
by means of  boxplots, which allow to verify in a simple 
and fast way the distinction and the general behavior of  
populations. The “box” shows the range containing the 
50% of  the data, with the median indicated by a transverse 
line; the data that extrapolate the box, limited by the 
“whiskers” are the values of  maximum and minimum 
“fences”, defined by the limits of  the amplitude of  the 
box; the “outliers”, that is, the values that go beyond these 
fences, are represented by the circles in the prolongation 
of  the “whiskers” (Wickham and Stryjewski, 2011; 
Krzywinski and Altman, 2014). In the present study, they 
suggest possible mutations in the genes that determine 
the given characteristic.
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The highest value measured on the control (0 Gy) for 
each of  the evaluated variable was used to compare the 
maximum mean of  each treatment (50, 150 and 250 Gy), 
including the outliers, and the percentage gains was given 
at each dose of  gamma ray applied.

In Figure 1 we find the boxplots of  the plant height 
data at full bloom (A) and at maturity of  soybean (B), in 
centimeters (cm). In both figures, we notice the presence 
of  outliers.

These differentiated behaviors of  the lineages are inherent 
to their respective genetic constitutions for greater or lesser 
susceptibility to the effects of  radiation, since previous 
studies had already detected reduction in the height of  
soybean plants with the increase of  gamma radiation 
(Mudibu et al., 2012; Sarker et al., 2014). In addition, the 
highest plant height presented by the VX04-6828 strain 
at full maturity results from the fact that it presents semi-

determined growth, that is, its growth continues even after 
the onset of  axillary or terminal flowering (Sediyama, 2016).

Gains of  the order of  2.0 and 22.0% were observed for the 
doses of  50 and 150 Gy, respectively, and no increase for the 
dose of  250 Gy, in height of  plants at full flowering. As for 
maturity height, the gains were 19.6; 17.5 and 9.3%, for the 
doses of  50, 150 and 250 Gy, respectively. These increments can 
imply in higher final crop production, since the growing plant 
guarantees a greater number of  nodes, lateral stems, leaf  area 
and, finally, greater photosynthetic capacity (Sediyama, 2016).

Figure 2 refers to the height of  the first pod insertion (A) 
and number of  nodes in soybean plants (B). For height of  
insertion of  the first pod, we can see gains of  20.0; 12.0 
and 8.0% at doses of  50, 150 and 250 Gy, respectively. 
This can impart increased productivity depending on the 
harvest range of  the cutting platform.

Fig 1. Boxplot of plant height data at full bloom (A) and at maturity of soybean (B), in centimeters (cm), submitted to doses of gamma radiation (Gy).

A B

Fig 2. Boxplot for the data of height of insertion of the first pod (A), in centimeters (cm), and number of nodes in soybean plants (B), submitted 
to doses of gamma radiation (Gy).

A B
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The percent gains for the number of  nodes were 8.0% for 
50 Gy and 12.0% for 150 and 250 Gy (Fig. 2). The increase 
in number of  nodes of  soybean plants implies an increase 
of  productive branches, which can also interfere positively 
in the final yield of  the crop.

Figure 3 expresses the number of  pods with one, two, three, 
four seeds and empty pods per plant (A, B, C, D and E, 
respectively) at the evaluated gamma dose rates.

For the variables presented on Figure 3, the number of  
pods with one seed (A) obtained gains of  the order of  
107.7; 296.2 and 119.2% at the doses of  50, 150 and 

250 Gy, respectively, which constitutes a disadvantage for 
final crop production. For the other variables, increases 
were also observed, higher than 33.0%, except for pods 
with four seeds, at dosages of  50 and 250 Gy. It was also 
observed the increase in the frequency of  outliers, at 
the doses of  gamma radiation for the analyzed variables 
indicating punctual changes for some plants.

In the graph of  Fig.  3 (B, C and E), similar distributions 
were presented, with an increase in the amplitude of  
variation of  the central 50% stratum, with the application 
of  gamma radiation, with direct indication of  changes in 
genetic structures or physiological processes of  the plants. 

Fig 3. Boxplot of the number of pods with one (A), two (B), three (C) and four seeds (D), and empty pods (E) on soybean plants submitted to 
gamma radiation doses (Gy).

A B

C D
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On the other hand, for the variable number of  pods with 
four seeds (D), no increased amplitude was observed with 
the use of  gamma radiation.

According to Bizeti et al. (2004), soybeans may increase or 
decrease the number of  seeds as a function of  their size, 
as a kind of  buffer effect, without significant variation in 
grain yield, nevertheless, in the present study, the use of  
gamma rays increased variability of  these characteristics.

The use of  gamma rays seems to favor the increase of  
the formation of  pods in soybean plants. It is observed a 
greater variability, which can also be observed by the greater 
number of  outliers (Fig.  E).

The distribution of  the number of  seeds per pod (A) and 
seeds per plant (B), when submitted to doses of  gamma 
rays (Fig. 4), like the distribution of  pods with different seed 
numbers, showed increased variability with the application 
of  gamma radiation from 50 Gy, with the appearance of  
a greater number of  outliers for number of  seeds per pod 

and number of  seeds per soybean plant, indicating possible 
genetic alteration, that is, possible mutation.

For the variables seeds per pod (A) and weight of  100 seeds 
(B), according to Figure 5, it is observed an increase in the 
variability in both variables with the application of  gamma 
radiation as well as an increase in the frequency of  outliers.

The boxplots of  Figure 5 show for pods per plant (A), 
variation in the amplitude of  the 50% of  the central data, 
with slight increase of  the median of  the order of  4.5; 4.1 
and 1.6% in comparison to the control, with increased 
doses, while, for the hundredth seed weigth (B), there was 
an increase in the amplitude of  the distribution with the 
increase of  the doses, and the gains were of  the order of  
76.6; 22.3 and 21.9%, respectively.

Figure 6 shows the levels of  protein (A) and oil (B) in soybean 
seeds, with increasing variability due to gamma rays application, 
including the presence of  outliers for both characters.

Fig 4. Boxplot for the number of seeds per pod (A) and number of seeds per soybean plant (B), submitted to doses of gamma radiation (Gy).

Fig 5. Boxplot of the number of pods per plant (A) and weight of one hundred seeds (B), submitted to gamma radiation doses (Gy).

A B

A B
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Protein and oil contents, along with yield, are the most 
important characteristics of  soybean (Xu et al., 2015). In 
this way, any increase in these components is of  substantial 
interest for the genetic improvement of  the crop.

Comparing the plant of  the control treatment (0 Gy) with 
the highest protein content (44.2%), with the plant with 
the highest protein content of  the other treatments, 50, 
150 and 250 Gy, including the outliers, it was observed 
increments of  the order of  11.2; 4.7 and 4.9%, respectively, 
indicating the possibility of  gains in protein content when 
using gamma radiation. Similarly, comparing the values 
for the oil content in the different treatments, there is a 
possibility of  gains in relation to the control, with observed 
increments of  7.5; 5.7 and 7.1%, at doses of  50, 150 and 
250 Gy, respectively.

A tendency of  increase in the protein and a decrease in 
the oil contents were observed, when the frequencies of  
outliers were accounted. This negative trend between 
protein and oil is in line with the results obtained by 
Hymowitz et al. (1972), which report an inverse correlation 
between these substances in soybean seeds.

The increments for the different variables observed in 
the present study, may be credited to the use of  gamma 
radiation and, the agronomic characteristics of  lineage 
VX04-6828, in general, showed an improved performance 
with the application of  gamma radiation from 50 to 150 Gy.

Mudibu et al. (2012), evaluating soybean plants in the M2 
generation with the application of  200 to 400 Gy, observed 
a significant increase in grain yield and yield components. 
This result was confirmed by Tshilenge-Lukanda et al. 
(2013) when using 100 Gy on peanut seeds (Arachis hypogaea) 
and by Fontes et al. (2013), when using 50 Gy on cowpea 
seeds (Vigna unguiculata).

In summary, gains and losses in agronomic characteristics 
measured by the traditional soybean plant phenotyping of  
the present study were achieved by the action of  gamma 
radiation. The effects are caused by the frequency of  
chromosomal abnormalities due to the use of  gamma 
radiation, and when transmitted the next generations drive 
genome adaptation and evolution, with new benefits to 
the crop such as increased vegetative growth and better 
yield, but high doses induce DNA breakdown that can 
trigger genetic instability (El-Azab et al., 2018; De Veylder 
et al., 2003).

For the chemical composition of  the seeds selected in each 
plant, a significant effect (p < 0.05) was observed for the 
carbohydrates (raffinose and sucrose) and lipids (linoleic 
acid and linolenic acid) at the applied gamma radiation 
doses (Figure 7).

Sucrose and raffinose carbohydrates content in the seeds 
increased as the gamma radiation doses increased. For lipids 
(linoleic and linolenic acid), the doses of  50 and 150 Gy 
cause small reductions in the contents of  these compounds, 
with a slight increase with 250 Gy, compared to the control. 
Gamma rays favor changes in biochemical pathways, 
disturb the synthesis of  amino acids, lipids, nucleic acids, 
among other compounds, affect gas exchange, hormone 
balance and enzyme activity (Hameed et al., 2008; Jan et al., 
2012). Therefore, the use of  gamma radiation may be an 
important tool to generate mutations which may be used to 
develop varieties with new characteristics, even those not 
studied in the present work, such as disease resistance, cold 
tolerance and salinity and high quality, as has been shown 
by Gaafar et al., 2016.

Genetic improvement of  the seed quality can take advantage 
on the genetic variability produced by new mutated alleles 
which can be selected based on the scoring of  their 
components, that is, by the chemical composition of  the 

Fig 6. Boxplot of protein (A) and oil percentages (B) of soybean seeds submitted to doses of gamma radiation (Gy).
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seeds (Vollmann and Jankowicz-Cieslak, 2017). It is worth 
mentioning that the chemical composition of  soybean seeds is 
variable among cultivars (Delarmelino-Ferraresi et al., 2014).

It is evident that the variance within each applied dose 
(Table 1), that is, in the plant-to-plant variation, increases 
due to the influence of  gamma rays applied in increasing 
doses. This allows a greater probability of  identifying 
the presumed mutants. According to Ferreira (2009), the 
variance is extremely useful as a measure of  variability, 
increasing as the differences (dispersion) between the 
elements of  the set increases.

For Borém and Miranda (2013), the screening carried 
out from the M2 generation, as performed in the present 
study, allows limiting the physiological damage restricted 
to the M1 generation and guarantees the possible transfer 
of  gene mutations and chromosomal aberrations to the 
next generation. Although, for some variables, the lineage 
under study presents less sensitivity to gamma radiation, 
according to the low increments observed; the use of  the 
radiation allows better characterization of  the plants by the 
evaluation of  their progenies, which may indicate favorable 
alterations in some plants that can be used as potential 
parents in crossing programs.

CONCLUSION

The use of  gamma radiation increases the variability in 
soybean, with consequent increase in the probabilities of  

identification of  new mutants, useful to breeding programs 
that aim at better agronomic performance and gains in the 
composition of  the seeds. Better results is observed when 
50 to 150 Gy is applied on soybean dry seeds.
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Supplementary Fig  S1. Field production to M1 (A) and M2 generation (B) of soybean plants with seeds submitted to doses of gamma radiation (Gy).
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