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Abstract

The influence of GAj; IAA, ethrel, ABA and kinetin on sex expression in
male and female plants of hemp (Cannabis sativa cultivar LKC SD) was
investigated. The growth regulators were applied separately and in combi-
nations on stem apices of plant determined sexually and having the first
flower primordia.

Gibberellic acid promoted masculinization, whereas IAA, ethylene and ki-
netin had a feminization effect on sex of hemp. Abscisic acid did not
exert any direct effect on sex determination, it however acted antagoni-
sticaly in relation to the effect exerted by GA,; and TAA.

The results of combined application of TAA and ethrel with other growth
regulators suggest, that the mechanism of action of auxin and ethylene in
the control of sex expression in hemp is different. Auxins in this process
cannot be regarded only as causing agents of ethylene production increase.

INTRODUCTION

The sex of plants may be, to a considerable extent modified by en-
vironmental factors such as day-length, temperature or mineral fertili-
zation of soil (Nitsch, 1965) and the exogenous application of plant
growth regulators. According to generally accepted view auxins and
ethylene promote female tendency in numerous plant species, both mono
and dioecious, whereas gibberellins cause masculinization (Heslop -
-Harrisomn, 1972).

There is considerably fewer information on the role of abscisic acid
and cytokinins in the process of sex determination of hemp. The majo-
rity of data comes from investigations conducted on other plant species;
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it follows from them that also these compounds participate in the endo-
genous control of sex differentiation. The feminization effect of cyto-
kinins was observed in the experiment with Vitis (Hashizume and
Iizuka, 1971) and Luffa acutangula (Bose and Nitsc h, 1970)
whereas the increase of female tendency under the influence of abscisic
acid was established in squash (Abdel-Gawad and Ketellap-
per, 1969) and cucumber (Rudich and Halevy, 1974, Rudich
et al, 1972).

In the present work the influence of growth regulators (IAA, GAs,
ethylene, ABA and kinetin), applied separately and in combinations, on
sex differentiation in female and male plants of hemp was investigated.

MATERIAL and METHODS

The investigations were carried out on dioecious variety of hemp
(Cannabis sativa cultivar LKC SD), being quantitatively a short-day
plant. :

Hemp seedlings were grown on 16-hr photoperiod at 25+2°C, at light
intensity about 4000 Jux. After 14 days the day-length was reduced to
8 hr in order to cause the transition of plants into the generative stage
of development and their further cultivation was carried out under such
conditions. After flower initiation, when the sex of plants was determin-
ed, selection was made and the application of growth regulators was
commenced. 6 female and 6 male plants were taken for each treatment.

Growth regulators as water solutions were applied on shoot apices
of plants. The following concentrations of growth substances were used:
GAs, TAA, ABA and kinetin — 25, 50 and 100 ppm, while ethrel, a com-
pound releasing ethylene — 100, 250 and 500 ppm. The control plants
received only distilled water.

Basing on preliminary investigations it was found that gibberellin
does not influence the sex of male plants, whereas the other growth

substances — female ones. So gibberellic acid was examined as far as
its ability of stimulation the male tendency in female plants was con-
cerned, whereas the other growth regulators — contrary to the above

— were examined considering the stimulation towards the development
of female generative organs on male plants.

The application was carried out on 5 consecutive days to a total of
25, 50 and 100 pg/plant in the case GAj, IAA, ABA and kinetin, and
100, 250 and 500 ng/plant in the case of ethrel. In order to avoid the
flow of applied solutions, cotton wicks were placed on shoot apices.

On the tenth day since the beginning of treatment, when plants
reached the stage of flowering, the total number of flowers per plant
and the percentage of flowers indicating sex reversion and the bisexual
ones were recorded.
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RESULTS and DISCUSSION

The obtained results point to the existance of distinct dependences
between the applied growth regulators and sex expression in dioecious
hemp. .
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Fig. 1. Effect of plant growth regulators on flower sex expression in male plants
of Cannabis sativa



156 E. Galoch

The auxins increase feminization in plants. Under the influence of
IAA normal female flowers or transitory forms having both male and
female elements of flowers (Fig. 1, 2) are formed on male individuals of
hemp. This statement is in accordance with the generally accepted view
concerning the feminization influence of auxins on the sex of plants
(Heslop-Harrison, 1972; Lang, 1961).
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Fig. 2. Feminization of male plants of Cannabis sativa as an effect of IAA treat-
ment (50 ppm)
A — Male flower; B — Female flower; C-F — Stages of transformation into female flowers

Similarly as auxins, also ethrel — a compound releasing ethylene
(Fig. 1) induced the feminization of plants. So, these results would be
in agreement with the data obtained, during experiments with hemp,
by Mohan Ram and Jaiswal (1970) and with Cucurbitaceae by
Abdel-Gawad and Ketellapper (1969), Shannon and De
La Guardia (1969), Iwahori et al (1970), Chrominski and
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Kopcewicz (1972). This similarity in the action of ethrel and auxin
on sex differentiation could be easily explained, assuming after some
investigators (Abeles and Rubinstein, 1964, Burg and Burg,
1966, 1968; Fuchs and Liebermanmn, 1968) that in many physiolo-
gical processes the role of auxins consists in enhancing ethylene pro-
duction in plant tissue. Accepting this outlook it may be assumed that
auxins promote feminization, increasing ethylene production.

The fact of a complete inhibition of female plants flowering caused by
ethrel (Fig. 3) would also be understandable then. Namely it may be
accepted that this negative effect is caused by the surplus increase in
the level of ethylene, which is high in female plants in any case.

The results presented in Fig. 3 suggest that male flowers differen-
tiation is connected with the metabolism of gibberellins. As a result of
treating the plants with gibberellic acid the normal male flowers were
formed on female plants which is in agreement with reports of other
authors (Atal, 1959; Mohan Ram and Jaiswal, 1972). The experi-
ments conducted on some species of Cucurbitacece also confirmed the
above data (Galum, 1959; Bukovac and Wittwer, 1961). The
application of gibberellin caused in these plants an increase in the num-
ber of male flowers on monoecious plants, and in gynoecious plants the
staminal flowers were formed.

As it follows from the experiments during which GA; and IAA were
applied together (Fig. 1 and 3) antagonism of these compounds in the
process of sex expression occurs. _

Pepending on the applied concentration, auxin inhibits partially or
completely the inducted by gibberellin male flower- formation on female
individuals, whereas gibberellin efficently counteracted the female flo-
wer formation induced by indolacetic acid. Similar dependences were
observed in cucumber (Galun et al, 1962, 1963).

Gibberellic acid, which did not influence significantly the flowering
intensity, promoted the inhibitory effect of auxins on this process until
it caused a complete lack of flowering while applying the highest dose
of TAA (Fig. 3) together with GAj. The cause of this fact could be the
undue increase in the level of endogenous auxins under the influence
of gibberellins (Kuraishi and Muir, 1963).

As it could be expected, gibberellic acid has also the ability of de-
creasing the feminization caused in male hemp plants by the action of
ethrel (Fig. 1). This effect is, however, unsignificant in comparison
with the conversion of auxin influence. It points, on one hand, to the
strong ethylene activity as the factor conditioning feminity; on the
other hand it may suggest, that feminization caused by IAA and ethylene
is not realized in the same way. Also the results of investigations on
vernalization obtained by Chrominski and Banaszak (unpu-
blished) do not suggest the existance of interaction between auxin and
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9% of d'flowers

of Cannabis sativa



The hormonal control of sex determination 159

ethylene. This suggestion would be contradictory to the views of many
authors who link the mode of action of auxins with ethylene produc-
tion.

The next investigated compound, abscisic acid, proved to be com-
pletely ineffective as far as it concerns the sex tendency both of male
(Fig. 1) and female (Fig. 3) hemp. It influenced the sex of a plant only
when this hormon was applied together with other growth regulators.

It follows from the experiment in which the plants were treated
simultaneously with gibberellic and abscisic acids that ABA inhibits
the formation of male flowers induced by gibberellin (Fig. 3). This ef-
fect depended on the applied concentration of both compounds; male
flowers formation could be inhibited partially while applying higher
concentrations of gibberellir, or completely when gibberellin was ap-
plied in smaller doses. On the basis of these results and in connection
with works published by other authors (Mohan Ram and Jais-
wal 1972, Rudich and Halevy, 1974) it should be assumed that
ABA participation in sex expression consists in the decrease of gib-
berellin activity by this compound. It was observed, for example (N a-
d eau et al, 1972), that abscisic acid promoted the binding of free
GA and the formation of GA glycosides and other unidenified con-
jugants.

Interesting results were observed when ABA and IAA were aprlied
together. Abscisi¢c acid, which itself did not influence the sex, at all
concentrations completely inhibited the formation of female flowers
induced by auxin (Fig. 1). The observed effect remains undoubtedly in
connection with the inhibitory influence, which is exerted by abscisic
acid on the transport of indolacetic acid (Pilet 1971; Nagvi, 1972,
Nagvi and Engvild, 1974).

The simultaneous application of atscisic acid and ethrel indicates
that ABA increases although not significantly, the effect of ethylene
(Fig. 1). It follows from the literature concerning the mutual interaction
of these two compounds that it is very differentiated. It has been ob-
served, for example, that ABA increases the ethylene production in
orange peel plugs but decreases it in three-day-old pea seedlings (Ger t-
man and Fuchs, 1972). The supression of ethylene-evolution as an
effect of ABA treatment was also observed in rose petals (Mayak
and Halevy, 1972) and in tissue cultures of Ruta (Gamborg and
LaRue, 1971).

Kinetin is also a growth regulator participating in sex control of plants
causing the feminization of male individuals (Fig. 1). The results obtained
in this work confirm earlier observations conducted on other plant
species (Bose and Nitsch, 1970; Hashizume and Iizuka, 1971;
Krishnamoorthy and Bhatia, 1976). The confirmation of
feminization effect of cytokinins on sex can also be found in the re-
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sults of endogenous growth regulators analysis in dioecious plant Mer-
curialis annua L. (Kahlem et al, 1975). It was observed that the le-
vel of active cytokinins was higher in female generative organs than
in the male ones. Moreover the presence of 2 specific cytokinins con-
nected only with female sex was established.

The participation of kinetin in sex control is obvious from the pre-
sented in this work results of experiments in which this substance
was applied together with other growth regulators (Fig. 1). They show
that interaction of kinetin and TAA or kinetin and ethylene is of sinerg-
istic character. These results are understandable after the consideration
of mutual dependences between kinetin and auxin. Kinetin influences
the metabolism of auxins, increasing their level in plant tissues (H e m-
berg, 1972; Syono and Furuya, 1972). Also the increased uptake
of “C IAA under the influence of kinetin (Lagerstedt and Lan g-
stom, 1967) and the promotion of basipetal transport of IAA in petioles
of young bean leaves (Mc Cready et al, 1965) were stated.

The data obtained with simultaneous application of kinetin and gib-
berellic acid show, that the interaction between these two compounds
is of antagonistic character, and the final effect depended on the con-
centrations of applied substances. The feminization effect of kinetin
was decreased or completely nullified by gibberellic acid and vice versa
— the masculinization effect of gibberellic acid was decreased or
completely nullified in some combinations with kinetin.

No interaction between kinetin and abscisic acid in the regulation
of sex expression in hemp has been observed (Fig. 1). Abscisic acid as
rule, has not influenced the flowering intensity, or feminization result-
ing from kinetin action.
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Rola czymnika hormonalnego w procesie réznicowania pltciowego
u dwupiennych konopi (Cannabis sativa)

I. Wplyw regulatoréw wzrostu roslin na determinacje plei u zenskich i meskich
osobnikéw konopi

Streszczenie

Zbadano wplyw GAj,; IAA, ethrelu, ABA i kinetyny na determinacje plci
u zenskich i meskich roslin konopi (Cannabis sativa, odm. “LKC SD”). Regula-
tory wzrostu podawano oddzielnie i w kombinacjach na wierzchotki pedéw roélin
zdeterminowanych plciowo i posiadajacych juz pierwsze zawiazki kwiatowe.

Kwas giberelowy wywolywal maskulinizacje, za§ kwas 3-indolilooctowy, ety-
len i kinetyna dzialaly feminizujaco na pleé konopi. Kwas abscysynowy nie mial
bezposredniego wplywu na determinacje plci, dzialajac jednakze antagonistycznie
w stosunku do efektu, jaki wywieraly GA; i TAA.

Rezultaty lacznego podawania IAA i ethrelu z innymi regulatorami wzrostu
sugeruja, ze mechamzm dzialania auksyny i etylenu w kontrolowaniu plci u ko-
nopi jest rézny. Roli auksyn w tym procesie nie mozna zatem sprowadzaé¢ jedynie
do zwiekszania produkeji etylenu.
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