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Fruitàge and seed viability of Orchis purpurea (Orchidaceae) at the northeast 
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The analysis of data on fruitàge, heterospermy, viability of seeds and seed progeny in Orchis purpurea at the northeastern limit 
of distribution (Krasnodar region and Crimea) was carried out. The percentage of fruit formation in the Krasnodar region was 
low with natural pollination (on average 1-4 %), and higher with artificial pollination (on average 34-77%). In the Crimea the 
percentage of fruit set varied from 9 % (forest) to 39 % (meadow). Seeds were differed in vitality; color of seed coat and embryo, 
as well as by the degree of homogeneity of their dimensional parameters (length, width) and shape. Plants from the populations 
of the Krasnodar region were characterized by a high number of non-viable seeds, without embryo or with degenerating 
embryo. It was shown that the proportion of seeds without embryos in fruits obtained by autogamy or geitonogamy is higher 
(between different plants 22 - 93 %, in average 63 %) than in fruits formed after cross-pollination between different individuals 
(xenogamy) (3 - 69 %, in average 34 %). It was found that a high proportion of non-viable seeds are a consequence of the 
manifestation of lethal anomalies of embryogenesis.  The viability of the seeds (both from the Caucasus and Crimea) in a 
germination test was low. Plants from the studied populations are characterized by low real seed productivity. Based on the 
results of the cytoembryological study, a general conclusion can be drawn that the low real seed productivity of O. purpurea, 
both in the Caucasus and in the Crimea, arises due to the lethal anomalies manifested both at the stage of seed development and 
in the post-seed period. 
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All wild plant species are biological resources. time of dissemination, most of the seeds, and sometimes all, 
Unfortunately, among them there are rare protected species become unviable (Cherevchenko and Kushnir 1986, 
and industrial use of natural raw materials of such plants is Andronova 2003, Vinogradova et al. 2003, Semenov et al. 
impossible. At the present stage, there is a need to expand the 2011). The realization of reproductive potential is determined 
resource base by introducing new non-traditional plants with in each ecological situation by the processes that control the 
economically valuable traits into the culture. This is possible formation of viable seeds from the ovules, and then the 
as a result of the development of technologies for the creation formation of shoots from them (Markov 2012). To indicate the 
of biocultures and artificial ecosystems for transition from number of full-fledged seeds for shots or individuals, the 
removal of biological objects from natural populations to their concept of real seed productivity is proposed (Zlobin 2000). 
cultivation (Biological resources...). Despite the fact that orchids are characterized by high seed 

Seeds play an extremely important role in the life of productivity, in some cases, the real seed productivity is very 
flowering plants. The regularity of fruitage and the ability to low due to the formation of a large number of non-viable seeds 
develop high quality seeds ensure the renewal and survival of (or seeds of poor quality).
populations of rare plant species in different habitats (Levina Orchis purpurea from Orchidaceae is a resource plant. Its 
1981, Zaugolnova et al. 1988, Markov 2012). It is known that tuberoid is used in medicine and food industry. At present the 
the highest seed productivity promotes high biotic potential extraction of O. purpurea material from natural populations 
(Zaugolnova et al. 1988, Zlobin 2000, Markov 2012). The growing in Russia is impossible, because the species belongs 
fruit of the representatives of Orchidaceae can contain from to rare and endangered plants, and is characterized by a long 
400 to 6 000000 small (dust) seeds, i.e. orchids are period of natural renewal. After the tuberoid harvest, it takes 
characterized by high seed productivity (Ardittii 1967, 1992, 10 years to restore the populations of this species at a given 
Nazarov 1995). In many works it is noted that the most part of location. 
forming seeds (86-98 %) in different species orchids are viable O. purpurea included in the Red book of the Russian 
(Shirokov et al., 2007, Shibanova Dolgikh 2010, Kirillova Federation (Averyanov 2008), Krasnodar and Stavropol 
2011, Krivosheev and Ishmuratova 2013). However, in some territories, the republics of Adygea, Dagestan, Ingushetia, 
cases, some of the studied representatives of the Orchid at the Kabardino-Balkar, Karachay-Cherkessia, North Ossetia, 



Chechnya and Sochi (Zagulski and Vakhrameeva 2008) and Temporary preparations were prepared using the 
Crimea (Krajnyuk and Popkova 2015). method of enlightenment in methylbenzoate. To do this, the 

O. purpurea has a European-Asian areal (Vakhrameeva et fixed material was carried out through a series of alcohols 
al. 2014). In Russia it is on the northeast limit of distribution for dehydration, through a series of three mixtures of 96% 
(Averyanov 2008). According to the views of some scientists alcohol-methylbenzoate (2:1; 1:1; 1:2), holding in each   
(Kretzschmar et al. 2007, Kuropatkin and Efimov  2014), the liquid for 10 minutes. At the end pure methylbenzoate was 
species is divided into two subspecies. The first is O. purpurea poured. To prepare the preparations, the seeds were isolated 
Huds. ssp. purpurea, which is widespread and occurs almost from the test tube, transferred to a slide in a drop of 
throughout the area (including in the Crimea), with the methylbenzoate and covered with a cover glass, which was 
exception of the Caucasus. Another is O. purpurea Huds. ssp. 

sealed at the edges with a colorless nail lacquer. Preparations 
caucasica (Regel) B. & H. Baumann, Lorenz & Peter growing 

were viewed and photographed immediately after preparation.
only in the Caucasus. 

Analysis of the preparations was carried out with a help of 
In order to obtain the possibility of industrial use of O. 

the microscope  Axioplane 2 mot (Zeiss), to document the 
purpurea resource, it is necessary to develop innovative 

objects video camera AxioCam VRc5 and program Axiovision 
biotechnologies of reproduction and cultivation of plants of 

4.8 (Zeiss) was used.the species as a new non-traditional culture. The method of 
Morphological study of seeds at the initial stage of seed germination in vitro is one of the main biotechnological 
dissemination–Counting of seeds and their morphological techniques used for the reproduction of rare species of 
analysis was carried out on permanent preparations. Mature Orchidaceae (Fast 1982). It is known that the northern orchids 
seeds were fixed in 96 % alcohol for several hours, placed on a are characterized by difficult germination of seeds, the cause 
slide on which they were dried for a few minutes, then a of which remains poorly studied. In addition, there is a variety 
solution of moviol was applied to them and covered with cover of seeds and heterogeneity of the offspring in terms of their 
glasses. Preparations were dried at room temperature or in a viability. These questions of reproductive biology, despite a 
thermostat at 37° C for one day.long history of works on cultivation of orchids in vitro, remain 
Seed germination in vitro culture–Immature fruits were insufficiently studied.
collected, and stored at few days in the refrigerator at 12°C The purpose of this article is to summarize the original 
until sowing. Seeds were immature, small, and white; they and literature data on fruitage, seed and offspring viability of 

O. purpurea, from populations on the northeast limit of attached tightly on the placenta. 
distribution. Sowing is carried out on a modified nutrient medium 

according to Harvais (1973) with grated potatoes (90g/l). MATERIAL AND METHODS
The nutrient medium was sterilized in an autoclave at 122°C 

Determination of fruit setting percentage—Materials for for 40 minutes. After cooling to 50°C, the medium was  
the study were collected in 2009–2016 in two locations of poured into sterile Petri dishes (90 mm diameter) in a laminar 
Krasnodar region and two locations of Crimea (Figs. 1, 2). box. 
During the flowering period (early May), visual assessment For sowing, immature seeds from the fruits are used. 
was performed to identify possible hybrid individuals and Before sowing, the fruits were sterilized in a solution of 
typical O. purpurea. Individuals were marked and the number “whiteness” (diluted with sterile distilled water in a ratio of 
of flowers was taken into account. During the fruiting period 100 ml to 150 ml) for 30 minutes, washed in sterile distilled 
(June) the number of fruits was calculated. water in three repeats, keeping each for 15 minutes. The fruit 
Cytoembryological study of seeds at different stages of 

was then further sterilized in 10-12% hydrogen peroxide for 
their development—Since in individuals of this species, 

15 minutes and washed in sterile distilled water for 15 
the percentage of fruit setting is very low in natural 

minutes. Seeds were isolated from the fruit and placed on the 
pollination, and artificial pollination of flowers in 30 plants 

surface of the nutrient medium, from each fruit a part of the 
was carried out. Pollinated ovaries and fruits were used for the 

seeds was fixed for cytoembryological study (control for cytoembryological study (pollination date 03. 05. 2014). 
sowing). A mixture of FAA (formalin 45% 7 parts – glacial Pollinated flowers were separated by label. We used also the 
acetic acid 7 parts – 70% alcohol 100 parts) or 70% alcohol fruits of 6 individuals after natural pollination.
was as a fixative. Morphological and histological analysis of Permanent preparations were made by standard 
seeds was carried out on permanent and temporary technique (Prosina1970). The material was poured into 
preparations. Histology of seeds that did not germinate within paraffin. The cuttings were made on a microtome Microm 325 
a year after sowing, swollen seeds, as well as protocorms that (Carl Zeiss). Sections of 12 MK were stained with hematoxilin 
stopped growing at the early stages of development, were according to Ehrlich and tinted with alcian blue. The cuttings 
studied on temporary preparations. were filled with moviol and covered with a cover glass.
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RESULTS AND DISCUSSION the testa. This, in turn, makes the seeds differ in aerodynamic 
properties. The seeds were mostly light brown in color.  Some Fruitage—O. purpurea is characterized mainly by the seed 
of the seeds were discovered to contain two embryos, which reproduction, but the percentage of fruit setting is usually low: 
was formed, probably as a result of the cleavage (Fig. 5).  It is in southern England it was 8%, in Crimea it varied from 0 % 
likely that some additional embryos may have occurred as a (in shady forests) to 30 % (meadow) (Zagulskii and 
result of another mechanism, their origin at the time of Vakhrameeva 2008), and in the North-West Caucasus it 
dissemination was no longer possible to determine. There reached 32 % (Perebora 2002). 
were rare cases of polyembryony (Andronova et al. 2015). According to data for 2009–2014, the percentage of fruit 
Viability of seeds O. purpurea from populations of set in O. purpurea in Novorossiysk and Abinsk districts of 
Krasnodar region—Plants from the populations of the 

Krasnodar region was only 1-4 % (Semenov et al. 2011, 
Krasnodar region were characterized by a high number of non-

Andronova et al. 2015). If the average percentage of fruit 
viable seeds, without embryo or with degenerating embryo. 

setting as a whole was very low, its value in different 
The percentage of such seeds in the fruits of different plants 

individuals varied significantly from 0 % to 92 %. The 
varied from 5 to 95 %.  On average, the proportion of non-

percentage of fruit set at artificial pollination of flowers (in 
viable seeds was 50%. In the studied populations the 

2012 and 2014) varied from 0 to 100% in different individuals. 
percentage of plants with low seed quality was 44% 

On average, it was 34 and 77 % in different locations 
(Andronova et al. 2015). 

(Andronova et al. 2015). 
In experiments on artificial pollination of flowers, it was 

On the Russian territory O. purpurea grows on the 
shown that the proportion of seeds without embryos in fruits 

North-Eastern limit of its distribution (Averyanov, 2008), 
obtained by autogamy or geitonogamy is higher (between 

and the studied locations in Novorossiysk and Abinsk regions 
different plants 22 - 93 %, in average 63 %) than in fruits 

can be attributed to the most extreme points of its range. It 
formed after cross-pollination between different individuals 

can be assumed that the low percentage of fruit set in the 
(xenogamy) (3 - 69 %, in average 34 %).  However, the range 

studied locations is associated with the lack of optimal 
of change in the percentage of non-viable seeds is most likely 

conditions for the growth, pollination and fruiting of O. 
determined by the genetic characteristics of the parent plants 

purpurea plants at the border of its area. It is also possible 
(Andronova et al. 2015). 

that adverse weather conditions during the years of this study A cytoembryological study showed that the embryos 
and low pollinator activity influence a low percentage of fruit develop in most seeds. However, at the early stages of seed 
set in this species. It should be noted that if the percentage of development, the embryo stops in development and 
fruit setting after natural pollination was low, artificial degenerates completely or almost completely by the time 
pollination led to the formation of fruits (Fig. 3). of dissemination. The embryo is preserved only in some  

In 2016 in the Crimea the percentage of fruit set varied seeds. 
from 9 % (forest) to 39 % (meadow), i.e. it was significantly Normal development of embryo in O. purpurea—As a rule, 
higher in individuals growing in the open area (Andronova et during cell divisions in the body of the embryo and in the 
al. 2018). In the studied locations in the year of the study it was suspensor cell the walls are laid down in a certain direction, 
slightly higher than according to the literature data this determines the regular type of embryogenesis and the 
(Vakhrameeva et al. 2014). normal course of embryonic development. The structure of 
Morphology of seeds–Seeds of O. purpurea from fruit both the embryo body and the suspensor is an evolutionarily 
harvested from different individuals were characterized by the significant characteristic, as it is specific to the taxon (Swamy 
phenomenon of heterospermy, i.e., differed in vitality, color of 1949, Johansen 1950, Veyret 1965, Shamrov 1997a, b, 
seed coat and embryo, as well as by the degree of homogeneity Nikiticheva 1997, Clements 1999). 
of their dimensional parameters (length, width) and shape. The first division of the terminal cell of the two-celled 
Within each sample there were large and small seeds. As it embryo in representatives of the genus Orchis, is usually 
turned out, the size of the “largest” seeds in some individuals longitudinal  to the apical-basal axis of the embryo. Normally, 
could correspond to the size of “small” seeds in other plants. this division leads to the formation of two cells of the same 
There was no correlation between the metric parameters of the size. The subsequent division occurs, as a rule, by a transverse 
embryo and the size of the seed. Larger seeds could contain partition. As the cells divide, a globular embryo is formed. 
very small embryos and, conversely, very small seeds could Further, in addition to the ongoing cell divisions, there is a 
contain very large embryos.  Mainly seeds of O. purpurea had histological differentiation of tissues. Protoderm (cover 
an ellipsoidal form, but there were also seeds mace, curved or tissue) and the cells of the internal parenchyma (storage tissue) 
rounded shape (Fig. 4). Seeds differed in volume, which are differentiated. An embryonic shoot apex (without signs of 
occupied the embryo in the seed, and in the volume of cavity in the rudiments of lateral organs) is formed. 
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Normally, in the formation of a suspensor in the case of Viability of O. purpurea seeds from Caucasus in culture in 
the genus Orchis, the cells should be divided only by vitro–Immature seeds forming by natural and artificial 
transverse partitions, and it should consist of one row of cells pollination were used in the germination test.
(Swamy 1949, Johansen 1950, Veyret 1965, Andronova 1997, In the case of natural pollination, mass seed germination 
Clements 1999). The formed suspensor in the case of was observed from the fruits of 5 plants, partial germination 
representatives of the genus Orchis is filamentous, consists of (50 % of seeds) was observed from the fruits of 4 plants, and 
homogeneous, vacuolated, elongated along the apical-basal single seedlings were obtained from the fruits of 5 plants. 
axis of mononuclear cells (Nikiticheva 1997). The same type Thus, the viability of the seeds was low. 
of suspensor is typical not only for representatives of the genus In the case of artificial pollination, seeds germinated from 
Orchis, but also for representatives of the genus Dactylorhiza 8 fruits, tied as a result of cross-pollination, and only from 2 
(Veyret 1965, Andronova 1997) and other taxa of the fruits, after self-pollination. Seeds from 12 fruits obtained by 
Orchidoideae (Clements, 1999). In Orchis purpurea, the self-pollination and 5 by cross-pollination did not germinate at 
suspensor usually consists of 7-9 cells. It comes out through all. This indicates that the viability of seeds at self-pollination 
the micropyle and is embedded into the placenta tissues of the is significantly lower than at cross-pollination.
ovary (Lagutova and Chebotar 1992, Nikiticheva 1997). The Seedlings obtained from the seeds of different individuals 
role of the suspensor is to provide the developing embryo with of O. purpurea from Caucasus differed in the degree of 
nutrients from the tissues of the mother plants. viability and rate of development in culture in vitro (Fig. 7). It 
Anomalies in the seed development in plants of Krasnodar is believed that in nature the development of seedlings in 
region—Cytoembryological examination revealed numerous Orchis occurs quickly. The formation of a young plant with 
anomalies in embryo morphogenesis (Fig. 6). Anomalies in green leaves and developed roots is realized within 1 year 
the formation of the embryo body were manifested at the early (Möller 1989). Obviously, in an in vitro culture, one would 
stages of development. First of all, there were delays in the expect that the development of plants and the formation of 
division of some cells of the embryo body, and embryogenesis green leaves and developed roots should also proceed rapidly. 
proceeded in an irregular type (Figs. 6, b, c, d). As a result, the Expectations were confirmed. In the first year of cultivation, 
body of the embryo was divided into several groups of cells the seedlings turned into powerful young plants with well-
(Figs. 6, e, f). The division of the terminal cell of the developed green leaves and several adventitious roots. 
proembryo by an inclined wall was also abnormal which led to However, there were exceptions. So, despite the fact that the 
the formation of two cells of unequal size. seeds of one of the plants germinated quickly, simultaneously 

Anomalies in the formation of the suspensor manifested and massively, almost all the seedlings died by the end of the 
simultaneously with failures detected in the formation of the first year of cultivation. As cultivation progressed, only an 
embryo body, or were not associated with them. They were increase in the size of the protocorms was observed, but there 
found relatively late in embryogenesis. For example, along was no differentiation of neither the shoot apex nor the roots. 
with the externally normal histological differentiation of the There was a clear tendency to the formation of secondary 
proembryo body, there was an abnormal growth of certain protocorm-like structures (Figs. 7, f).  All the offsprings of the 
cells of the suspensor and the formation of cells in the form of a plant were not viable and died after several years of in vitro 
bubble (Figs. 6g, 6h). cultivation. 

Abnormal embryos developed more slowly compared Seedlings obtained from different individuals differed in 
with normal ones. They appear to remain alive until the seeds the rate of development. However, progeny of the same 
begin to mature, and as long as they have been provided with individual could also develop at different rates. Thus, a few 
nutrients from the parent plant. Abnormal embryos are not months after sowing, some seedlings could be at an early stage 
capable of independent existence and die during the seeds of development, while others already had green leaves and 
maturation. adventitious roots.

The formation of the seed coat, apparently, occurred For some plants, only single seedlings were obtained. 
without significant deviations from the norm, thereby the These plants are possibly hybrids (O. purpurea x O. militaris 
seeds with and without the embryo had the same size and ssp. stevenii). They were characterized by an abnormal 
shape (Andronova et al. 2016). structure of the shoot apex and by a delay in the development 

Thus, it was shown that a high proportion (on average 50 of green leaves and adventitious roots. Anomalies of the 
%) of non-viable diaspores in mature fruits in O. purpurea structure were found not at the initial stages of germination, 
from Caucasus is a consequence of the manifestation of lethal but later as the seedlings developed. First of all, there was a 
anomalies of embryogenesis (Andronova et al. 2016). This violation of the polarity of the growth of the organs of the 
phenomenon was previously described for Dactylorhiza seedlings (Fig. 7, a - c). The adventive root, originally laid 
fuchsii (Andronova 2011). down laterally at the base of the shoot apex, moved as it grew 
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to the terminal position, with its apex upwards (a violation of formed only from the epidermis of the external integument, 
the root’s geotropism), and the shoot apex moved laterally. and the micropyle is formed by the external integument and 
Further development of the shoot apex in such seedlings was the funiculus.
not observed, green leaves were not formed. Such seedlings In addition, in seeds with abnormal structure of the seed 
remained alive in the culture for several years, but eventually coat, anomalies in the structure of the suspension were found 
they died. usually (Fig.8, c, d). In O. purpurea the suspension should 

The few grown progeny of another, possibly also hybrid normally germinate through the micropyle (Fig.8, f-h) and it is 
individual (O. purpurea x O. simia) had thickened roots-stem embedded in the placental tissue of the ovary. For non 
structures (tuberoids), i.e. they had the typical storage organs germinated seeds of O. purpurea from Crimea the suspensor 

did not extend beyond the seed covers. It was located in a of the taxon. However, the seedlings had anomalies in the 
micropyle, usually outside the internal integument. It was structure of the shoot apex and they were characterized by the 
single-row and winding. The cells of the suspensor adjacent to absence of green leaves (Fig. 7, d, e). Such seedlings in natural 
the body of the embryo, as a rule, were not elongated along the conditions, apparently, are not viable, because they are not 
apical-basal axis, as it should be according to the norm able to provide themselves with nutrients through 
(Andronova et al. 2018).photosynthesis due to the lack of green leaves. However, they 

The role of the suspensor is to provide nutrients from the are able to develop in artificial conditions on a nutrient 
tissues of the mother body to the developing embryo. In all medium containing sugars, vitamins, etc.
probability, the transport function of the abnormal suspensor The viability of seeds O. purpurea from populations of 
is broken, and it is not able to provide the developing embryo Crimea—Viability of seeds from populations of Crimea was 
with nutrients.evaluated in a germination test. A cytoembryological study of 

The obtained data indicate a violation of morpho-seeds at the time of sowing, seeds a year after sowing that did 
physiological correlations in the development of seed covers not germinate and protocorms at an early stage of 
and the development of the embryo. Apparently, these 

development was carried out.
anomalies are lethal. The mass number of seedlings was 

In general, from the seeds of 43 plants from two Crimean 
obtained only for those plants whose seeds had no 

populations, progeny were obtained only from 14 individuals, 
abnormalities in the structure of the suspensor and seed covers 

10 of which were only form a single seedlings. Thus, the 
(Fig. 8, a, f – h, 9, b) (Andronova et al. 2018).

viability of the seeds was low.
In some cases, in the micropylar part of the seed, the 

A cytoembryological study showed that most of the seeds 
structures formed from the cells of the internal integument 

used for sowing had an embryo. Only in the fruits of 2 plants were noted (Fig. 9, c), which resembled integumentary 
(from 43) there were seeds with a small embryo and ovules embryos described in Spiranthes cernua (Swamy 1948). 
with embryo sacs. Thus, it can be concluded that in some However, additional embryo did not found during seed 
cases, most of the ovules were not pollinated. R. E. Levina germination. Apparently, either the additional embryos were 
(1981) considered pollen defect, its death, pollinator not viable and died at the early stages of development, or the 
deficiency, disturbance of flowering rhythm, etc. as the main structures in the massive integument had only external 
reasons determining pollination insufficiency. Probably, these similarities with embryoids. Thus, a massive internal 

integument, unusually long time remaining in the micropylar factors could take place in the case of the studied species. 
part of the seed was not able to form additional embryos, even However, the facts of pollination insufficiency among the 
under cultivation in vitro. As follows from the literature, studied plants were single.
the examples of the formation of polyembryonic seed due During the study of the seeds structure in variants where 
to the differentiation of integrumental embryoids are single germination was absent completely or occurred sporadically, 
(Lakshmanan and Ambegaokar 1984, Naumova 1993, anomalies were detected indicating a violation of the normal 
Teryokhin 1996). 

process of the seed coat formation. At the time of sowing and a 
In addition to violations in the structure of seed coat 

year after sowing, in the micropyle part of the not germinating 
and suspensor, violations of the structure of seedlings 

seeds, a multi-layered internal integument could be seen 
(protocorms) at the early stages of their development were 

(Fig.8, b – d). In this seeds, the micropyle was formed by both found. The fact of mass death of protocorms at the earliest 
the outer and inner integuments and the funiculus (Andronova stages of their development was noted (Andronova et al. 
et al. 2018). The normal process of seed formation is 2018). As it turned out, the development of seedlings  
characterized by gradual degeneration of the internal occurred only due to cell growth, while cell division did 
integument, which begins at the early stages of embryo not occur. Protoderm and zones differing in cell size could 
development and completed by the stage of the formed not be distinguished in protocorms. They had no shoot apex 
embryo. In this case, normally the seed covers should be (Fig. 9, d, e).
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Fig. 1. General view of inflorescences (a - c) and plants (d - f) of Orchis purpurea in Krasnodar region

Fig. 2. General view of the habitat (a - meadow, b - forest), inflorescences (c, d) and plants (e, f) of Orchis purpurea in the Crimea
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Fig. 3. General view of the inflorescences of Orchis purpurea after 
flowering. In the example of 5 plants it is shown that the fruits were 
tied only as a result of artificial pollination (around them there is a 
thread with a number), whereas in natural pollination only one upper 
fruit (e) was tied.

Fig. 4. The structure of the seeds of Orchis purpurea, it is seen that 
they differ in shape, size and in the shape and size of the embryo. a – d 
- ellipsoidal shape, e - g - rounded shape; h - k - curved shape; l - n - 
mace shape. The scale bar–100 µm  (after Andronova et al. 2015, 
modified)

Fig. 5. Polyembryonic seeds Orchis purpurea.  The scale bar – 100 µm. (after Andronova et al.  2015, modified)

a b c
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Fig. 6. Structure of the embryo of Orchis purpurea on longitudinal 
sections. Staining with hematoxylin by Ehrlich with a touch of alcyan 
blue. The scale bar – 100 µm (scale bar for a – d as for e and  for g as h 
). s – suspensor, b c   –   suspensor cells in the form of a bubble (after 
Andronova et al.  2016, modified)

Fig. 7. Plants of Orchis purpurea abnormal (a - f) and normal structure 
(g) after 2 months (a), after 6 months (b, d) and after a year (c, e, f, g) of 
in vitro cultivation. The scale bar – 1 sm. r p tub - root part of tuberoids, 
sh a – shoot apex, s pr – secoundary protocorm-like structures.

Fig. 8.  Seeds of Orchis purpurea at the moment of sowing onto nutrient medium (a, e - h) and ungerminated seeds by the year after sowing (b - d).  

Large multicellular embryos without zonality cells size are visible (a – d), massive internal integument at the stage of degeneration (b, c) and winding 

suspensor (c, d). Internal integument is single-rowed, suspensors consist of 7—9 cells, but have different length (e – h): shorter (e) or longer than 

micropyle, the cells of suspensor not elongated (f, g) or apically-basally elongated (h). a – permanent preparation, staining by  Procions (blue MX 

and red MX2 B) (after Ivanov, 1982) and b – h  - temporary preparations.  The scale bars: a -  20 µm,  b - h – 50 µm; e – embryo, i in – internal 

integument, s – suspensor    (after Andronova et al. 2018, modified).
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ÑONCLUSION The identified abnormalities in the development of 
structures of the seed (formation of the seed coat with the 

The analysis of original and literary data showed that the 
participation of internal integument and in the structure of 

percentage of fruit setting in O. purpurea plants is very low. 
suspensor, the growth of which is limited by the micropyle) 

However, this species is characterized by high seed 
and in the development of the seedling the ability of cells only productivity, as well as for other members of the family. 
to grow by extension, but not to divide were found only in O. As this study has shown O. purpurea from both the 
purpurea from the studied regions of the Crimea, they were Caucasus and Crimea are characterized relatively low real 
not found in the study plants from the Caucasus.seed productivity. Based on the results of the 

In the study, it was observed that the formed embryos cytoembryological study, a general conclusion can be drawn 
of O. purpurea have not zoning on the size of the cells (Fig.6, that the low real seed productivity of O. purpurea, both in the 
h, 8, a - d). It is not typical for taxa subtribe Orchidoideae, Caucasus and in the Crimea, arises due to lethal anomalies 
but occurs in the embryo of representatives of some other manifested both at the stage of seed development and in the 
subtribes, for example, zoning in the body of the embryo is  post-seed period. 
not found in species Neottia, Corallorhiza, Epipogium. The anomalies leading to a decrease in the real seed 
According to E. S. Teryokhin (1996), in the case of highly productivity of plants from the populations of the Krasnodar 
specialized orchid species, which include the above species, region or the Crimea were different. In contrast to O. purpurea 
there is a high degree of reduction of epicotyl, but in the apical from Caucasus anomalies in the development of the embryo 
region of the embryo morphogenetic potency for the shoot body in the studied individuals of O. purpurea from Crimea 
development remains. Although O. purpurea does not belong practically did not occur. Abnormalities of the suspensor 
to highly specialized taxa, there is no small cell zone in the found in the embryo from populations from the Caucasus, 
apical part of the embryo of this species, i.e. there is no such as the formation of “bubble” cells as a result of abnormal 
pronounced embryonic shoot apex. We assume that this growth, in embryos from the locations of the Crimea were not 
feature is likely not an anomaly of development. The absence detected.  

Fig.9. a, b - The structure of the internal integument of seeds in Orchis purpurea. It is multiple, especially in the micropylar part of the seed (a), when 
suspensor develops, the internal integument is single-rowed (b); c - Longitudinal section of the seed in Orchis purpurea, embryoid-like structures 
can be seen in the micropylar part, staining by Ehrlich’s hematoxylin with alcian blue; d, e- non-germinated seeds and protocorms after a year of 
cultivation on a nutrient medium, it can be seen that the body of protocorms consists of identical cells of large size, there is no meristem. a, b, d, e-
temporary and c-permanent preparations. The scale bars: a, b, d, e – 50 µm, c – 10 µm,  e – embryo, emb – embryod-like structures, i in – internal 
integument, s – suspensor   (after Andronova et al. 2018, modified). 

ba
c

d e
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of zoning in the formed embryos was revealed in all samples Andronova EV, Evdokimova EE and Semeonov AV  2016. 
Reasons of the unviable diaspores formation in Orchis of seeds, both in those, where it was possible to obtain   
purpurea subsp. caucasica (Orchidaceae). – Science of normal seedlings, and in those, where there were abnormal 
Kuban. 3 13-20. (In Russ.)protocorms without functional shoot apex. However, for the 

final conclusion about the importance of the identified Andronova EV,  Kovaleva AA, Evdokimova EE and Nazarov 
features, further studies of seeds from other locations are VV 2018. Causes of low viability of Orchis purpurea 
necessary. (Orchidaceae) seeds in the Crimea. Botanicheskii 

In conclusion, it should be noted that low real seed Zhurnal. 103(8) 992-1002. (In Russ.)
productivity may be the reason for the decrease in the number 

Ardittii J 1967. Factors affecting the germination of orchid of populations of some orchid species with predominantly 
seeds.  Bot. Rev. 33 1–97. seed reproduction, up to the complete disappearance of some 

of them. What exactly determines the manifestation of a large Ardittii J 1992. Fundamentals of orchid. New York; 
number of anomalies in the development of both seed and Singapore. Pp. 891.
seedlings in the studied plants is currently not entirely clear. 

Averyanov LV 2008. Orchis purpurea. – In:  Red data book of Perhaps they are a consequence of interspecific hybridization. 
nature of the Russian Federation (Plants and Fungi). It can also be assumed that there is a mechanism of strict 
Ministry of Natural Resources and Ecology of the elimination of genotypes obtained as a result of a certain type 
Russian Federation and Rosprirodnadzor. Moscow. Pp. of crosses. It is possible that the offspring from closely related 
406–407. (In Russ.)crosses are rejected. 

Due to the revealed features of O. purpurea breeding Biological resources of the Russian Federation. Electronic 
biology, it is obvious that it is not enough to optimize methods resource: http://www.sevin.ru/bioresrus/. 
of propagation to develop a technology for obtaining a 

Cherevchenko TM and Kushnir GP  1986. The Orchids in valuable biological resource of this species. To date, we can 
culture. Kiev. Pp. 198. (In Russ.)only use seeds from nature, so the number of experimental 

plants will be small. In order to develop the biotechnology of Clements MA 1999. Embryology. Genera Orchidacearum. 
this potentially new crop, it is first of all necessary to study the Vol 1. General Introduction, Apostasioideae, 
mechanisms of formation of high quality seeds and determine Cypripedioideae. Pridgeon AM, Cribb PJ, Chase MW, 
the ways of stable production of viable diaspores. Rasmussen FN. – England, Oxford: Oxford Univ. Press, 

Pp. 38–58.Acknowledgement—The present study was carried out 
within the framework of the institutional research project 

Fast G 1982. European Terrestial Orchids (symbiotic and a 
(no. AAAA-A18-118051590112-8) of the Komarov 

symbiotic methods).  – In: Orchid Biology Reviews and 
Botanical Institute of the Russian Academy of Sciences “The Perspectives, London. 2 309–326.
diversity of morphogenetic programs of plants reproductive 

Harvais G 1973. Growth requirements and development of structures development, natural and artificial models of their 
Cypripedium reginae in axenic culture. Can. J. Bot. 51(2) realization”
327–332.
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