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ABSTRACT: The assessment of seed physiological performance is essential to provide consistent
information to compose quality control programs conducted by seed companies and allow prompt
decisions to reduce post-harvest and commercialization problems. This research was carried to evaluate
the efficiency of different procedures to determine cauliflower seed vigor. Six lots of the cultivar
Sharon were initially characterized by germination and seedling emergence, and subsequently subjected
to traditional and saturated salt accelerated aging, controlled deterioration, electrical conductivity,
and potassium leachate tests, in two evaluation times. The traditional accelerated aging (41ºC/48 h),
the saturated salt procedure (45ºC/72 h), the controlled deterioration (moisture content adjusted to
20% or 22% and aging at 45ºC/24 h), the electrical conductivity (50 seeds/75 mL water and evaluation
after 4 h) and the potassium leakage (25 seeds/50 mL of water and evaluation after 30 min) laboratory
tests are sensitive to detect differences in the physiological potential of cauliflower seeds. However,
those results did not relate to the percentage seedling emergence in greenhouse controlled conditions,
as a consequence of the favorable conditions for emergence. However, the differences identified in
the tests may be related to the ability of seed lots to perform in less favorable environments.
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POTENCIAL FISIOLÓGICO DE SEMENTES DE COUVE-FLOR

RESUMO: A eficiência da determinação do potencial fisiológico de lotes de sementes é essencial para
a obtenção de informações consistentes, permitindo a composição de programas de controle de
qualidade de sementes e a obtenção de informações consistentes para a redução de problemas pós-
colheita e durante a comercialização. O objetivo desta pesquisa foi comparar a eficiência de diferentes
procedimentos para a determinação do vigor de sementes de couve-flor. Para tanto, foram utilizados
seis lotes do cultivar Sharon, caracterizados inicialmente pelos testes de germinação e de emergência
de plântulas. Em seguida, conduziram-se testes de envelhecimento acelerado tradicional e com solução
saturada de cloreto de sódio, deterioração controlada, condutividade elétrica e lixiviação de potássio,
em duas épocas de avaliação. Os testes de envelhecimento acelerado tradicional, a 41ºC/48 h, e com
solução saturada de cloreto de sódio, a 45ºC/72 h, de deterioração controlada (ajuste do grau de
umidade para 20% ou 22%, 45ºC/24 h), de condutividade elétrica (combinação 50 sementes/75 mL de
água/4 h) e de lixiviação de potássio (25sementes/50 mL de água/30 min) são suficientemente sensíveis
para detectar diferenças no potencial fisiológico de sementes de couve-flor. No entanto, essas
informações não se refletiram na percentagem de emergência de plântulas em ambiente favorável, mas
podem ser úteis para identificar lotes com maior probabilidade de apresentar desempenho adequado
quando ocorrem desvios das condições mais adequadas de ambiente.
Palavras-chave: Brassica oleracea L. var. botrytis, análise de sementes, vigor, controle de qualidade

INTRODUCTION

The accurate identification of seed physiologi-
cal potential is essential to select procedures to pro-
mote an adequate plant stand establishment and uni-
form seedling growth, particularly for species such as
cauliflower for which commercial cropping operations
involve transplants and other high technology prac-
tices. Although seed lots may have similar high ger-
mination values they can differ in the extent of dete-
rioration and so exhibit differences in their ability to

establish vigorous seedlings. As a consequence, vari-
ous procedures have been developed for seed vigor
determination of cultivated species.

Vegetable seed vigor may be assessed by tra-
ditional and saturated salt accelerated aging (TeKrony,
1995; Jianhua & McDonald, 1997; Panobianco &
Marcos-Filho, 2001a; Fessel et al., 2005), and con-
trolled deterioration tests (Powell & Matthews, 1981;
Torres & Marcos-Filho, 2005; Basak et al., 2006).
However, additional studies are still required for most
vegetable species.
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In addition, rapid tests such as the electrical
conductivity and potassium leakage have also been suc-
cessfully employed to determine seed vigor of differ-
ent species. It has been shown that the imbibition pe-
riod for the electrical conductivity test can be reduced
from 24 h to 4-8 hours (Martins et al., 2002, with
broccoli; Oliveira & Novembre, 2005, with pepper),
the samples from 50 to 25 seeds and the water vol-
ume from 75 mL to 50 mL or 25 mL (Oliveira &
Novembre, 2005). In addition, results of the potassium
leachate test which is based on a principle similar to
the electrical conductivity are obtained within a con-
siderably shorter period of time, e.g., after 30 to 90
minutes of imbibition (Custódio & Marcos-Filho, 1997;
Dias et al., 1998), but most of research has been per-
formed on grain crops. These tests are usually con-
ducted in seed quality control programs, but may still
be opportunities to improve some aspects of the meth-
odology from the perspective of standardization, ac-
curacy, objectiveness, reduction in testing time, repro-
ducibility within and among seed laboratories and reli-
ability of results (Marcos-Filho et al., 2006).

Based on the importance of the vigor tests for
vegetable seeds and the relatively few studies on cauli-
flower, the main objective of this research was to verify
the efficiency of procedures to perform the accelerated
aging, controlled deterioration, electrical conductivity
and potassium leaching tests to identify vigor differences
among cauliflower seed lots of high germinability. The
vigor tests were chosen according to their rapidity, con-
sistency and objectivity, including procedures based on
the integrity of cell membranes and on tolerance to stress.

MATERIAL AND METHODS

This research was carried out in Piracicaba,
state of São Paulo, Brazil (22o42’S, 47o48’W) utiliz-
ing six lots of cauliflower seeds, cultivar Sharon. Dur-
ing the experimental period (ten months), seeds were
maintained in paper bags under controlled conditions
(20ºC and 50% relative humidity). Tests were per-
formed to evaluate seed moisture content and physi-
ological potential at two evaluation times: June/August
2003 and February/April 2004. Seed storage conditions
were considered favorable to maintain an adequate seed
moisture content and preserve the physiological poten-
tial, as usual for most vegetable seeds.

Seed moisture content: evaluations were made us-
ing an oven at 105 ± 3°C/24h (Brasil, 1992). Results
were expressed as mean percentage for each lot (fresh
wet basis).

Germination: four replicates of 50 seeds from each
lot were distributed in plastic boxes (11.0 × 11.0 × 3.5

cm) on two sheets of blotter paper moistened with
water equivalent to 2.5 times the paper weight and left
for germination at 20-30ºC. Seedling evaluations were
performed five and 10 days after sowing, according
to the criteria established in the Brazilian Rules for Seed
Testing (Brasil, 1992). Results were expressed as mean
percentage of normal seedlings.

Seedling emergence: four replicates of 50 seeds were
individually planted in multicell polystyrene trays con-
taining a commercial growing mix. The trays were
placed in a greenhouse and subjected to intermittent
micro-sprinkler irrigation. Evaluations were performed
14 days after sowing; seedlings at least 1.0 cm in
height were recorded and results were expressed as
mean percentage of normal seedlings per lot.

Accelerated aging (traditional procedure): was per-
formed in a “water jacketed” incubator with samples
of approximately 4g of seeds per lot, distributed as
single layer on a wire mesh screen suspended over 40
mL of water inside a plastic accelerated aging box
adapted as an individual compartment. The lid-covered
boxes were maintained at 41ºC and 45ºC for 48 h and
72 h, respectively; after these periods, four replicates
of 50 seeds were tested for germination as described
previously. Evaluation was performed five days after
sowing and results were expressed as mean percent-
age of normal seedlings. Seed moisture content was
also determined before and after the accelerated aging
periods to evaluate the accuracy of the aging results.

Saturated salt accelerated aging: the same proce-
dure described for the traditional test was used, ex-
cept that 40 mL of a saturated NaCl solution substi-
tuted the water, thus providing a 76% relative humid-
ity environment (Jianhua & McDonald, 1997).

Controlled deterioration: seed moisture content of
each lot was adjusted to 20%, 22%, and 24% by the
humid atmosphere method (Rossetto et al., 1995); each
seed sample was then sealed in an aluminum foil
packet and held in a refrigerator for five days at 10ºC
to achieve uniform water distribution. Following this
period, seeds still in the foil packet were placed in a
water bath at 45ºC for 24 h (Powell, 1995). The ger-
mination after controlled deterioration was conducted
as described above.

Electrical conductivity: the effects of 4, 12 and 24 h
imbibition periods in combination with seed number/
water volume (25/25 mL, 25/50 mL, 50/50 mL, and 50/
75 mL) were evaluated. The test was conducted with
four subsamples per lot, weighed with precision of
0.0001 g, placed into disposable plastic cups contain-
ing the respective volumes of distilled water and held
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in a germinator at 25ºC for 4, 12 or 24 h. Following
these periods, the electrical conductivity of leachates
was determined with a DIGIMED DM-31 conductiv-
ity meter and the mean values were expressed as µS
cm-1 g-1 seed.

Potassium leachate: different combinations of seed
number and water volumes (25/25 mL, 25/50 mL, 50/
25 mL, 50/50 mL) were evaluated. Four seed repli-
cates were weighed with precision of 0.0001 g and
placed into plastic cups containing the mentioned vol-
umes of distilled water and kept in germinator at 25ºC.

The potassium leachate readings were per-
formed after 30 and 120 minutes imbibition, using a
DIGIMED NK-2004 flame photometer, adjusted to a
50 ppm potassium pattern and reading 50. Potassium
leakage was calculated as described by Panobianco &
Marcos-Filho (2001b). The results were expressed as
ppm K+ g-1 seed.

The statistical analysis was carried out sepa-
rately for each test and evaluation time, according to
a completely randomized design, to evaluate the dif-
ferences among seed lots. Mean values were compared
by the Tukey test (p < 0.05).

RESULTS

The initial seed moisture content ranged from
7.5% to 7.8% at the first evaluation time, in 2003, and
from 8.1% to 8.4% at the second time, in 2004, thus
indicating that this parameter did not influence seed
performance during germination and vigor testing.

Germination of six seed lots was high and simi-
lar, from 97% to 100%, in the first evaluation time and
from 80% to 93% in the second (Table 1). There were
no differences at the first testing date, but at the sec-
ond date the germination of lot 4 was lower than lots
3 and 5. No differences between lots were detected
in the seedling emergence test at both evaluation times.
However, at the second evaluation both germination and
emergence were lower.

The traditional accelerated aging test and all
procedures used for controlled deterioration indicated
the lowest performance of seed lot 4 in both evalua-
tion times (Table 2). However, in the traditional accel-
erated aging at 41ºC/48 h results were more consis-
tent between evaluation times than the exposure for
72 h. In the controlled deterioration test, when seeds
were hydrated to reach 24% moisture content, the
mean values tended to cluster. For this reason, the ad-
justments to 20% or 22% prior to the water bath were
considered more satisfactory. In addition, these tests
confirmed the highest physiological potential of seed
lot 5, in some cases not different from lot 3.

The traditional accelerated aging test at 45ºC
for 48 h caused drastic effects, and after 72 h aging
period no germination occurred (Table 2). Consider-
ing all temperature - exposure periods, only the com-
bination 45oC/72h resulted in variations in seed water
content over the tolerable limit reported by Marcos-
Filho (1999).

The effects of saturated salt accelerated aging
were less drastic in relation to the traditional proce-

Evaluation Lots Germination Seedling emergence Moisture content

-----------------------------------  % -----------------------------------

1  99 a  100 a 7.7

2  98 a  98 a 7.8

1st 3  99 a  100 a 7.7

(2003) 4  100 a  99 a 7.6

5  97 a  100 a 7.8

6  97 a  99 a 7.5

CV(%) 6.2 4.8

1               90 ab  86 a 8.4

2               86 ab  77 a 8.1

2nd 3  93 a  83 a 8.3

(2004) 4  80 b  84 a 8.4

5  93 a  84 a 8.2

6               83 ab  86 a 8.1

CV(%) 6.4 5.1

Table 1 - Moisture content, germination and seedling emergence of six cauliflower seed lots, cv. Sharon, in two evaluation
times.

Lower case letters: lot comparison within each phase (Tukey test, p ≤ 0.05).
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Traditional accelerated
aging

Accelerated aging with
saline solution

Controlled deterioration

Evaluation Lots 41ºC 45ºC 41ºC 45ºC Moisture level (%)

48h 72h 48h 72h 48h 72h 48h 72h 20 22 24

-------------------------------------------------  % -------------------------------------------------

1st

(2003)

1   92 b   83 c  26 c 0 92 a   90 a   92 a   73 ab   55 ab   46 ab   34 a

2   96 ab   92 abc  43 b 0 97 a   91 a   93 a   69 b   52 bc   52 ab   34 a

3   99 a   94 ab  69 a 0 96 a   96 a   96 a   84 a   66 ab   60 a   49 a

4   94 b   87 bc  25 c 0 94 a   93 a   90 a   67 b   39 c   34 b   34 a

5   98 ab   96 a  78 a 5 95 a   96 a   96 a   81 a   70 a   53 ab   49 a

6   94 b   92 abc  74 a 0 94 a   89 a   90 a   78 ab   55 ab   62 a   36 a

CV (%) 5.1 5.2  9.6  5.4  6.6 7.1  5.8  7.9  10.9  12.2

2nd

(2004)

1   92 ab   86 ab  34 a --- 94 a   89 ab   87 abc   89 a   62 b   47 b   40 ab

2   93 ab   82 b  0 c --- 95 a   85 ab   76 c   73 b   67 b   47 b   48 ab

3   96 a   88 ab  2 c --- 97 a   95 ab   93 a   82 ab   78 ab   65 ab   53 a

4   83 b   68 c  0 c --- 89 a   85 ab   83 abc   72 b   42 c   28 c   26 b

5   94 a   94 a  17 b --- 95 a   96 a   93 a   82 ab   84 a   77 a   62 a

6   88 ab   83 ab  10 b --- 93 a   82 b   80 bc   74 b   68 ab   53 b   42 ab

CV (%) 6.1 7.0  8.6 ---  6.8 7.8 7.2  5.9  8.9  10.3  14.6

Table 2 - Traditional and saturated salt accelerated aging (41ºC and 45ºC for 48 and 72 h) and controlled deterioration (20%,
22% and 24% seed moisture content) tests of six cauliflower seed lots, cv. Sharon, in two evaluation times.

Lower case letters: lot comparison within each phase (Tukey test, p ≤ 0.05).

dure, but showed relatively lower sensitivity to detect
differences in seed vigor particularly when performed
at 41ºC. The most consistent results of the saturated
salt accelerated aging occurred for the combination
45ºC/72h, as the vigor of lots 2, 4 and 6 was identi-
fied as the lowest while lots 3 and 5 were the best in
performance.

In the electrical conductivity test, some seeds
of the six lots exhibited protrusion of the primary root
after 24-hour imbibition. For this reason, the data from
this imbibition period were not submitted to statistical
analysis and this procedure was not included in the
second evaluation time. Differences in the leakage of
seed lots that suggested different vigor levels was pos-
sible after four hours of imbibition in most combina-
tions, as well as that verified in 12 hours (Table 3).
However, few differences were significant at the first
evaluation date. Higher conductivities and more differ-
ences were recorded at the second evaluation. How-
ever, lot 4 identified previously as possibly having
lower vigor did not give a consistently higher conduc-
tivity, as could have been expected.

In general, the imbibition of 50 seeds in 75 mL
for 4h in the electrical conductivity test detected the
lowest vigor of lots 4 and 6 and the best performance
of lots 3 and 5. These results were similar to germi-
nation (second evaluation), accelerated aging and con-
trolled deterioration. This information was also pro-

vided by the potassium leachate test (25 seeds/50 mL/
30 min) as shown in Table 4. However, the other com-
binations for the potassium leachate test did not yield
consistent results.

DISCUSSION

The adoption of high technology procedures
have promoted a remarkable increase in the commer-
cial production of many vegetable species, as a con-
sequence of advances in research, in the demand of
high quality seeds and in the improvement of quality
control programs. The evaluation of seed physiologi-
cal potential by the standard germination test has been
considered incomplete as it does not estimate seed per-
formance under moderately unfavorable or stressful
field conditions. Consequently, seed vigor tests have
attained increasing importance.

Jianhua & McDonald (1997); Panobianco &
Marcos-Filho, (2001a); Martins et al. (2002); Rodo &
Marcos-Filho (2003); Torres & Marcos-Filho (2003);
Marcos-Filho et al. (2006) have documented the reli-
ability of the saturated salt accelerated aging test to
detect differences in the physiological potential of veg-
etable seeds. However, aging of cauliflower seeds at
41ºC in this research did not show sensitiveness to
identify seed vigor differences among seed lots, thus
confirming the results reported by Paiva et al. (2005).
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Table 3 - Electrical conductivity test of six cauliflower seed lots, cv. Sharon, in two evaluation times.

4 hours 12 hours

Evaluation Lots 25 seeds 50 seeds 25 seeds 50 seeds

25 mL 50 mL 50 mL 75 mL 25 mL 50 mL 50 mL 75 mL

 -----------------------------------------------  S cm- 1 g-1 -----------------------------------------------

1st

(2003)

1  129.97 a  80.25 a  69.51 a  47.35 ab  194.53 a  122.03 a  100.30 a  70.23 ab

2  145.14 a  84.72 a  75.40 a  49.26 ab  197.68 a  123.21 a  102.69 a  69.20 ab

3  122.89 a  65.74 a  69.30 a  44.64 a  168.51 a  102.60 a  92.22 a  62.30 a

4  180.08 a  77.31 a  77.30 a  54.97 bc  232.25 a  121.80 a  115.67 ab  81.20 ab

5  111.60 a  66.04 a  67.40 a  44.92 a  159.91 a  96.86 a  93.67 a  64.38 ab

6  170.63 a  88.17 a  98.91 b  61.07 c  235.66 a  138.82 a  139.06 b  91.02 b

CV (%)  23.9  15.4  11.3  8.2  20.4  14.4  13.4  10.2

2nd

(2004)

1  177.24 ab  102.03 ab  72.05 a  54.95 a  251.09 ab  145.99 a  107.10 a  86.89 ab

2  183.43 b  95.74 ab  98.34 c  55.27 ab  238.84 ab  123.13 a  134.82 bc  91.07 ab

3  146.32 ab  83.59 ab  68.36 a  53.31 ab  226.63 a  110.41 a  104.82 a  72.22 a

4  155.00 ab  96.74 ab  74.48 a  58.85 ab  263.61 ab  138.01 a  113.99 ab  91.09 ab

5  123.06 a  79.70 a  77.90 ab  51.66 a  209.07 a  110.29 a  112.76 ab  70.52 a

6  200.98 b  102.79 b  97.10 bc  66.82 b  303.62 b  123.98 a  141.73 c  105.77 b

CV (%)  15.9  10.8  10.8  11.4  11.7  17.2  9.3  15.0

Lower case letters: lot comparison within each phase (Tukey test, p ≤ 0.05).

4 hours 12 hours

Evaluation Lots 25 seeds 50 seeds 25 seeds 50 seeds

25 mL 50 mL 50 mL 75 mL 25 mL 50 mL 50 mL 75 mL

------------------------------------------------  mg kg-1 K+ ----------------------------------------------

1st

(2003)

1  331.01 ab  376.51 ab  219.96 a  288.50 a  717.38 ab  854.81 ab  625.05 a  762.73 a

2  345.64 ab  406.52 ab  326.93 b  337.65 a  771.50 ab  909.45 ab  793.10 ab  828.60 ab

3  302.11 a  326.86 a  294.41 ab  294.29 a  694.86 a  715.44 a  698.33 a  742.55 a

4  322.43 ab  415.48 ab  283.51 ab  320.39 a  697.09 a  884.44 ab  695.67 a  761.36 a

5  349.70 ab  350.14 a  284.54 ab  333.55 a  762.81 ab  758.94 a  665.42 a  740.98 a

6  433.23 b  514.93 b  458.18 c  477.48 b  902.15 b  1031.17 b  980.83 b  991.40 b

CV (%)  16.5  15.2  13.8  14.3  11.5  13.0  12.0  10.2

2nd

(2004)

1  338.1.9 a  358.32 ab  241.51 a  348.35 a  694.20 a  792.86 ab  595.01 a  741.14 a

2  362.58 ab  401.15 b  325.55 b  405.69 ab  741.92 ab  888.70 b  727.95 b  796.17 ab

3  280.96 a  330.66 a  248.03 a  359.44 a  613.27 a  793.51 ab  586.75 a  718.84 a

4  315.20 a  388.24 ab  272.19 ab  376.10 a  674.91 a  843.23 ab  683.09 ab  806.67 ab

5  290.19 a  325.98 a  251.02 a  319.91 a  637.59 a  682.39 a  604.89 a  712.90 a

6  456.80 b  502.90 c  282.51 ab  479.60 b  940.92 b  986.74 b  755.98 b  929.03 b

CV (%)  13.5  8.0  11.7  11.0  12.5  11.0  8.3  8.0

Table 4 - Potassium leachate test of six cauliflower seed lots, cv. Sharon, in two evaluation times.

Lower case letters: lot comparison within each phase (Tukey test, p ≤ 0.05).

The promising results reported here for the use of the
saturated salt accelerated aging at 45ºC for 72 h were
similar to the findings of Fessel et al. (2005) to as-
sess broccoli seed vigor.

The use of the controlled deterioration test
identified differences between the cauliflower seed lots.
This confirmed the observations of Matthews (1980);

Powell & Matthews (1981); Panobianco & Marcos-
Filho (2001a); Torres & Marcos-Filho (2005) and
Basak et al. (2006) for other vegetable seeds. The ad-
justment of seed water content to 20% or 22% pro-
duced the clearest separation between lots.

In this research, the electrical conductivity test
separated seed lots into different vigor levels after a
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4h imbibition period as well as the potassium leachate
test after 30 min imbibition. Some differences in sen-
sitivity among vigor tests were observed with respect
to the classification of the seed lots, but in general lots
4 and 6 were identified as having potentially the lowest
performance. In addition the saturated salt accelerated
aging test also suggested that lot 2 would have low
vigor. This can be explained by the different principles
on which each test is based, i.e., the electrical conduc-
tivity and potassium leachate tests evaluate indirectly the
loss of cell membrane integrity through the quantifica-
tion of ion leakage, but the accelerated aging and con-
trolled deterioration focus on seed performance after the
exposure to temperature and relative humidity or seed
moisture content stressing conditions. As a consequence,
the use of a combination of two or three tests is rec-
ommended to provide a reliable estimation of the physi-
ological potential of cauliflower seed lots.

Based on the results of this research, the tests
of traditional accelerated aging (41ºC for 48 h), the
saturated salt accelerated aging (45ºC for 72 h), and
the controlled deterioration (seed moisture level adjusted
to 20% or 22%, at 45ºC, for 24 h) consistently iden-
tified differences between cauliflower seed lots that may
reflect their physiological potential. Likewise, the im-
bibition of 50 seeds in 75 mL water during 4 h for the
electrical conductivity test or the combination 25 seeds/
50 mL water/30 minutes imbibition at 25oC for the po-
tassium leachate test allow the separation of lots into
different vigor levels.

The vigor tests performed here ranked the po-
tential performance of seed lots, but seedling emer-
gence failed to detect differences in seed physiologi-
cal potential. Since all seed lots presented high germi-
nation rate, above market standards, the favorable en-
vironmental conditions were not sufficient to result in
reduced seedling emergence percentage when planted
under greenhouse conditions.

It is difficult to establish a direct relationship
between seed germination or vigor and stand estab-
lishment since seedling emergence is a consequence
of physiological potential and environmental conditions
of the seedbed (Egli & TeKrony, 1995). As a result,
measures of seed vigor usually provide better estimates
mainly when seeds are exposed to unfavorable condi-
tions. In addition, large differences in seed vigor are
necessary to show a positive relationship with seed-
ling field emergence (Burris, 1976). This means that
acceptable stands may be obtained in spite of differ-
ences in vigor levels. This probably occurs under fa-
vorable environmental conditions in the field when the
stands of both high and low vigor seed lots are usu-
ally similar in relation to their germination percentages
(Venter, 2000).

In conclusion, results here presented provide
useful information regarding the identification of alter-
natives to assess cauliflower seed vigor in the labora-
tory. The tests indicated here should be considered as
promising for successful seed quality control pro-
grams. However, the ability of some of these tests to
define seed vigor of cauliflower, as reflected in emer-
gence and/or storage potential, needs additional stud-
ies including less favorable conditions at sowing time
in the field or during storage.
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