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A Thermo-labile Process in Dark Germination
of New York Lettuce Seeds

By
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A thermo-labile process, that determines the level of dark germination of New York
lettuce seeds, was separated from the other miscellaneous processes during germination. It
began 2 hr after the start of imbibition, and completed several hr before the radicle protru-
sion at 15°C. The optimum temperature of the process was 15°C, and the activity of the
process was zero at 28°C. Secondary dormancy may be induced by the reversible inactiva-
tion of the process at high temperature. It was suggested that the physiological role of the
process is the generation of the growth potential of embryonic axes in order to overcome the
restraint imposed by seed coats.

It is well known that photo-sensitive lettuce seeds would germinate at low tem-
perature even under far-red light and not at all at high temperature even under red
light (3). Some workers (3, 4), attempted to investigate the promotive effect at low
temperature separately from the inhibitory effect at high temperature. We proposed
previously that the temperature effects on the germination of lettuce seeds, such as
the effects at low and high temperature, would be explained only with a thermolabile
factor other than the phytochrome system (5). Secondary dormancy is another effect
of temperature on the germination. Many workers attempted to account for the
mechanism of secondary dormancy, but could not clarify it (1, 2, 8, 9, 10, 11). The follo-
wing two facts suggest that secondary dormancy may be explained by the action of the
thermo-labile factor: (1) The sensitivity curve to red light does not decline at 3° and
15°C, but declines slowly at 25°C and sharply at 35°C (3); (2) the product of the phy-
tochrome system would be changed to the metabolite(s) essential for germination only
through a thermo-labile reaction (5). A substantial nature of the thermo-labile factor
has not been studied in detail, but we reported that the disappearance of small fat bodies
during the early stage of imbibition (6) and the increase of the growth potential of em-
bryonic axes necessary to overcome the restraining force imposed by seed coats (7) might
be regulated by the thermo-labile factor.

The following observations were carried out to separate the process controlled by
the thermo-labile factor from the other miscellaneous processes during the germination.
Such observations are necessary to investigate in detail the role of the thermo-labile
factor in germination and the relationship between the factor and secondary dormancy.

Seeds of lettuce, Lactuca saliva L. var. New York 515, were obtained from Takii
seed Co., Kyoto in March 1974. Experiments were carried out in 1974. For the
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Fig. 1. Effect of preincubation at 30°C on the progress of the thermolabile process (dashed lines)
and of the actual germination (solid lines). Numbers on curves indicate hours of the
preincubation at 30°C.

germination tests, about a hundred seeds were placed in a 7-cm petri dish on a filter
paper saturated with 3 ml of distilled water. The dishes were immediately placed in
light-tight cardboard boxes in all experiments. The percentages of germinated seeds
were counted 48 hr after the start of imbibition. Temperature was controlled within
+1°C during germination tests.

A preliminary experiment showed that preincubation for the initial 2 hr at 30°C
followed by incubation at 20°C. promoted the germination, whereas prolonged prein-
cubation at 30°C over 2 hr dealyed the germination. These results indicate that the
first 2 hr of imbibition is not a thermo-labiie phase (Phase I). Phase I is followed
by a thermo-labile phase (Phase II). It was reported previously that the level of dark
germination was determined by the duration at low temperature (5). The progress
of reaction(s) in Phase II, that determines the level of dark germination, therefore,
can be estimated by plotting the germination level against the duration at low tem-
perature (a escape curve from the thermo-labile process; dashed lines in Fig. 1). Es-
cape from the thermo-labile process was completed within about 12 hr at 15°C in the
case of 2-hr preincubation at 30°C (Fig. 1). The radicle protrusion, however, begins
at 16th hr. About 13 hr intervened between the escape curve from the thermo-labile
process (the dashed line) and the actual germination curve (the solid line) at 50%,
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level of germination (Fig. 1). This intervening duration (Phase III) is not thermo-
labile, for the germination level shown on the dashed line was determined by incubat-
ing the seeds at 30°C.

Fig. 1 shows that prolonged preincubation at 30°C delayed the recovery of the
thermo-labile process at 15°C and shortened the duration of Phase III. Actual ger-
mination was not delayed by the preincubation for 12 hr, but it was already shown
that prolonged preincubation beyond 24 hr at high temperature dealyed not only the
recovery of the thermo-labile process but also the actual germination at low temperature
(5). These results indicate that secondary dormancy is induced by the reversible
inactivation of the thermolabile process at high temperature. The shortening of the
duration of Phase III by the preincubation at 30°C indicates that the reaction(s) in
Phase III can proceed before the end of the thermo-labile process (Phase II).

Effects of temperature on Phase I, II, and III were determined in the next experi-
ments. Seeds were imbibed at various temperatures (10° to 40°C) for the first 2 hr,
and transferred to 15°C. All of the seeds initiated to germinate from 18th to 20th
hr after the start of imbibition, but the initial rates of germination were found to be af-
fected by the temperature treatments for the first 2 hr. Therefore, the increased ger-
mination rates (%) from 20th to 22th hr were divided by 2 (=22-20) hr, and the values
were plotted against temperatures (Curve I in Fig. 2). The optimum temperature of
Phase I was about 30°C. It is noticeable that Phase I is active even at 40°C almost
in the same order as 20°C.

Relative efficiencies of Phase II at various temperatures were determined as fol-
lows: seeds were imbibed at 30°C for 2 hr and transferred to various temperatures
(10° to 30°C) for various hours (2 to 32 hr) followed by incubation at 30°C, and the
escape curves from the thermo-labile process were determined as mentioned above.
The durations from 2th hr to 509, level of germination were affected apparently by the
temperature treatments (10° to 30°C) and therefore the reciprocal hours of the dura-
tions were plotted against temperatures (Curve II in Fig. 2). The escape curve at
26°C stopped at about 309, level of germination, and that at 28°C was 09, for 32 hr.
The optimum temperature of Phase IT was 15°C, and the activity of Phase II at 28°C
was zero.

Effect of temperature on Phase III was determined as follows: seeds were imbibed
at 30°C for 2 hr and transferred to 15°C for 6 hr followed by the incubation at various
temperatures (10° to 40°C). The germinated seeds were counted at definite intervals,
and the duration of Phase III was estimated by determining the duration from 6th hr
after the transfer to 15°C to actual germination of 50 percent. The germination level
of the seeds treated at 35°C stopped at about 159, and that at 40°C was zero for 48
hr after the start of imbibition. Relative rate of progress in Phase III may be shown
by the reciprocal hours of the duration at various temperatures. The results were
shown in Fig. 2 (Curve III). The optimum temperature of Phase III was 25°C. The
effectiveness of Phase III at 40°C was zero.

Tkuma and Thimann (3) analyzed the germination process in Grand Rapids by
changing the conditions during imbibition, such as temperature, light, and O, atmos-
phere, and reported that the germination comprises 4 phases, i.e. preinduction, induc-
tion, postinduction phase, and phase of visible germination. The induction phase was
designated as a phase in which the reversible reaction of the phytochrome functions
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Fig. 2. Effect of temperature on Phases I, II, and III in the dark germination of lettuce seeds.
See text for the estimation method of each curve.

maximally. Since the maximum effect of red light was observed during 1.5 to 2 hr
after the start of imbibition, Phase I in the present paper will correspond roughly to
the preinduction and the induction phase. The postinduction phase, therefore, cor-
responds to Phases IT and IIT in the present paper.

We reported recently that the growth potential of embryonic axes of New York
lettuce was 0.24 M at 35°C and 0.54 M at 20°C in the dark, and that the restraining
force of the seed coats was equivalent to 0.4 M mannitol (7). It may be interpreted
that the generation of the growth potential in embryonic axes at 20°C consists of two
compotents; a thermo-stable one (0.24 M) and a thermo-labile one (0.3=0.54-0.24 M).
Since both the thermo-labile component of the growth potential and the thermo-labile
prcoess (Phase II) are the essential step to germination, it may be suggested that the
role of Phase II in germination is the generation of the growth potential over the level
of 0.24 M. If that is a case, Phase III would correspond to the other miscellaneous
processes containing the thermo-stable increase of the growth potential leading to elonga-
tion of embryonic axes within the seeds coats. It is reasonably accepted that the elonga-
tion of embryonic axes (i.e. Phase III) can proceed during the prolonged preincubation
at 30°C (see Fig. 1).

The sequence of Phase I, II, and III may be summarized as in Fig. 3. This dia-
gram indicates the following results obtained above. (1) A thermo-labile phase (Phase
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Fig. 3. Three phases characterized with different optimum temperatures shown in Fig. 2. Phase 1
is a thermo-stable phase for the first 2 hr of imibibition. Phase II is a thermo-labile process
that determines the level of dark germination of lettuce seeds. Phase III is the other mis-
cellaneous processes leading to elongation of embryonic axes within the seed coats. Time
scale is given at optimum temperature of each phase.

I) that determines the level of dark germination follows a thermo-stable phase (Phase

I) for the first 2 hr of imbibition. (2) The other miscellaneous processes leading to
elongation of radicles within the seed coats is Phase I1I. A part of the processes in Phase
IIT would proceed before the end of Phase 11, but Phases I and III alone can not gen-
erate the growth potential enough to rupture the seed coats.

In the present report, the thermo-labile process could be separated to some extent

from the other miscellaneous processes during dark germination. The shapes of Curves

I

, IT and III in Fig. 2 are very similar, whereas their optimum temperatures are dif-

ferent. It will be a most simple explanation that the mechanism of the decrease of ac-
tivity in Phase II at the higher side of temperature is the same as those in Phases I and
III. That is a reason why we are investigating the thermo-labile factor as the regulat-

ing element of Phase I1.
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