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ABSTRACT - Forage turnip (Raphanus sativus L. var. oleiferus Metzg.) progeny with seeds of higher
physiological quality are of importance for farmers and seed producing companies. The objective of this work
was to identify tests to be used in laboratories for the selection of turnip progeny having seeds of higher
germination, vigor, seedling emergence in the field, and storage potential. Seeds of 100 turnip progeny of
paternal half-sibs were evaluated as to water content, 1,000-seed mass, first count of the standard germination
test, accelerated aging, and seedling emergence in the field. The seeds were subjected to storage for 12 months
in unifoliate paper bags kept under room conditions and then evaluated by means of the standard germination
test, first count of the standard germination test, and water content. The data were examined as to variance and
genetic and phenotypic correlations, heritability, coefficients of genetic variation, and selection gain. The
standard germination test, first count of germination, and the accelerated aging test can be used to select forage
turnip progeny for seed physiological quality and storage potential. None of the tests used were efficient at
selecting progeny with high field emergence.

Keywords: Raphanus sativus. Storage. Breeding. Seedling emergence. Vigor tests.

TESTES PARA A SELECAO DE PROGENIES DE NABO-FORRAGEIRO VISANDO AO VIGORE A
LONGEVIDADE DAS SEMENTES

RESUMO - Variedades de nabo-forrageiro (Raphanus sativus L. var. oleiferus Metzg.) com sementes de maior
qualidade fisioldgica sdo de interesse para os agricultores e empresas do setor sementeiro. Neste trabalho, o
objetivo foi identificar testes passiveis de utilizacdo em laboratério para a selecdo de progénies de
nabo-forrageiro com sementes de maior germinagao, vigor, emergéncia de plantulas em campo e potencial de
armazenamento. Sementes de 100 progénies de meio-irmaos de nabo-forrageiro foram avaliadas quanto ao teor
de 4gua, massa de mil sementes, primeira contagem de germinagdo, germinagdo, envelhecimento acelerado e
emergéncia de plantulas em campo. As sementes foram armazenadas por 12 meses em sacos de papel
unifoliados mantidos em laboratério e avaliadas por meio do teste de germinagdo, primeira contagem e teor de
agua. Os dados experimentais foram avaliados quanto a varidncia e correlagdes genotipicas e ambientais;
herdabilidades; coeficientes de variacdo genética e ganho por selegdo. O teste de germinagdo, primeira
contagem e envelhecimento acelerado podem ser utilizados para a selecdo de progénies de nabo-forrageiro
visando maior vigor e potencial de armazenamento das sementes. Nenhum dos testes foi eficiente para
selecionar progénies visando maior emergéncia de plantulas em campo.

Palavras-chaves: Raphanus sativus. Armazenamento. Melhoramento. Emergéncia de plantulas. Testes de
Vigor.
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INTRODUCTION

Programs for the genetic improvement of
forage turnip are mostly concerned with the selection
of more productive populations as to oil, crop
rotation, or animal consumption, adapted to different
ecological conditions, thus making possible the
incorporation of new areas and higher incomes for
the farmer (CARGNELUTTI FILHO et al., 2014;
OLIVEIRA et al., 2014). Little attention has been
given to the selection of genotypes with seeds of
higher physiological quality (OLIVEIRA et al.,
2014).

The use of seeds with high germination,
vigor, and seedling establishment in the field is of
fundamental importance to attain satisfactory
economic results. These characteristics are
dependent on genotype, line, and progeny with
differences among them as to physiological potential
and storage potential (MAIA et al, 2011;
VASCONCELOS et al., 2012; MARTINS; SILVA;
MACHADO, 2014; OLIVEIRA et al, 2014,
MAMBRIN et al., 2015).

Aiming to guarantee the quality of seed lots
being commercialized, seed companies make use of
the results of various laboratory tests that evaluate
seed germination and vigor. This information is also
used to decide which lots to commercialize first and
which to store (CARVALHO; NAKAGAWA,
2012). However, vigor tests may also be used in
genetic improvement programs to help in the
comparison between lines, varieties, and hybrids as
to seed physiological quality (MARCOS-FILHO,
2015; MAMBRIN et al., 2015).

Studies evaluating seed germination and vigor
(first count of germination, accelerated aging,
seedling emergence in the field, and storage
potential) indicated that simple breeding programs
combined with methods of selection based on the
index theory could be used for the improvement of
seed quality (MAIA et al., 2011; VASCONCELOS
et al, 2012; MARTINS; SILVA; MACHADO,
2014; OLIVEIRA et al., 2014).

The research works concerned with the
genetic improvement of plants with a view to seed
physiological quality in bean (MAIA et al., 2011;
MAMBRIN et al., 2015), soybean
(VASCONCELOS et al.,, 2012; MARTINS et al.,
2016), carrot (MARTINS; SILVA; MACHADO,
2014), and forage turnip (OLIVEIRA et al., 2014)
resulted in high heritability values (larger than 70%)
and genetic variability reflecting a favorable
situation for the selection for seed physiological
potential among plant populations.

It is necessary to emphasize that the research
work conducted by Oliveira et al. (2014) showed the
efficiency of the first count of germination test, the
germination test at temperatures of 20 °C and
20-35 °C, and the accelerated aging test to delineate
strategies for the selection of forage turnip

populations for seedling emergence in the field under
conditions of high temperatures. These tests have the
advantage of being faster, more practical, and more
economical when compared with the conventional
and direct methodology of population selection by
means of seedling emergence in the field or after a
period of storage (MARTINS; SILVA; MACHADO,
2014; OLIVEIRA et al., 2014).

Thus, the objective of this work was to
identify laboratory tests that could be used for the
selection of forage turnip progeny with high
germination, vigor, field emergence, and storage
potential of seeds.

MATERIAL AND METHODS

The evaluated populations were represented
by 100 half-sibs originating from a population of
turnip, cultivar ‘AL 1000°, which was part of the
breeding program for oil production of the Plant
Production Department of the Faculty of Agronomy,
a unit of the Botucatu (SP, Brazil) campus of the
Paulista State University (UNESP).

The seeds of each progeny were cleaned and
divided in two parts: the first was placed in unifoliate
paper bags under room conditions during the
determination of the initial seed quality, then stored
for a year and the second was first artificially dried
up to a water content between 5% and 7%, then
stored in moisture-proof packages and kept at 1 °C
up to the installation of the field emergence test, 8
months later. This last step aimed to maintain the
initial level of seed quality (NERY et al., 2014;
CARVALHO; NAKAGAWA, 2012). The
moisture-proof package was made with impermeable
multifoliate walls usually used for the storage and
commercialization of Brassicaceae certified seeds
(CONTRERAS; FARIAS; NASCIMENTO, 2014),
the composition of which is described in Martins,
Silva and Machado (2014).

Laboratory tests: initial seed quality was
evaluated by the following tests and determinations.

Water content: this test was conducted
before the other tests and after the accelerated aging
test. Two 7-g samples were each subjected to
temperatures of 105 + 3 °C for 24 h (BRASIL, 2009)
and the results expressed in percentage (wet weight).

Mass of 1,000 seeds: based on eight 100-seed
samples of each progeny, which were weighed in a
0.0001 g precision scale (BRASIL, 2009).

Germination test: the germination test was
conducted with four 50-seed samples. The seeds
were placed on top of two sheets of filter paper, wet
with distilled water at an amount corresponding to
2.5 times the weight of the substratum and then put
inside transparent plastic boxes
(11.0 x 11.0 x 3.5 cm) and taken to a germinator at
20 °C. Seedling counts were made 4 and 10 days
after sowing (BRASIL, 2009).
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First count of germination: the number of
normal seedlings was determined at 4 days after
sowing, as established by the Rules for Testing
Seeds (BRASIL, 2009), and the results expressed as
an index of vigor.

Accelerated aging test: four grams of seed
were spread on top of a screen in plastic boxes with
40 mL of distilled water (relative humidity of 100%)
and kept at 41 °C for 96 h. After that period, the
seeds were subjected to the standard germination test
and the normal seedlings counted 4 days later
(NERY; CARVALHO; GUIMARAES, 2009).

Seedling emergence in the field: seeds were
sown in seed beds inside a screen-walled
greenhouse. Sowing took place during the first
fortnight of May as recommended (BALBINOT
JUNIOR et al., 2009; NICOLOSO et al., 2008).
Maximum, mean and minimum temperatures during
the period of the seedling emergence in the field
were 24, 15, and 10 °C, respectively.

The plots were formed by two 1.5 m long
furrows separated by 0.2 m. In each furrow, 50 seeds
were sown at a depth between 2 and 3 cm. The plots
were irrigated daily to keep the soil moisture at the
appropriate level. Seedling counts were always made
at the same time of the day during 12 days after
sowing. At the end of that period, the percentage of
seedling emergence was calculated (OLIVEIRA et
al., 2014). Concomitantly with this, seedling speed
of emergence (IVE) was calculated on the basis of
the formula proposed by Maguire (1962).

Seed storage potential: the seeds, which
were kept in multifoliate paper bags under room
conditions, were evaluated at 6 and 12 months of
storage by means of the first count of germination
test, germination, and water content. Air temperature
and relative humidity of the environment were
registered.

Treatment replications were distributed
according to a completely random design with four
replications. The experimental data were subjected to
analysis of variance and covariance. The following
parameters were evaluated: phenotypic and
genotypic variances between lineage means, mean
environmental variance, large sense heritability
based on plot means, genetic coefficient of variation,
and phenotypic, genotypic, and environment
correlations. After calculation of these parameters,
the genetic gain per selection with an intensity of
20% was calculated. This is considered a standard
index and also a function of the population sample
size (OLIVEIRA et al., 2014).

RESULTS AND DISCUSSION

The mean seed water content of the progeny

was 4.5 = 1.5%. This value is within the limits
recommended for the storage of orthodox seeds and
of Brassicaceae for medium to long periods of time
(CARVALHO; NAKAGAWA, 2012;
CONTRERAS; FARIAS; NASCIMENTO, 2014).
The results of seed water content may be considered
relatively uniform and this is important because
water content affects seed metabolic activity and
seed water content uniformity is a primordial factor
for the standardization of the evaluations as to
physiological quality (MORAIS; ROSSETTO, 2013)
as well as the mass of 1,000 seeds (BRASIL, 2009).

Following seed accelerated aging, the water
content of the progeny seeds was found to be
between 28% and 47%, that is, a relatively high
variation. On the other hand, it is necessary to
consider that this research compared the seeds of
half-sib (genetically different) progeny and some
characteristics that differ among genotypes may
influence the water absorption process such as seed
size, tegument permeability, and chemical
composition (CARVALHO; NAKAGAWA, 2012;
MARTINS; SILVA; MACHADO, 2014).

So, the variation of up to 19 percentage points
found when seed water content was measured after
the seed aging procedure was similar to those
reported by Oliveira et al. (2014) in different
progeny of forage turnip and 7 percentage points
higher than the values reported with carrot seeds
(MARTINS; SILVA; MACHADO, 2014).

After the storage periods of 6 and 12 months,
it was verified that the storage conditions were
adequate to maintain the seeds’ physiological quality
as the seeds showed water contents of 7.0 £ 2.8% to
4.9 + 1.9%, respectively, that is, within the limits
indicated for medium to long storage periods
(CARVALHO; NAKAGAWA, 2012;
CONTRERAS; FARIAS; NASCIMENTO, 2014).

On the other hand, this increment in water
content after 6 months of storage, followed by a
reduction after 12 months of storage, permits us to
infer that the multifoliate package used for the
commercialization of vegetable seeds may be
classified as  semipermeable as  proposed
(CONTRERAS; FARIAS; NASCIMENTO, 2014;
MARTINS; SILVA; MACHADO, 2014), because
the highest mean water content was verified after
exposure of the seeds to the highest relative humidity
after 6 months of storage (Figure 1).
Notwithstanding the mean temperature of 22 + 3 °C
and mean relative humidity of 45 = 15% found to
occur during the storage period, these are conditions
that may be considered favorable for maintaining
seed physiological quality under uncontrolled
environmental conditions (CARVALHO;
NAKAGAWA, 2012).
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Figure 1. Air temperature and relative humidity during the seed storage period under laboratory environmental conditions.

The seeds of the forage turnip progeny
showed significant differences for all evaluated
characteristics (Table 1), thus suggesting that there is
genetic variability among progeny. So there is a
possibility of gains with the selection for all of the

evaluated characters that are related to seed
physiological quality such as 1000-seed weight,
germination, seedling emergence in the field, vigor,
and storage potential.

Table 1. Summary of the analysis of variance and estimation of the genetic parameters for the tests of evaluation of seed
physiological quality of 100 half-brother forage turnip progenies.

Mean square

Storage (months)
F.V. GL G
MMS  FC EC IVE EA
0 6 12
0 months
months
FC G FC G
Progenies 99 42" 1243°  4579° 2773° 48 1813.5° 2882°  1953" 32777 393.6°
Residue 300 04 403 45.0 47.9 02 162.1 80.2 68.5 86.5 98.0
Mean 9.4 79.1 81.1 91.6 47 356 48.6 80.3 4.7 71.9
h? 90.7 67.6 90.2 827 955 911 722 64.9 73.6 75.1
CVg 10.4 4.9 12.5 83 227 570 14.8 7.0 18.2 12.0
CVe 6.6 6.7 8.3 7.6 9.8 35.7 18.4 10.3 21.8 13.8
CVg/CVe 1.6 0.7 1.5 1.1 2.3 1.6 0.8 0.7 0.8 0.9

'Source of variation (FV); 1,000 seeds mass (MMS, g); first count of germination (FC, %), germination (G, %), seedling
emergence in the field (EC, %) seedling speed of emergence in the field index (IVE), accelerated aging (EA, %).
*Significant at the level of 1% of probability according to the F test; heritability (%); CVe — coefficient of experimental

variation; CVg — coefficient of genetic variation.

The heritability coefficients reflected a
favorable situation for selection as they varied
between 64.9% and 95.5%. Similar results were
reported for seeds of forage turnip half-sibs for the
test of germination carried under two temperatures,
accelerated aging, and seedling emergence under
conditions of high temperatures (OLIVEIRA et al.,
2014). High heritability estimations were also
reported by Silva, Vieira, and Nascimento (2010)
with carrot (77%), and Martins et al. (2016) with
soybean (96%) seeds. The main function of
heritability in genetic studies is its predictive role,
expressing the degree of confidence of the
phenotypic value as an indication of the genetic
value, or the degree of correlation between the
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phenotypic and genotypic values (MELO et al,
2009).

Values close to or larger than the units (0.7 to
2.3) found in the ratio CVg/CVe (genetic and
experimental variation) in this research work with
forage turnip seed are superior to the environmental
one and indicate that the existing variability would
be of genetic origin and that the situation is also
favorable to selection (CRUZ; REGAZZI,
CARNEIRO, 2012). A high CVg/CVe (1.03) was
also reported in a study with carrot seeds (SILVA;
VIEIRA; NASCIMENTO, 2010).

The high genetic variability for the
characteristics related to the seeds is a consequence
of the small importance that has been given to the
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theme in plant breeding programs that have had, as

their main purpose, yield and adaptation
(MAIA et al., 2011; VASCONCELOS et al., 2012;
MARTINS; SILVA; MACHADO, 2014;

OLIVEIRA et al., 2014). The genetic variability of
the evaluated characters indicated that forage turnip
breeding procedures may contribute to significant
improvement in seed physiological quality.

Positive and significant genotypic
correlations were observed for the germination,
vigor (first count of germination, and accelerated
aging) and storage potential characters, that is, the
improvement of a given character will bring about
simultaneous increment in the correlated characters
(Table 2).

Table 2. Estimations of the coefficient of genetic and environmental correlations (rg — above the diagonal; ra — below the
diagonal ) among the characters of 1,000 seed mass (MMS, g), first count of germination (FC, %), germination (G, %),
seedling field emergence (EC, %), seedling emergence in the field index (IVE), accelerated aging (EA, %), first count of
germination after six and 12 months of storage of seeds of 100 half-brothers of forage turnip progenies.

Characters MMS FC G EC IVE EA FC G FC G
0 0 6 6 12 12

months  months months months months months
MMS - 0.03 -0.05 -0.12  -0.01 -0.08 0.12 -0.07 0.00 -0.02
FC 0.53" - 095"  -0.02  -0.06 031" 0.13 043" 0.19 0.33"
(0 months)
G 0.60™ 0.90" - 0.02 0.04 0.34" 0.14 038" 024 0.33"
(0 months)
EC 0.49™ 043" 049" - 0.90"  -0.03 0.06 -0.07 0.03 -0.13
IVE 0.38" 035" 0377 078" - -0.08 -0.01 -0.08 -0.02 -0.14
EA 0.14 0.12 0.14 0.17 0.10 - -0.15 0.23 -0.01 0.29"
FC 0.27" 0.14 0.19 0.17 0.18 0.14 - 0.63 076" 048"
(6 months)
G 0.38" 035"  046™ 032" 025 0.13 0.39™ - 0.65"  0.82"
(6 months)
FC 0.15 0.22 0.17 0.13 0.11 -0.03 0.04 0.24 - 0.75"
(12 months)
G 0.29" 0.23 027" 021 0.15 0.02 0.25 0.54 0.66" -
(12months)

“*Significant at the level of 1% of probability, according to the F test.

On the other hand, none of the tests was
efficient to select progeny with higher seedling
emergence in the field, for, with the exception of the
positive correlation between this character and that
of seedling speed of emergence in the field index, no
other one was verified. The genetic and positive
correlations verified among these field tests, as have
been identified in others, such as first count of
germination and germination (after 6 and 12 months
of storage) would have no genetic meaning in this
research work due to the fact that they were
conducted simultaneously, in conjunction, so that the
results are interrelated due to the methodology used.
In addition to that, the tests did not allow the
anticipation of time for the selection of the progeny,
if compared to the others.

Thus, the germination, first count of
germination, and accelerated aging tests can be
applied in breeding programs with a view to the
selection of forage turnip progeny of higher seed
physiological quality with good results for
seed-producing companies. These tests give quick
answers in the selection of long-lived seeds
permitting a considerable reduction in the period of
time needed for genotype selection, mainly when the
storage period considered is 12 months. They permit
the selection of progeny in periods of time of 4 to 10
days, depending on the adopted test. In addition to
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that, these tests are practical and of low cost because
the material and personnel they demand are those in
everyday use in laboratories (NERY; CARVALHO;
GUIMARAES, 2009).

The genetic gains estimations (%) and the
initial mean population (i), of the selected
population (pus) and the improved one (um) are
shown in Table 3. The adoption of this procedure
permitted us to attain selection gains for all evaluated
characters. The less expressive gains were for the
first count of germination and the seedling
emergence in the field tests, that is, between 2%
and 3%.

Twelve months of storage were highly
promising. The initial means of those characters
were approximately 81, 36, and 72%. After the
selection improved, estimated means were 98, 63,
and 84%. It is thus important to emphasize that the
selection of the 20 best progeny (20% of the
population) made possible the expressive and
significant gains of 20.33, 77.41, and 16.73%. The
speed of emergence index was another character that
showed a high estimated genetic gain (32.28%). But,
this character would need a direct selection based on
the character itself because no positive genotypic
correlations with the other characters were verified
according to the indexes theory (Table 3).
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Table 3. Estimations of mean genetic gains per selection (GS), and in percentage (%), germination (G, %), and population
means of the tests to evaluate the physiological quality of seeds of 100 progenies of forage turnip half-brothers.

Genetic gain Means®

Characters' GS % pi us um
MMS 1.22 12.83 9.35 10.67 10.57

FC 3.14 3.34 94.1 98.7 97.2

G 16.49 20.33 81.1 99.4 97.6

EC 221 241 91.6 94.3 93.8

IVE 1.53 32.28 4.74 6.34 6.27

EA 27.57 77.41 35.6 65.9 63.2

FC (6 months) 7.97 16.41 48.6 59.6 56.6

G (6 months) 5.57 6.94 80.3 88.9 85.8

FC (12 months) 8.86 20.74 42.7 54.8 51.6
G (12months) 12.02 16.73 71.9 87.9 83.89

'1,000 seeds mass (MMS), first count of germination (FC, %), germination (G, %), seedling emergence in the field
(EC, %), seedling speed of emergence in the field index (IVE), accelerated aging (EA, %).
Population initial means (ui), selected genotypes (ps), and mean of the improved population (um).

All of those characters should be highlighted
in the selection process because they are
representative of seed quality. Germination capacity
is the main seed attribute and the results of this test
are used to compare seed lots, to determine sowing
rate, and to approve lots for commercialization
(CARVALHO; NAKAGAWA, 2012). In the case of
the accelerated aging test, it can be considered as an
efficient test mainly for the selection of lots with
longer storability (NERY; CARVALHO;
GUIMARAES, 2009). Seed storage is a fundamental
procedure for the maintenance of seed physiological
quality and guaranteed vigor and viability during the
period that goes from seed harvesting to seed sowing
(CARVALHO; NAKAGAWA, 2012).

Therefore, the continuity of this breeding
program will permit the attainment of forage turnip
seeds with superior seed physiological quality, that
is, higher germination, vigor, and longevity under
storage conditions, thus benefiting seed companies
and farmers.

CONCLUSIONS

The standard germination test, the first count
of germination, and the accelerated aging tests may
be used for the selection of forage turnip progeny for
seed physiological quality and storage potential.

None of the aforementioned tests were
efficient at selecting for higher seedling emergence
in the field.
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