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Abstract 
 

The influence of selected animal steroid sex hormones, on 
generative development of winter wheat var. Grana was 
investigated. Wheat plants of this variety necessitate 63-
day long vernalization. 
 

Mature, isolated embryos of wheat were cultured in vitro 
on media containing androsterone, androstenedione, estriol, 
estrone, 17β-estradiol and progesterone in concentrations 
10-5 and 10-6 M. They were not vernalized or vernalized for 
7, 14, 21 and 28 days (5oC, 8h photoperiod). 
 

Investigated steroids stimulated the generative 
development of winter wheat by an increasing in the 
percentage of heading plants and accelerating the heading. 
The strongest effect was observed when plants were treated 
with steroids during the suboptimal, 21 and 28 day, 
vernalization. After 28 days of vernalization, 100% 
heading were observed in plants obtained on the media 
containing androsterone and androstenedione in 
concentrations 10-5 and 10-6 M or estrone, 17β-estradiol 
and progesterone in concentration 10-5 M. Control plants 
showed only 8% heading.  
 
Introduction 
 

Steroidal sex hormones such as 17β-estradiol, 
estriol, androsterone, testosterone or progesterone 

play a key role in the reproductive development 
of mammals.  
 

In 1989 Simons & Grinwich with to using 
sensitive, radioimmunoassay, proved that steroids 
such as estrogens, progesterone and androgens 
are present in 60-80% plants of 128 tested 
species at low concentrations about 10-9 g/kg 
f.w., but generally there is not conformity that 
these substances are common plant hormonal 
constituents.  
 

Until now it has been observed that selected 
steroid hormones applied exogenously stimulated 
plant cell division (Geuns 1978), pollen 
germination (Ylstra et al. 1995) or plant growth 
and flowering (Kopcewicz 1970, Kopcewicz & 
Porazi � ski 1974, Bhattacharya & Gupta 1981, 
Shore et al. 1992).  
 
 

Material and methods 
 

Investigations were carried out using embryos of 
winter wheat var. Grana, requiring about 63 day 
long vernalization for the flowering induction in 
all plants in the population. The embryos isolated 
from mature wheat grains were cultured on 
Murashige & Skoog (1962) medium containing
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0,6% agar, 3% sucrose and the following animal 
sex hormones: androsterone, androstenedione, 
17β-estradiol, estriol, estrone, progesterone in 
concentration 10-5 and 10-6 M (Fig. 1). The 
embryos were either not vernalised or vernalised 
for 7, 14, 21, 28 days (5oC, 8h photoperiod). 
Embryos grown in the same conditions, in a 
medium without sex hormones, were used as 
control. Twenty eight-day-old seedlings were 
next planted in pots and cultured in the 
glasshouse (20/17oC day/night, 16h photoperiod).  
 

Days of heading of particular plants were 
recorded. In plants, which were non-heading 
within 120 days of culture, the degree of apical 
meristem development was determined according 
to the 12-degree scale of the wheat organogenesis 
(Kuperman 1965). On there basis, the plants 
which had generatively differentiated shoot apex 
(4th – 7th degree of organogenesis), but were not 
capable of heading were distinguished. 
Vegetative plants achieved only the 3rd degree of 
shoot differentiation and produced only leaves. 
The significance of the differences in the number 
of heading, generative but non-heading and 
vegetative plants between the particular 
treatments and control was estimated using χ2 

test.  
 

For heading plants, the time of heading was 
evaluated, and statistical differences were 
estimated with the use of Duncan test.   
 
Results and Discussion 
 

Without vernalization, the plants obtained on the 
media containing steroid hormones as well as 
control plants cultured without steroids achieved 
only the vegetative, 3rd stage. The steroid 
treatment with the 7-day vernalization did not 
influence the plant generative development in a 
significant way. Only for plants treated with 17β-
estradiol in concentration 10-6 M showed 
significantly higher, than in control, percentage of 
generative plants. In the case of the 14-day 
vernalization, the percentage of generative plants 
significantly higher, were observed in the objects 
previously cultured with androsterone (10-6 M) 
and androstendione (10-5 M) (Table 1). 
 

After the 21-day vernalization almost all plants in 
the  experimental  group  achieved  the generative 
 

 
Figure 1. Chemical structures of tested animal sex hormones: 
androsterone (A), androstenedione (B), progesterone (C), estrone 
(D), estriol (E), 17β-estradiol (F)  

 

stage of development whereas in control plants 
only 40%. In the generative plant group, 100% 
heading plants were observed in the case of 
embryos previously incubated on the media 
containing androsterone, androstenedione, estrone 
and progesterone at concentration 10-5 M 
(heading of control plants 0%) (Table 1).  
 

After the 28-day vernalization 100% heading 
were observed in plants previously cultured on 
the media containing androsterone and 
androstenedione in both concentrations, and on 
media containing estrone, 17β-estradiol and 
progesterone in concentration 10-5 M (heading of 
control plants was only 8%) (Table 1). Moreover, 
the tested substances accelerated the time of 
heading in comparison with control (Table 2): by 
14 days (estriol in concentration 10-5 M) to even 
30 days (progesterone, 17β-estradiol in 
concentration 10-5 M). 
 

The data of other authors showed the stimulation 
of flowering by the female hormones - estrone 
and 17β-estradiol in Cichorium intybus L. and 
Salvia splendens Shell. (Czygan 1962, 
Kopcewicz 1970, Kopcewicz & Porazi � ski 1974). 
Biswas et al. (1967) reported that the male 
hormone, androsterone, did not stimulate the 
generative development of Chrysanthemum sp..  
As our results show, all tested steroids, both male 
and female hormones of mammals, in 
concentration 10-5 and 10-6 M stimulated the 
generative development of winter wheat, 
especially in the case of the 28-day vernalization 
of embryos in vitro. 
 

The percentage of heading plants was the highest 
with androsterone and androstenedione at both 
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Table 1. The influence of animal sex hormones, acting during short, in vitro vernalization of embryos of 
winter wheat var. Grana, on plant generative development 
 

               Animal sex hormones                Percentage of plants 
Substance Concentration [M]                         Generative   Vegetative 
                                                                                                heading                     non-heading 
                                     Embryos vernalized for 14 days 
control  0*  14*   86  
androsterone  10-6 0*  67^ 33  
androsterone 10-5 0*  0*   100  
androstenedione   10-6 0*  22*  78  
androstenedione 10-5 0*  54^ 46  
17β-estradiol  10-6 0*  50*  50  
17β-estradiol 10-5 0*  33*  67  
estriol 10-6 0*  50*  50  
estriol 10-5 0*  29*  71  
estrone 10-6 0*  11*  89  
estrone 10-5 0*  0*  100  
progesterone 10-6 0*  25*  75  
progesterone 10-5 0*  20*  80  
                                   Embryos vernalized for 21 days 
control     0*  44*  56  
androsterone  10-6    0*  86^ 14  
androsterone 10-5 100*  0*    0  
androstenedione   10-6    0*  100^   0  
androstenedione 10-5 100*  0*    0  
17β-estradiol  10-6    0*  41*  59  
17β-estradiol 10-5   64*  36*    0  
estriol 10-6    6*  94^   0  
estriol 10-5   29*  57*  14  
estrone 10-6   6*  94^   0  
estrone 10-5 100*  0*  0  
progesterone 10-6    0*  88^ 12  
progesterone 10-5 100*  0*  0  

                                   Embryos vernalized for 28 days 
control  8*  76*  16  
androsterone  10-6 100*  0*  0  
androsterone 10-5 100*  0*  0  
androstenedione   10-6 100*  0*  0  
androstenedione 10-5 100*  0*  0  
17β-estradiol  10-6 0*  100^ 0  
17β-estradiol 10-5 100*  0*  0  
estriol 10-6 31*  69^ 0  
estriol 10-5 71*  29*  0  
estrone 
estrone 
progesterone 
progesterone 

10-6 
10-5 
10-6 
10-5 

6*  
100*  

0*  
100*  

94^ 
0*  

100^ 
0*  

0 
0 
0 
0 

 

 
*  - statistically significant differences between  percentage of heading plants cultured with steroids and percentage of heading plants of 
control (α<0,05); data were analysed by χ2 test; 
^- statistically significant differences between  percentage of generative, non-heading plants cultured with steroids and percentage of 
generative, non-heading plants of control (α<0,05); data were analysed by χ2 test; 
 
 

concentrations used. The group of female 
hormones: estriol, 17β-estradiol and 
progesterone, at concentration 10-6 M, accelerated 
the heading time most effectively. 
 
 

The mechanism of action of the animal steroid 
sex hormones in plant is not known. Kopcewicz 
(1969) believed that estrogens can stimulate the 
synthesis of gibberellins. Ylstra et al. (1995) 
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Table 2. The effect of animal sex hormones and 
the lengh of in vitro vernalization on the time of 
heading of plants of winter wheat var. Grana 
 
                Animal sex hormones 
Substance Concentration [M] 

Number of days 
till heading 

Embryos vernalized for 21 days 
control  -  
androsterone  10-6  -  
androsterone 10-5  99 a 
androstenedione   10-6  -  
androstenedione 10-5  99 a 
17β-estradiol  10-6  -  
17β-estradiol 10-5  105 a 
estriol 10-6  120  
estriol 10-5  120 b 
estrone  10-6  117  
estrone 10-5  105 a 
progesterone 10-6  -  
progesterone 10-5  97 a 

Embryos vernalized for 28 days 
control  117  e 
androsterone  10-6  117  e 
androsterone 10-5  90  ab 
androstenedione   10-6  118  e 
androstenedione 10-5  99  c 
17β-estradiol  10-6  -  
17β-estradiol 10-5  87  a 
estriol 10-6  115  e 
estriol 10-5  103  d 
estrone  10-6  110  
estrone 10-5  93  b 
progesterone 10-6  -  
progesterone 10-5  87  a 
 

! Values marked with the same letter are not significantly 
different (α<0,05) according to Duncan Test 
! In the case when the number of heading plants was too low in 
the experimental group (less than 3), Duncan test was not used 
(values are not marked with letters) 
 

reported merely that the activity of animal 
steroid hormones might depend on the type of 
the rest group at the C-17 position. It seems 
possible that steroidal sex hormones can be 
coupled to known or unknown, plant hormone 
receptors, just like phytoestrogens can be bound 
to 17β-estradiol receptors in human cells (Martin 
et al. 1978).   
 
Winter wheat var. Grana might be included to 
the group of plants induced to flowering by the 
following estrogens: estrone, estriol, 17β-
estradiol. Simultaneously winter wheat is the 
second species, beside Arabidopsis thaliana, for 
which high activity of androsterone, 
androstenedione and progesterone was found in 

induction of flowering (Janeczko et al. 2001). 
The effect of androstenedione, progesterone and 
estriol on flowering was proved for the first time 
in this paper. On the other hand, steroids, tested 
in this experiment, can be added to the group of 
winter wheat flowering stimulators such as 
gibberellins, poliamines or zearalenone (Dubert 
1991, Biesaga-Ko� cielniak 2001). 
 

The activity of steroids in plants is manifold, but 
their influence on flowering is especially 
interesting, above all because these substances 
are human and animal development and 
reproduction regulators.  
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