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Studies on the photoperiodic sex differentiation in
cucumber, Cucumis sativus L. 1

Aging effect on the photoperiodic de-
pendency of sex differentiation”

Eisuke MATSUO, Shumpel UEMOTO
and Eiji FUKUSHIMA

After the discovery of photoperiodism in flowering of tabacco plant
(Garner and Allard,1920), during about 40 years, studies on the photo-
periodic responses in plants have made clear that most kinds of plant
growth are controlled photoperiodically and also that not only photo-
period and temperature but also light quality (Borthwick, Hendricks,
Parker, et al., 1948, 1950, 1959, Stolwijk, 1954, Esashi, 1963, 1966, Esashi
and Oda, 1966), light intensity (Borthwick and Parker, 1938, Naylor,
1941, Jones and Bailey, 1956, Esashi, 1961, 1965), and plant age (Borth-
wick and Parker, 1938, Long, 1939, Esashi, 1963) are concerned with
photoperiodism.

In the previous paper, the authors has got an insight that there might
exist photoperiodism on the sex differentiation in cucumber (Matsuo,
1968). That is, in “Higan-fushinari” short day (SD) promoted the
male differentiation and long day (LD) promoted the female one. The
other fact was that even if plants were grown in SD condition, they
bore female flowers after a certain period of growing. This means
that plant becomes to bear female flowers on the upper distal nodes on
the main stem, even if grown in SD condition. This fact brought about
a problem how much the female differentiation becomes to be dependent
on SD with the progress of aging. That is, with aging, in other words,
when plants grew older gradual feminization has been obtained through-
out the experiments. Therefore, even if the number of female flowers
increased, when a long duration of LD induction was given to plant,
it is impossible to decide whether such feminization was brought about

1) Contributions from Horticultural Laboratory, Faculty of Agriculture,
Kyushu University, Fukuoka,
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by the daylength treatment or by the aging. To solve this problem,
it must bc known whether the sexdifferentiation is affected by a short
duration of photoperiodic treatment. This is one of evidences which
can show that the sex differentiation is dependent on photoperiod.

On the other hand, it may be thought that the female differentiation is
not dependent on LD, and the male differentiation will proceed, in turn,
when SD stimulus is not produced. This situation will mean that
feminization depends on the plant growth and that the nutrition and/or
growth hormones are directly concerned with sex differentiation. It is
well known in the case of Arisaema and Begonia that female flowers
are differentiated when the tuber is of rather big size and its C/N
ratio is rather high, while male flowers are differentiated when the tuber
is smaller in size, and its C/N ratio is rather low. It may be safely
said in the case of Arisaema and Begonia, therefore, that LD condition
is concerned with the sex differentiation through the increasing of C/
N ratio because LD condition will accumulate much more carbohydrates
than SD one. In such case the photoperiodic response is not dependent
on the cyclic change of day and night but on the nutrition or hormo-
nal condition. This phenomenon can not be taken as the real photoperiod-
ism (Esahi, 1967).

To solve the problem whether the sex differentiation is determined
by photoperiodism, by the accumulation of growth substances, or by
changing of C/N ratio, it will be one of the basic projects to inves-
tigate how much the male flower formation and the female flower
formation depend on daylength.

In this paper, therefore, the following items were carried out to clar-
ify whether the sex differentiation is determined photoperiodically as the
flower formation or done nutritionally and hormonally as in the cases
of Begonia and of Arisaema; (1) Relationship between aging and
responsiveness of sex differentiation, (2) number of SDs and LDs re-
guired for photoperiodic induction in sex differentiation, (3) relative
greatness of SD response to LD response induced by photoperiodic treat-
ments.

The authors want to express their gratitude to Dr. Kunimitsu Fuji-
cda, for his supplying seeds of cucumber with a good grace.

Materias and methods

Seeds of cucumber “Higan-fushinari” and “Sagami-hanjiro” were
supplied by Dr. K. Fujieda, Oita Agric. Tech. Center, Usa, Oita
Pref., Japan. They were germinated in darkness at 33°C. Each



289

seedling was transplanted into a 10 X 10 cm plastic pot, filled with
sand, and was watered with Ilypcnex 1000 times solution. Seedlings
were grown either in ccntinucus light (LD 24: 0) or in short-day
(LD 9: 15) until they were served for experiments. Temgerature of
room from 8: 30 A.M. to 5: 30 P. M. was kept at 30°C and the rest
was kept 25°C. From 6 to 8 plants were used for each plot of experi-
ments. After the treatment for scveral days, plants were removed
and grown under the same cenditicn as before. All the experiments
were carried out in the Phytotron, attached to the Biotron Institutc,
Kyushu University.

To denote the features of sex differentiation, the following items
were adopted: Number of female nodes from the 4th to thc 10th nodes
on the main stem counted frem the proximal end, and/or percentage
occurrence of the female node on the main stem.

Experiments and results

Experiment |, Changes in SD and LD responsiveness
with the plaxt age

“Higan-fushinari” was grown in continuous light at the air tempera-
ture of 30°C in daytime (from 8: 30 A. M. to 5: 30 P. M.) and of 25°C at
night (from 5: 30 P. M. to 8 : 30 A. M.). Plants were treated with SD
for 10 days at the different ages which were counted with number of
unfolded leaves. After the treatment they were removed and grown
under the same conditions as before.

Results were summarized in Table 1 and Fig. 1.
Ito and Saito (1957) with variety “Sagami-hanjiro” observed that when

the photoperiodic treatment was given for a shorter period, if plants
were at the age of 4 leaves, the effect was greatest, and at much earlier

Table 1. Effect of SD treatment given at various ages
of cucumber seedling “Higan-fushinari.”

Ages shown in number of Number of female nodes occurred
unfolded leaves between the 4th and the 10th nodes

0 (right after the cotyledons 47

unfolding) )

1 34

2 1.0

3 3%

4 5.0

5 55

Continuous light 7.0
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and later ages the effect decreased. With “Higan-fushinari,” as shown
in Table 1 and Fig. 1, male nodes appeared most frequently when the
treatment was given at the age of 2 leaves, and they decreased with
the progress of aging. The influence of SD treatment was clearly
observed on the nodes from the 4th through the 12th. The nodes affect-
ed by the treatment became to be localized at lower position along
the main stem, and showed ascending, in turn, towards the upper distal
portion with aging.

LD control

100

S0P

Percentage of female node

0 5 10 15
Nodal order

Fig. 1. Effect of SD treatment on the sex differentiation of cucumber “Higan-fushinari.”
Numbers set in the figure designate the age of seedlings as shown in the num-
ber of unfolded leaves.

Experiment 2. Number of SDs and LDs required for the
male and female differentiation

“Higan-fushinari” and “Sagami-hanjiro” grown in SD (LD 9 : 15) or LD
(continuous light, LD 24 :0) were used. Air temperature and supple-
mental light conditions were set as the same as in Experiment 1. With
“Higan-fushinari” 5 or 10 SD cycles were given to seedlings grown in
LD, and 5 or 10 LD cycles to those grown in SD at the age of 2 or 4
leaves. With “Sagami-hanjiro” the same kind of treatment was given
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exclusively at the age of 4 leaves.
The results are shown in Figs. 2, 3 and 4.

With “Sagami-hanjiro” 5 days of SD or LD treatments took effect on the
sex differentiation and there was no significant difference in the effect
between 5 days- and 10 days-treatments. With “Higan-fushinari” 10
days-treatment took more effect on sex the differentiation than 5 days-
one at the age of 2 leaves. At the age of 4 leaves there could not be notic-
ed any significant difference in the effect between 5 days- and 10 days-
treatments.

Experiment 3. Photoperiodic dependency of sex differentiation

As shown in Figs. 2, 3 and 4, with “Sagami-hanjiro” the greatness of
the effect of SD treatment to the LD grown seedlings was quite the
same as that of LD treatment to the SD grown seedlings. With “Higan-
fushinari” it was almost the same as with “Sagami-hanjiro™” at the age
of 2 leaves. At the age of 4 leaves the SD effect seemed to be supe-
rior to the LD effect.

Discussion

Change of responsiveness in photoperiodic induction with aging
Tto et al. (1954), Fujii et al. (1955) and Sekiya (1957) observed that

SD control

100
!

,'5 days LD

S
_.'.,,10 days LD

<
r
I
1
~

100

10\days SD
5days SD ?'s
ot « . LD control

NP T

Percentage of female node

. \
S

Nodal order
Fig. 2. Effect of LD and SD treatments on the sex differentiation in
cucumber “Sagami-hanjiro,” Daylength treatments were given to
seedlings at the age of 4 leaves.
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the sex differentiation occurred at first on the 3rd or 4th node on the
main stem and it was followed by the occurrence on the upper and
the lower nodes. As the flowers, whose sex is not fixed, are put or
exposed under the influence of photoperiodic treatment, the portion where
the cflect of treatment is brought about is concerned with the time of
treatment, that is, with the age of plants at which the treatment is
given. For instance, if the treatment is given at the age when the sex
on the 3rd os 4th node is going to fix, its influence will be observed
on the nodes situated around the 3rd and 4th nodes, the influence be-
comes to be seen on the upper and lower nodes of the 3rd and 4th ones.
A

IR
Ay

10 days SD
Woperm = = = o= 100
. SD control
- ’.L.S days 8D
:E 5([11_\'5.I4D
: S control
S 9 0 e
)
o TrTTTY : 100 v
B 100 LD control . Il"”'ﬂ"L \\ oy \\ LD controt 4
) ¢ A N
é i . \ 10 days bl),:'/
& R ! U A} =7
5days SD [} - =
- 1 .o ..
10 days sD '.-.....:-
‘ 5days SD
e ¢ 0 ' \ , \
4 6 8 10 12 4 6 8 10 12
Nodal order Nodal order

Fig. 3. Effect of LD and SD treatments on the sex differentiation in cucumber

“ligan-fushinari,” Treatments were given at the age of 2 leaves (A) and
of 4 ones (B).

As mentioned previously, Ito et al, Fujiietal and Sekiya observed
that the sex determination is most advanced on the 3rd and/or the 4th
nodes. One of the authors (1968) confirmed that the blind nodes shifted up-
wards at higher temperatures and that the development of flowers became
to be most advanced on the first and second nodes. Fujieda et al. (1965)
observed that flower opening advanced on the lower nodes at lower tem-
peratures. These facts will suggest that the position of node where the
flower development and sex differentiation took place at first showed
definite variation according to environmental conditions. The growing
conditions of seedlings tested, therefore, were fixed in this series of
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the experiment. As shown in Figs. 1 and 4, the treatment at the age
of 2 leaves affected the stem position of 4412th nodes, and such affected
portion by the treatment was shifted towards both lower and upper
nodes with the progress of aging. The influence of treatment has been
diminished and became to be lost at last. The same tendency had been
obtained also by Ito and Saito (1957) and Minamikawa et al. (1958) ;
when a short duration of temperature and photoperiodic treatment was
given at the different age of seedlings after the expansion of cotyle-
dons. When the treatment was given at the age of 20-25 days old after
cotyledon expansion, when plants had been provided 2-4 leaves, the

Number of female nodes on the main
stem from the 4th to the 10th node

Age in number of leaves “Higan-fushinari”  “Sagami-hanjiro”
2 : 1.0 5.3
}-} 4.4
J |} 6.8
i-} 0.6 1.2
-1} 0.4 1.2
TRTPEERY & i ELCCCKKRRRRRER R 1.0
SYTTTRRRRRTTRRRY - EERRRRRRRY 3.7 3.6
O e 7.0 0.1
— SD H Sdays SD
......... LD I°1 5days LD

Fig. 4. Effect of the photoperiodic treatments on the sex
differentiation in cucumbers.
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influence was greatest. No influence was observed, when the plants
were treated not only just after the expansion of cotyledons but also
at much advanced stages of growth. Peterson and Anhder (1960) and
Fujieda (1963) observed male flowers on the nodes corresponding with
the age of plants which were treated with gibberellic acids. It is
wonder, however, if the same degree of male flower formation will be
expected by the GA application of the same concentration as they used,
when the plant age advances much more.

According to the data by Ito et al. and the present authors, the rela-
tionship between the plant age, when plants were treated with a short
cycles of temperature and/or photoperiodic treatments, and the localiza-
tion of nodes where the influence of such treatment was observed will
be summarized schematically as in Fig. 5.

» =
)
. ]
)

j
L 1
= !
° I
35 !
2 i :
|
'
)
0 D

Plant age

Fig. 5. Schematic representation of changes of responsiveness to environmental
conditions for the sex differentiation in cucumber (Explanation is given in

the text).

The curve (1) shows the relationship between the plant age when
plants were treated and the nodal order where the influence of treat-
ments appeared. The curve (2) shows the relationship between the
treated age of plant and the nodal order where the sex of flowers was
not affected by the treatment because of the advanced age of plant.
The influences of photoperiodic treatments, therefore, could be obtained
as the area enclosed by two curves, (1) and (2).

There is no effect of the treatment at the age 0—A, because such
young seedlings do not show any sensitivity to external stimuli.

The effect of treatment at the age A—B is expected on the area (a).
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When the treatment is given at the age B—C, the effect will be
obtained as the areas (b,) and (b,). When plants pass the age B, their
sex determination will begin at nodes situated around B,.

If the treatment is given at the age C—D, the effect will be taken
into count only with the area of (c). Because the sex of each flower
on the lower proximal nodes has been already determined before the
age C.

There can not be observed any effects of treatment at all after the
age D.

Thus, the influences of treatment could be observed with the nodes
situated on the stem between 0 and D,, when plants were treated at
their age A-D. A rather short duration of treatment could not affect
the sex expression when it is given either before the age A or after
the age D. The responsiveness of the sex differentiation to environ-
mental factors increased gradually until age B and after that it defi-
nitely decreased with aging.

Thinking of the sex expression in cucumbers (Fig. 5), both “Higan-
fushinari” and “Sagami-hanjiro” bore female flowers on nodes from the
proximal to D, seemed to be controlled more or less easily by environ-
mental factors. Under the uniformity of conditions, sex is determined
along the curve (1). If it is SD condition, “Sagami-hanjiro” bears female
flowers, and “Higan-fushinari” bears male flowers, and vice versa if it is
LD condition. When plants were treated with a rather short duration
of treatment at the age A-D, the influences appeared as represented by
the area enclosed by two different curves (Fig. 5). If the SD treatment
was given to “Sagami-hanjiro” seedlings grown in LD, female flowers
appeared on the nodes whose localization is corresponding to the plant
age when the treatment was given, In the case of “Higan-fushinari,”
grown in LD, SD treatments caused male differentiation on the nodes
localized corresponding to the treated age. On the contrary, in the case
of SD grown seedlings, LD treatments caused female differentiation.
The age D in “Higan-fushinari” was thought to be of 4-5 leaves (Exp.
1). As seen in Fig. 4, however, there occurs a tendency that the nodal
order D, is just a little bit higher when LD treatments are given to
SD seedlings than when SD treatments are given to LD ones. This
may suggest that the SD dependency of sex differentiation is greater
than LD one at the age D, and as the result, male flowers, i.e., SD res-
ponse, appear (Fig. 1) when SDs are given to LD seedlings at the age
of 4 or 5 leaves (Figs. 1 and 4), though there appear no effects of LD
treatments on SD seedlings (Fig. 4). At lower temperatures, flower
development and sex differentiation advance towards lower proximal
nodes. This may suggest that the area in the figure will change to
some extent according to growing conditions.
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Thus, the responsiveness of sex differentiation to photoperiods and
temperatures becomes to be greatest at a certain age, and it decreases
before and after that age and the sexuality inclines to femaleness with
the advance of aging (Fig. 6).

Sensitivity
Feminization
Flowering

Age Age Age

Fig. 6. Schematic representation of the relationship between plant age
and sensitivity to external factors and responsiveness of female
differentiation and of flower formation.

This may be compared with the changing of responsiveness and in-
creasing of flowering ability with aging. That is, when SDPs receive
SDs and LDPs receive LDs, they could respond to these photoperiods.
This is called as the photoperiodic induction, and it is well known that
these photoperiodic stimuli are received by leaves, especially young
ones (Borthwick and Parker, 1938, 1939, Hamner and Naylor, 1939, Ham-
ner and Long, 1939). The ability that plants respond to the photo-
periodic stimuli, i.e., responsiveness increases with aging in general.
Kalanchoe and soybeans being originally SDP, they can flower even in
LDs as they age (Parker and Borthwick, 1939, 1940, Heinze et al., 1942).
This is because the reproductive growth response which acts against
the vegetative growth response increases with aging.

In the case of sex differentiation, the following may be proposed ;
There can not be detected any responsiveness at first. With aging,
however, the effect which promotes male differentiation increases, and
it precedes the effect of female promotion at the younger age. And
the latter becomes to overcome the former with the progress of plant
age.

Esashi (1963) suggested with Begonia that the destruction of stored
substances in the tubers can increase the SD responsiveness, and also
that it will come about possibly through the agency of immature leaves.

That is, the immature leaves could inhibit the responsiveness to
SDs. Such an inhibitory action of immature leaves have hitherto been
observed in soybeans (Fisher, 1955), cocklebur (Lincoln et al., 1956),
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Kalanchoe (Muscik, 1959), etc. It may be a common phenomenon in
SDPs. On the other hand, Saito and Ito (1961) studied in detail with
cucumbers the action of leaves on the sex expression using “Sagami-
hanjiro” which promotes femaleness under SD conditions. They con-
firmed that immature leaves inhibit female differentiation, and thought
that this inhibitory action of immature leaves is due to the action of
auxins. In “Sagami-hanjiro” growth response and auxin contents are
small and scarce under conditions as SDs and low temperatures which
promote female differentiation (Ito and Saito, 1960). These facts will
support the possibility that auxins have a certain positive connection
with sex differentiation. Matsuo (1968) with ‘“Higan-fushinari,” however,
observed that stem elongation did not always take place along with
the male differentiation. This may suggest that all the development
of flowers and their sex differentiation are not explained by the condi-
tion of auxin and other growth substances.

In “Higan-fushinari,” the influences of temperature and photoperiodic
treatments were clearly manifested on the differentiation of male and
female flowers. On the other hand, in “Sagami-hanjiro,” they revealed
the variation in occurrence of the first female node, but not in the
number of female nodes. These results will safely support that it may
be the best way to evaluate effects of treatments to use the frequency
of male or female nodes for “Higan-fushinari” and the location of the
node with the first female flower for “Sagami-hanjiro.” Therefore, in
the present series of studies, in the case of “Higan-fushinari,” seedlings
were treated for 10 days at the age of 2 or 3 leaves and the results
were discussed upon number of male or female nodes occurred from
the 4th through the 10th nodes on the main stem. In the ,case of
“Sagami-hanjiro,” seedlings were treated for 10 days at the age of 4
leaves and the effect was denoted by the variation in occurrence of
the first female node.

Number of photoperiodic cycles

It is well known that cucumbers bear female flowers after a certain
period of growing has passed, that is, they have a tendency of gradual
feminization as they age. This gives us a question to what extent the
male differentiation in “Higan-fushinari” and the female one in “Sagami-
hanjiro” are dependent on the SD condition. This means that if plants
are treated with a certain temperature and photoperiod for a number
of days, for instance, throughout the experiment, it is quite impossible
to tell whether the sex differentiation is due to those treatments or to
the progress of aging. Therefore, to know that the sex differentiation
is dependent on photoperiod, it is necessary to clarify if male or female
differentiationis promoted by the photoperiodic treatment for a very
short duration.
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It has been known in flower formation that a few cycles of photo-
period can cause photoperiodic induction, and that the increase of num-
ber of cycles could force the flowering and increase the number of
flowers (Garner and Allard, 1923, Borthwich and Parker, 1938, Hamner
and Bonner, 1938) and also that the less number of cycles was necessary
to induce the same photoperiodic induction as they grew up older (Long,
1939, Yoshida, 1960).

Using “Sagami-hanjiro” Tto and Saito (1957, 1960) studied the num-
ber of SD cycles which could induce the female differentiation. They
disclosed that only 2 cycles of SD can cause lowering of the site of
first female node and an increasing of number of female nodes, and
that effectiveness of SD treatment enlarged with the amount of SD
cycles given. With “Sagami-hanjiro,” the authors did not found out
any differences in the appearance of the first female node and also in
the number of female nodes occurred between 5 and 10 cycles of SD
(Figs. 2 and 4). In “Higan-fushinari,” however, the effect of 5 cycles of
SD was greater than that of 10 cycles of SD, when seedlings
were treated at the age of 2 leaves. When they were treated at the
age of 4 leaves, there could not be found any differences between those 2
kinds of SD treatments. This situation may be caused by the fact that
the female flower formation by SD treatment at the age of 4 leaves
was rather slight in amount as compared with that at the age of 2,
because the tendency of such female flower formation showed a definite
increase with aging.

Photoperiodic dependency of sex differentiation

In the above, it was confirmed that the tendency of female flower
formation increased with age not only in “Higan-fushinari” but also in
“Sagami-hanjiro,” and that the sex differentiation could be controlled
by several cycles of photoperiodic treatment.

As it may be thought that the young flowers which are under her-
maphroditic state are directed to develop into male or female one as
the result of a certain antagonistic reaction between the LD response
induced by LD and the SD response induced by SD, it must be useful
to clarify which of SD and LD responses is greater than the other.

In “Higan-fushinari,” the relative amount of SD response (male flower
formation) and that of LD one (female flower formation) was almost
the same at the age of 2 leaves, but at the age of 4 leaves
the former became to be greater than the latter (Figs. 3 and 4). This
was also indicated in the observation that the lowest node of Pistillate
phase was located at higher portion when LD grown seedlings were in-
duced by SD than when plants were grown up in SD condition through-
out the experiment (SD control).
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In general, plants show a tendency of making transition to repro-
ductive stage without difficulty as they age. Concerning this, it is well
known that there are distinguished three different types of daylength
requirement. Plant belonging to the first type show a qualitative day-
length requirement, never losing its requirement though it shows
definite decrease in amount, and continue its vegetative growing so long
as the ordinary temperature is prevailing (begonia and cocklebur).
Plants of the second type are those having a certain requirement, and
they become to lose their daylength requirement with age, and enter
into reproductive stage even under photoperiods unfavourable for the
reproduction (soybean, rye and wheat). Plants of the third type are
those called as day-neutral plants which have no photoperiodic require-
ment for their reproduction from a relatively early stage just after
germination (tomato and sunflower)., The differentiation of these types
is very significant because of its assumed relation to the mechanism of
differentiation of ecological varieties of such as rice and soybeans (the
transition of type | into type Ill corresponds to the evolution of the
early mature variety from the late mature variety (Esashi, 1963).

There have been konwn a number of varieties in cucumber. Fujieda
(1966) classified them into the following 4 types of sex expression accord-
ing to the ability to bear female flowers;

(1) Monoecious type: Some flowers are pistillate and some others
staminate.

(2) Mono-gynoecious type: The proximal part of the main stem shows
the monoecious and the upper distal part the gynoecious con-
dition.

(3) Gynoecious type: The flowers are usually pistillate, but a few stam-
inate ones are produced under a certain definite environment.

(4) Andro-monoecious type: Some flowers are hermaphrodite and
others are staminate.

If the word “flowering” is substituted by the word “feminization”
from the view point of the easiness of transition from maleness to
femaleness with age, it can be thought that the varieties belonging
to monoecious type and to gynoecious type, except “MSU 713-5,” are
classified as the Il type of flowering and that “MSU 713-5" as the III
type, that is a day-neutral form.

In the previous paper, Matsuo (1968) stated with “Higan-fushina-
ri” that LDs promoted female differentiation, the critical daylength for
male differentiation was about 15 hours at 30-33°C, and that lower
temperatures promoted female differentiation. In Exp. 1, the authors
could confirm that female formation increased with age, sex differentia-
tion was affected by several cycles (extending only a short duration)
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of photoperiodic treatments, greatness of the SD response and that of
the LD one at the age of 2 leaves were almost the same, but at the
age of 4 leaves the former was just a little bit greater than the latter.

From these results it can be duly concluded that there is a photo-
periodism in the sex differentiation of cucumbers like in the flower forma-
tion in plants. In consequence they indicate that “Higan-fushinari” and
“Sagami-hanjiro” will be taken as LDP and SDP for female differentia-
tion, respectively.

Summary

1. Using cucumber varieties, “Higan-fushinari” and “Sagami-hanjiro,”
the experiments were carried out in the Phytotron to know the aging
effect on the sex differentiation and the effect of SD and LD treat-
ments.

2. Aging effect was examined by using the seedlings grown in con-
tinuous light and being treated with SD for 10 days at the different
ages and observing the male nodes on the main stem which were
brought about by SD treatment.

3. The influence of the treatment at the age of 2 leaves appeared at
the portion extending from the 4th through 12th nodes along the main
stem, and that decreased, in turn, with age and only a little influence
could be observed when the treatment was given at the age of 5
leaves.

4. The portion of stem where influences of treatment were brought
about did not always shift upwards along the main stem, but it low-
ered along the main stem from the upper part where the development
of flowers advanced most.

5. The effect of number of cycles of photoperiodic treatment given
and the effectiveness of LD or SD cycles were examined using SD-
and LD-grown seedlings. “Higan-fushinari” was treated with SDs or
LDs for 5 or 10 days at the age of 2 or 4 leaves. “Sagami-hanjiro”
was treated with SDs or LDs for 5 or 10 days at the age of 4 leaves.

6. In “Sagami-hanjiro,” no difference in the effect between 5 and 10
days treatments was observed. In “Higaan-fushinari” the effect of 10
days treatment was greater than that of 5 days one at the age of 2
leaves. At the age of 4 leaves, however, the difference between them
was not clear.

7. Effectiveness of SD treatments and that of LD ones were the same
in “Sagami-hanjiro” and in “Higan-fushinari” at the age of 2 leaves.
In the latter form at the age of 4 leaves, however, effect of SD treat-
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ments was greater than that 0f LDs.

8. From these results, considering together with those of the former
paper, it is concluded that there could observe the photoperiodism in
the sex differentiation of cucumber like in the flower formation in
plants.

Literature cited

Borthwick, Il. A. and Parker, M. W. 1938. Photoperiodic perception in Biloxi soy-
bean. Bot. Gaz. 100: 374-387.

—— and ——, 1938. Effectiveness of photoperiodic treatments of plants of different
age. Bot. Gaz. 100: 245-249.
——, Hendricks, S. B. and ——. 1948. Action spectrum for control of floral initia-

tion of a long-day plant, Wintex barley (Hordeum vulgare). bid. 110: 103-118.

——, Parker, M. W. and Hendricks, S. B. 1950. Recent developments in the control
of flowering by photoperiod. Amer. Nat. 84: 117-134.

Esashi, Y. 1961. Studies on the formation and sprouting of aerial tubers in Begonia
evansiana Andr. VI. Photoperiodic conditions for tuberization and sprouting
of plants. Sci. Rep. Tohoku Univ. Ser. IV(Biol.) 27: 101-112.

——, 1963. Do. VIII. Dual effect on tuberization of near infrared light given in
dark periods. Plant and Cell Physiol. 4: 135-143.

——. 1963. The mechanism of aging in Begonia. Tohoku J. Agr. Res. 14: 37-56.

--. 1965. Biological clock and creatures (1). Nature (Shizen) 20 (11): 17-24.

——. 1965. Do. (2). Ibid. 20 (12): 68-75.

—— and Oda, Y. 1966. Two light reactions in the photoperiodic control of flow-
ering of Lemna perpusilla and L. gibba. Plant and Cell Physiol. 7: 59-74.

——. 1966. The relation between red and blue or far-red light in the night inter-
ruption of the photoperiodic tuberization in Begonia evansiana. lbid. 7: 405-414.

——. 1966. Effects of light quality and gas condition in the main light period on
the photoperiodic tuberization of Begonia evansiana. Ibid. 7: 465-474.

Fisher, J. E. 1955. Floral induction in soybeans. Bot. Gaz. 117: 156-165.

Fujieda, K. 1963. Cucumber breeding. Ill. Studies on the method of establish-
ing the inbred gynoecious strains in cucumber. Bull. Hort. Res. Sta., Minist.
of Agric. and Forest. Japan, Ser. D, No. 1: 101-116.

-, Yamato, M. and Akiya, R. 1965. Do. IV. Studies on the artificial raising of
the gynoecious strains and on the ecological characteristics of these strains.
Ibid. No. 3: 37-56.

——. 1966. A genecological study on the differentiation of sex expression in cucum-
ber plants. Ibid. No. 4: 43-86.

Fujii, T., Itagi, T., Itd, H., Hashimoto, K., Sawada, E. and Tamura, T. 1954. Ecolo-
gical studies on cucumber varieties (In Japanese). Ecological studies on vegeta-
bles : 6-15.

Garner, W. W. and Allard, H. A. 1920. Effect of the relative length of day and night
and other factors of the environment on growth and reproduction in plant.
J. Agr. Res. 18: 553-606.

—— and ——, 1923. Further studies in photoperiodism, the response of the plant
to relative length of day and night, Ibid, 23: 871-920,



302

Hamner, K.C. and Bonner, J. 1938. Photoperiodism in relation to hormones as fac-
tors in floral initiation and development. Bot. Gaz. 100: 388-431.

—— and Long, E.M. 1939. Localization of photoperiodic perception in Helianthus
tuberosus. Ibid. 101: 81-90,

—— and Naylor, A. W. 1939. Photoperiodic responses of dill, a very sensitive long
day plant. Ibid. 100 : 853-861.

Heinze, P. H., Parker, M. W. and Borthwick, H. A. 1942. Floral initiation in Biloxi
soybean as influenced by grafting. lbid. 103: 518-530.

Ito, H., T., Hashimoto, K. and Saito, T. 1954. Factors responsible for the sex ex-
pression of Japanese cucumber. IlI. Anatomical studies on the sex expression
and the transformation of the cucumber flowers induced by pinching. J. Hort.
Assoc. Japan 23: 65-70.

—— and Saito, T. 1957. Do. VI. Effects of the day length and night temperature,
unsuitable for the pistillate flower formation, artificially controlled during the
various stages of the seedling development in the nursery bed. 1bid.26: 1-8.

—- and ——. 1957. Do. VII. Effects of long day and high night temperature treat-
ment applied or short duration at the various stages of seedling development
on the sex expression of flowers. Ibid. 26: 148-158.

—— and ——, 1960. Do. XIl. Physiological factors associated with the sex expres-
sion of flowers. Tohoku J. Agr. Res. 11:  287- 309.

Jones, M. B. and Bailey, L. F. 1956. Light effects on the germination of seeds of
henbit (Lamium amplexicaule L.). Plant Physiol. 31: 347-349.

Lincoln, R.C., Raven, K.A. and Hamner, K.C. 1956. Certain factors influencing ex-
pression of the flowering stimulus in Xanthium. Bot. Gaz. 117 : 193-206.

Long, E.M. 1939. Photoperiodic induction as influenced by environmental factors.
Ibid. 101: 168-188.

Matsuo, E. 1968. Studies on the photoperiodic sex differentiation in cucumber,
Cucumis sativus L. I. Photoperiodic and temperature conditions for sex
differentiation. J. Fac. Agr., Kyushu Univ. 14 :483-506,

Minamikawa, K., Kawasaki, S. and Miyoshi, Y. 1958. Effects of temperature and
day length in the nursery bed on Ochiai-cucumber varieties, Kyushu Nogyo
Kenkyu 20: 75-78.

Muscik, M. 1959. Bedeutung von Grosse und Alter der Blitter fiir die photoperio-
dische Blilteninduktion. Planta 53: 575-594.

Naylor, A. W. 1941. Effects of some environmental factors on photoperiodic induc-
tion of beet and dill. Bot. Gaz. 102: 557.

Parker, M. W. and Borthwick, Il. A. 1939. Effect of variation in temperature during
photoperiodic induction upon initiation of flower primordia in Biloxi soybean.
Ibid. 101: 145-167.

—— and ——, 1939. Effect of photoperiod on development and metabolism of the
Biloxi soybean. Ibid. 100: 651-689.

—— and ———, 1940. Floral initiation in biloxi soybeans as influenced by photosyn-
thetic activity during the induction period. Ibid. 102: 256-268.

-, Hendricks, S. W. and ——. 1950. Action spectrum for the photoperiodic con-
trol of floral initiation of the long-day plant Hyoscyamus niger. lbid. 111: 242-
252.

Peterson, C. E. and Anhder, L. D. 1960. Induction of staminate flowers on gynoecious



303

cucumbers with gibberellin A,. Science 131: 1673-1674.

Sekiya, K. 1957. The influence of daylength and temperature on female flower forma-
tion in the cucumber. Bull. Agr. Utsunomiya Univ. 3: 71-77.

——. 1957. Effects of daylength and temperature on the behavior of the female
flower formation of cucumber Il. Effect of temperature during the short day
treatment. Ibid. 3: 159-164.

Stolwijk, J. A. J. 1954. Wave length dependence of photomorphogenesis in plants.
Meded. Landb. Hogeschool Wageningen 54: 181-244.

Yoshida, S. 1960. Photoperiodism. In: Physiology of crops (In Japanese) (1) :
(Eds., Togari, Y., Yamada, N. and Ilayashi, T. Asakura Shoten, Tokyo) 64-
110.



