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Suntmary. Lenmna gibba L., strain G3, exhibits a qualitative long-day flowering
response with a critical, daylength on a 24-hour cycle of about 10 hours. Evidence is
presented that the onset of daughter frond formation in a given frond inhibits the activity
of the flowering meristem. Consequently, flower induction can only occur in fronds
smaller than about 0.05 to 0.07 mm lon;g. Although a minimum of 1 long day seems to
be sufficient to induce the formation of flower primordia, at least 6 long days are required
to obtain mature flowers since long days are also required for the early stages of flower
development. The critical night length on 24, 48 and 72-hour cycles is respectiveilv 14,
16, and 18 to 22 hours. The close similarity between the critical night length for the
different cycle lengths is explained in terms of an inhilbitory effect of darkness both on

flower initiation and, flower development. A 10-hour dark period is more inhibitory to
flowering on a 36-hour cycle than on 24, 48, 60 or 72-hour cycles. It is suggested that
darkness inhilbits flowering through the formation of a light-labile flower inhibitor which
acts to inhibit the funlctioninig of the flowering stimulus.

Studies on the physiology of flowering have been
carried out with a large number of dlifferent plants,
but generally speaking the processes which control
flowering are much better understood in short-day
plants than in long-day plants. One reason for this
situation is that most long-day plants gro-w rather
slowvly, require several to many long days for flower
induction and do not exhibit maximum photoperiodic
sensitivity until they reach an age of 1 to several
months or nmore. Thus detailed information concern-
ing the various factors which interact in the control
of flowering has been obtained for only a few long-
day plants such as Loliumt temulleitutim, Hyoscyarnus
niger and Silente arnmeria (16). In view of the some-
what limited informnation available on the physiology
of flowering of long-day plants, a detaiilied study was
undertaken into the flowering response of the long-day
plant Lemnna gibba strain G3.

The first demonstration of unequivocal control of
flowering in the Lemnaceae was by Kandeler (12,13)
who showed that several strains of Lemnia gibba, in-
cluding strain G3, exhibited a long-day flowering
response. Kandeler (12) indicated that the critical
daylength for L. gibba G3 was between 10 anid 12
hours, but did not give any suipporting evidence.
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Oota (18) reported that the critical daylength was
about 12 hours but also failed to give any supporting
evidence. Hillman (8) referred to a single experi-
-nent which suggested that at least 4 long days were
necessary to initiate flowering, and that flower pri-
mordia would abort under short-day or non-inductive
conditions. Umemura et al. (19) also showed that
a minimum of 3 or 4 days of continuous light was
recessary to obtain flowering. Hovever, Nakashima
(17) presenited indirect evidence which suggested that
a minimum of 2 long days was sufficient to obtain
f"lower induction.

The present paper deals with general aspects of
the flowering response of L. gibba G3. Particular
emnphasis will be given to a precise determination of
the critical daylength on different cycle lengths and
the effect of relative lengths of light and darkness on
both flower initiation and flower devellopment. The
influence of light quality and intensity on flower:ng
wvill be presented elsewhere (6).

Materials and Methods

Plant Mlaterial. The aquatic flowering plant
Lemna gibba L., strain G3 was used in the present
study. A general description of Lemina and its mode
of growth and flowering has been given by Hillman
(10). When flowering occurs the flower is always
formed in the minus reproductive pocket which in
L. gibba G3 is the left-hand one when one looks at
the dorsal surface of the frond with the proximal
end pointing toward the observer. The flower is
located just proximal to the small frond primordium
that is always present as the flower primordium de-
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velops. Thus it is probablly best to think of the flower
as an axillary structure which arises from a separate
meristemiatic area located just proximal to that which
gives rise to frond primordia. Dau,glhter fronds con-
tinue to be produced after flower formation, but at
a slower rate than if flowering had not occurred.
Apparently any 1 frond can flower only once during
its lifetime (1,0).

Cultutre Conditionis. The basic medium used for
all experiments is a sliight modification of the M
me,dium of Hidllnlan (9). It differs from M medium
only in the addition of 30 ttM ethylenediaminetetra-
acetic acid (EDTA) and is designated as E medium.
Triple distilled water (twice redistilled from glass)
was used to prepare all media, and its conductivity
never exceeded 0.15 mg/l as NaCI equivalents.

For most work the plants were grown in model
MB-54 growth chambers (Percival Refrigeration and
Manufacturing Co.). One chamiber was maintained
on a short-day cycle consisting of 9 hours light
followed by 15 hours darkness (9L:15D), while the
second chamber was kept on continuous light. In
each chamber the light source consisted of 4 cool-
white VHiO fluorescent lights (Sylvania F48T12-CW-
VHIO) supplemented with 4 25-watt incandescent
bulbs. The light intensity, as measured with a ft-c
imeter (Weston Elec. Inst. Corp., niedel 703, type-3A)
and a 1.0 neutral-density filter (Kodak Wratten),
was kept between 600 to 700 ft-c at plant level. It
was found that for optimal results the fluorescent
lights, which account for approximately 95 % of the
light intensity measured by the 'ft-c meter, should be
replaced after about 1000 hours use, since with older
fltuorescent lights there was a significant decrease in
the flowerinig response (5).

The air temperature in the chambers during the
light period was maintained at 28 ± 10 as measured
by a thermometer at plant level. Temlperature re-
cordings were allso made in the liquid cultures under
these conditions by using a recording Tele-ther-
mometer (Yellow Springs Instrument Co., Inc., model
44) with a liquid probe. They indicated that the
temperature of the medium in the light was always
between 28 to 290, while in the dark it was always
between 26 to 270. How-ever, at any 1 time the
tenmerature variation was less than 0.20 in individual
cultures and only about 0.1 to 0.3° higher in crowded
cultures than in cultures with just a few plants.

For certain experiments it was necessary to give
dark treatments during the day. For this purpose the
cutlitures were placed in ventilated but light-tight
cabinets in a constant temperature dark room main-
tained at 25 + 10.

Experimental Procedure. 'rhe plants were grown
in 125 ml Erlenmeyer flasks with 50 ml of E medium.
Stock cultures for starting experiments were grown
on short-day conditions on E medium plus 600 mg/l
bactotrypt-one and 100 mig/l yeast extract to insure
detection of any contamination. They were usually
2 to 3 weeks old wheni actually used. A single
4-frond colony was used to start each experimental

culture. Such colonies were selected as much as
possible for uniformity, and care was taken that the
smallest of the 4 fronds was clearly visiible without a
fi'fth frond, no matter how snmall, being visiible. A
typical 4-frond colony is illustrated at the top of
figure 1.

Although there were onliy 4 visible fronds present
in each flask at the start of an experiment, careful
dissection with a ibinocular microscope at 30x magni-
fication indicated that there were at least 45 to 55
fronds already formed in a tylpical 4-4frond colony.
Consequently, each flask of an experiment was ac-
tually started with a population of approximately 50
fronds, alll of which were vegetative. A highly
diagrammatic expanded diagram of the total number
of fronds that were seen in a typical 4-frond colony
is presented in figure 1. The dififerent size circles
have been used to indicate relative frond size. The
smallest fronds that could be identified were 0.01 to
0.02 mm in length, but daughter fronds could only
be seen in fronds longer than about 0.06 to 0.07 mm.
The broken lines indicate the actual physical relation-
ships between the various frond generations present
in the 4-frond colony.

The method used for the evaluation of flowering
was basically the same as that used by Hillmani (8).
AllI fronds in a culture were transferred to a petri
dish and examined under a dissecting microscope at
lOx magnification (30x magnification was used
occasionally when the flower priimordia were very
small). For the determination of total fron-id nunTber
allI fronds, no matter how smalil, which visibly pro-
jected beyond the margin of their motlher frondl were
counted. For the detemiination of flovering, 100 or

DIAGRAM OF TOTAL FRONDS IN TYPICAL 4-FROND COLONY
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FIG. 1. Diagrammatic expanded diagrani of the
total number of fronds that can be seen in the typical
4-frond colony illustrated at the top of the figure. The
different size circles have been used to indicate relative
frond size. The broken lines indicate the actual physical
relationships between the different fronds. The diagram
is presented from the dorsal view with the proximal
end of the frond directed toward the bottom of the
figure.
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CLELAND AND BRIGGS-FLOWERING OF LEMNA GIBBA G3

more commonly 200 of these fronds selected at
random were dissected and examined for the presence
of flowers or flower primordia. A frond was con-
sidered to be fllowering if a recognizable flower pri-
mordiuim could be seen. Under certain conditions
flower primordia on some fronds ceased to develop
and aborted leaving a brownish mass of tissue where
the flower primordium sshoudd have been located.
Allthoutgh di'fferent parts of the flower primordium
could sometimes still be distinguished, these fronds
were always considered to be vegetative. The flow-
ering percent (FL %) of the culture was determined
by dividing the nunmber of fronds with flowers or
flower pritordia by the total nunber of fronds ex-
amined and multiplying this value by 100.

In evahluating flowering it has proved valuable to
determine not only the FL % of the culture but also
the total number of vegetative fronds (#VF) in the
culture. Since this is an absolhte value it tends to
vary more from culture to culture than does the
FL %. However, providing the growth rate for dif-
ferent treatments is approximately the same, there is
an inverse relationship between the FL % and fVF
values with the change in the #VF often being more
dramatic than the corresponding change in the FL %.
Furthermore, the #VF for the long-day control has
often proved to be a more sensitive indicator of the
level of flowering in a partictilar experimrent than has
the FL% (5).

Most experiments were terminated{ after 11 to 14
days. In some experiments the last 3 or 4 days con-
sisted of continuous light for all treatmeints except the
short-day control. This procedure increases growth
anld thus slightly ilncreases the FL % for a given
culture, but does not resutlt in any measurable flower-
ing by itself since the FL % was always zero for 8
short day-4 long d-ay (8SD-4LD) controls (5).
All experiments were repeated at least once with good
qualitative agreement between replicate experiments.
Short-day (9L:15D) and long-day (continuous light)
controls were included in each experiment. Three
cu.ltures were used for each, treatment, and the varia-
tion between cultures was usuallly very small. Con-
sequently, all experimental values presented in the
results will. be the average of 3 cultures, except in
rare cases where 1 of the 3 cultures became con-
taminated and was not counted.

Results

Progress of Flowering on Continuous Light.
Umemura et al. (19) reported that when L. gibba G3
was placed on continuous light a minimum of 5 days
was necessary to obtain measurable iflowering. A
similar 'finding was obtained in this study (fig 2).
After 5 long days only a few smal;l flower primordia
were counted, and mature flowers with visible emer-
gent anthers did not appear until after 10 long days.
The #VF, which started at 4, showed a gradual rise
over the ifirst 9 days, but then showed no further
increase 'for the duration of the experiment.

At the start of this experiment an average of 45
fronds could be counted in each 4-4frond colony.
About 30 of these fronds were less than 0.06 to 0.07
mm long and thus were too small to have any recog-
nizable daughter fronds. Blodgett (2) carried out
histological studies on an unspecified species of Lemna
and showed that a frond first starts to form a daughter
frond when it is approximately 0.05 nmn long. Thus
it would seem probable that close to half of the
fronds present at the lbeginning of the experiment
had not yet started to iform daughter 'fronds.

Although the first measurable flower primordia
were seen after 5 long days, flower primordia were
first seen after 4 long days in ifronds too small to
count (i.e., not projecting beyond the margin of their
mother frond; see Materials and Methods). At that
time there were 23 visible ifrondis all of which were
vegetative. In addition, there were 17 other fronds
too small to count but large enough to determine as
being vegetative or flowering, and of these 9 had
flower primordia (9/40 = 25 %). This number of
40 corresponds very closely to the numlber of 45 fronds
originally counted at the start of the experiment.
Since there was a total of albout '65 fronds that could
be counted after 1 long day, it would seem clear that
a single long day was sufficient to induce flowering
in at least some of the fronds present during the
first day.

Most of the fronds actually preseint at the start
of the experiment were not induced to flower. Thus
it would appear that flower induction can only occur
in fronds smaller than some critical size, and once a
frond has ipassed this size it loses the capacity to
initiate flower 'formation even when grown under
optimtal flowering conditions. Presumably the major-
ity of the ifronds present at the start of the experi-
ment had either ipassed the critical size 'by the time
the ex;periment started or did so before th'e inductive
st-imulus from the first long day could take effect.
Since over half of the frond's initially present were
srmaller than 0.06 to 0.07 m.m long but only about
25 % were induced to 'flower, the critical size for
flower induction is less than about 0.07 mm. In this
regard L. gibba G3 is similar to L. perpitsilla 6746
where flower induction occurs only in ifronds less
than about 0.08 mm ,long (8).
A period of 5 to 6 days elapses from the time a

frond is induced to flower until it becomes 'large
enough to be counted. Thus changes in the flowering
response that occur on a particular day are actually
a reflection of changes that occurred approximately
6 days earlier. In the experiment illustrated in figure
2 there was no ifurther increase in the #VF after the
eighth or ninth day. Therefore, it can be concluded
that the level of flower induction was essentially
100 % after the second or third day.

Even under optimal conditions flower induction is
usually not quite 100 %, as shown in 'figure 2, and a
more typical' experiment is presented in table I. The
increase in the #VF from the 8 to the 21 long-day
treatment was only from 55 to 77, while the nulnter
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FIG. 2. (tol) left). Progress of flowering over 14-day perio(d on continuous light. Onl eachi successive day 3
flasks were removed and(l examiinled for flowerinig. The short-da- control was coulinted after 11 days. Solid line,
FL %; dashe(d line, #VF.

FIG. 3. (top riglht). Effect of differenlt number of continuious-light lonlg days on! the flowxerinig response in av

11 -day experiment. Solid linle, FL %; dashed line, #VF.
FIG. 4. (bottom left). Effect of givinlg 5 initial long days followcd by 0 to 12 short days ou the flowerinig re-

sponse. The short- and long-day conitrols were counited after 11 days.
FIG. 5. (bottom right). Effect of giving 8 initial lonlg days follow-ed by 0 to 12 short days onl the flowering

responise. The short- and(I long-day conitrols were counted after 11 days.

of fronds couinted increased fromz 109 to 1898. From
these results it can be calculate(d that after the second
day flower induction w"as approximately at 98 % level.

Nuinbcr of Louig Da(zNs Reqired for- Flower In-
d2wtion. Indirect evidence presented above suggested
that a single long day was stufficient to induce flower-

Table I. Progress of Flozverinlg over 21-Day Period
on Continuous Light

No. long days FL % #VF

5 5 37
8 49 55
11 75 57
21* 96 77

*Based on only 1 flask.

ing. 1owever, Umiiemiutra et al. ( 19) reported that a

minimnum of 3 or 4 long days wsas needed to ohtain
flower induction. Their experiments involveld giving,
1 to 8 long days ( continuous, lig,ht) follow-ed in each

case by 8 short days (lOL:14D).
Similar experiments have also been carried out in

this study (fig 3). A minimum of 3 long davs was

required to obtain somne flowering but from 1 experi-
ment to the next the FL % of the 3LD:8SD treat-
ment never exceeded 5 % and often was zero. For

a significant level of flowering it was necessary to
give 4 long days, and with the increase from 3 to 4
long day,s there was always a sharp rise in the FL %
and a corresponding drop in the #VF.

At ifirst sight this experimient would seenm to conl-
tradict the results of the earlier experiment wslhere the
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CLELAND AND BRIGGS-FLOWERING OF LEMNA GIBBA G3

progress of flowering was ifollowed for 1 to 14 days
on continuous light. However, one important point
is that with the 4LD :7SD treatment miiature flowers
were never formed, and all th'e flowers that were seen

were still very smaill primordia. A fully mature
flowrer may be 3 mm long (from base of ovary to
stamen) and 1 mm wide (ovary width). A flower
that is just starting to emerge from the minus
pocket is approximately 0.8 mm long and 0.4 mm
wide. HoNwever, in the experiment illustrated in
figure 3 the largest flower 'primordium seen with the
4LD :7SD treatment was 0.16 nmm long and 0.21 mm
wide (at this stage the stamens aczount for most of
the flower primordium so they are the basis of this
measurement). Clearly, the development of these
filower pri'mordia was inhibited to a considerable ex-

tent. Furthermore, in some fronds there was a small
mass olf brownish tissue where a flower iprimordium
would normally 'be located. This observation sug-

gested that in these frond's flower primordia had been
formed, but had then aiborted, and the brownish tissue
was the remnant of the flower primordium.

Long Day Requirement for Flower Development.
The possibility that long days are needed both for
flower initiation and flower development was exam-

ined in the following manner. Plants were subjected
to an initial treatment of 5 or 8 long days and then
examined after 0 to 12 additional short days. When
5 initial long days were followed by short days
(fig 4), the FL % and the actual nuniber of flowering
frond's (#FLF) continued to increase through 6 to 9
short davs, but then both dropped to zero after 12
short days. The largest flower 'primordium seen, was

about 0.2 mm long and 0.3 mm wide. Signs of
aborted flower primordia were first apparent after 6
short days, and after 9 short davs there were over

50 fronds which contained the remains of aborted
flowver primordia.

When 8 initial long days were folalowed by short
days (fig 5) the results were similar to those pre-

sented above, except that about 50 mature or emergent
flowers were formed. Sonme of these were only
slightly 'emergent and often had only 1 normal stamen,
while others were fully emergent and appeared coml-
pletely normal. With, a'lmost no exceptions the only
flowers that were seen after 12 short days were these
old emergent flowers. However, in every case the
flower parts had died, and all of the ovules had
shrunken to small brownish masses.

All flowers which did not develop to maturity
were smaller than about 0.2 miun long and 0.3 mm
wide. These dimensions were the maxim-num size for
flower primordia when only 5 initial long days were

given. Thus it seems that, providing a flower passes

this critical size, it can develop more or less to
maturity even on short days. In the above experi-

ment there were no emergent flowers and only a few
flower primordia larger than the above critical size
after 8 long days. However, after 6 additional short
days essentially all flowers that were destined to
develop to maturity had done so. Apparently flower

development did not start to be arrested at the above
critical size until after several short days had elapsed.
Furthermore, these studies indicate that more than
5 long days are needed to obtain nmature flowers, and
preliminary work indicates that a minimum of 6 long
days is sufficient to obtain at least a few emergent
flowers.

The results of the above experiments explained
why the flower primordia seen a(fter 4LD :7SD treat-
ment were always quite smrnall. They also suggested
that it might be possible to demonstrate flower in-
duction after just 2 or even 1 long day by examining
plants after onlv a few subsequent short days instead
of wa;ting for 9 to 10 short days. When 2 long- days
were followed by 4 or 5 short days a few flower
primordia were seen in fronds too smalil to count, but
after 9 short days they all had aborted and disappeared.
The flower primordia that were seen were extremely
small with the largest being about 0.06 mm long and
0.08 mm wide. These results provide direct evidence
for floower induction after 2 long days and agree with
the 'findings of Nakashima (17). When a single long
dav was followed by short days flower primordia were
never seen, ipresumably because any flower primordia
that were formed, aborted before thev ever became
large enough to be detected microscopically. It miight
be possible to demonstrate the iformation of flower
primordia after a single long day by usingIhistological
techniques, but such studies have not been undertaken.
Thus direct evidence for flower induction after a
single long day is stiil lacking.

Critical Davlength Determinations. Flowering has
never been observed on the 9L:1 5D short-day schedule,
even when cultures were grown for 28 days (table II).
This observation indicates that in a population of
plants there is apparently no ten'dency toward flower
induction in old crowded cultures. Thus it is clear
that L. gibba G3 behaves as a strictly qualitative
long-day plant.

The critical day-length is between 9.5 and 10
hours for a 24-hour cycle (fig 6). With longer
photoperiods the FL % rises raipidly and approaches
the level of the long-day control with the 16L :8D
treatment. In this exiperiment flowering was not
quite optimal and since tnere was considerablv more
growth on continuous light than on the 16L :8D
scheduile (346 fron'ds versus 199, respectively), the
higher #VF for the long-day control is a reflection
of the increased growth and does niot imiply a hiigher
level of flower induction with the 16L :8D schedule.

Experiments have also been performed to deter-
Mnrne the critical day-length on 36, 48 ancl 72-hour

Table II. Flowering Responise after 28 Short Days

Photoperiodic
treatment No. days FL % #VF

Continuous light (LDC) 11 76 61
9L:15D (SDC) 11 0 61
9L:15D 28 0 1085
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FIG. 6. (top left). Determinationi of the critical daylengtlh for flower induction ;n a 24-hour cycle. The duration
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Solid line, FL %; dashed line, #VF.

FIG. 7. (top right). Determination of the critical daylength for flower induiction on a 36-hour cycle. The
duration of the experiment was 12 days with the last 3.5 days continuous light for all treatments except the short-
day control. The light period for the first cycle was 9 hours shorter than indicated. Solid line, FL %; dashed line,
#VF.

IJIG. 8. (bottomii left). DeterminaStion of the critical daylength for flower induction on a 48-hour cycle. The
duration of the experiment was 13 days with the last 3 days continuouts light for all treatments except the short-day
control. Solid line, Fl, %; dashed line, #VF.

FIG. 9. (bottom right). Determination of the critical (laylength for flower iniduction oin a 72-hour cycle. The
duration of the experiment was 12 days with the last 3 days continuouis light for all treatments except the short-day
control. Soli(d litne, Fl %, dashed line, #VF.

cycles, and the resullts are presented in fifgures 7 to 9.
h'l'e critical daylength increases with cycle 'length;
howvever, the critical night length is quite similar for
each of the 'different cycles. In figure 10 the FL %
results for the 4 different 'cycle lengths from figures
6 to 9 have been plotted against dark period length.
The critical night length increases slightly 'with longer
cycle lengths for the 24, 48 and 72-hour cycles.
However, the critical night length for the 36-hour
cycle, instead of falling between that of the 24 and
48-hour cycles, is almost 2 hours shorter than that of
the 24-hour cycle.

'l'hese results indicate that darkness exerts a strong
inhibitory effect on flowering. The imiportance of
(lark inhibition has been further demonstrated in a.
different kind of experiment (fig 11). Plants were
given 2 'long days, followed by various treatments
during the third day, then 2 additional long davs and
finally 7 short days ifor a 12-day experiment (2LD-Day
3-2LD-7SD). During the third day plants were
given light-dark 'cycles from 24L:OD to 3L:21D to
examine the effect of increasing amounts of darkness
on flowering. As the length of the dark period during
the third day was increased, there was a marked
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O. (left). Comparison of the critical night length on 24, 36, 48, and 72-hour cycles.
1. (right). Inhibitory effect of darkness on flowering when given during the third day of a 2LD-Day
D schedule. Short-- and long-day controls were counted after 12 days. Solid line, FL %; dashed line,

decrease in the FL% and a corresponding increase
in the 4VF. Thus, the results of this type of ex-

periment agree with those of the earlier experiments
by showing that darkness definitely exerts a strong
inhibitory effect on {'lowering.

Discussion

Kandeler (12) originally reported that the flower-
ing response of L. gibba G3 was long-day dependent.
However, in a later (paper Kandeler (14) failed to
obtain flowering on a lOL:14D regime with a short
red-light treatment 10 hours after the start of the
dark period. Consequently, he considered that the
flowering response of L. gibba G3 was not strictly
photoperiodically controlled, and thus referred to it
as a day-neutral plant (15). However, results to ibe
published elsewhere (6) demonstrate conclusively that
L. gibba G3 is sensitive to short interruptions of the
dark period by red light. Furthermore, the results
of the present study clearly indicate that L. gibba G3
is not a day-neutral plant since, although it will grow

on photoperiods as short as 1 or 2 hours, it will not
flower unless the daily photoperiod is longer than
about 10 hours. This response defines L. gibba G3
as a long-day plant regardless of its sensitivity to
various light interruption treatments (11, 16, 20).

The critical dayleng-th of 9.5 to 10 hours for a

24-hour cvcle is 2 to 3 hours shorter than that reported
by other workers (12,18). The most likely explana-
tion for this difference is that conditions for flower
induction were not optimal in the other investigations.
It has been observed that with a reduction in the level
of flower induction there is a slight increase in the
critical daylength 'for a 24-hour cycle ('Cleland, un-

published results). Furthermore, Kandeler (12) ob-
tained results with L. gibba G1 which suggested that
a slight increase in the temperature could cause an

increase in the critical daylength by about 2 hours.
Thus it appears that the critical daylength of L. gibba
is fairly sensitive to environmental conditions, and
only under optimal conditions is a critical dayvlength
of 9.5 to 10 hours obtained for L. gibba G3.

There appears to be a good correlation between
the maximum !frond size allowing flower induction
(:0.05-0.07 mm long) and the size of a frond when
daughter-frond production first begins (approxi-
matelv 0.05 mm long). This correlation suggests
that once the first daughter frond has been formed in
the -minus ipocket it in some way inhibits the activity
of the meristematic area that could normally form a

flower in this minus pocket. iConsequently, the parent
frond is no longer capable of f-lower formation even

though a mature 'frond more than likely can form the
flowering stimulus.
A finding which confirms the preliminary result

of Hillman (8), is that long days are required not
only for the fornation of flower primordia but also
for at least the early stages of their development into
mature flowers. Although the results are still some-
what preliminary, the evidence suggests that unless a

flower primordium passes a certain size (approxi-
mately 0.2 mm long and 0.3 mm wide) by the time
of transfer to short days, or very shortly thereafter,
it will not develop past this stage and will eventually
abort and disappear.

At present there is no evidence to suggest what
may be special about the above size. However, it
would seem to correspond to some critical stage in
the development of a flower -primordium. Since the
flower primordium lacks any visible chlorophyll it is
obvious that its growth is dependent upon photosyn-
thetic assimilates and growth factors obtained from
the mother ifrond. Some of these substances may be
similar to those that stimulate the growth of young
fronds of L. minor (1). In addition, the early growth
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of the flower Eprimordiulm after induction is clearly
dependent upon somiie ad(litional factor that is only-
formed by flowsering fronds. It is temipting to postu-
late that this factor is, in fact, the flowN-ering stimulus,
but it is equally possible that it is some other substance
whose formation is d(lpendent upon the presence of
the flowering stimulus. Sutpport for the involvement
of the flowering stimutltus in flower development is
providied hy preliminary experimileInts whiclh indicate
that on a 24-hour cycle the critical daylength for
flowrer initiation and flower development are quite
simiiilar, although not necessarily tlle same. Further-
more, attem-ypts to define conditions that would permit
flower development but not flower initiation have so
far not been successfuLl. Tlhis close similarity in the
photoperiodlic requiremenits for floxver initiation and
flowver development suggests that the flowxering
stimulus is required both for the initiation of flower
primiordia and also for their developm-ent, at least
until they reach the above critical size.

The simlIarity in the critical night length for
different cycle lengths, contrasted with the widely
different critical daylengths, can be explained in
terms of an inhibitorv effect of darkness on flower
development. For instance, oii a 48-hour cycle with
a 32L :16D regime flower primordia are presumably
formed duiring the first 24 lhours of continuous light.
Duiring the second 24 lhours, the concluding 16-hour
dark period wouild prevent any further flower initia-
tion. In a(ldition, it woulldc also arrest the growth of
the flower prtmordia that xvere formed during the
first (lay and cause them to abort. The same ex-
planation applies to the 72-hour cycle, except that in
this case ipossibly a slightly longer dark period would
be needled to catuse all of the flower primordia that
were fornmed during the first 2 days5 of continuous
light to abort.

In som-ie long-day plants such as Hvoscvamus,
flovering is obtained with a 9-hour photoperiod i,f the
accompanying dark period is quite short or very
long, buit not if it is of intermediate length (3,4, 7).
In L. gibba G3, because darkness inhlbits both the
init:at:on and early development of flower primordia,
flowering is absent on any light-darlk schedule in
vhich the dark period is longer than about 14 to 18

hoturs. Thus experiments si,milar to those carried out
xv-ith Hvoscivannis are not possible. However, the
influence of cx-'e leng,th onl foowering has been shown
for 1. gibbt&G3 by keeping the dark period shorter
than 14 hours and varying the length of the light
periodl. W'hleniplants were grown on various cycle
lengths froml 24 to 72 hours with a 10-hour dark
period, the Fl, % - 70 tG 74 for the 24, 48, 60 and
72-houir cycles. Hov,-ever, the FL % = 41 for the
36-hour cycle. The influence of cycle len-gth on
flowering was also showvn by the finding that the
critical night-length was shorter for the 36-hotur cvcle
than for the other cycle lengths (fig 10).

The above results indicate that the relative time
of dark treatment can be more important than the
frequency of dark treatment. For instance, on a

12L :12D regime (24-hour cycle) the plants receive
a 12-hour dark period each day, and the level of
flower iniduction is nearly 550 %. WAith a 24L:12D
regime (36-hour cycle) the plants receive 24L OD;
12D:12L; and 12L:12D over 3 successive davs, and
thus receive less total, darkness than with the 12L :12D
regim-e. Yet the level of flowering is practically
zero. These results agree xith those reported b)
Nakashima (17) by showing that a given dark period
appears to exert a stronger inhibitory effect on flow-
ering on a 36-hour cycle than on 24, 48, or 72-hour
cycles. However, since the flowering response on a
60-hour cycle wvas as good as on a 48 or 72-houi
cxvcle it seems clear that the interaction of 2 dark
perio(is which leads to an enhanced inhibitory effect
on f'owerin,g only exten-ds ov-er a relatively short
light period.

The mechanislm- by which darkness inhilbits floxver-
in,g in long-day plants is not known. One Ipossibility
is that (larkness in some way interferes with the
translocationi of the flowering stimulus in the phloem
(16). However, since the vascular tissue in a Lemna
frond is greatly reduced and the distances involved
are less than 1 cirn (10), it seems very unlikely that
the phdloem is of any real importance for the movenient
of the flowering stimulus wvithin the frond.

A second explanation for the inhibitory effect of
long dark periods on flowering is that the flowering
stimulus is utnstable (luring the dark. Although this
possibility can not be eliminated and may very well
be of some importance, it seems rather unlike!v that
it cou'ld be the sole basis for the dark inhibition effect.
The sharp break betwveen dark iperiods that completely
inhibit flowvering (14.5 hrs and longer) and those
that ipermit some flowering (14 hrs and shorter)
argues against the dark decay of the flowering
stimuluis as the sole basis for the dark inhibition effect.

It seems more probable that the shar,p break be-
tween inductive and non-inductive light-dark cvcles
results from the interaction of the flovering stimulus
wxith a light-labile flower inhibitor that is formed
durinig the dark period. Since there is no flowering
on a .50L :22D regime even though the photoperiod
is clearly long enough to result in the formation of
the flowering stimulus, it would appear that the
flower inhibitor (i.e., darkness) acts to inhibit the
funct:oning of the flowering stilmiulus, as w%ell as
presumably inhibiting its formatioln. At present there
is no information on the nature of the presumed
flower inhibitor, buit it is hoped that future work may
provide some information on this question.
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