SEED QUALITY CHARACTERIZATION OF SOYBEAN CULTIVARS
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ABSTRACT

The objective of this work was to evaluate the
physiological seed quality of seven soybean cultivars of early
cycle in Rio Grande do Sul State, Brazil. The seeds were
produced in a regional cultivar trial tests (Julio de
Castilhos/RS/Brazil), and stored at a cold chamber at 10°C
and 35% RH. The seeds were evaluated twice, in may/97 and
november/97, by morphological description (hilum and
hypocotyl  color, hilum shape) and physiological
characterization (standard germination, accelerated aging,
electrical conductivity, tetrazolium test, and determination of
root and hypocotyl length). A peroxidase test was performed
and also the weight of a thousand seeds (WTS) was checked.
The statistical design was completely randomized in a 7x2-
bifactorial arrangement. The multiple mean comparison was
performed using Duncan's test. The results showed that those
soybean seeds had good germination and vigor, but quality
was slightly reduced after six months, even on good storage
conditions. Differences among cultivars were small. Standard
germination, accelerated aging and conductivity tests were
able to select soybean cultivars in relation to seed quality. The
soybean cultivars produced in 1996/1997 and evaluated on
cultivar trial test showed good physiological seed quality.
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RESUMO

CARACTERIZACAO DE CULTIVARES DE SOJA
QUANTO A QUALIDADE DE SEMENTES. Avaliou-se a
qualidade fisiolégica de sete cultivares de soja, por meio da
caracterizagao fisica e fisiolégica das sementes. As sementes
foram avaliadas em duas épocas, maio/l1997 e
novembro/1997, pelas seguintes metodologias: caracteriza¢éo
morfolégica das sementes e plantulas, determinando-se cor e
forma do hilo e cor do hipocétilo; teste da peroxidase e peso
de mil sementes. A caracterizagdo fisiologica avaliada
mediante o teste de germinacdo; envelhecimento acelerado;
condutividade elétrica; tetrazdlio (vigor: Tz 1-3); comprimento
da parte aérea e da raiz. O delineamento experimental foi
inteiramente casualizado, com esquema bifatorial (7x2), sete
cultivares e duas épocas de avaliagdo. A maioria das
cultivares tiveram, no decorrer do tempo, uma pequena queda
na sua qualidade, em termos de germinacao e vigor. Ocorreu
reducdo na qualidade fisiolégica das sementes de soja, apos
seis meses, mesmo quando foram favoraveis as condi¢des de
armazenamento. Os testes de germinacdo, envelhecimento
acelerado e condutividade elétrica foram capazes de
estratificar cultivares de soja, em funcdo de sua qualidade
fisiolégica. As sete cultivares de soja estudadas

correspondentes a safra 1996/1997, apresentaram boa
qualidade fisiolégica de sementes.
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INTRODUCTION

Brazil is one of the largest soybean producers in the
world. In 1996/97 and 1997/98 period, Brazil produced 26.4
million tons and 31.2 million tons of soybean respectively
(IBGE, 1999). With this expansion, the seed demand for
planting increased, and the seed quality is an important factor
to be considered, especially in new production areas.

In the breeding programs, plant diseases are being more
important than seed quality, because plant diseases represent
a mayor loss in production and stand establishment; thus,
resistant cultivars to pathogens might have poor seed quality.
The difficulties for good seed quality production could not be in
the field, but in the cultivar itself. Seed quality components
essentially fall into three categories, accurate description,
hygiene, viability and potential performance (ISTA, 1995);
however, for many important cultures, only the physical purity
of lot, the seed moisture content and the germination test are
used to estimate the seed quality. Incomplete information
regarding to soybean seed quality makes its use difficult, and
causes inconveniences in the implantation period. Thus,
description of each cultivar has to include all the characteristics
to evaluate correctly its potential.

Using the correct methods to evaluate the physiological
seed quality, besides giving information about seed viability,
may also estimate seed performance during storage and field
emergence, and therefore, to decide about the seed lot with
poor quality, reducing the risk for the farmers.

The objective of this work was to evaluate the seed
quality of seven soybean cultivars by physiological
characterization of the seeds.

MATERIAL AND METHODS

This work was developed in Laboratory of Seed Analyses
(LAS), Crop Science department, Federal University of Santa
Maria (UFSM), Santa Maria, RS State, Brazil. Seeds of seven
soybean cultivars (CEP-16 TIMBO, IAS-5, IVORA, FT-2003,
FT-GUAIRA, FT-SARAY and OCEPAR-14) were produced in a
regional cultivar trial tests (Julio de Castilhos, RS), and seed
quality was evaluated twice, in may/1997 and november/1997;
all cultivars are classified as early cycle and recommended for
planting in the south region of RS State, Brazil. During the
experimental period, seeds were stored at 10°C and 35% RH.
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Morphological characterization: using four samples of 50
seeds/seedling for each cultivar, hilum and hypocotyl color and
hilum shape were evaluated visually, to confirm that the
cultivars were the real ones. Peroxidase test: seed coat of
individual seed was soaked in 10 drops of 0.5% guaiacol
solution for 10 min, a drop of 0.1% hydrogen peroxide was
added, and the presence or absence of color was recorded
after 20 to 40 sec. (BUTTERY & BUZZELL, 1968; COSTA et
al., 1980). Weight of a thousand seeds (WTS): eight
replications of 100 seeds for each cultivar were weighted
according to Rules for seed testing (BRASIL, 1992). Standard
germination (SG): it was assessed according Rules for seed
testing (BRASIL, 1992) except the replications that were four of
50 seeds for each cultivar. Accelerated aging (AA): prior to SG,
four replications of 50 seeds of each cultivar were exposed to
41°C at 100% RH. for 48 hours (KRZYZANOWSKI et al.,
1991). Electrical conductivity (EC): using four replications of 25
seeds for each cultivar, the EC was measured after soaking
the seeds in plastic cups with 75 ml of distilled water, at 25°C
for 24 hours (VIEIRA & CARVALHO, 1994). Tetrazolium test:
using four replications of 50 seeds for each cultivar, presoaking
for 16 hours at 25°C, seeds were immersed in 1% tetrazolium
solution at 40 °C for 180 min. The vigor was classified from 1
to 3 classes respectively according to FRANCA NETO et al.
(1988). Hypocotyl and root length of normal seedling (HL, RL):
they were measured using four replications of 25 seeds for
each cultivar; seeds were placed in germination chamber at 25
° C and evaluated on the fifth day (KRZYZANOWSKI et al.,
1991).

Statistical design was completely randomized in a 7x2-
bifactorial arrangement, seven cultivars and two evaluation
periods with four replications. The multiple mean comparison
was performed using Duncan's test.

RESULTS AND DISCUSSIONS

The majority of the cultivars has similar morphological
characteristics, (Table 1) long hilum and brown or light brown
hilum color were predominant, only FT-GUAIRA had black
hilum. Cultivars with purple hypocotyl are FT-GUAIRA, CEP-16
and FT-SARAY. Only FT-2003 had negative peroxidase
reaction. All cultivars were agreed with standard -cultivar
description, revealing high physic pure of lots.

WTS analyses showed differences among cultivars 1AS-5
and CEP-16 TIMBO have greatest weight and OCEPAR-14
and FT-SARAY the lowest value. Seed weight has been shown
to be a valid indicator of vigor for certain crop species with
small seed exhibiting reduced seedling growth rates. However,
results were contradictory when comparing crop species with
large seed, because seed weight varies from one year to
another due to many factors: handling, fertilizer, weather and
others. Nevertheless, generally farmers consider large seeds
more vigorous than smaller ones, even though large seeds
yields not more than plants developed from small seeds
(BYRD, 1967; SCOTTI & KRZYZANOWSKI, 1977).

TABLE 1. Hilum and hypocotyl color, hilum shape, peroxidase reaction and weight of thousand seeds (WTS) of seven soybean

cultivars

Hilum Hypocotyl Peroxidase WTS (9)
Cultivars Color Shape shape reaction
IAS-5 light brown Long green + 174,88 a*
CEP-16 TIMBO brown Long purple + 172,81 a
IVORA light brown Long green + 167,21 b
FT-GUAIRA black Long purple + 166,18 b
FT-2003 light brown Long green - 144,12 c
OCEPAR 14 brown Long green + 134,31 d
FT-SARAY brown Long purple + 133,12 d
Average 156,00
C.V. (%) 2,56

* - Means within columns followed by the same letter are not significantly (P> 0.01).

In all variables analyzed (SG, AA, TZ, HL and RL) except
EC, significant differences occurred between the average of
the first (may/1997) and the second evaluation
(november/1997). Those results (Table 2) are consequence of
deterioration of seed quality during the storage period, but

reduction was small. Such germination decreased from 91% to
88%, maintaining over a minimum seed germination required
for trading in Rio Grande do Sul state, Brazil (SAA, 1998). EC
results suggested that seeds had small membrane damage
between the evaluation period.

TABLE 2. Average of Standard germination test (SG), electrical conductivity (EC), accelerate aging (AA), tetrazolium test (vigor: 1-
3), hypocotyl length (HL) and root length (RL) at 0 and 6 months

SG AA EC Tetrazolium HL RL

(%) (%) uS/cm/g Vigor 1-3 (%) (cm) (cm)
0 month 91 a* 76 a 59,82 a 84 a 9,87 a 16,38 a
6 months 88 b 69 b 58,78 a 81b 717 b 1348 b
C.V. (%) 2,85 6,13 7,72 2,57 5,97 9,39

* - Means within columns followed by the same letter are not significantly (P> 0.01).

Comparison among cultivars (Table 3) showed that
amplitude of differences in the SG test was small. The
difference between maximal and minimum value of SG was
only 6%. SG results showed that FT-SARAY cultivar had the

largest value, and no statistical differences were observed with
FT-GUAIRA and OCEPAR 14 cultivars; CEP-16 TIMBO and
IAS-5 obtained the lowest performance, however they had high
TSW (Table 1).
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AA test was more accurate for detecting seed quality
differences between cultivars. FT-GUAIRA cultivar had the
largest value and did not have difference between IVORA and
FT-2003 cultivars. Also, FT-GUAIRA obtained high percentage
of germination. OCEPAR-14, FT-SARAY and CEP-16 TIMBO
cultivars had the lowest performance in AA test.

Lower seed germination and vigor founded in some
cultivars on the second evaluation were attested principally by
tetrazolium test, showed that seeds of some cultivars had more
deterioration in its quality than others. Likewise, decreases of
soybean seed quality and vigor, using SG, AA and EC tests,
was observed by CARVALHO & NAKAGAWA (1988);
AHRENS & PESKE (1994) and AGUERO et al. (1997).

In this study, the rate of seed deterioration was
considered normal, because usually soybean seed quality
slightly decreases during conventional storage conditions as it
was also found by SALINAS (1996), AGUERO et al., (1997)
BARROS & MARCOS FILHO (1997). The reduction of seed
metabolic activity may be detected by lower vigor and poor
germination, and it could be a consequence of increasing
degradation or reduction of biosynthetic activity of certain seed
storage enzymes (ABDUL-BAKI, 1969). This degradation is
affected by environmental factors such as agronomic practices,
late harvest, mechanical damage, inadequate storage,
diseases and cultivar genetic characteristics.

TABLE 3. Standard germination (SG), accelerate aging (AA), electrical conductivity (EC) and tetrazolium test (vigor: classes 1-3) of

seven soybeans cultivars

SG (%) AA (%) EC (uS/cm/g) Vigor % (1-3)

Cultivars 0 month 6 months 0 month 6 months
FT-SARAY 92 a* 69 cd 54,36 CcA 53,75 bcA 83 bA 83 abA
FT-GUAIRA 91 ab 79 a 53,26 CcA 50,15 CcA 87 bA 83 aB
OCEPAR-14 90 ab 70 bcd 54,46 cA 56,29 bcA 89 aA 79 bcB
IVORA 90 b 75 ab 62,29 bA 59,02 bA 83 bA 81 abcA
FT-2003 89 b 75 ab 76,90 aA 68,78 aB 81 bA 81 abcA
CEP-16 TIMBO 87 ¢ 65 d 60,22 bcA 57,80 bA 84 bA 81 abcB
IAS-5 86 ¢ 72 bc 57,28 bcB 65,65 aA 83 bA 78 cB
Average 89 72 59,82 A 58,78 A 84 A 81B
CV (%) 2,64 6,12 6,58 8,75 3,92 2,60

* - Means within rows followed by the same upper letter or within columns followed by same lowercase letter are not significantly (P> 0.01).

The EC results showed FT-2003, CEP-16 TIMBO and
IAS-5 cultivars with high EC values in two evaluation periods,
indicating lower vigor; besides, they had lower values in SG
and AA. Similar values on soybean seed quality along this time
were found by PASCHAL & ELLIS (1978), and SEDIYAMA et
al. (1987).

Differences in evaluation periods and among cultivars
were obtained for HL and RL, in spite of high CV values (Table
4). Studies reported low accuracy on the measurement of
seedling rate growth. ESTEFANEL et al. (1987) observed that
CVs of root weight and aerial parts of corn plants were 20,9%
and 33,1% respectively. MOREOVER, SANTOS et al. (1987)
concluded that dry matter per seedling is not a good method
for seed quality evaluations. Differences among cultivars in HL

may be influenced not only by seed vigor, but also by cultivar
characteristics (GILMAN et al.,, 1973; NOBREGA & VIEIRA,
1995). A problem regarding this evaluation is that the rate of
hypocotyl elongation may be different among cultivars
(BURRIS et al., 1973; AOSA, 1983) and not necessarily
represents differences in vigor. Hypocotyl root length showed
statistical differences among cultivars within two evaluation
periods. Only IVORA did not have HL reduced; IVORA and FT-
2003 did not have statistical differences on root length between
evaluated times. Reduced hypocotyl and root length are
evidence of reduced seed vigor (NOBREGA & VIEIRA, 1995),
thus, reduced HL and RL were, probably, a consequence of
little dry matter transference of seed storage reserves to
hypocotyl and root.

TABLE 4. Hypocotyl seedling length (HL) and root seedling length (RL) of seven soybean cultivars

HL (cm) RL (cm)
Cultivars 0 month 6 month 0 month 6 month
FT-SARAY 11,32 a*A 7,66 aB 16,02 aA 12,49 cdB
OCEPAR-14 10,97 abA 7,92 aB 16,18 aA 13,33 bcB
FT-GUAIRA 10,40 bcA 7,54 aB 17,29 aA 12,46 cdB
CEP-16 TIMBO 9,70 cdA 5,40 bB 17,26 aA 10,81 dB
FT-2003 9,21 dA 7,84 aB 16,58 aA 15,76 aA
IAS-5 9,17 dA 5,80 bB 17,38 aA 14,28 abcB
IVORA 8,36 eA 8,01 aA 13,99 bA 15,24 abA
Average 9,87 A 7,17B 16,38 A 13,48 B
CV (%) 5,69 6,27 11,32 5,19

* - Means within rows followed by the same upper letter or within columns followed by same lowercase letter are not

significantly (P> 0.01).

Generally, all cultivars showed a decrease in seed vigor
during storage period, so as in its quality. However, the
minimum value observed in tetrazolium test was 78%, showing
that reduction of seed quality was little. Tetrazolium test
showed similar results to other tests, and the cultivars had
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lower vigor in the second evaluation period. Again, CEP-16
TIMBO and IAS-5 had lower performance than other cultivars.
Tetrazolium test was more sensitive to detect vigor changes
between soybean cultivars in the second evaluation. Similar
results using tetrazolium test were found by BARROS &
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MARCOS FILHO (1997) when evaluating vigor of soybean
seeds. They concluded that tetrazolium test is efficient for
identifying soybean seed quality and potential field emergence.

TEKRONY et al. (1984) and MARCOS FILHO (1986)
affrm that deterioration of soybean seed is much more
affected by environmental factors than by genetic factors.
Considering that in this work seeds of all cultivars were
produced at the same time and soil conditions, harvested in R8
stage closer to the point of maximum seed vigor and dry
matter, and stored in optimal conditions during the experiment
period, reducing as much as possible the deterioration by
environmental effects, the differences observed in seed quality
probably were due to cultivar characteristics rather than
environmental effects.

Seed quality had a slightly reduction during six months of
storage, showing that the lots of soybean cultivars studied and
produced in 1996/1997 had good physiological seed quality.

Considering results of the tests, it was observed that Ft-
SARAY, FT-GUAIRA and OCEPAR-14 had better results in
SG and in some vigor tests; IVORA maintained medium results
in various tests, and CEP-16 TIMBO and IAS-5 did not show to
keep a high seed quality along the storage period.

The results of this work permit to rank cultivars according
to physiological seed quality and confirm that physiological
seed quality should be estimate based upon results from
several different tests.

CONCLUSIONS

Soybean seeds slightly reduce their qualities after sixth
month, even if maintained on good storage conditions.

Standard germination test, accelerate aging and
conductivity test are good indicators to select soybean cultivars
in relation to seed quality.

The comparison of morphological description of seed and
seedling to standards is an inexpensive method to help in the
soybean seed quality evaluation to prove which cultivars are
the real one.
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