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Hydration patterns and physiologic quality of common bean seeds

Padrao de hidratacao e qualidade fisiologica de sementes de feijao

Natalia Carolina Moraes Ehrhardt-Brocardo'; Cileide Maria Medeiros Coelho?**

Abstract

This study aimed to investigate the relationship between the hydration pattern of landrace bean
genotypes and their physiological quality. The hydration curve of eight landrace (BAFs 07, 13, 23, 42,
44,50, 55, 81) and two commercial cultivars (IPR-88-Uirapura and Iapar 81) genotypes was determined
from seed moisture. Determination of initial physiological quality was performed by germination and
vigor tests (seedling performance and accelerated aging). Characterization of the genotypes, regarding
accelerated aging tests, showed that BAFs 13, 42, 55 and 81 had the highest physiological potential,
whereas BAFs 07, 23, 44, 50 and the commercial cultivars had lower physiological quality. The
hydration curve followed a triphasic pattern with radicle protrusion occurring between 21 and 27 hours
after seed hydration. The percentage of reserves translocated to the seedling during formation showed
that BAF 42 had the highest conversion efficiency compared to the smaller efficiencies of BAFs 23, 50
and ITapar 81. The seedling length test showed that BAFs 42 and 55 had the most vigorous seedlings,
which was driven by the high percentage of reserves translocated to the seedling during formation.
BAFs 23, 50 and the cultivar Iapar 81 showed lower reserve translocation, demonstrating that low
mobilization potential leads to smaller seedlings. The hydration of bean seeds during germination was
affected by physiological quality, as genotypes considered more vigorous exhibited higher hydration
rates than those of the less vigorous genotypes.

Key words: Phaseolus vulgaris. Germination. Vigor. Landrace genotypes.

Resumo

O trabalho objetivou verificar relagdo do padrdo de hidratagdo de genotipos crioulos de feijdo e a sua
qualidade fisiologica. Utilizaram-se oito genotipos crioulos (BAFs 07, 13, 23, 42, 44, 50, 55, 81) e dois
comerciais (IPR-88-Uirapuru e Iapar 81) submetidos a determinagao da curva de hidratagdo por meio da
umidade das sementes. A determinag@o da qualidade fisioldgica inicial foi realizada por meio do teste de
germinacdo e testes de vigor (desempenho de plantulas e envelhecimento acelerado). A caracterizagao
dos genotipos quanto ao teste de envelhecimento acelerado evidenciou os BAFs 13, 42, 55 e 81 como
sendo de maior potencial fisiologico, e os BAFs 07, 23, 44 e 50 e cultivares comerciais, apresentando
menor qualidade fisiologica. A curva de hidratag@o seguiu padrdo trifasico com protrusdo radicular entre
21 e 27 horas. O percentual de reserva translocada para a formagao da plantula demonstrou que o BAF
42 obteve a maior eficiéncia de conversao comparada as menores, BAFs 23 e 50 e cultivar Iapar 81. Os
BAFs 42 e 55 apresentaram plantula mais vigorosa pelo teste de comprimento de plantulas, decorrente do
alto percentual de reserva translocada para a formacao da plantula. Os BAFs 23 e 50 e a cultivar [apar 81
apresentaram menor translocacdo de reservas e demonstraram que este baixo potencial de mobilizagao
culminou com plantulas menores. A hidratagdo das sementes de feijao durante a germinagdo foi afetada
pela qualidade fisiologica, uma vez que, os genotipos considerados mais vigorosos apresentaram maior
velocidade de hidratagdo, comparados aos genodtipos de menor vigor.

Palavras-chave: Phaseolus vulgaris. Germinagdo. Vigor. Genoétipos crioulos.
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Introduction

Seed quality is defined as the sum of genetic,
physical, health, and physiological attributes. Of
these, physiological characteristics are particularly
important since they relate to the ability of a seed to
germinate, emerge, and quickly result in a normal
seedling under a wide range of environmental
conditions (TUNES et al., 2011). Several studies
of seeds of landrace genotypes originating at
the Bean Active Germplasm Bank (BAF) at the
Santa Catarina State University have investigated
morpho-agronomic (COELHO et al., 2007
COELHO et al., 2010b), molecular (CARVALHO
et al., 2008), biochemical (PEREIRA et al., 2009),
technological (COELHO et al., 2008; BORDIN et
al., 2010), nutritional (PEREIRA et al., 2011) and
physiological seed characteristics (COELHO et al.,
2010a, 2012; MICHELS et al., 2014).

Characterization of the physiological potential
of landrace bean genotype seeds based on the
percentage of germination, vigor, and the intrinsic
capacity of bean genotypes to behave differently,
thus causing different responses among genotypes,
allows assessment of the effect of genotype on seed
vigor. Higher physiological potential of landrace
seeds was observed in comparison to commercial
cultivars. The former were favored by an extensive
genetic basis and a relative ease of adaptation to
the environmental conditions, whereas commercial
cultivars were considered strains with limited
genetic basis (COELHO et al., 2010a; MICHELS
etal., 2014).

As such, genetic diversity is intrinsic to landrace
genotypes. If the selection process by successive
selfing promotes greater homogeneity and stability
the
diversity must occur between genotypes. Since the
selection process in the field was conducted for
eight seasons, it is possible to infer this behavior
and conduct more detailed physiological studies,
thus clarifying physiological differences between
seeds with respect to genotypes.

within respective population, substantial

Water is the most decisive factor in the process
of germination, as it controls tissue rehydration
and subsequent intensification of respiration and
digestive and translocative metabolic activities
required to supply energy and nutrients for the
resumption of embryonic axis growth (ATAIDE et
al., 2014; KIKUCHI et al., 2006). The rate of water
absorption is controlled by seed water content,
water availability, environmental temperature, and
rate of water absorption. The water absorption rate
does not depend exclusively on the environment,
because it depends on intrinsic characteristics of
the genotype that are related to its physiological
quality (VERTUCCI; LEOPOLD, 1983). Machado
Neto et al. (2004) argued that when seeds are
subjected to water stress, vigor is more affected than
germination. Similarly, Braga et al. (1999) pointed
out that the response of seeds germinated under
water stress showed a dependence on genotype
physiological quality. Thus, since the hydration
behavior of bean seeds under water stress conditions
is closely related to physiological quality, under
balanced water conditions it is suggested that
these genotypes also depend on their physiological
potential. Therefore, analysis of the hydration
process may provide insights into the specific
physiological process occurring in the seeds, and
thus, it is a tool to understand the physiological
quality of different genotypes. This study aimed to
investigate the relationship between the hydration
pattern of landrace genotypes of beans throughout
germination and physiological quality.

Material and Methods

This study was conducted using seeds of eight
landrace bean genotypes (BAFs 07, 13, 23, 42, 44,
50, 55, 81) and two commercial cultivars (IPR-
88-Uirapuri and lapar 81) originally from the
Bean Active Germplasm Bank (BAF) of the Santa
Catarina State University. Genotypes underwent
successive selfing selection that favored greater
homogeneity and stability within the population,
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having been previously characterized and studied in
eight consecutive seasons.

Seeds were produced in a field experiment
conducted in a randomized complete block design
during the agricultural season of 2012/2013 by
conventional farming in Campos Novos, Santa
Catarina. Harvested seeds were stored in a dry
chamber at 10°C and 50% relative humidity until
analysis.

Determination of hydration pattern throughout
the germination process of the different landrace
bean genotypes and commercial cultivars was
performed with recourse to the hydration curve
developed through observation of changes in seed
moisture content using the standard oven method at
105 £ 3°C for 24 h (BRASIL, 2009). Evaluation of
physiological quality and characterization of seed
vigor were performed by germination and vigor
tests (seedling performance and accelerated aging).

Standard curve of hydration

Determination of the standard curve of hydration
was performed atpredetermined time intervals (every
3 h) until at least 50% of seeds in each replication
presented radicle protrusion. Four replications of 50
seeds each were assayed on Germitest paper towels
moistened with distilled water at a ratio of 2,5
mL.g"! dry paper. Seeds remained in the dark in a
Mangelsdorftype germinator in the vertical position
at a constant temperature of 25° C, according to the
criteria of the Rules for Seed Analysis (BRASIL,
2009). At each time point, seed water content was
measured by taking as a reference the standard
oven method at 105 £ 3°C for 24 h (BRASIL,
2009). Regression analysis was performed with the
objective of finding a regression equation for each
genotype where the coefficient of determination
showed the most significant fit to the germination
pattern. A 3 degree equation showed best fit for
all genotypes, which corresponded to the triphasic
pattern of hydration during germination (BEWLEY;
BLACK, 1978). In order to monitor a possible

influence of storage time on hydration pattern, the
standard curve of hydration was determined in
December 2014 and reviewed in February 2015.

Seedling performance test

Determination of seedling length was performed
at various hydration time points (48, 72, 96, and
120 h). Four replications were assembled with 10
seeds each on Germitest type paper towels with
a line drawn longitudinally in the upper third of
the paper and moistened with distilled water at
a ratio of 2,5 mL.g"' dry paper. Seeds remained
in the dark in a Mangelsdorf type germinator at a
constant temperature of 25°C, according to the
criteria of the Rules for Seed Analysis (BRASIL,
2009). After evaluation of the total seedling
length, results were expressed as mean seedling
length (mm) (NAKAGAWA, 1999). Seedlings and
cotyledons corresponding to 120 h of hydration
were then separated, contained in paper bags, and
dried in a forced air circulation stove at 60°C for
48 h. Samples were then removed from the stove,
placed in a desiccator, and weighed, in order to
determine total dry mass of replicated seedlings
and cotyledons. Results were expressed as
mg.seedling! and mg.cotyledon! (NAKAGAWA,
1999). The percentage of reserves translocated to
seedling formation was measured by calculating
the difference between the remaining dry mass in
the cotyledons and the dry mass translocated to the
seedling relative to the dry mass of the seed.

Germination test

Germination tests were conducted on Germitest
type paper towel moistened with distilled water at a
ratio of 2,5 mL.g" dry paper with four replications
of 50 seeds each. Seeds remained in a Mangelsdorf
type germinator in the vertical position at a constant
temperature of 25°C, according to the criteria of
the Rules for Seed Analysis (BRASIL, 2009). The
percentage of germinated seeds (normal seedlings)
was evaluated 5 days after test initiation.
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Accelerated aging test

Polystyrene crystal boxes (Gerbox®) (Ilcm x
Ilcm x 3 cm) with aluminum screens suspended
inside were used such that sample seeds were
distributed in a single layer on the surface of the
screen. After obtaining the samples, 40 mL distilled
water was added to the bottom of the boxes to
ensure a relative humidity level of the air close to
100% (saturated atmosphere). Boxes were closed
and placed in an aging chamber for 72 h at 42°C
(MARCOS FILHO, 1999). In order to monitor
the procedures used in the test, a control was
also installed for each genotype to assess seed
water content using the standard oven method at
a temperature of 105 + 3°C for 24 h (BRASIL,
2009). Germination was conducted on Germitest
type paper towel moistened with distilled water at a
ratio of 2,5 mL.g" dry paper with four replications
of 50 seeds each. Seeds remained in a Mangelsdorf
type germinator in the vertical position at a constant
temperature of 25°C, according to the criteria of
the Rules for Seed Analysis (BRASIL, 2009).
The percentage of vigor (normal seedlings) was
evaluated 5 days after test initiation.

Statistical analysis

The adopted experimental design was a
completely randomized approach and analysis of
variance (F test) was performed. Averages were
grouped by the Scott-Knott test at 5% probability
using Assistat software (SILVA; AZEVEDO, 2002).
In addition, regression analysis was performed in
order to characterize water absorption and seedling
length of the different genotypes at various hydration
time points.

Results and Discussion
Standard curve of hydration

Through the assessment of water content of dry
seeds subjected to different periods of hydration,
it was observed that landrace and commercial
genotypes of beans fit a triphasic model of hydration
(BEWLEY; BLACK, 1978). Furthermore, it
was determined that phase II ended 21-27 h after
hydration (Figures 1A and B) resulting in radicle
protrusion.

The behavior of the hydration curve allowed
differentiation of genotypes by water absorption
rate. Genotypes BAFs 7, 44 and the commercial
cultivar Tapar 81 had lower hydration rates than
those of other genotypes. The diversity of rates at
which seeds of these genotypes absorbed water
had already been observed in technological quality
assessment where the genotypes BAFs 7 and 44
had the longest time requirements for maximum
hydration (BORDIN et al., 2010). Thus, the
difference in hydration behavior among genotypes
may be related to the physiological quality of the
seeds. For example, previous research in soybeans
indicated that seeds with higher physiological
quality hydrate more slowly (ROCHA et al., 1984;
ROSSETTO etal., 1995; BECKERT; SILVA, 2002).
After establishing the hydration curve, viability and
vigor tests were performed in order to determine the
relationship between the pattern of hydration and
the physiological quality of the seeds.

Seedling performance test

The genotypes showed no statistical differences
regarding seedling accumulation of dry matter after
hydration for 120 h (Table 1), the same time point
as when first germination counts were completed
(BRASIL, 2009). However, BAF 42 had the highest
conversion efficiency (40,11%) of percentage of
reserves translocated to the formation of seedling,
as compared to BAF 23 (21,45%) and 50 (24,97%),
and commercial cultivar lapar 81 (23,07%).
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Figure 1. Hydration patterns of landrace and commercial bean genotypes (RP: radicle protrusion).
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Table 1. Dry mass and percentage of reserve mobilization of been seedling genotypes after hydration for 120 h.

1796

Genotype Dry Mass of Seedling (mg) Mobilization to Seedling (%)
BAF 07 55,10 a 32,72 a
BAF 13 65,63 a 30,19a
BAF 23 78,02 a 21,450
BAF 42 73,97 a 40,11 a
BAF 44 65,92 a 28,75 a
BAF 50 56,91 a 24,97 b
BAF 55 76,31 a 34,82 a
BAF 81 68,36 a 33.8la

IPR-88-Uirapuru 76,57 a 30,76 a

Iapar 81 57,77 a 23,07 Db

CV (%) 16,02 16,27

Mean values followed by the same letter do not differ according to the Scott-Knott test (5%).

Analysis of seedling length results at different
hydration time points (Figure 2) showed that
BAFs 42 and 55 were the most vigorous seedling
genotypes, thus demonstrating the potential of
these genotypes to convert stored reserves into

seedling structures. Similarly, characterization of
physiological potential of seeds of these genotypes
was estimated by the evaluation of root length after
hydration for 120 h. Of all assayed genotypes, BAF
55 had the longest root length (COELHO et al.,
2010a).

Figure 2. Length of various bean genotype seedlings at different hydration time points.

250

Scedling Length (mm)

Hydration Time (h)

O7 @13 023 W42 Ad44 $50 AS5 €81 XIPR-88-Uirapuri -+Iapar 81

Equations obtained by regression analysis: §(23) = 2.228x — 87.382 R? = 0.974*%*; J(50) = 26.346x — 653.950 R? = 0.999**; (13)
=1.633x — 51.475 R? = 0.986**; §(42) = 2.343x — 76.810 R* = 0.998*%*; $(55) = 2.107x — 76.252 R? = 0.995**; §(81) = 1.709x —
50.942 R* = 0.985**; §(IPR-88-Uirapurti) = 2.589x — 82.080 R? = 0.998**; $(7) = 4.352x — 144.850 R* = 0.999**; y(44) = 1.905x
—48.300 R?=0.971**; y(Tapar 81) =4.947x — 167.527 R? = 0.992*.

* or ** significant splitting by the F test, where * — 5% significance and ** — 1% significance; R? = determination coefficient of

each significant equation.
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It was observed that the percentage of reserves
seedling formation induced
changes among the genotypes in the phenotypic
characteristic of seedling length. BAFs 23, 50 and
the commercial cultivar Iapar 81, which had the

translocated to

lowest translocation reserves, showed that low
mobilization potential resulted in smaller seedlings,
especially at the final time point (120 h) (Figure 2).
A similar result was reported by Dan et al. (1987),
who studied the transfer of dry matter as a method
for assessing soybean seed vigor, and who showed
that seedlings from better quality seeds had a greater
reserve supply capacity, enhanced transformation
of storage tissues, and better incorporation into the
embryonic axis. Dutra and Teofilo (2007) argued
that seeds qualified as potentially vigorous could
sustain higher growth rates in the initial period of
plant development. Initial early growth allows for
improved and more rapid closure of the soil leading
to decreased evaporation, more efficient water use,
and increased competitive capacity, thus improving
weed control (HENNING et al., 2010).

Germination test and accelerated aging test

From genotype germination percentage data
(Table 2), it was observed that the genotypes with
higher viability in germination test were BAFs

81, 55, 13 and the commercial cultivars IPR-88-
Uirapuru and Iapar 81.

The high germination percentage of BAFs 7 and
44 demonstrates the importance of the physiological
potential of these landrace genotypes (COELHO
et al.,, 2010a), as both had higher germination
percentages than the minimum required by the seed
beans marketing standards (80%) (BRASIL, 2005).

After determining seed vigor differences (Table
2), stress imposed by the accelerated aging test
allowed differentiation between bean genotypes.
Genotypes BAFs 13, 81, 42 and 55 had the highest
physiological quality, whereas BAFs 07, 23, 44, 50
and the cultivars [PR-88-Uirapurt and Iapar 81 had
the lowest physiological quality.

Through the vigor tests performed, it was found
that in the evaluation of the percentage of reserve
mobilization for seedling and seedling length, the
genotypes with greatest potential of conversion
of stored reserves in seedling structures (BAFs
42 and 55) belonged to the group of high vigor
genotypes determined by the accelerated aging test,
thus demonstrating high physiological potential.
Previous studies also confirmed that genotype BAF
55 was superior with respect to the physiological
quality of the seed (COELHO et al., 2010a, 2010b,
2012).

Table 2. Germination and vigor percentage as measured by the accelerated aging test of various bean seed genotypes.

Genotype Germination (%) Accelerated Aging (%)
BAF 07 79b 75b
BAF 13 91a 88 a
BAF 23 85b 79b
BAF 42 85b 83a
BAF 44 77b 59b
BAF 50 83Db 78 b
BAF 55 93a 83a
BAF 81 94 a 87a

IPR-88-Uirapuru 91a 75b

Iapar 81 90 a 73b

CV (%) 4,86 9,15

Mean values followed by the same letter do not differ according to the Scott-Knott test (5%).
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By the and
physiological quality of the various genotypes, it
was observed through the characterization of seed
vigor, that the less vigorous genotypes required more
time for repairing the membrane system during the
initial hydration process. Similarly, Bortolotto et al.
(2008), in work with irrigated rice, seeds with lower
physiological quality presented a lower hydration

rate compared to higher quality seeds.

relating hydration pattern

This the
understanding that seeds with lower vigor promote
the repair and/or protection of the membrane system
during the initial stage of hydration, before initiating
growth of the embryonic axis. The time consumed
by this process thus increases the total time before
germination (COSTA et al., 2008). Thus, the tested
genotypes demonstrated a pattern of hydration
behavior that was very similar to that observed in
the vigor characterization tests.

lower rate 1is associated with

Conclusion

The pattern of hydration of bean seeds showed
a positive relationship with observed physiological
quality among genotypes. The most vigorous had
higher hydration rates than those of genotypes with
lower vigor. Analysis of hydration behavior can
provide insight into which physiological process
is occurring in the seed, thus providing a tool to
understand the physiological quality of different
genotypes.
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