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ABSTRACT - During the period from October/92 to September/94 experiments were carried out at
the Seed Laboratory, FCAV/UNESP, Jaboticabal, SP, Brazil, using soybean seeds of different geno-
types in order to evaluate the effect of genotype on the electrical conductivity (bulk conductivity) of
soaked seeds. Seed moisture content (105 + 3°C, 24 h), standard germination (four 50-seed samples,
paper towel, 30°C), and vigor-accelerated aging (42°C, 48 h) were first determined. Undamaged soy-
bean seeds were soaked in deionized water (four 50-seed samples, 75 ml, 25°C, 24 h) and electrical
conductivity (umhos.cm™.g') was measured. Significant differences in conductivity were observed
among genotypes having the same pattern of germination and vigor. The results have showed that
electrical conductivity can be significantly influenced by genotype.

Index terms: Glycine max, standard germination, accelerated aging.

CONDUTIVIDADE ELETRICA NA SOLUCAO DE EMBEBICAO DE SEMENTES DE SOJA.
1. EFEITO DO GENOTIPO

RESUMO - Durante o periodo de outubro/92 a setembro/94 foram conduzidos no Laboratdrio de
Sementes do Departamento de Fitotecnia, FCAV/UNESP, Jaboticabal, SP, virios experimentos com
sementes de soja, com o objetivo de avaliar o efeito do genétipo sobre a condutividade elétrica na
solugiio de embebigao das sementes. Foram determinados: o grau de umidade das sementes(105 + 3°C,
24 h), a germinagio-padrio (quatro repeticdes de 50 sementes, rolo de papel, 30°C) ¢ o vigor, pelo
teste de envelhecimento acelerado (42°C, 48 h) e da condutividade elétrica (quatro repeti¢des de 50
sementes, em 75 ml de agua deionizada, 25°C, 24 h). Os resultados de condutividade elétrica mostra-
ram diferengas significativas entre genétipos, cujas sementes apresentaram o mesmo padrdo em ter-
mos de germinagdo e vigor (envelhecimento acelerado). Conclui-se que a condutividade elétrica na
solugdo de embebigdo das sementes pode ser significativamente influenciada pelo gendtipo em ques-

tio.

Termos para indexagdo: Glycine max, germinagio, envelhecimento acelerado.

INTRODUCTION

Over the last few years, the use of electrical con-
ductivity (EC) test has been increasing, mainly
among the Association of Official Seed Analysts
(AOSA) (Tekrony, 1983) and the International Seed
Testing Association (ISTA) (Hampton, 1992) mem-
bers. In Brazil, a survey of ABRATES (Brazilian
Seed Technology Association) members
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(Krzyzanowski & Frang¢a Neto, 1991) did not indi-
cate the EC test as one of the tests most used by seed
companies. However, recent information of profes-
sionals working on seed technology have indicated
a rising interest for the EC test, mainly in terms of
research.

Among the factors that can affect the EC results,
particularly important are seed moisture content
(MC), period and temperature of imbibition, spe-
cies under study, seed size, genotype within the spe-
cies, and seed age and color (Short & Lacy,1976;
Tao, 1978; Loeffler, 1981; Association of Official
Seed Analysts, 1983; Loeffler et al., 1988).

Although the effect of genotype within species
on EC results has been mentioned, it has not been
specifically studied. A detailed analysis of some stud-
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ies which employed the EC as a vigor test evaluat-
ing more than one genotype clearly shows that the
genetic material does play an important and signifi-
cant role in the final results of the test.

Results of studies conducted on pea (Caliari &
Marcos Filho, 1990), dry bean (Hampton et al.,
1992), corn (Bruggink et al., 1991) and soybean
(Bergamaschi, 1992; Vieira et al., 1992; Prete et al.,
1994) seeds have revealed that seeds of different
genotypes within those species did show signifi-
cantly different EC values, even though similar dif-
ferences were not observed for standard germina-
tion (SG) and vigor evaluated by other tests, espe-
cially accelerated aging (AA).

In a study on soybean seeds comparing EC among
genotypes, Kuo (1989) observed the existence of
variability in seedcoat permeability among geno-
types and reported that the EC test proved to be ef-
ficient in monitoring seedcoat permeability; thus, he
concluded that this is a test that can be employed in
genetic improvement programs aiming at the en-
hancement of physiological seed quality.

Studies conducted on soybean seeds in Japan
(Mugnisjah et al., 1987) also demonstrated differ-
ences in EC among genotypes. It should be pointed
out that these differences were observed among
genotypes whose seeds presented the same germi-
nation pattern (95-100%) and vigor - AA (96-97%).
Among these genotypes, EC values ranged from 33
to 56 umhos.cm™.g!.

The variations in soybean seed EC observed
among different genotypes may be related to the
variation in lignin content in the seed coat. Differ-
ences in seedcoat lignin content among soybean
genotypes were observed by Caballero Avarez
(1994), who also detected a correlation between
seedcoat lignin content and soybean seed resistance
to mechanical damage. This fact suggests that a
higher lignification of the seedcoat cell wall makes
it difficult for seed imbibition process, thus affect-
ing the loss of leached substances.

The EC values of soybean seeds are also influ-
enced by the degree of hardseedness of the geno-
type. Verma & Ram (1986) observed that the higher
the hardseedness percentages the lower the value of
soybean seed EC. Studies carried out by Bedford
(1974) on pea seeds showed differences in EC among
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the genotypes used. However, the reasons for these
differences were not identified by the authors.

The objective of this study was to investigate the
effect of genotype on EC values in soybean seed
imbibing solutions.

MATERIALS AND METHODS

This work was carried out in the Seed Laboratory of
the Department of Crop Science, College of Agriculture,
FCAV/UNESP, Jaboticabal Campus, SP, Brazil, from
October/92 to September/94.

Forty-nine soybean genotypes were studied, distrib-
uted in the following trials: (1) soybean cultivars whose
seeds were hand harvested in the experimental area of
FCAV/UNESP in 1992 and 1993; (2) soybean cultivars
obtained from seed companies located in the region of
Orlandia, SP, in 1992, and (3) soybean genotypes obtained
from CPAC/EMBRAPA, Brasilia, in 1993.

The seeds were evaluated in the laboratory for the fol-
lowing parameters: (1) moisture content (MC) determined
before the beginning of the tests and after seed aging us-
ing the oven method (105 + 3°C) for all trials according to
Brasil (1992); (2) standard germination (SG): the test was
run using sand as substrate, with four 50-seed samples
sown and kept under laboratory conditions (25 - 30°C).
Emerged seedlings were counted seven days after sow-
ing. Seedlings were considered to have emerged when their
cotyledons were above the substrate surface (Brasil, 1992);
(3) vigor-accelerated aging (AA): 42 g of seeds were aged
at 42°C for 48 h as previously described (Marcos Filho et
al., 1987) and germination was measured as in the SG test
(Brasil, 1992); (4) vigor-electrical conductivity (EC): Four
samples of 50 seeds each were soaked in 75 ml of deion-
ized water for 24 h at 25°C, after which the conductance
of the soaking water was measured with a dip cell (cell
constant = 1.0) attached to a Digimed conductivity bridge.
Conductivity was measured as described by the Associa-
tion of Official Seed Analysts (1983) and expressed as
umhos.cml.g!; (5) mechanical damage: for its determi-
nation (trial 3) three 50-seed samples of apparently intact
seeds were placed into a Petri dish with water for ten to
fifteen minutes. During this period the swollen seeds were
counted. The results were expressed as percentage of seeds
with damaged seedcoats, similarly as the hypochlorite test
decribed by Marcos Filho et al. (1987).

The experimental design was a randomized complete
block with four replications, and the number of treatments
(genotypes) varied according to the trial. The results were
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subjected to analysis of variance and the means were com-
pared by LSD.

RESULTS AND DISCUSSION

The data (1991/92) for moisture content (MC)
before the beginning of the tests, standard germina-
tion (SG) and vigor-electrical conductivity (EC) are
presented in Table 1. No significant differences
among cultivars were detected for MC, but differ-
ences were observed for SG and EC. For SG, the
cultivar which presented the highest value was Doko
(99%) followed by Savana, Davis, Bossier, IAC-17
and FT-2. The lowest value was detected in the cul-
tivar IAS-5 (94%), corresponding to a variation of
5%. Nevertheless, both values showed that the seeds
were of high physiological quality.

With respect to EC, there was a reduction from
Savana (58 umhos.cml.g!) to FT-2 (42). It should
be pointed out that Savana and IAC-17 showed sta-
tistically similar EC values, whereas EC was sig-
nificantly lower for Savana (58 umhos.cm™.g!) as
compared to IAC-17 (45), Doko (43) and FT-2 (42),
even though these values were still within a range
indicating high seed vigor (Vieira, 1994).

Table 2 presents data about MC before and after
seed aging, SG and vigor, AA and EC for seeds from
seven soybean cultivars harvested at two different

TABLE 1. Moisture content (MC), standard
germination (SG) and vigor-electrical
conductivity (EC) of seeds of seven soybean
cultivars. FCAV/UNESP. 1991/921,

Cultivars MC? SG EC

% pmhos/cm/g
SAVANA 9.13 97 58
IAS-5 9.93 94 54
DAVIS 9.68 95 48
BOSSIER 9.79 96 48
IAC-17 9.49 95 45
DOKO 9.57 99 43
FT-2 9.38 95 42
F 1.01* 325 80.29"
CV (%) 3.93 2.59 3.83
LSD (5%) 2 4 3

' The data presented for each cultivar represent the mean of R7 and R8

growth stages of soybean at harvest(Fehr & Caviness, 1977).
2 MC obtained before the beginning of the tests.
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times (R7 and R8) in 1992/93. Since no effect of
harvest time was detected, mean data of the two har-
vests are presented.

Although the differences were quite small, the
MC values before the beginning of the tests were
significantly different, ranging from 9.5 to 10.9%,
with a maximum variation of 1.3%. In contrast, no
significant differences were detected among culti-
vars when MC was evaluated after seed aging.

The SG value ranged from 96 to 97%, showing
no significant difference (Table 2). As to AA, even
though the difference between the highest and the
lowest values was slight (4%), ‘Davis’ (93%) dif-
fered significantly from ‘IAC-17" (97%), which in
turn did not differ from the others. Thus, based on
SG and AA, it may be stated that the seeds of these
cultivars produced in 1992/93 were indeed of high
physiological quality, as also noted on the basis of
the EC results, which ranged from 62 to
41 pmhos.cm™!.g"! (Table 2).

With respect to EC, the same tendency was ob-
served as in the previous year (Table 1), i.e., there
was a significant reduction in EC from ‘Savana’ (62)
to ‘FT-2’ (41 umhos.cm™.g™'") (Table 2). Thus, a sig-
nificant variation in EC was observed within a range
in which the seeds are assumed to have a high vigor

TABLE 2. Moisture content (MC), standard
germination (SG), vigor-accelerated aging
(AA) and electrical conductivity (EC) of
seeds of seven soybean cultivars. FCAV/
UNESP. 1992/93!,

Cultivars MC SG Vigor
Befcm:2 After’ AA EC
% umhos/cm/g
SAVANA - 342 96 94 62
1AS-5 10.9 334 97 96 62
DAVIS 109 342 9 93 45
BOSSIER 9.6 351 97 94 46
IAC-17 102 352 97 97 45
DOKO - 353 97 94 53
FT-2 10.5 331 97 96 41
769" 1.58™ 054™ 468" 12683

CV (%) 3.77 592 194 18 370
LSD (5%) | 3 3 3 3

! The data presented for each cultivar represent the mean of R7 and R8
growth stages of soybean at harvest (Fehr & Caviness, 1977).

2 MC before and after seed aging,

3 Not determined due to the small quantity of seed per plot.
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(Vieira, 1994). This difference possibly can be
caused by a genotype effect.

MC data (Table 3) showed a significant differ-
ence only between ‘IAC-11" (13,8%) and all other
cultivars prior to the performance of the tests. How-
ever, this high MC of ‘IAC-11’ before seed aging
did not affect its MC after seed aging since no sig-
nificant differences in seed MC were detected among
cultivars. Similarly, no significant differences were
observed among cultivars in percentage of mechani-
cal damage, SG or AA (Table 3).

However, although within a pattern of EC attrib-
uted to seeds with high vigor (Vieira, 1994), signifi-
cant differences among cultivars were observed. The
highest conductivity was shown by IAC-11
(67 pmhos.cm!.g!) and the lowest by Doko
(38 pumhos.cm!.g!). Cultivars IAC-Foscarin-31,
IAS-5 and IAC-15 showed intermediate values with
47, 46 and 45 pmhos.cm'l.g’!, respectively. In all
three trials, Doko always showed low EC values
which ranged from 38 to 53 umhos.cm-!.g"!.

Table 4 shows that the MC values before the tests,
were statistically similar, ranging from 9.5 to 11.7%.
However, following seed aging, significant differ-
ences were observed, with values ranging from 24.2
to 28.6%. It should be pointed out that neither the
lowest nor the highest MC values before the tests
corresponded to the lowest and highest values after
seed aging (Table 4). For SG, the genotypes with
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the highest values were MTBR 89-1053 and
EMGOPA 309, both with 99%, and the genotype
with the lowest value was MGBR 87-42 (87%), cor-
responding to a variation of 12%.

In relation to AA and EC, significant differences
were observed among genotypes. Genotypes whose
SG values after seed aging were considered rela-
tively high, such as BR 85-487-88, EMGOPA 313,
EMGOPA 309, MTBR 89-1053 and BR 88-10638,
showed the least conductivity. In contrast, genotypes
such as BR 88-11157 and BRAS 83-2686 which
showed AA values similar to those of the first group
mentioned above, presented significant differences
for EC, indicating a possible genotype effect on elec-
trical conductivity.

An overall analysis of the results of these trials
on soybean seeds indicates a clear effect of geno-
type on conductivity. The MC effect is more related
to wide variations among lots or cultivars. In this
case, it is known that for the same cultivar, seed lots
with MC less than 11% can significantly increase
EC without jeopardizing seed vigor (Loeffler et al.,
1988; Hampton et al., 1992).

In the present study, MC was below 11% for all
cultivars in the two first trials (Tables 1 and 2). Thus,
if there was some influence it was general for all
seven cultivars. With the concept that a lower MC
results in a higher EC and vice-versa, the high MC
obtained for ‘IAC-11’ (Table 3) appeared to be an

TABLE 3. Moisture content (MC), mechanical damage (MD), standard germination (SG), vigor-accelerated
aging (AA) and electrical conductivity (EC) of seeds of seven soybean cultivars - CAROL and Se-

mentes Brejeiro. 1991/92.

Cultivars MC MD SG Vigor

Before' After' AA EC

% pmhos/cm/g

IAC-11 13.8 31.8 3 95 84 67
IAC-FOSC.31 10.2 32.0 4 96 79 47
IAS-5 10.8 32.9 2 95 89 46
IAC-15 10.6 31.0 2 96 85 45
IAC-8 10.5 32.5 1 97 85 43
IAC-14 11.2 32.8 2 96 86 41
DOKO 11.2 32.1 2 96 89 38
F 19.49" 1.43" 223" 1.21™ 1.96™ 39.86
CV (%) 3.46 3.39 40.79 0.94 5.81 6.40
LSD (5%) 2 3 3 2 12 7

1 MC obtained before and after seed aging.
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TABLE 4. Moisture content (MC), standard
germination (SG) and vigor-accelerated
aging (AA) and electrical conductivity
(EC) of seeds of soybean genotypes -

CPAC/EMBRAPA, 1992/93.

Genotypes MC SG Vigor

Before' _ After' AA EC

% umhos/cm/g

EMGOPA 308 11.0 283 96 91 87
BR 88-4135 10.8 265 90 87 84
BR 88-11157 113 267 98 94 84
BRAS 83-2686 102  26.1 96 92 82
BR 88-4133 10.1 27.0 92 86 81
DOKORC 10.5 263 90 86 80
BR 88-11360 107 273 97 89 79
BR 88-4098 104 27.1 97 86 79
1AC-8 10.1 28.6 97 95 79
BR-515 103 270 95 87 79
ESTRELA 102 278 96 86 79
BR 88-4328 104 262 97 93 79
BR 86-10460 109 267 97 94 78
BR-40 10.5 256 95 88 78
MTBR 89-3044 10.1 254 96 89 78
BR 88-11115 11.0 260 94 88 78
BR 88-10964 11.0 263 96 89 78
MTBR 89-3929 10.8 27.6 95 94 76
BR 86-9992 11.0 275 96 95 75
BR 86-6045 10.5 242 97 88 74
BR 88-9154 105 255 92 87 74
BR 83-819 9.7 26.1 97 93 73
FT-11 104 275 96 94 69
BR 88-9855 103 266 95 95 69
BR 88-4324 106 275 96 86 68
BR88-20872 109 255 94 93 68
MGBR 88-7828 10.4 25.1 98 93 67
BR 85-17134 11.5 27.1 88 88 67
BR 88-4136 10.2 25.8 98 92 67
MGBR 87-42 10.3 279 87 85 67
MGBR 88-9378 95 272 93 96 66
BR 88-9205 11.2 265 96 91 66
BR 88-10122 109  27.1 98 89 66
BR 85-487-88 109  27.1 98 89 66
EMGOPA 313 109 261 95 94 64

EMGOPA 309 96 270 99 93 63

MTBR 89-1053 10.5 27.8 99 97 61
BR 88-10638 11,7263 95 94 57

F 1.02™ 858" 593" 370" 11.83°
CV (%) 672 192 244 401 583
LSD (5%) 300 214 652 1021 1201

! MC obtained before and after seed aging.

exception, since instead of reducing EC, this was
the cultivar showing the highest value.

For the first two trials (Tables 1, 2 and 3), the
cultivars differed significantly from one another,
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suggesting a genotype effect on EC. This influence
is confirmed when we consider the situation of two
cultivars, in particular Doko and Savana, which pre-
sented the lowest and highest EC in both trials, re-
spectively. This may be the consequence of some
genetically controlled traits of these cultivars. The
Savana cultivar presented a lower resistance to me-
chanical damage in comparison to Doko (Carbonell
& Krzyzanowski, 1995), a fact possibly related to
the lower lignin content in the Savana seed coat com-
pared to Doko (Caballero Avarez, 1994). This char-
acteristic of the seedcoat can have a direct effect on
the EC of these cultivars since, according to Calero
et al. (1981), the water absorption by soybean seed
is controlled by the shape and size of seedcoat pores,
and by the amount of wax material present in the
epidermic cells.

Comparing white and pigmented lima bean seeds,
Kannenberg & Allard (1964) observed that the white
ones gained and lost water more rapidly and were
more easily damaged. This fact they attributed to
the lower lignin content detected in the white seeds.

In our studies, Doko cultivar presented lower EC
also in the second trial (Table 3), confirming the
observations of the first trial (Tables 1 and 2). Dif-
ferences in EC among genotypes were also clear
(Table 3). In the case of IAC-11, based on available
knowledge about MC (Tao, 1978; Loeffler et al.,
1988; Hampton et al., 1992), an effect of EC reduc-
tion was expected; however, this was not the case,
and IAC-11 was the cultivar with the highest con-
ductivity in this trial. On the other hand, this may
indicate the influence of multifactors on EC, among
them the genetic characteristics of each genotype.

It should be emphasized that the present results
are only partially conclusive and that further studies
are needed. Seed lots of lower physiological quality
should also be included in trials in order to deter-
mine to what extent the variation caused by the geno-
type interfers with the interpretation of the final re-
sults of soaked seed conductivity.

CONCLUSION

The seed soak electrical conductivity of soybean
is influenced by the genotype.
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