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ABSTRACT - The objective of the study was to determine the physiological and isozyme alterations in lettuce seeds submitted
to different conditions and storage periods. We used a completely randomized design with four replications in a factorial
arrangement with six lettuce cultivars (Everglades, Baba de Verdo, Elisa, Grand Rapids, Horténcia and Salinas 88) and four
storage periods (30, 60, 90 and 120 days), on three storage rooms (15, 25 and 35 ° C). The physiological quality was evaluated
by first and final germination count, emergence, and germination and emergence speed indexes. The isoenzyme expression
of catalase (CAT), esterase (EST), alcohol dehydrogenase (ADH) and malate dehydrogenase (MDH) were determined. The
physiological quality of lettuce seeds was preserved when stored at 15 © C room temperature. The high room temperatures
associated with higher storage periods cause a reduction in physiological quality and alterations in enzymatic patterns of
CAT, EST, ADH and MDH. For seeds stored at 15 © C, there were no physiological changes. The lettuce cultivars, especially
Everglades, have different levels of tolerance to storage and isoenzyme expressions.

Index terms: Lactuca sativa, enzymes, storability, thermotolerance.

Alteracdes fisiologicas e isoenzimaticas em sementes de alface
em diferentes condi¢des e periodos de armazenamento

RESUMO - O objetivo deste trabalho foi determinar alteragdes fisiologicas e isoenzimaticas em sementes de alface em
diferentes condigdes e periodos de armazenamento. Utilizou-se o delineamento experimental inteiramente casualizado com
quatro repeticdes, em arranjo fatorial com seis cultivares de alface (Everglades, Baba de Verao, Elisa, Grand Rapids, Horténcia
e Salinas 88) e quatro periodos de armazenamento (30, 60, 90 e 120 dias), em trés ambientes de armazenamento (15, 25 e
35 °C). A qualidade fisiologica foi avaliada por meio de testes de primeira e contagem final de germinagdo, emergéncia,
indices de velocidade de germinagdo e de emergéncia. As expressdes isoenzimaticas determinadas foram as de catalase (CAT),
esterase (EST), alcool desidrogenase (ADH) e malato desidrogenase (MDH). As sementes de alface quando armazenadas em
ambiente de 15 °C conservaram a qualidade fisioldgica. As altas temperaturas do ambiente associada aos maiores periodos de
armazenamento causam reducdo da qualidade fisiologica e alteracdo dos padrdes enzimaticos de CAT, EST, ADH e MDH. No
armazenamento a 15 °C ndo ocorreu alteragdes nas sementes. As cultivares de alface, especialmente Everglades, apresentam
diferentes niveis de tolerancia ao armazenamento e expressdes isoenzimaticas.

Termos para indexagdo: Lactuca sativa, enzimas, potencial de armazenamento, termotolerancia.

Introduction

Studying the expression of isoenzymes throughout the
storage of seeds may be useful, since it allows the identification
of variations related to abiotic factors. Hence, the use of
biochemical markers becomes a tool to select materials that
tolerate high temperatures, which is indispensable to develop
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lettuce improvement programs (Lactuca sativa L.) for tropical
and subtropical regions (Catdo et al., 2014).

On tropical regions in general, the environmental
conditions are adverse for the storage of seeds due to the high
temperatures that may be associated with a high relative air
humidity (Carvalho et al., 2014a). In addition to temperature,
the relative air humidity of the storage room and the water
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content of the seed, the maintenance of their quality during
storage is also influenced by the genotype (Martins-Filho et
al.,2001). Therefore, the feasibility period of the seed depends
on genetic characterizes and on environmental effects, and the
interaction between these factors is determinant to preserve
the seeds up to sowing (Gris et al., 2010).

A common practice among lettuce producers is, after
sowing, they store the packages containing the rest of the seeds
at inadequate locations, where the room temperature is usually
high, which compromises the quality of the seeds for the next
sowing. The rise in the temperature causes the endosperm to
stiffen, and prevents root protrusion (Nascimento et al., 2012).
According to Finch-Savage and Leubner-Metzger (20006), the
dormancy in lettuce seeds is controlled by the genotype associated
to: environmental factors, such as temperature; and physical
factors, such as the thickness of the tegument. In addition, high
temperatures accelerate the chemical reactions and intensify the
deterioration metabolic processes. As a consequence of these
metabolic events, the breathing of the seed promotes an increase
on the deterioration speed, and one of the first degradation events
is the loss of permeability of the membrane, since it loses its
selectiveness, and enzymes and proteins become less efficient on
catalytic activities (Smith and Berjak, 1995).

Enzymes have a fundamental role in several metabolic
reactions both for the synthesis and for the biodegradation
of molecules during the development and deterioration of
the seed. Hence, some enzymes may be used as important
biochemical markers. Among the enzymes used, esterase,
catalase, superoxide dismutase, malate dehydrogenase,
alcohol dehydrogenase, among others, have been used for
feasibility studies, since they are efficient in order to get to
know events related to the lifetime, deteriorative changes and
the death of seeds (Basu, 1995). Thus, studying the enzymatic
processes is one of the ways to evaluate the quality of seeds,
even when there is a drop in reserves during storage at high
temperatures (Marcos-Filho, 2005).

Hence, studies that relate different tolerance levels to
high temperatures on lettuce cultivars during storage are
scarce. Knowing the physiological quality and variations
on the isozyme patterns may help to better understand the
dormancy acquired by these seeds during storage. Thus, the
objective of this study was to determine physiological and
isozyme changes on lettuce seeds under different conditions
and storage periods.

Material and Methods

The research was conducted on an experimental area in
the municipality of Ijaci — MG and at the Central Laboratory

of Seeds from the Agriculture Department of the Federal
University of Lavras (UFLA), in Lavras, MG.

The production process of lettuce seeds was conducted
in the municipality of [jaci — MG between October 2011 and
February 2012, on the area of Fazenda Palmital, located at
latitude: 21°9"24" South, longitude 44°55'34" West, where the
soil is classified as an Oxisol with clayey texture.

Initially, the production of seedlings of the different
lettuce cultivars was conducted: Everglades, Baba de Verdo,
Elisa (smooth leaf), Grand Rapids and Horténcia (curly
leaf) and Salinas 88 (crisp head). The seeds were sown on
polystyrene trays with 128 cells containing the commercial
substrate Multiplant-Hortalicas®. After 21 days, the seedlings
were transplanted to plats on a protected cultivated area.

A spacing of 0.4 meters between the plants and 0.6
between the rows was used, with six plants per plot on an area
of 7.2 m%. The experimental design used randomized blocks
with three replications, and the randomization was conducted
in order to minimize possible environmental effects. During
the seed production process, the maximum and minimum
mean temperature of the air was measured one and a half
meter from the soil, and they were, respectively, 45.6 and
31.2 °C. The seeds from each plant of the same cultivar were
individually collected within each block, and then they were
homogeneously mixed constituting one single lot of seeds.

Then, the seeds of the six lettuce cultivars were treated
with the Carboxin fungicide, before the initial evaluation of
the quality and storage. The product was manually applied
to the seeds, using plastic bags of a neutral chemical
composition, and they were stirred up to their complete
distribution. Then, the seeds of the different cultivars were
submitted to the determination of the water content, and the
evaluation was conducted according to Brasil (2009), and the
results, expressed as a percentage.

The initial physiological quality of the seeds of the different
lettuce cultivars produced was evaluated, aiming at characterizing
them upon the following evaluations: Germination and initial
counting: the sowing was conducted on two sheets of blotting
paper, moistened in water, at a proportion of 2.5 the weight of the
dry substrate, in gerbox plastic boxes. The boxes with the seeds
were maintained on a BOD chamber at 20 °C for the photoperiod
of 12 hours. The evaluation was constituted by two counts of
normal seedlings, four and seven days after installing the test
(Brasil, 2009). Four subsamples of 50 seeds from each cultivar
were analyzed, and the results were expressed as the percentage
of normal seedlings. Emergence: sowing was conducted on
gerbox plastic boxes, containing the commercial substrate
Multiplant-Hortalicas®, moistened up to 60% of the water
retention capacity. The gerbox boxes were maintained on a BOD
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chamber at a temperature of 20 °C, with a photoperiod of 12
hours. Four subsamples of 50 seeds from each cultivar were used
and, after stabilizing the stand, the number of emerged seedlings
was counted (Queiroz et al., 2011). Germination and emergence
speed: the germination and emergence tests were simultaneously
conducted, calculating the number of germinated seeds and
the number of emerged seedlings daily and at the same time.
Germinated seeds were considered as those with root protrusion,
and emerged seedlings were those that had two completely
opened folioles. The indexes were calculated according to the
formula suggested by Maguire (1962).

After the initial characterization of the cultivars, the
seeds from each one of the six lettuce cultivars were stored
on individual Kraft paper packages and maintained on BOD
chambers for a period of 30, 60, 90 and 120 days at temperatures
of 15, 25 and 35 °C. Then, the physiological quality was
evaluated at each time and storage environment through the
germination test, germination speed index and the emergence
test. The tests were conducted as previously described.

The data were submitted to variance homogeneity
analysis (Bartllet’s test) and normality analysis (Lilliefors)
and then they were transformed into Vx+1. The data obtained
in the initial characterization of cultivars were submitted to
the analysis of variance and the means were compared using
the test by Scott-Knott (p < 0.05), following the completely
randomized design. For the evaluation studies as to the
physiological quality on the different environments and storage
periods, the completely randomized design was used, with a
6x4x3 factorial, whose factors were six lettuce cultivars, four
storage periods and three storage environments, with four
replications. Then, an analysis of variance was conducted for
all tests, using the Sisvar statistical program (Ferreira, 2011),
and the means were also compared using the test by Scott-
Knott, at 5% probability.

The evaluation of the isozyme expression was also
conducted at every period and storage environment, and two
samples with 50 seeds were used per treatment. The seeds
were grinded on a crucible, with liquid nitrogen and PVP
(polyvinylpyrrolidone), and stored at -86 °C. In order to
evaluate each isozyme, 100 mg of the grinded powder were
added to 250 pL of extraction buffer (Tris HCL 0.2 M pH 8.0,
0.1% of B- mercaptoethanol). Then, the samples were stirred
on a vortex and kept on the fridge for one night. After this
period, the samples were stirred on a vortex and centrifuged
at 12,000 g for 30 minutes, at 4 °C. The supernatant was
transferred to microtubes, and the pellet, disposed.

The analyses were conducted using the NATIVA-PAGE
electrophoresis technique on polyacrylamide gels, on a lot system
(7.5% separation gel and 4.5% concentration gel), using the gel

buffer/Tris-glycine pH 8.9 electrode system. An application
of 60 pL of the supernatant of the samples was conducted on
the gel and the electrophoretic run was conducted at 120 V for
five hours. At the end of the run, the gels were revealed for the
enzymes catalase (CAT), esterase (EST), alcohol dehydrogenase
(ADH) and malate dehydrogenase (MDH), according to Alfenas
(2006). The isozyme patterns were evaluated considering the
intensity of the bands, sing a white light transilluminator, model
TFP-C/WL (Biosystems, Curitiba, PR).

Results and Discussion

The water content values of the seeds of the different
cultivars, after drying, varied from 5.5 to 6.2%. These
percentages were also shown by Barbosa et al. (2011)
on different lots of lettuce seeds. Regarding the initial
physiological quality, all cultivars showed seeds with
germination percentages above the standard used for
commercialization of the species, which is 80% (Table 1).

Cultivars Elisa and Salinas 88 showed the lowest germination
percentages and low vigor, obtained by the emergence test and
by the germination and emergence speed indexes. Cultivar
Everglades showed high physiological quality, as it may be
observed on Table 1, and it was the one with the most vigor.
According to Catao et al. (2014), on cultivar Everglades, the
highest germination percentage was observed, even when the
test was conducted under the influence of high temperatures.
The high germination percentage and vigor are fundamental for
the comparative study between cultivars under the influence of
high temperatures. This is essential to determine the quality of
the seeds and observe the effect of the treatment, and thus, define
the materials that adjust the best to the thermal stress conditions.

Significant differences were also observed among the
cultivars, storage periods and storage environments for the
analyzed variables. The mean germination values (%) of the
seeds of lettuce cultivars stored at different environments and
periods may be observed on Table 2.

Regardless of the storage period, the environment at 15 °C
preserved the quality of the seeds of all cultivars, similarly
to the quality observed on the initial characterization of the
seeds. The lettuce seeds are not influenced by external factors
when stored on a cold chamber, which contributes to reduce
the speed of deterioration processes (Nascimento et al., 2012).
For the seeds stored at 25 °C, it was observed that from 60 days
of storage, the quality of the seeds was compromised, except
for the Everglades cultivar, which showed a high germination
percentage. With the increase of the storage temperature to 35
°C, an interference on the feasibility of the seeds of all lettuce
cultivars occurred, except for Everglades (Table 2). Hence, the
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high temperature of the storage environment shows a major
influence on the germination of lettuce seeds, compromising
their quality. For Martins and Lago (2008), the high storage

temperature has a major influence for the preservation of the
seed, influencing the biochemical reactions that regulate its
metabolism.

Table 1. Values for the initial germination count (IGC), final count (GER), germination speed index (GSI), emergence (E) and
emergence speed index (ESI) for the initial characterization of the physiological quality of six lettuce cultivars.
Cultivars IGC (%) GER (%) GSI E (%) ESI
Baba de Verdo 96 A 98 A 31.7C 91 B 79B
G. Rapids 96 A 97 A 37.2B 88 B 69C
Horténcia 98 A 98 A 419 A 84 C 7.8 B
Salinas 88 87 B 90 B 229D 80 C 7.4 B
Elisa 78 C 82C 18.5E 78 C 6.4D
Everglades 98 A 99 A 444 A 98 A 10.1 A
CV (%) 7.79 6.12 10.96 6.31 7.70
(DMeans followed by the same uppercase letter on the column are not statistically different according to the Scott-Knott Test at 5% probability.
Table 2.  Mean germination percentages for lettuce seeds stored at different periods and temperatures.
Storage periods (days)
30 60
Cultivars Storage temperatures (°C)
15 25 35 15 25 35
Baba de Verdo 96 Aa 93 Ba 70 Db 95 Aa 83 Bb 60 Cc
G. Rapids 96 Aa 92 Ba 70 Db 95 Aa 73 Cb 53 Dc
Horténcia 97 Aa 94 Ba 88 Bb 94 Aa 76 Cb 62 Cc
Salinas 88 92 Ba 89 Ba 70 Db 88 Ba 59 Db 44 Ec
Elisa 84 Ca 82 Ca 76 Cb 84 Ca 75 Cb 68 Be
Everglades 99 Aa 100 Aa 99 Aa 98 Aa 99 Aa 99 Aa
Storage periods (days)
90 120
Cultivars Storage temperatures (°C)
15 25 35 15 25 35
Baba de Verdo 89 Ba 80 Bb 60 Be 90 Ba 51Cb 32 Ce
G. Rapids 90 Ba 51 Db 28 Dc 88 Ba 42 Db 15 Dc
Horténcia 91 Ba 63 Cb 50 Cc 88 Ba 22 Eb 11 Ec
Salinas 88 89 Ba 51 Db 18 Ec 85 Ca 17 Eb 12 Ec
Elisa 80 Ca 76 Ba 63 Bb 81 Ca 70 Bb 59 Bc
Everglades 96 Aa 92 Ab 90 Ab 97 Aa 93 Ab 84 Ab
CV (%) 3.89

Test at 5% significance.

The temperature of 35 °C helps to identify thermotolerant
cultivars (Kozarewa et al., 2006; Catdo et al., 2014), since high
temperatures promote a high amount of mannose and galactose
on the cellular wall of thermosensitive cultivars, causing
the endosperm to stiffen and preventing the root protrusion
(Nascimento et al., 2001).

According to Table 3, the germination speed index was
influenced by the storage period and environment. As the room
temperature increased from 15 to 35 °C, a decrease occurred on

the germination speed for more susceptible cultivars (Table 3),
which is in agreement with the paper by Villela et al. (2010). A
decreased occurred for GSI also for Everglades; however, it is
observed that this cultivar still shows the highest germination
speeds throughout the storage period.

In relation to the emergence test (Table 4), it is pointed out
that seeds stored across all storage periods, at a temperature
of 25 and 35 °C, showed less vigor than those stored at 15 °C.
Analyzing each cultivar, it is noticed that the room temperature
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reduced the vigor of the lettuce seeds. Only the Everglades
cultivar showed greater tolerance to the thermal stress of
the room; however, from 90 storage days, a reduction of its
emergence is observed at temperatures of 25 and 35 °C. Similar
results were observed by Ferreira et al. (2013), according to

whom, the temperature of 33 °C affected the emergence and
emergence speed of tomato seedlings. This is due to the fact
that these temperatures affect the reorganization speed of
cellular membranes, affecting the metabolism of the seeds and,
thus, reducing the emergence speed of the seedlings.

Table 3. Germination speed index of lettuce seeds stored at different periods and temperatures.

Storage periods (days)
30 60
Cultivars Storage temperatures (°C)
15 25 35 15 25 35
Baba de Verao 42.7 Ba 37.6 Cb 30.5 Ec 42.1 Aa 34.7 Bb 28.4 Cc
G. Rapids 48.0 Aa 45.2 Ba 34.7 Db 36.1 Ba 31.2Cb 23.0 Dc
Horténcia 46.9 Aa 44.9 Ba 432 Ba 40.9 Aa 37.2Bb 28.3 Cc
Salinas 88 41.3 Ba 38.4 Ca 34.0 Db 37.8 Ba 28.2Cb 21.4 Dc
Elisa 372 Ca 37.6 Ca 37.6 Ca 23.1 Cb 34.0 Ba 32.3Ba
Everglades 48.7 Aa 48.6 Aa 48.7 Aa 41.9 Ab 46.8 Aa 42.3 Ab
Storage periods (days)
90 120
Cultivars Storage temperatures (°C)
15 25 35 15 25 35

Baba de Verao 32.4Ba 22.4 Db 21.5Cb 43.7 Ba 17.1 Cb 11.1 Ce
G. Rapids 342 Ba 19.7 Db 7.4 Dc 239Da 18.6 Cb 49 Cc
Horténcia 34.1 Ba 30.6 Cb 19.9 Cc 40.8 Ca 10.6 Db 3.7 Cc
Salinas 88 332 Ba 22.1 Db 7.8 Dc 38.0Ca 6.4 Eb 4.4 Cb
Elisa 22.7 Ca 34.0 Bb 29.9 Be 39.3 Ca 28.5Bb 25.5Bb
Everglades 37.6 Ab 45.0 Aa 39.9 Ab 47.5 Aa 39.8 Ab 40.2 Ab

CV (%) 7.03

*Means followed by the same uppercase letter on the column and lowercase letter on the row are not statistically different according to the Scott-Knott Test at

5% significance.

It was observed several times that the high room
temperatures, as well as the longer storage periods, compromise
the quality of the lettuce seeds, reducing their feasibility. As
the temperature increases, the metabolic processes on the seeds
are accelerated, increasing their respiration and, consequently,
the deterioration process (Marcos-Filho, 2005). The main
changes related to the deterioration process are degradation
and inactivation of enzymes (Copeland and McDonald, 2001),
reduction of the respiratory activity (Ferguson et al., 1990) and
loss of integrity of the cellular membranes (McDonald, 1999).

Evidences suggest that the high temperature causes
oxidative stress, in which reactive oxygen species (ROS), such
as the superoxide radical (O,), hydroxyl radial (OH), hydrogen
peroxide (H,0,) and singlet oxygen ('O,), are produced (Jaleel
et al., 2007). In order to eliminate these reactive species, the
seeds show antioxidant enzymatic systems that constitute an
important primary defense against the free radicals generated
under stress conditions, such as superoxide dismutase (SOD),
which catalyzes the dismutation of the superoxide radical into

H,0, and O,, catalase (CAT) and ascorbate peroxidase (APX),
which may break H,0, into H,O and O,.

The high room temperatures associated to the storage
periods caused changes on enzymatic patterns, especially
for catalase (Figure 1). The activity of this enzyme
was high for the Everglades and Salinas 88 cultivars;
intermediate for Baba de Verdo, Grand Rapids and
Horténcia; and the lowest activity was observed for Elisa.
For Everglades, a reduction of the enzymatic activity of
CAT occurred at the temperatures of 25 and 35 °C, after
120 storage days, corroborating the physiological quality
results, which showed a reduction during the same period
and temperatures. The higher germination and vigor
percentages observed for Everglades may be related to the
preservation of the antioxidant systems, offering protection
against aging and deterioration of the seeds. The Elisa
cultivar showed a reduction on the activity of this enzyme,
which resulted on a reduced prevention of oxidative
damages, and this may cause lower physiological quality.
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Table 4. Emergence percentage of lettuce seedlings from seeds stored at different periods and temperatures.
Storage periods (days)
30 60
Cultivars Storage temperatures (°C)
15 25 35 15 25 35
Baba de Verao 94 Aa 87 Bb 73 Be 90 Ba 86 Bb 48 Bc
G. Rapids 91 Ba 78 Db 65 Cc 89 Ba 75 Cb 47 Be
Horténcia 90 Ba 83 Cb 58 Dc 88 Ba 84 Bb 40 Cc
Salinas 88 91 Ba 81 Cb 54 Dc 87 Ba 75 Cb 41 Cc
Elisa 93 Aa 82 Cb 55 Dc 93 Aa 83 Bb 50 Be
Everglades 96 Aa 95 Aa 93 Aa 97 Aa 93 Aa 95 Aa
Storage periods (days)
90 120
Cultivars Storage temperatures (°C)
15 25 35 15 25 35

Baba de Verdo 87 Ba 68 Cb 36 Cc 78 Ca 50 Db 8 Cc
G. Rapids 87 Ba 68 Cb 30 Dc 80 Ba 54 Cb 8 Cc
Horténcia 83 Ca 69 Cb 30 Dc 82 Ba 53 Cb 4 Cc
Salinas 88 87 Ba 63 Db 32 Dc 76 Ca 48 Db 6 Cc
Elisa 91 Ba 75 Bb 40 Be 83 Ba 72 Bb 28 Be
Everglades 96 Aa 83 Ab 85 Ab 94 Aa 81 Ab 79 Ab

CV (%) 3.99

*Means followed by the same uppercase letter on the column and lowercase letter on the row are not statistically different according to the Scott-Knott Test at
5% significance.

Baba de Verdo Grand Rapids

Horténcia Salinas 88

]

Elisa

Everglades

Figure 1. Isozyme expression of catalase (CAT) on the
seeds of lettuce cultivars under different storage
temperatures (15, 25 and 35 °C) and periods (30,
60, 90 and 120 days).

The regulation of the antioxidant enzymes may be
influenced (increased or even lost) due to the severity of the
stress. If the activity is lost, it may considerably increase the
production of free radicals that may trigger several events,
starting with the peroxidation of lipids, proceeding with the
degradation of membranes and cellular death (Greggains

et al.,, 2000). Hence, the increase of the CAT activity is
important to eliminate the accumulation of H,O, resulting
from the lipid peroxidation (Eyidogan and Oz, 2007). For the
Salinas 88 cultivar, the CAT activity remained high during the
entire storage period, and this triggering of the antioxidant
system upon thermal stress may be related to the smaller
physiological amount of seeds.

Changes to the esterase expression (EST) are observed due
to deteriorative events on the seeds (Figure 2). Cultivars such as
Baba de Verdo, Grand Rapids and Salinas 88 showed an increase
on the activity of this enzyme as the period and the storage
temperature increased. The activity of this enzyme showed
different intensities on the Everglades and Elisa cultivars, which
are the extremes regarding physiological quality. For the Elisa
cultivar, the EST activity was higher when compared to the
Everglades cultivar. It is noteworthy that esterase is an enzyme
involved in hydrolysis reactions of esters and it is directly
connected to the metabolism of lipids and to the degenerative
process of membranes (Santos et al., 2004). The use of this
enzyme was efficient as a biochemical marker for the quality of
lettuce seeds when submitted to high temperatures.

Taylor (1997) reports that lettuce seeds are constituted by
approximately 38% lipids, and the high oil content on these
seeds favors the expression of these hydrolytic enzymes.
Hence, the higher esterase activity at high storage temperatures
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indicates the beginning of the deteriorative process due to the
loss of integrity of the membranes. In addition, the temperature
increase may inactivate the expression of other enzymes that
are connected to the germination process, since this condition

leads to the stiffening of the endosperm and prevents root
protrusion (Nascimento et al., 2012; Catdo et al., 2014).

Baba de Verdo Grand Rapids

Horténcia Salinas 88

Everglades Elisa

Figure 2. Isozyme expression of esterase (EST) on the
seeds of lettuce cultivars under different storage
temperatures (15, 25 and 35 °C) and periods (30,
60, 90 and 120 days).

Among the cultivars, a difference occurred on the
expression. Of the alcohol dehydrogenase (ADH) enzyme,
with higher enzymatic activity on the seeds of Everglades
and Baba de Verdo, from 60 storage days (Figure 3). The
ADH activity contributed to maintain the quality of the seeds
of these cultivars on storage, even under adverse situations.
Elisa showed an intermediate activity for the band standard
when compared to Everglades and Baba de Verdo. For the
seeds of the Horténcia, Salinas 88 and Grand Rapids cultivars,
the ADH expression was lower. ADH is a relevant enzyme,
since it converts acetaldehyde (a primary metabolite of the
ethanol cycle on the conversion route to acetic acid) into
ethanol, a compound with lower toxicity, and it reduces
the speed of the deterioration process (Veiga et al., 2010).
Thus, the seeds become less susceptible to the deleterious
action of acetaldehyde with the higher ADH activity (Zhang
et al., 1994). Carvalho et al. (2014b) observed greater
ADH expressions on seeds from soy cultivars that showed
greater physiological quality, which may be related to the
maintenance of the germination metabolism of the seeds from
the Everglades cultivar stored at high temperatures (35 °C) for
120 days (Table 2).

Baba de Verdo Grand Rapids

Horténcia Salinas 88

Everglades Elisa

Figure 3. Isozyme expression of alcohol dehydrogenase
(ADH) on the seeds of lettuce cultivars under
different storage temperatures (15, 25 and 35 °C)
and periods (30, 60, 90 and 120 days).

The isozyme profiles obtained on the lettuce seeds due
to storage revealed, for malate dehydrogenase (MDH), that
the highest activities were observed on cultivars Everglades,
Baba de Verao and Elisa (Figure 4). Cultivars Grand Rapids,
Horténcia and Salinas 88 showed the same pattern under the
storage conditions. For Everglades, it may be observed that
MDH showed high activity under adverse conditions, and
this increase on the activity was observed after 30 storage
days at the temperature of 35 °C. The Elisa cultivar also
showed high activity for this enzyme; however, this higher
activity may be related to an accelerated respiration due to
the low physiological quality of the seeds. It is noteworthy
that MDH performs a significant role on the Krebs cycle,
since it catalyzes the conversion of malate into oxaloacetate,
producing NADH, which is a fundamental product in the
production of ATP. Thus, this enzyme is connected to the
generation of energy for important metabolic processes,
such as germination (Taiz and Zeiger, 2009). Thus, the
seeds of the Everglades cultivar have a greater amount of
energy, which assists on the germination process at high
temperatures. The Elisa cultivar may have shown high
respiration due to deterioration processes.

Based on the physiological and biochemical
results discussed and shown, it is clear that the storage
temperature is fundamental to preserve the quality of the
lettuce seeds, since it acts on their feasibility, vigor and
chemical reactions that determine the entire germination
process. Another aspect to be pointed out is the use of
EST and CAT enzymes as useful biochemical markers in
studies on the physiological quality of lettuce seeds related
to thermotolerance.
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Baba de Verdo Grand Rapids

Horténcia Salinas 88

Everglades Elisa

Figure 4. Isozyme expression of malate dehydrogenase
(MDH) on the seeds of lettuce cultivars under
different storage temperatures (15, 25 and 35 °C)
and periods (30, 60, 90 and 120 days).

Conclusions

The high room temperatures associated to longer storage
periods cause changes to the physiological quality and to the
isozyme patterns of lettuce seeds. Everglades shows tolerance
to storage at high temperatures. The EST and CAT enzymes
are useful as biochemical markers regarding the physiological
quality of lettuce seeds.
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