BIOLOGIA PLANTARUM (PRAHA)
1 (3) : 176—186, 1959

The Infiuence of Photoperiodicity on the Sexual Index
in Hemp (Cannabis sativa L.)

JAROSLAV LIMBERK

Department of Plant Pathology, Institute of Biology,
Czechoslovak Academy of Sciences, Praha

Received December 5, 1958

Souhrn

1. Vysévali jsme konopi (Cannabis sativa L.) postupnd v mési¢nich intervalech
od listopadu do srpna v letech 1952/53 a 1953/54. U jednotlivych vysevi byla
u saméich a samiéich rostlin sledovéana doba do kvé&tu. Saméi rostliny kvetou
zpravidla difve nez rostliny samiéi. P¥i prodluzujicim se dnu (nad 14 hod.) pre-
stanou samiéi rostliny kvést (pokud nekvetly v tuto dobu, nerozkvetou) a pokra-
Suji jen ve vzristu. Pii silné ubyvajicim dnu (den krat3i neZ 15 hod.) poénou
kvést a jejich doba do kv&tu se tak prodluZuje aZ na 265 dna. Jsou to vidy rost-
liny sami¢i. Rostliny saméi kvetou i p¥i dnu del3im nez 14 hod. Jsou tedy foto-
periodicky rostlinami neutralnimi s tendenci byt rostlinami dlouhého dne. Rost-
liny samidi jsou rostlinami kratkého, 1épe fedeno ubyvajiciho dne. Nejmensi podil
saméich rostlin je ve vysevech nejkratsiho dne.

2. V polnich podminkéch jsme v letech 1953/54 provedli zastitiovéni mladych
rostlin konopi v rtznych fazich rtstu. Ukézalo se, %e snitovani svételné intensity
zvySuje podil samidich rostlin a to zejména, trvalo-li zastifiovani 14 a% 21 dnd
a zadalo-li v roce 1953 do 14 dna a v roce 1954 do 7 dnui od vzchdzeni. Rtzné
vysledky z obou let vysvétlujeme raznymi klimatickymi podminkami.

3. Za urditych podminek se vyskytuji u konopi téZ rostliny intersexuslni.
V na8ich pokusech byl jejich vyskyt vdzan na velmi kratky den (11 aZ 13 hod.)
a vyskytovaly se v mmoZstvi 22—30 9,. PovaZujeme intersexudlni rostliny za
rostliny saméi, u nich% vliv krétkého dne nedovolil éistou pohlavni diferenciaci.
Ackoliv se tedy tyto rostliny vyskytuji pouze pfi extrémné kratkych fotoperio-
déch (optimalnich pro rostliny samiéi), je jejich polet dnt do kvdtu p¥iblizng
stfedni mezi poétem dni potfebnych pro rostliny saméi a samiéi. Po trojndsobnd
opakované dekapitaci intersexudlnich rostlin se pii dosaZeni potfebné délky dne
vyvinuly tyto rostliny v rostliny saméi.

4. Roubovénim raznd pohlavnich rostlin nebylo dosaieno #4dné zmény po-
hlavi, pravdépodobn& pro kratké trvani vegetativniho sbliZeni.
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Summary

Hemp (Cannabis sativa L.) was sown at intervals from November to August.
For each sowing the time of flowering was recorded for male and female
plants separately. Male plants usually flowered earlier than female. When the
period of daylight exceeds 14 hours, that is when the days are lengthening
in April, the female plants stop flowering and continue their vegetative growth.
They start flowering again when the days are shortening considerably, in
August, when the daylight period is about 15 hours. The male plants flower
even when the day is longer than 14 hours.

In experiments during which the plants were shaded it was found that
reduction of light intensity leads to an increase in the number of female
plants, particularly if shading is carried out in the early stages of the plant’s
development.

The occurrence of intersexual plants was observed only during the short
day period (11 to 13 hours), when they composed 22-—309%, of the total.
When the day exceeds 13 hours intersexual plants no longer develop.

The grafting of plants of varying sex did not produce any sexual change—
probably due to the fact that the period of vegetative approximation was
short.

Introduection

Hemp is a dioecious plant with a sharp sexual dimorphism. A very small
proportion of monoecious plants occur (these are in fact female plants with
a small number of male flowers). Their monoecious character is, however,
very unstable and in order to maintain it constant selection is necessary
(ARINSHTEYN and SENCHENKO 1956). Under quite exceptional conditions
intersexual plants can occur, in which case they are abundant.

Hemp has for a long time been the classical material for experiments on
the sexuality of dioecious plants.

The question of whether or not male and female sex of dioecious plants is
already determined in the embryo has been on the whole settled by ScHAFF-
NER’S (1921) extensive work, which gives a clearly negative result.

Similar conclusions from work with hemp (Lyusicr 1950) and European
hop (Humulus lupulus 1.) indicate that both sexes are already established in
the seed (OsvALD and BraTTnY 1954). The determination of sex in young
plants is still in the experimental stage (KuLix 1953).

The fact that the sexual index of hemp changes under the influence of
environmental conditions has been well known and fully documented. It has
not, however, been sufficiently clear which components of the environment
are the most decisive in determining the sexual index, how they act in the
formation of sexual polarity and at which period of ontogenesis their inter-
vention is necessary for them to be effective (BorTEWICK and ScurLLy 1954)
Matusiewicz (1953) has found that when the day was artificially shortened
(10 hours) hemp flowered after 67 days, while the control plants flowered after
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127 days. He does not mention whether the plants were male or female. He
followed the growth of male and female plants with short and long days.
When the day was shortened to 10 to 8 hours intersexual plants also occurred.

In the present experiments the influence of light intensity and day length
has been the chief subject of study.

Results and Discussion

Ia. The flowering period of male and female plants
inrelation to photoperiodism

In 1952 and 1954 sowing was carried out at monthly intervals from November to August.
The seed was sown in boxes in the glasshouse. The total number of plants in the experiment
was 6,152 with 1,333 and 4,819 in the different series. The variety of hemp used was ‘‘Jihoslo-
venskd krajovd”. The soil and watering was the same for all plants. They sprouted evenly,
on an average 8 days after sowing.

The flowering period was counted when about 309, of the plants began to flower, the re-
mainder flowered within two further days. Results are given in graphs 1 and 2.

For @ plants the period of vegetation up to the start of flowering was often
very different for the different sowings. For § plants the length of the vegetat-
ive period up to the time of flowering was less influenced by the external
environment. As a rule § plants flower earlier than Q. In some sowings &
plants flowered later than .

It is clear from the experiments that for the formation of flowers and
flowering of @ plants rapidly lengthening days are not favourable. When in
April the day exceeds 14 hours @ plants cease flowering. They only continue
to grow, without regard to age. Only when the day is considerably shortening
in August, with a day length of about 15 hours, the temporarily non-flowering @
plants start to flower again.

The & plants of hemp sown in November start to flower on 21 March,
i. e. after 126 days, and flowering is 1009,. Female plants start to flower on
March 3, that is after 108 days. Some of them stop growing until in June
the lower nodes send out new shoots. The foundations of flowers are formed
on them, but flowering starts on August 8, i. e. 265 days after sowing. Flower-
ing was ‘“‘postponed” in this way in 22-19%, of the female plants.

“Postponement” of flowering was repeated in further sowings up to the
February sowing. This is only a quantitative difference. Plants from these
sowings, insofar as they did not flower, continued to grow, did not send out
auxiliary shoots, but flowered in August on their main axes. The majority
of the female plants flowered within 67 days, later plants in 186 days.

In the case of the March and April sowings, plants from which should have
flowered in 80 days in May to June, the female plants developed only “vegetat-
ively”” and began to flower—as did some of the February-sown plants—
after 145 days, i. e. in August when the day was shortening to 15 hours.

The male plants from the February sowing flowered in April after 72 days
and from the March sowing in May after 79 days.
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Thus the female plants in the glasshouse did not flower from the middle of
April to the end of July, i. e. when the day was longer than 14 hours. They
are, therefore, short-day photoperiodic plants.

The male plants flowered without almost any delay even when the day
was longer than 14 hours, i. e. in May, June and July as well. They are, there-
fore, neutral photoperiodic plants, with a tendency towards

No. of days before flowering

Time of sowing (month) Xi

Glasshouse sowings 1953
Period of flowering n v Vi Vit Vil I1X. X.
Length of day
XL | L} U]} v v Vi Vit v, X. X.
225 201 60 4 2216 2515 2556 24238 281-3 2854 2233

Sunlight in hours 725

Explanation of graphs

The ordinate represents the period before flowering, 1 section = 10 days. The lower abscissa
shows the month and day of sowing. 1 section = 10 days.

The second line shows the period of sunlight in hours for each month. The upper axis shows the
day and month of flowering. (The curve shows day length in hours.)

Graphs 1 a 2 show clearly that male plants do not always flower earlier than female.

No of days before flowering

Time of sowing (monch) XI

Glasshouse sowings 1954
Period of flowering L. % \Z Vi VIl 1X X
Length of day
Xl 1 [} I, v v Vi Vil viiL X X.
385 886 87-9 1341 1408 2312 2478 1667 2523 1981

Sunhght in hours 461
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being long-day plants (the smallest number of male plants was
to be found in the November to January sowings, when there are 8—10 hour
days).

f}’n the case of the May, June and July sowings female plants flowered later
than the male, but as compared with earlier sowings they considerably
shortened the time required before coming to flower. Female plants from the
August sowing needed 50 days before flowering in 1953 and only 36 days
in 1954. In 1954 there was less sunshine than during the same period in 1953.

The influence of a too-short day and definitely also the reduction in daylight
intensity started to be effective in plants sown in November, December,
January and February. Female plants from the September sowing flowered
on November 4, after 57 days. Intersexual plants began to appear in this
sowing. The occurrence of intersexual plants is particularly typical for plants
from the November, December, January and February sowings. Hemp sown
in September and October always perished in the winter. The sexual index
of plants sown in November, December, January and February changes in
favour of female plants: there is a greater number of female plants than male;
with high light intensity the index is nearly 1 :1. This corresponds to the
results of experiments involving the reduction of illumination, which caused
an increase in the number of female plants.

Ib. Sowing of Hemp at time intervals in the open

In addition to sowing in the glasshouse hemp was sown on field plots in April, May, June,
July and August of 1953 and 1954.

The experiment was repeated over two consecutive years — 1953 and 1954. The plots
measured 100 X 150 cm. with twofold repetition.

The sexual index and period from sowing to flowering was followed for male and female
plants.

Further the size of the plants in correlation to the period required before flowering was
followed.

The height of the plants decreased with the shortening of the time needed
for flowering: in 1953 the average height of plants from the first sowing was
175 em., from the last sowing 9 cm.; in 1954, 190 cm. and 35 cm. The experi-
mental results are set out in tables and graphs 3 and 4.

With regard to the period required from sowing to flowering, in 1953 the
difference between male and female plants of the April sowing was very
considerable; for male plants the time required was 15 days shorter than for
female plants. This difference was less for later sowings: for the May sowing
by 9 days, for the June sowing by 5 days. For the July sowing the period
required from sowing to flowering is the same for male and female plants and
for the August sowing it is 7 days longer in male plants than in female.

In 1954 the time required before flowering was 14 days shorter for male
plants of the April sowing than for female, for those of the May sowing 10 days
and for the June sowing 3 days. For the July sowing this period was the same
for male and female plants and for the August sowing it was 3 days longer
for male plants than for female.

There were differences between results for the two years, but they were
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quantitative and not qualitative. The general rule to be deduced from experi-
ments in the open seems to be the same as that deduced from the glasshouse
experiments: female plants are short-day (i. e. shortening day) photoperiodic
plants, male plants are neutral with a tendency to be long-day plants.

Field sowings 1953

Period of flowering

Iv. v TN VI~ Vi X, X
Length of day
2
& ;
v /
3 ol
2
ES
S }/ ?
s 4
o V4 20,,
4
“lime of sowing (monch) IV v Vi Vi Vi X X.
Sunhght in hours 2515 2556 2428 2813 2854 233 1326
Graph 3.
Field sowings 1954
Periad of flowering
v, v Vi, Vi vill. IX X.

Kthof day

No of days before flowering

Cal
g
Time &f sowing (monch) IV, v vi vii. Vil IX. x
, Sunlight in hours 1403 232 2478 1667 252-3 1981 133-0

Graph 4.

A further experiment was carried out in order to demonstrate that sex is
unstable and influenced by photoperiodism.
Hemp was sown in the glasshouse on November 18 and left to grow until
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Table 1
1953
Start of flowering g;ﬁ:eéo:ieigs
Date of Number o g
sowing Q plants °
& plants ? plants 3 plants | Q plants
21. 4. 276 57-5 23. 6. 18. 7. 64 89
14. 5. 15 60-0 18. 7. 27. 1. 66 75
15. 6. 301 58-3 27. 7. 1. 8. 42 47
15. 7. 125 54-3 20. 8. 20. 8. 35 35
14. 8. 25 50-0 3. 10. 26. 9. 51 44
Table 2
1954
Start of flowering ll:h}mbeﬂr of dx'a.ys
Date of Number o ctore Howerng
sowing Q plants %o
& plants @ plants & plants | Q plants
l

16. 4. 148 583 21.7 4.8 97 111
15. 5. 140 50-5 29. 7 7.8 76 86
15. 6. 170 55-6 14. 8 17. 8 61 64
15. 7. 385 51-8 3.9. 3.9 51 51
13. 8. 99 48-5 13. 10. 6.9 61 54

it flowered. The plants flowered on March 10 and were intersexual. On March 15
they were decapitated above the third node. They sent out new shoots, which
flowered again on April 16 and were again intersexual. Decapitation was
repeated. The plants again came into flower and flowered from May 25 as
male plants—in the period of longer days.

II. Pilot experiments were carried out on the effect of the arti-
ficial reduction of illumination on the sexual
index of hemp plants.

Illumination has a certain effect on the formation of the male or female sex in dicecious plants
both of hemp (BorTEWICK and ScuiLy 1954, Hesror-HarrIsoN 1957) and of hop (VALASROVA
1952). This is also supported by the second series of the present author’s experiments. An attempt
was made to ascertain the phase of ontogenesis at which this effect is exercised. Hemp was
sown on plots measuring 1-5 m2 Reed screens fixed in pairs on 150 em.-high constructions
were used to reduce light intensity. These screens were set up for varying numbers of days
at varying periods following the sprouting of the plants. Control plots were not screened. In
1953 the hemp was sown on May 22, in 1954 on May 12, and nearly all plants had come up
within a week. Plants shaded for 21 days were partially etiolated after shading and were shorter
than those on the control plot, later, however, they nearly equalled the control plants in growth.
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In both 1953 and 1954 screening was carried out: a) immediately after the plants came up,
b) 7 days after coming up, ¢) 14 days after coming up—in every case for 7, 14 and 21 days.

The increase in the proportion of female plants obtained by shading was,
as compared with the unshaded control, in 1953 5-1—6-19,, in 1954 1-6 to
4-5%,, average for both years 4-329%,. Differences in these pilot experiments
between the variants were small and probably insignificant.

Nevertheless, concurrent results for the two years show that changes in
the sexual index caused by decreased light intensity depend on the ontogenetical
age of plants and the duration of the decrease in light intensity. The most
effective was shading which started immediately after the plants came up,
or that starting a week after coming up and lasting 14 to 21 days (1954 re-
sults), or shading starting 7 or 14 days after the plants came up and lasting
14 to 21 days (1953 results).

According to these preliminary experiments it would seem that some kind
of preformation of sexual polarity takes place at least partially in the period
up to 14 days after the plants come up if the experimental conditions last
for 14 to 21 days. In this case it would be necessary to determine the time-
limits for the influencing of sex formation in the periods mentioned. These
experiments will be continued.

III. The development of intersexes in hemp

In scarcely any other plant species do intersexual plants occur so plentifully
and regularly—only under certain environmental conditions, however—as
they do in hemp. In their habit the plants are male, but with the difference
that in addition to male sex organs, stamens, they also bear female organs,
pistils and ovaries with stunted seeds. This is the case only in some flowers
(photo).

The cause of the development of intersexual plants and the time of their
occurrence had not been sufficiently elucidated. On uncovered plots in our
latitudes and climatic conditions they had not been observed by the author
nor recorded in the literature.

In the glasshouse experiments already described (v. I) intersexual plants
were found in 1952—1954 only from autumn to spring, or in individual cases
among plantssown in September to October, and then abundantly
among plants sown from November to February (229, to 309%,). Among
plants sown in March they were not to be found.

It was noticed that the smallest number of male plants occurred among
those sown in November, December and January, i. e. when the days were
at their shortest (10—8 hours). With the decrease in male plants their place
was partially taken by intersexual plants. Even if the intersexual plants were
added to the number of male plants, the decrease in the proportion of male
plants would be greatest for the December sowing. In the January sowing
their proportion would exceed that of the female plants and in the March
sowing the proportion of male plants would go down to normal. Intersexual
plants did not occur in later sowing. In the September sowing intersexual
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plants again began to appear and they flowered after the same period from
the date of sowing as the female plants.

The time required by intersexual plants to come to flower varied according
to the month of sowing. Intersexual plants sown in December required 10 days
less before flowering than the female plants. In later sowings they flowered
at the same time as the female flowers. Male plants, however, sown in January
and February required in all cases a longer period than female and inter-
sexual plants. Intersexual plants of the November sowing started to flower
on March 10. Those of the February sowing started to flower at the latest
in April 9. Thus new intersexual plants did not appear once the day length
had reached 13/, hours. Experiments with reduced light intensity, which
showed that this influence is effective on young plants, also lead to the con-
clusion that here, too, the influence of the short days in November to February,
when the plants were still young, had a decisive effect on the formation of
intersexes. Of all the methods of changing sex which have been tested on
hemp, photoperiodism has been the only one to prove successful (BRESLA-
vEC 1937).

On the basis of his experiments SCHAFFNER (1931) came to the coneclusion
that the fluctuation of sex in male hemp plants is primarily caused by photo-
periodic influences.

In the light of the present experiments it can be assumed that intersexual
plants are actually male in the first place and that the influence of the short
day has made a pure sexual differentiation impossible in them. It is further
considered that the occurrence of these plants is limited to the shortest-day
period, although in view of the presence of both sexual components they should
represent some kind of mean between plants requiring long and short days
for flowering, i. e. between male and female plants. In the opinion of the
author intersexual plants are plants which have been diverted from the
normal development of sexual polarity by their environment (very short days
with low light intensity).

This instability and the very existence of intersexual plants are, in the
opinion of the author, a clear indication of the fact that the elements of both
sexes are present in the hemp seed and that one of them is more or less sup-
pressed during development.

IV. Grafting of plants of opposite sex

With a view to the possibility of changing sex in hemp, plants of opposite
sex were grafted on to each other. Grafting was carried out at a stage of
growth in which the sex of the plant was usually recognizable. Males were
grafted on to female stocks (10 cases), and females on to male stocks (10 cases).
No change of sex occurred in any of these either in the graft or the stock.

Similar results are given by Kuvnn (1941). He found that grafting had no
effect on sex and no such change could take place owing to the short period
of approximation. Undoubtedly photoperiodic influences also played their
part, which was unknown to Kuhn—female plants do not flower when the
days are long. In his sowings only male plants flowered during the long days.



PHOTOPERIODICITY AND THE SEXUAL INDEX 185

He states that he knows of no cases in which grafting has caused a sex change.
LmvBERK (1954) showed that in the European hop a sex change can take
place, although only to a slight extent, following a long symbiosis of the
graft and stock when a special method of grafting was used (a root onto
young wood). The change occurred in buds growing on the root.

It seems most likely that a sex change in hemp could be brought about by
grafting at a very early stage of the plant’s development, before complete
sexual differentiation has taken place. So far, however, no reliable method
of determining this stage is known.
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Bmmsanne goTonepuona Ha n0/0Boii HHAEKC KOHOILIH
APOCIIAB JIJUMBEPK
Pesiome

Ot woalpa 10 aBrycra HAMM NOOYePeHO BHICEBalach KOROIWNA (Cannabis sativa L.) m,
CPaBHUBAsA PasHEHE CDOKM IOCEBA, Mbl CJICANIN 33 NePHOOM IBETEHUS MY;KCKAX M HKEHCKIX
pacrenmil. MymcKme pacTeHHA IBeTyT OOBIYHO paHEIle JKEHCKHX. Ecim B ampese
ATTATEIBHOCTE OCBEIIEHNA BRIUe 14 4acoB, JKeHCKHE PAaCTEHHA NePecTaHyT IBECTH H TOIBKO
IPOROJIKAIOT pacTd. K nBeTeHmo nepexofaT Npu cOKpameHnH IHA B aBryere, KOIJA IJIMHA
RHS OK0JIO 15 9acoB. MymcKHe PacTeHUS LBETYT M B yCJIOBUAX 0oTee geM 14-9acOBOTO ocBe-
weHus. B ombrax no 3aTeHeHHWI0 PACTEHMI HAMH yCTaHOBJIEHO, UTO CHUKEHEEM MHTCHCHB-
HOCTH CBETa NMOBRIIAETCA YHCIIO0 KeHCKUX pacTennii. HaMH yeTaHOBIIGHBI HHTCPCEKCYATLHEIE
PacTeHus B YCIOBHAX KOPOTKOro Aus (11—13 yacos) B xomuuecrse 22—30%. Ipu yamume-
HUF [HA Ha Oonbine, dem 13 gacoB, pasBUTHA WHTEPCEKCYAIBHEIX PACTeHMI He HAGIOTaeTcs.
[IpuenBraMu pacTenuil pa3HOro HOMA — BEPOATHO H3-32 KOPOTKOTO BEreTaTHBHOrO ¢6am-
JREHWA ~- He JOCTUTHYTO HUKAKAX H3MCHCHHH 110718 -



