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ABSTRACT

This work had as objective to adjust the methodology of the seedling length test for soybean and maize seeds, depending
on the level of vigor and size of the seed. Therefore, it was used soybean seeds of cultivar ‘5855 RSF IPRO’ (BMX ELITE)
and hybrid maize seeds of the cultivar “‘Férmula Viptera’, classified in two sizes of sieve and two levels of vigor for
soybean and three levels for maize. A completely randomized design with four replications was adopted. Germination,
first germination counting, emergence in seedbed, emergence velocity index, emergence velocity, shoot, root and total
length (evaluated every 12 hours), shoot, root and total dry mass were evaluated. The classification of soybean seeds by
size exerts a direct influence on seed germination and vigor, and consequently on seedling length, where seeds with
high vigor and of the 6.5 mm sieve presented higher rates of length. Root and total length of maize seedlings are only
affected by factors of vigor and seed size acting alone. The best time to be carried out the evaluation of seedlings length
in soybean seeds was 120 hours, and in maize was 96 hours.
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RESUMO

Este trabalho teve como objetivo ajustar a metodologia do teste de comprimento de plantula para sementes de soja e
milho, em funcao do nivel de vigor e tamanho da semente. Para isso foram utilizadas sementes de soja da cultivar ‘5855
RSF IPRO’” (BMX ELITE) e de milho hibrido ‘Férmula Viptera’, classificadas em dois tamanhos de peneira e dois niveis
de vigor para soja e trés niveis para milho. Foi adotado o delineamento inteiramente casualizado, com quatro repetigdes.
Foram avaliados germinagao, primeira contagem de germinacdo, emergéncia em canteiro, indice de velocidade de
emergeéncia, velocidade de emergéncia, comprimento de parte aérea, raiz e total (avaliados de 12 em 12 horas), massa
seca de parte aérea, raiz e total. A classificagao das sementes de soja por tamanho, exerce influéncia direta sobre a taxa
de germinagao e vigor das sementes, e consequentemente no comprimento de plantulas, onde sementes de alto vigor da
peneira 6,50 mm, apresentaram maiores taxas de comprimento. O comprimento de raiz e o total de plantulas de milho
sofrem interferéncia apenas dos fatores niveis de vigor e tamanho de sementes atuando isoladamente. O melhor tempo
para ser realizada a avaliacdo do comprimento de plantulas em sementes de soja € 120 horas, e em milho em 96 horas.

Palavras-chave: Glycine max; Zea mays; crescimento; tamanho
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INTRODUCTION

One of the factors responsible for high yields for
soybean and maize crops is the use of high phys-
iological quality seeds that, when combined with
crop management and the genetics used, allows a
quality of plant stand and better establishment of
the plants in the field (Espindola and Cunha, 2015).

Through more agile metabolic processes, more
vigorous seeds present faster primary root emis-
sion, higher growth rate and uniformity during
the germination process, producing larger initial
size seedlings and consequently, higher growth
and yield (Mielezrski et al, 2008; Minuzzi et al.,
2010). Fields cultivated with more vigorous soy-
bean seeds consequently presented better produc-
tive indexes (Kolchinski et al., 2005).

By means of vigor tests, it is possible to identify
the differences associated with the performance of
seed lots during storage or after sowing, in order to
highlight lots with greater efficiency for the estab-
lishment of the plant stand under the variation of
environmental conditions (MarcosFilhoet al.,2009).

Among the various forms used to perform the seed
vigor evaluation there are tests based on seedling
performance, where the length and/or dry mass of
the seedlings are evaluated. However, the growth
and development of these are differentiated de-
pending on the vigor level of the batch. Knowing
the growth curve of the seedlings, in relation to
these differences, is fundamental for the evalua-
tion to be performed at a time when any differenc-
es in vigor actually manifest themselves.

The quality and precision of sowing are the re-
sults of seed standardization, which consequently
results in and facilitates obtaining a desired plant
population. Although it is recognized the impor-
tance of seed standardization to carry out a more
adequate sowing, there are still doubts as to the
sizes of seeds that potentiate their yield.

According to Carvalho and Nakagawa (2012), seed
size has no influence on germination but can af-
fect the resulting seedling vigor, where the larger
seeds results in seedlings that are more vigorous
and, in varying field conditions, may result in su-
perior plant stands.
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The seedlings length test or its parts have been
considered efficient to detect differences in the
physiological potential of seeds of several species
(Nakagawa, 1999). At the same time, in addition to
this sensitivity, its results may be closely related
to the field emergence of seedlings (Krzyzanowski
et al., 1999; Vanzolini et al., 2007).

The objective of this study was to evaluate the ef-
fect of seed vigor and seed size on the initial length
of soybean and maize seedlings in order to detect
the best time to evaluate seedlings.

MATERIAL AND METHODS

Plant material

The soybean seeds of the cultivar ‘5855 RSF IPRO’
(BMX ELITE) were classified in two sizes: sieves of
6.0 and 6.5 mm, and hybrid maize seeds cultivar
‘Formula Viptera’, classified in two sizes: sieves of
7.5 and 7.0 mm using circular screen sieves.

Soybean seeds were stratified into two sub-plots,
referred to as high and low vigor. To reduce the
seeds vigor, they were exposed to a temperature
of 41 °C and relative humidity close to 100% for 48
hours, after which they remained for a further 12
hours exposed only to high temperature and air
circulation, withdrawing the source of moisture
so it would return to the initial level (high vigor
batch).

As for the maize seeds, it was stratified into three
vigor levels (high, medium and low). Maize seeds
were exposed to the same conditions as soybean
seeds for a period of 60 and 84 hours.

Experiments

To characterize the initial quality of the seeds, for
each vigor level and seed size, several evaluations
were conducted, namely: The germination test
was conducted with four subsamples of 50 seeds,
having as substrate three Germitest sheets of pa-
per, moistened with distilled water, in an amount
equivalent to 2.5 times the mass of the dry paper.
The seeds were kept in a germination chamber
with a temperature of 25 °C. Seedlings considered



normal were evaluated in a period of eight days af-
ter sowing, for soybean, and seven days for maize,
according to the recommendations of the Rules for
Seed Analysis (RAS) (Brasil 2009).

First germination counting was performed togeth-
er with the germination test, computing the per-
centage of normal seedlings present on the fifth
day, for soybean, and on the fourth day for maize,
after the test installation.

The evaluation of plant emergence in seedbed,
for both crops, had 400 seeds sowed, divided into
four replicates of 100 seeds, at a depth of 3 cm. The
seedling counts were performed at 21 days after
sowing.

Emergence speed index is based on the principle
that seed lots with the highest emergence speed
have the ability to be more vigorous. Therefore, the
test was carried out together with the emergence
test in a seedbed, with daily counting’s always at
the same time until a constant number of seedlings
emerged. The formula used was proposed by Pop-
inigis (1977), where IVE = (E1 / N1) + (E2 / N2) + ...
+( En/Nn), where: IVE — emergence speed index;
E — number of seedlings computed in the count-
ing’s; N number of days of sowing to the 1st, 2nd ...
nth evaluation.

For characterization of the seedling length test and
initial seedling development, for each level of vig-
or and seed size, the following evaluations were
carried out:

Root, shoot and total seedling length test, where
four replicates of 20 seeds were used, being placed
to germinate under the same germination test con-
ditions. The seeds were distributed in the longi-
tudinal direction of the germitest paper. The rolls
were packed in plastic bags and placed vertically in
the regulated germinator at 25 °C. It was evaluated
four replicates of 10 seedlings for each treatment,
randomly chosen, starting 36 hours after sowing
for soybean and 48 hours for maize, with an inter-
val of 12 to 12 hours. The evaluation of the seedling
length was performed with the help of a ruler (cen-
timeters). The evaluations were carried out up to
204 hours after sowing for soybean and up to 180
hours for maize. Each seedling was individualized
in the evaluation, in order to observe the effective

growth curve. The mean results were expressed in
centimeters per seedlings, for each treatment.

After evaluation of shoot length and root length,
the seedlings of each replicate were separated into
shoot and root parts, and then kept in the oven at
65 °C for 72 hours, for the seedling dry matter eval-
uation. After, it was carried out the weighing of
the ten seedlings in an analytical scale, of 0.001g
precision, and the average results were expressed
in milligrams per seedlings.

The experimental design was completely rand-
omized, in a 2 x 2 factorial scheme, corresponding
to two vigor levels and two seed sizes, respective-
ly, with four replicates for the initial quality var-
iables. In the evaluation of shoot, root and total
lengths, the design was completely randomized,
in a factorial scheme with two levels of vigor, two
seed sizes and fifteen evaluation times, with four
replicates.

Data analysis

The results were submitted to variance statistical
analysis (ANOVA). The means that presented sig-
nificant differences (p <0.05), between the treat-
ments, were compared by the Tukey test.

RESULTS
Soybean seedlings growth

The summary of the variance analysis of the re-
sults indicated a significant effect on vigor levels
for the first germination counting (FGC), germina-
tion (G), IVE and emergence in seedbed (EC) var-
iables. For the root dry mass variable, there was
a significant effect for sieves. There was signifi-
cant interaction between vigor levels x sieves for
shoot dry mass (SDM) and total dry mass (TDM).
There was significant interactions between sieve
size, vigor levels and time of the evaluations for
the variable shoot length (SL), root length (RL) and
total length (TL), showing different behavior of the
variables as a function of the factors.

The results presented in Table 1, show that high vig-
or seeds had higher physiological quality, because
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they showed higher values for FGC, IVE and EC.
There was no significant difference between vigor
levels for germination. Seeds of high vigor showed
a greater rate of germination, while seeds of low
vigor presented a significantly lower value. The
seeds of larger size presented difference in the vig-
or levels tested with higher shoot dry mass and
total dry mass for the high vigor level. When com-
paring the sieve sizes of soybean seeds, it was pos-
sible to diagnose that in the high vigor level, the
sieves differed from each other, what did not occur
in the low vigor level for both variables evaluated.
Seeds with high vigor, from the 6.5 mm sieve, pre-
sented superiority for SDM and TDM, compared to
seeds of low vigor. However, for the 6.0 mm sieve,
no distinction was made between vigor levels.

The differences between seedling lengths with dif-
ferent vigor levels and sieve sizes, evaluated every
12 hours, can be observed in Figure 1. For shoot
length (Figure 1A) all treatments were adjusted to
the quadratic model. From the 96 hour time, it is
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% S60LowVigory=1,118+0,013x+3,003E.04¢ R>= 096
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Table 1 - Comparison of means for the first germination
counting (FGC), germination (G), emergence
speed index (IVE) and emergence in seedbed (EC)
according to the two levels of vigor

Vigor Levels FGC (%) G (%) IVE EC (%)
High 92 a 98 a 472 a 64.25a
Low 82b 94 a 3.46b 50.87 b
CV (%) 3.58 222 19.5 19.73

1Means followed by the same letter, lowercase in the column, do not differ by
Tukey test (p <0.05).

possible to visualize an expressive difference for
the sieve curves (6.5 and 6.0 mm) between the high
and low vigor levels. Seeds from high vigor lots,
regardless of seed size tested, presented higher
SL for all evaluation times.

The behavior of the RL (Figure 1B) was similar to
that of the SL, but after the first 156 hours elapsed,
the low vigor seeds from 0 to 6.0 mm size sieve
showed values higher than those of high vigor

S 6,5-High Vigor y= -7,012+0,204x-3,894E-04x* R?=0,97
S 6,0-High Vigor y= -6,090+0,201x-4,769E-04x* R?=0,98
S 6,5-Low Vigor y= -1,860+0,073x R>=0,79
S 6,0-Low Vigor y= -3,479+0,112x R>=0,92

* 0 re
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S B,0-High Vigor y= -8,842+0,260x-3,534E-04x* R?=0,98
S 8,5-Low Vigor y= -5,261+0,136x R2=0,82

S 8,0-Low Vigor y= -8,115+0,197x R2=0,94
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Figure 1 - Growth curve of seedlings for soybean seeds, according to the sieves and levels of vigor.
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Figure 2 - Growth rate of soybean seedlings in mm h+, originated from seeds with different vigor levels. A - Growth rate of
shoot, sieve 6.50 mm; B - Shoot growth rate, 6.00 mm sieve; C - Root growth rate, sieve 6.50 mm; D - Root growth
rate, sieve 6.00; E - Total growth rate, sieve 6.50 mm; F - Total growth rate, 6.00 mm sieve.

seeds of the same sieve size. The curve behaviors =~ model and the sieves with low vigor level the re-
for the regression of the treatment of sieves 6.5and  sponse was linear.
6.0 mm with high vigor level set to the quadratic
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In relation to TL (Figure 1C), when evaluating the
influence of the sieve size on seedling growth,
within the high vigor level, the seedlings from
sieves 6.0 mm showed superior growth in relation
to the seedlings of sieve size 6.5 mm, until the time
of 108 hours of evaluation. Later, the behavior oc-
curred in reverse. At the last evaluation time (204
hours), at the high vigor level, the seeds from the
6.5 mm sieve presented 4.06 cm in total length,
more than the seeds of the 6.0 mm sieve. After 168
hours, the TL of seedlings obtained from seeds of
the 6.0 mm sieve size and of low vigor presented
higher growth than the seeds of the same sieve,
but with high vigor.

In 6.5 mm sieve size, the low vigor seeds had
greater SL and steady growth over the evaluation
time (Figure 2A), which is also observed for low
vigor, but with an average growth rate of 0.34 mm
h, lower than high vigor seeds, throughout the
evaluation period. High vigor seeds, originated
from sieve size 6.00 mm, presented an initial shoot
growth superior to the seeds of low vigor, but after
the interval of 132 to 144 hours of evaluation, high
vigor seeds reduce their growth rate, while those
of low vigor increase their rate (Figure 2B).

The behavior of the growth tendency, for low vigor
seeds, with a sieve size of 6.5 mm, is linear, and
thus the growth rate, when passing the evaluation
times presented the same root length (Figure 2C).
For seeds of high vigor, occurs reduction of the
root growth rate as the evaluation time passes. The
root growth for seeds of high vigor, with a sieve
size of 6.0 mm, showed similar behavior to seeds
with a 6.5 mm sieve size (Figure 2D). However, the
high vigor seeds, in the range of 96 to 108 hours,
presented lower root growth than seeds of low vig-
or, which can explain the result obtained for root
dry mass, where low vigor seeds showed higher
mean values, when compared to high vigor seeds.

Seeds of high and low vigor, from sieve size of
6.5 mm, presented similar behavior in the evalua-
tion of TL of seedlings (Figure 2E). Both vigor levels
showed a linear behavior, but high vigor seeds had
a total growth rate of 0.71 mm h, higher than the
low vigor seeds. Seedlings from low vigor seeds,
from the 6.0 mm sieve, presented linear behavior
for total seedling length, with a growth rate of
1.98 mm h, which results in a growth of 0.024 cm
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after 12 hours of sowing. While high vigor seeds
presented an initial overall growth rate higher
than the low vigor, in the interval after 72-84 hours
of evaluations, the low vigor seeds showed a high-
er rate (Figure 2F).

Maize seedling growth

It was possible to verify that there was a signifi-
cant interaction between sieves x vigor levels in
maize seeds, only for the variable SDM. The vari-
ables FGC, G, IVE and emergence speed (ES) were
only significant for vigor levels. The summary of
the variance analysis of the results indicated a sig-
nificant effect for the interactions between sieves
x times of evaluations and vigor levels x times of
evaluations for the variable SL, as well as present-
ed significant effect for sieves. For the variables
RL and TL there was a significant effect for sieves,
vigor levels and evaluation times.

High vigor maize seeds presented the highest
average of FGC, but did not differ from medium
vigor seeds, as well as for G (Table 2). For the var-
iable IVE, high vigor seeds differed from seeds of
medium and low vigor, thus presenting a higher
average IVE. Whereas for the ES, seeds of high and
medium vigor did not differ, presenting the low-
er averages, which means that they will took less
time to emerge from the soil.

Table 2 - Averages for the variables first germination count
(FGC), germination (G), rate of emergence (IVE)
and emergence speed (ES) as a function of vigor
levels of maize seeds

Vigor levels FGC (%) G (%) IVE ES
High 94 a 98 a 4,70 a 523 a
Medium 84 ab 96 a 4.53b 527 a
Low 78b 88Db 443b 5.37b
CV (%) 10.25 5.04 2.92 1.01

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

The shoot dry mass (SDM) of high vigor seeds from
7.5 mm sieve presented the lowest mean, but did
not differ between vigor levels (Table 3). There was
only the distinction between the sieves used for
the low vigor level. For SDM in the 7.0 mm sieve,



the high and medium vigor levels did not differ, as
well as the medium and low levels.

Table 3 - Comparison of means for root length (RL) and total
length (TL) of maize seedlings as a function of vigor

levels

Evaluation R (em ) TL (m )
times Vigor Levels
(hours)

High  Medium Low High  Medium Low
48 0.66 0.54 0.42 0.66 0.54 0.42
60 2.55 2.37 2.02 3,15 2.86 2.50
72 4.50 4.10 3.83 5.45 5.03 4.72
84 6.68 6.26 5.94 8.43 7.73 727
96 10.03  9.52 9.03 1246 11.80 11.19
108 1320 1258 11.97 16.85 1591 15.01
120 16,70 1598 15.33 21.38 2043 1947
132 1990 1947 1849 2544 2490 2351
144 23.30 2284 21.81 29.59 2913 27.76
156 26.07 2559 24.76 33.09 32,67 3149
168 28.86 2830 27.49 36.56 36.15 34.96
180 31.06 30.22  29.56 39.30 38.66 37.70

Mean 1529 A 14,81B 14.22C 19.36 A 18.82B 18.00 C

1 Means followed by the same letter, upper case in the line, do not differ by
Tukey test (p <0.05).

Seeds of high vigor gave rise to seedlings with a
higher mean of RL and TL, differing from seed-
lings from medium and low vigor seeds (Table 4).

Table 4 - Associations between vigor levels and evaluation
times for shoot length (SL) (cm plt) of maize
seedlings

. . Levels of vigor
Evaluation times (hours)

High Medium Low

48 0.00 A 0.00 A 0.00 A
60 0.59 A 0.50 A 0.47 A
72 095 A 091 A 0.89 A
84 1.74 A 146 B 1,33 B
96 243 A 225A 216 A
108 3.64 A 3.29B 3.04B
120 4.68 A 441 A 4.13B
132 553 A 538 A 5.02B
144 6.28 A 6.24 A 5.94B
156 7.02 A 7.02 A 6,73 B
168 7,70 AB 781 A 7.47 B
180 8.24 B 8.57 A 8.13B
CV (%) 7.04

1 Means followed by the same letter, upper case in the line, do not differ by
Tukey test (p <0.05).

Up to 72 hours, the seedlings originated from high,
medium and low vigor seeds were similar for SL.
Between 120 and 168 hours the SL of the seed-
lings obtained from seeds of high and medium
vigor were superior to the seedlings of low vigor.
In the time of 84 hours after the installation of the
experiment, the high vigor level was superior to
the others. This occurred also in the time of 108
hours. After 180 hours, the level of medium vigor
was higher than the high and low. For the inter-
action between times and evaluations x levels of
vigor, seedling length values from high vigor seed
(R? = 0.97) were adjusted to the linear model with
high coefficient of variation. However, those from
seeds of medium vigor (R? = 0.98) and low vigor
(R2=0.98) showed that the SL adjusted to the quad-
ratic model (Figure 3).

. High Vigor y=-3,575+0,067x R*= 0,97
Medium Vigor y=2,719+0,045x+1,049E-04x* R*= 0,98
Low Vigor y=-2,353+0,038x+1,223E-04%* R3= 0,98

Length of aerial part (cm pl‘w)
=

48 60 72 84 96 108 120 132 144 156 168 180

Times of evaluations (hours)

Figure 3 - Shoot length (SL) of maize seedlings for the
interaction between times of evaluations x vigor
levels, for averages of sieve sizes.

DISCUSSION

The size and shape of the seeds, in general, should
not affect the germination, however, according to
Carvalho and Nakagawa (2012) it may affect seeds
vigor. High vigorous seeds tend to better express
their early growth by virtue of its rapid metabolic
activation and degradation of reserves. When the
reserves present in the cotyledons ends, the begin-
ning of growth reduction occurs (mm h ), this
can also be explained due to lack of nutrition (Dan
et al., 1987; Schuch, 1999; Kolchinski et al., 2005).
Working with oat, Schuch et al. (1999), observed
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that seedlings from the seeds with high vigor ex-
hibited higher initial size, which consequently led
to higher growth rates, dry matter production and
leaf area, over the initial period of growth.

At the peak of the reserves usage, the initially het-
erotrophic seedling, dependent on the reserves
stored by the mother plant in the cotyledons, be-
comes an autotrophic plant, depending on the
nutritional contribution of the environmental re-
lations and the management, for the accomplish-
ment of the photosynthesis and maintenance of
the growth rate (Marcos Filho, 2013). As this is not
possible, since the seed is sown in an inert sub-
strate (paper), the growth rate decreases with time,
until its stabilization.

The early growth results in increased light cap-
ture by the leaves, which causes the maximum leaf
area index to be reached more quickly. In addition,
it provides greater and faster shading of the soil
surface, and consequently less evaporation of soil
water, which can be used in the transpiration and
growth of plants. Furthermore, plants with higher
initial size and growth rates have a high competi-
tive capacity, providing faster closure of the spaces
between the lines and favoring weed control (Hen-
ning et al., 2010).
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CONCLUSIONS

The best time to evaluate soybean and corn seed-
ling length is 108 and 96 hours, respectively, after
sowing. Seed vigor level directly influences seed-
ling length as well as seed size.
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