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Iris aphylla L. is a valued ornamental plant with 
decorative properties and medicinal use. A breeding 
program of a new cultivar must take into account the 
fertility of hybrids, which determines reproductive 
success [Ustuner et al. 2022]. In vitro breeding is con-
sidered an alternative, quick method of propagation 
if propagation by seed is difficult. The embryo devel-
opment is closely correlated with the development of 
the endosperm. Any disturbances in the latter process 

have an impact on the development and viability of 
the embryo which ultimately determines the success 
of reproduction [Lafon-Placette and Köhler 2014]. 
Therefore, three important structures: the embryo, the 
endosperm, and the testa should be considered in the 
analysis of seed germination. 

Seed dormancy in plants of temperate areas may be 
an adaptive function preventing seed germination in 
unfavorable seasons. Various types of seed dormancy 
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ABSTRACT

The observations of fruiting and formation of offspring through generative propagation presented in this 
study were aimed at determination of propagation potential in Iris aphylla L. The low percentage of germi-
nating seeds largely limits its generative reproduction. The germination tests confirmed deep dormancy of 
the Iris aphylla seeds. The dormancy was disrupted by isolation of embryos from seeds, which were further 
cultivated in vitro. The germination of isolated embryos proved the localization of endogenous inhibitors 
of germinating seeds of I. aphylla in the endosperm. The comparison of phytohormonal profiles of seeds, 
endosperm and embryos of I. aphylla and Iris sibirica, i.e. a species with a high percentage of germinating 
seed, revealed that the deep dormancy of I. aphylla seeds was associated with the balance between abscisic 
acid and gibberellins (ABA/GA), a significant predominance of ABA and a massive accumulation of salicylic 
acid. Isolation of embryos from seeds and their germination in growing medium in vitro is recommended 
as the most efficient method for I. aphylla propagation. Results of this study can be applied in conservation 
efforts of this attractive and important native species.
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have been described in Angiospermae, e.g. mechani-
cal dormancy [Tillich 2003], physiological dormancy 
[Morgan 1990], and morphological or morphophysi-
ological dormancy [Coops 1995]. Dormancy can be 
released by treatment of seeds with exogenous hor-
mones, in particular gibberellins. It has been found 
that the levels of endogenous gibberellins and cytoki-
nins are very high in young developing embryos, but 
their levels decline drastically in subsequent develop-
ment stages [Bewley and Black 1994]. Release of seed 
dormancy and initiation of seed germination are deter-
mined by a balance between the embryo growth poten-
tial and the constraint exerted by covering layers, i.e., 
the testa and the endosperm. An important role in this 
process is played by interactions between abscisic acid 
(ABA), gibberellins (GA), ethylene, brassinosteroids 
(BR), auxins, and cytokinins in the regulation of in-
terrelated molecular processes [Kucera et al. 2005].  
It has been shown that the application of GA3 not only 
strongly stimulates embryo growth but also has a posi-
tive effect on the number of germinating seeds [Zhang 
et al. 2019]. The delay in seed germination in plants 
is associated with intolerance of shoots to sub-zero 
temperatures, which is one of the evolution aspects in 
many plant species.

The objective of this study was to establish deter-
minants of the inhibition of the metabolic activity and 
growth of I. aphylla seeds. Seed germination and seed-
ling growth rates are crucial in competition with oth-
er species for microhabitats in natural environment. 
Many studies indicate that the decline in the I. aphyl-
la population in Europe results from low competition 
with other plants in natural habitats. Since I. aphylla 
is protected in many European countries, it is import-
ant to determine factors responsible for deep seed dor-
mancy of this species and develop effective methods 
for release of the dormancy state [Turis et al. 2014]. 
In addition, I. aphylla is an attractive rhizomatous pe-
rennial plant with great economic importance given its 
use in the pharmaceutical industry [Rudall 1994]. 

MATERIAL AND METHODS

Study area. Iris aphylla flowering and fruiting 
were observed in 2016–2018 in the Botanical Gar-
den of Maria Curie-Sklodowska University in Lublin, 
central-eastern Poland (51°14'37.2"N, 22°32'25.3"E; 

197 m a.s.l.). I. aphylla was cultivated in four approx-
imately 1 m2 plots located at a distance of 15–100 m. 
The plants were grown in three sunny locations and 
one shaded site with brown loess soil (26% fraction 
< 0.02 mm) with humus content of 2.75–5.37% and  
pH 7.76–7.94. The climate of the Lublin region is char-
acterized by the influence of continental air masses. 
The vegetation period in Lublin lasts for approximate-
ly 215 days [Woś 1999]. The mean annual tempera-
ture in the study years was 10°C, and the mean annual 
rainfall was 543 mm. Seeds of Iris sibirica L. growing 
in the Botanical Garden of Maria Curie-Skłodowska 
University in Lublin were used for comparative analy-
ses of hormone levels.

Evaluation of the decorative value of I. aphylla 
flowers. Based on the valuation scale used in the culti-
vation of ornamental plants, an analysis of decorative 
value was carried out in three periods: in May, June 
and July.

Pollen grain germination. The germination of 
pollen grains was analyzed on a medium prepared as 
described by Brewbaker and Kwack [1963] with the 
addition of 10% sucrose. The germination rate was ob-
served using a stereomicroscope for 30 min.

Seed germination in vivo and in vitro. The in vivo 
I. aphylla seed germination test was carried out in  
a greenhouse and under field conditions. The green-
house cultivation was carried out using filter paper, 
sand, vermiculite, and garden soil substrates, and 
generally recommended seed treatments, i.e., scari-
fication and stratification. Some seeds were soaked 
in a 3% gibberellin solution for three days. Next,  
30 seeds were placed on each of the substrates. Under 
field conditions, the experiment was carried out using 
a mixture of universal and leaf soil supplemented with 
chalk limestone. The experiment was conducted for  
a year in controlled substrate moisture conditions. The 
germination of seeds was also tested in vitro. The seed 
surface was disinfected with 96% ethanol for 1 min 
followed by 5% calcium hypochlorite for 15 min and 
rinsed five times with sterile water. Disinfected seeds 
were scarified by piercing the testa using a sterile dis-
section needle. Seeds were placed on a sterile MS me-
dium (Murashige and Skoog 1962) solidified with 6% 
agar. Seed germination was carried out in an air-con-
ditioned chamber at a 16 h photoperiod, a temperature 
of 20°C, and 240 µmol m2s–1 irradiance. 
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Seed viability test (according to International 
Seed Testing Association ISTA Regulations). Fifty 
fresh iris seeds were collected for analysis and soaked 
for 24 h in distilled water at room temperature. Next, 
the testa was removed from the seeds and placed in  
a 1% tetrazolium solution, pH 6.5, for 4 h. The tetra-
zolium assay facilitates discrimination between viable 
and non-viable embryo tissues. It is based on the activ-
ity of dehydrogenase enzymes used as an indicator of 
the respiration rate and seed viability. Dehydrogenases 
react with substrates and release hydrogen ions into  
a solution of oxidized colorless tetrazolium salt,  
which is then converted to red formazan. Seed viabil-
ity is interpreted based on the intensity of embryo tis-
sue staining.

Preparation of seeds for observations using the 
transmission electron microscope (TEM). The seeds 
were fixed in 2% (v/v) glutaraldehyde in 0.05 M phos-
phate buffer, pH 7.2 at room temperature for 1 h and 
rinsed three times with phosphate buffer. The speci-
mens were post-fixed in 1% (w/v) OsO4 for 10 min, 
rinsed three times in distilled water, and then dehy-
drated in ethanol at room temperature. For transmis-
sion electron microscopy, capsules in 100% ethanol 
were slowly infiltrated with LR White or Spurr’s resin 
(Electron Microscopy Sciences, Hatfield, PA, USA) 
at 25% increments over 8 days. The specimens were 
sealed in airtight gelatin capsules (LR White) or Beem 
capsules (Spurr’s) and cured at 60°C for 7 days  
(LR White) or 3 days (Spurr’s). Ultrathin sections 
(70–100 nm) were cut using a diamond knife on  
a Leica ultramicrotome (Leica Microsystems, Wetzlar, 
Germany), collected on 200-mesh nickel grids, and al-
lowed to dry at room temperature for 2 h. The finished 
preparations were analyzed using a ZEISS LEO 912 
AB electron microscope. 

Preparation of seeds for observations in the 
scanning electron microscope (SEM). The seeds in-
tended for SEM observations was prepared with the 
method developed by Talbot and White [2013]. Fresh 
seeds was fixed in methanol for 10 min and then 
rinsed in ethanol for 2 × 30 min. Next, it was dried 
in a CO2 atmosphere, gold sputter coated, and viewed  
in a LEO1430VP scanning electron microscope with 
an acceleration potential of 15 kV. Photographic doc-
umentation was made using INCA-Mapping software 
(Billerica, MA, USA).

Determination of the content of plant regula-
tors. Samples of whole seeds, mechanically isolat-
ed embryos, and endosperm were prepared for the 
analysis. The material was treated with liquid nitro-
gen and lyophilized. Samples were homogenized in  
a mixing mill (MM400, Retch, Germany). Phyto-
hormones were extracted from 20 mg of lyophilized 
and ground plant material in an aqueous solution 
of formic acid in methanol [Dobrev and Kaminek 
2002]. The determination of phytohormones was 
carried out as described by Dziurka et al. [2016]. 
The samples were analyzed using an ultra-high per-
formance liquid chromatograph (UHPLC, Agilent 
1260) with a tandem quadrupole mass spectrome-
try detector (Agilent 6410). The Ascentis Express 
RP-Amide 2.7 μm, 2.1 mm × 150 mm analytical col-
umn (Supelco, USA) was used for the analysis. Phy-
tohormones were detected in the positive ion mode 
after electrospray ionization (ESI) at atmospheric 
pressure. The MRM (multiple reaction monitoring) 
technique was used for product ion monitoring. Re-
sults were referenced to a pure standard calibration 
curve, taking into account the internal isotopic stan-
dards: [15N4] kinetin (K-N15), [2H5] indole-3-acetic 
acid (IAA-D5), [2H4] salicylic acid (SA-D4), [2H6]  
cis, trans-abscisic acid (ABA-D6). 

Isolation and in vitro cultivation of embryos. 
The seeds were surface disinfected by application of 
96% ethanol for 1 min, followed by a treatment with 
a 5% calcium hypochlorite solution for 15 min, and 
rinsing five times in sterile water. Disinfected seeds 
were scarified by piercing the testa with a sterile dis-
section needle. After two days, embryos were isolated 
from sterile seeds and placed on the MS medium. The 
embryo germination was evaluated one week after the 
isolation, and the percentage of emerging seedlings 
was calculated after 2 weeks.

Seeds from 2019 were placed in 8 dishes with  
8 seeds in each (64 seeds). Embryos were isolated 
from half of the seeds and the other half served as  
a control. Seeds from 2017 and 2020 were placed on  
4 plates with 8 seeds in each (32 seeds). As in the other 
variant, embryos were isolated from half of the batch, 
and the other half served as a control. The morpholog-
ical and biomechanical features of iris seed capsules 
were presented by our research team previously [Śmi-
gała et al. 2021].
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RESULTS 

Iris aphylla begins to grow in early spring (from 
the third decade of March to the second decade of 
April, depending on meteorological conditions). The 
full bloom phase takes place in May. Its fruits (cap-
sules) are fully developed at the end of June. Seed ma-
turity and the beginning of capsule cracking are noted 
in the “late summer” phenological period when most 
plants enter the fruiting phase. The level of generative 
reproduction is reflected in plant fertility expressed in 
the mean number of produced fruits and seeds. During 
the observation period, one plant usually produced 
from 1 to 3 capsules (exceptionally 4 or 5) with on 
average 35 seeds per capsule.

Evaluation of the decorative value of I. aphylla 
flowers. During the observation of the plant in the Bo-
tanical Garden, attention was paid to its attractiveness. 
Based on the rating scale, in May iris received the 
highest score of 4.7 for flower color, flowering date, 
flowering abundance and length (Fig.1A). In June, the 
color and shape of leaves, the uniformity of growth 
and the appearance of seed capsules were assessed 
(Fig. 1B) and the iris received 3.7 points for these 
features. During the fruiting period (July), the plants 
received the lowest score of 3.2. Iris flowers received  
a high rating and aroused the interest of visitors.

Gynoecium. The observations of the female game-
tophyte structure started in the full anthesis phase in 
flowers with a developed embryo sac in the ovules. 

Fig. 1. A. Iris aphylla in May; B. seed capsule in June; C. longitudinal section of an ovule 
with a developed embryo sac: (a) egg apparatus with an egg cell with a large cell nucleus 
(arrow), (b) antipodes. Semi-thin slide stained with toluidine blue, LM; D. longitudinal 
section of the micropylar part of the ovule with a visible egg apparatus: (c) two synergids 
with (d) a highly stained filiform apparatus; below: (e) an egg cell with a nucleus at the 
chalazal pole and (f) a large vacuole in the micropylar part. Semi-thin slide stained with 
toluidine blue, LM; E. a fragment of the synergid cytoplasm with a branched system of 
endoplasmic reticulum membranes in the form of long linear systems of cisterns, (g) small 
vesicles, (h) small plastids. TEM; F. antipodes in the embryo sac on the eighth day after 
anthesis showing signs of cytoplasm degeneration and cell wall disintegration. Semi-thin 
slide stained with toluidine blue, LM; G. ultrastructure of one antipode in the anthesis 
stage with two cell nuclei. TEM [phot. by M. Śmigała-Lasota]
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The mature ovule had a thin nucellus and was cov-
ered by a single-layered epidermis. The embryo sac 
was pear-shaped (wider in the chalazal part and nar-
rower in the micropylar part). The longitudinal sec-
tion showed its polarization in the chalazal-micropylar 
axis. The egg apparatus was located at the micropylar 
pole of the sac, the secondary nucleus was visible in 
the central part, and the antipodes were situated at the 
chalazal pole (Fig. 1C). The egg apparatus consisted 
of two synergids and a large egg cell. The egg cell had 
a large cell nucleus at the chalazal pole and a large 
vacuole on the micropylar side (Fig. 1D). The syn-
ergid cytoplasm contained numerous small vesicles 
and plastids as well as a branched system of endoplas-
mic reticulum membranes forming a system of long 
tubules, branched tubes, and vesicles. The filiform ap-
paratus in the synergids formed a massive network of 
radially arranged tubular projections (Fig. 1E).

Three antipodal cells were located at the chalazal 
pole of the embryo sac. The cytoplasm of these cells in 
the anthesis stage was dense and had numerous small 
vacuoles. On the chalazal side, somatic ovule cells 
with thick walls strongly stained with toluidine blue 
adhered to the antipode. Occasionally, two cell nuclei 
were present in the antipodes (Fig. 1F). The embryo 
sac had partially located endosperm nuclei linked via 
cytoplasmic bands (Fig. 1G). 

Androecium. The I. aphylla flowers had three large 
stamens adjacent to the lobate branches of the style. 
The three stamens developed simultaneously and had 
the same size. The anther did not change its size during 
the maturation of the perianth, whereas the filaments 
were light purple initially but later turned dark purple 
(Fig. 2A).

Iris aphylla pollen grains had a shape of a slight-
ly flattened sphere and sizes ranging from 74.5 to  
81.2 µm. They were heteropolar and unicolpate, and 
the colpus on the distal side was smooth, wide open, 
long, and rounded at the edges (Fig. 2B). The sporo-
derm layer covering the pollen grain had reticulate 
sculpture with lumina of various shapes and sizes  
(2–10 µm). The lumina exhibited the presence of circu-
lar sporopollenin structures. The ultrastructural analy-
sis showed that the cytoplasm of the I. aphylla pollen 
grain was filled with starch grains and numerous lipid 
bodies. The male gametophyte was composed of two 
cells: a larger vegetative cell and a smaller generative 

cell. The nuclei of the vegetative and generative cells 
were surrounded by a strongly undulating nuclear 
membrane. The vegetative cell had dense cytoplasm 
and a large nucleus with a nucleolus (Fig. 2C). The 
pollen grain was surrounded by a layered cell wall. 

The Alexander staining-based analysis of the vi-
ability of pollen grains was carried out to estimate 
the number of viable and degenerated pollen grains 
in the anther. The viability of the pollen grains var-
ied in the study years. In 2019, there were 69% of 
smaller, green, non-viable grains, which were unable 
to germinate. In turn, 31% of the grains stained red, 
which indicated their viability. In 2020, 58% of pollen 
grains were viable and able to develop further, while 
42% were non-viable. The first bulges in the pollen 
grain porus were observed after 3 min of incubation 
(length > 20 µm) – Figure 2D. Further growth of the 
pollen tube to a size of about 35 µm and accumulation 
of dense cytoplasm were observed over the next few 
minutes. In the 10th minute of incubation, the number 
of germinating pollen grains increased significantly 
from 28% to 46%. After 15 min of observation, 51% 
of pollen grains developed a 400-µm long pollen tube. 
Incubation for another 15 min did not enhance the in-
tensity of this process. The rate of pollen tube growth 
on the medium was estimated at 26.7 µm/min. At 72 h 
post anthesis, the pollen tube was observed to pene-
trate into the ovule tissues through the micropylar ca-
nal (Fig. 2E). Three weeks after the anthesis, paraffin 
preparations showed a globular embryo surrounded 
by an amorphous endosperm tissue in the embryo sac. 
The embryo proper was composed of a group of small 
cells differing in their anatomy from the adjacent 
somatic cells of the ovule. These cells with strongly 
stained walls had dense cytoplasm arranged in regular 
layers with clearly stained cell nuclei (Fig. 2F).

Tetrazolium assays of seeds. On average, there were 
approx. 35 seeds in one I. aphylla capsule (Fig. 3A).  
A thick testa (350 ±29 µm) surrounded the endosperm 
with the centrally located embryo (Fig. 3B). The tests 
conducted in a sample of 20–40 seeds indicated 71% 
viability.

Seed germination in field and in vitro conditions. 
Treatments facilitating germination, i.e., soaking, scar-
ification, and stratification, were applied to the seeds 
first. The application of all recommended pre-sowing 
treatments did not bring the expected results, as the 
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I. aphylla seeds did not germinate in the greenhouse 
conditions, and only 18% of seeds sown in the field 
germinated after 15 months (Tab. 1).

In the next stage of the study, whole I. aphylla 
seeds and embryos isolated in sterile conditions were 
transferred onto MS medium plates. Three weeks after 
the establishment of the culture, all the embryos de-
veloped into young plants (Fig. 3C). After an approx-
imately two-month acclimatization process, the plants 
were transplanted into pots filled with garden soil  
(Fig. 3D). In June 2020, the plants were transferred to 
plots in the UMCS Botanical Garden. Plants obtained 
in vitro with isolated embryos developed properly and 
were suitable for additional cultivation. 

The whole seeds (not devoid of the testa and en-
dosperm) placed on the medium did not germinate, 
which suggested that the inhibitor of seed germina-
tion was contained in the endosperm. Since the whole  
I. aphylla seeds did not germinate on the medium, the 
next stage of the study involved analysis of endoge-
nous phytohormones contained in the seeds. Iris sibir-
ica seeds, which are characterized by an 87% germi-
nation rate, were used as a control in this stage of the 
study. The presence of phytohormones in whole seeds, 
embryos, and endosperm was analyzed.

The hierarchical tree diagram shows the percent-
age content of groups of phytohormones: auxins, cy-
tokinins, gibberellins, and abscisic and jasmonic acids 

Fig. 2. A. stamens Iris aphylla adjacent to the lobate branches of the style; B. mature pollen 
grain. Equatorial view with reticular sculpture of the pollen grain wall with a large smooth 
colpus surface. SEM; C. fragment of the cytoplasm with visible vegetative (a) and genera-
tive (b) nuclei. TEM; D. germination of pollen grains after 3 min of incubation; E. growth 
of the pollen tube into the ovule tissues the through the micropylar canal. Image from  
a fluorescence microscope. Preparation stained with aniline blue; F. globular embryo three 
weeks after anthesis. At the micropyle of the embryo sac, a group of small cells with strong-
ly stained cell walls is visible, and amorphous endosperm is visible inside the sac. Paraffin 
preparation stained with safranin and light green. LM [phot. by M. Śmigała-Lasota]
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in the total pool (Fig. 4). The levels of accumulation 
of the groups of phytohormones varied depending on 
the species and the element of the seed structure. Both 
the seeds and the endosperm of I. aphylla were char-
acterized by similar percent content of the phytohor-
mone groups. In turn, the I. sibirica seeds exhibited 

greater similarity to the embryos than to the endo-
sperm in terms of the percent content of the groups of 
phytohormones. In the I. sibirica endosperm, gibber-
ellins were the most abundant active phytohormones.  
In addition to salicylic and benzoic acids, the embryos 
of both species mainly accumulated active forms of 

 

Table 1. Germination of Iris aphylla seeds in greenhouse and field conditions 

Seed collection 
date  Sowing date  Cultivation site Substrate Germination date Germination  

percentage 

2019 May  
2020 greenhouse 

filter paper no germination 0% 
sand no germination 0% 

vermiculite no germination 0% 
garden soil no germination 0% 

2020 April 2021 field soil mixed with 
chalk limestone  July 2022 18% 

 
 

Fig. 3. A. structure of an I. aphylla fruit: ripe seeds before rupture of the seed capsule;  
B. longitudinal section through a seed with the embryo located centrally in the endosperm 
and a thick seed coat (testa); C. whole seeds on MS medium after three weeks of culti-
vation (a), dissected seed embryos on MS medium after three weeks of cultivation (b);  
D. young iris plants in laboratory conditions [phot. by M. Śmigała-Lasota]
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auxins and abscisic acid. The analysis of the content 
of individual phytohormones in the material revealed 
that the I. aphylla embryos exhibited lower contents 
of most of the determined cytokinins, auxins, gibber-
ellins, and abscisic and jasmonic acids and simulta-
neous seven-fold higher content of salicylic acid than 
the I. sibirica embryos (42,63 and 5,95 pmol/embryo, 
respectively). In turn, the endosperm and seeds of  

I. aphylla contained eight- and ten-fold higher levels 
of salicylic acid, respectively, compared to I. sibirica. 
They also accumulated similar amounts of active cy-
tokinins (t-Z, c-Z, DH-Z, K), similar or lower amounts 
of most gibberellins (except GA1 and GA3), and low-
er amounts of active auxins (IAA, IAA-Met) as well 
as abscisic and jasmonic acids. In comparison with  
I. sibirica, the I. aphylla whole seeds and endosperm 

Fig. 4. Hierarchical tree map of phytohormone content in the whole seed, endosperm, and  
embryo of I. aphylla and I. sibirica. The size of individual rectangles reflects the level of  
accumulation of a given group of phytohormones (AUX – auxins, ABA – abscisic acid,  
GAs – gibberellins, CYT – cytokinins, JA – jasmonic acid, BRs – brassinosteroids marked with 
colors), active (A), precursor (P), and inactivated (I) [prepared by K. Dziurka]
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accumulated two-fold larger amounts of the precursors 
of auxin I3CA and gibberellin GA5 and several-fold 
higher levels of cytokinin precursor forms (DH-Z-R, 
IPD, t-Z-R, K-R).

DISCUSSION

The double fertilization process takes place at dif-
ferent rates in different taxonomic groups. Studies 
conducted in various Iridaceae species have shown 
that fertilization occurs 16 h after pollination in Iris 
mandshurica Maxim., 24 h in Iris sanguinea Donn 
ex Hornem, and 50 h in Iris bloudowii Bunge [Fan 
et al. 2019]. Both the male and female gametophytes 
in I. aphylla were fully developed in the full anthe-
sis stage. The microgametophyte, i.e., the pollen 
grain, consisted of three cells: a vegetative cell and 
two sperm cells. As shown by the assays, the viability 
of the pollen ranged from 58 to 69%. The I. aphylla 
megagametophyte development corresponded to the 
Polygonum type, which was also described in oth-
er species of the genus Iris, e.g., Iris tanax Douglas 
[Riley 1942]. There were fundamental differences in 
the arrangement of elements in the filiform appara-
tus of the I. aphylla embryo sac in comparison with 
this structure described in I. tanax [Wilson 2001].  
As reported by the authors, the apparatus in I. tanax 
is an unstable structure appearing in the late flowering 
phase. The filiform apparatus in this species developed 
immediately before or at the time of degeneration and 
disappearance of synergids after pollination [Pande 
and Singh 1981]. These findings differ essentially 
from our data, as we documented that the filiform ap-
paratus in I. aphylla appeared as early as on the day 
of flowering and persisted until 14 days post anthesis. 
The filiform apparatus in the synergids formed a large 
network of radially arranged tubular projections with 
a heterogeneous structure visible in the cross section. 
The role of the filiform apparatus is to transport sperm 
cells to the egg cell and the central cell. Thus, our ob-
servations indicate quite a long time of functioning of 
this structure in I. aphylla, which ensures readiness of 
the embryo sac to accept the genetic material of the 
other partner in the generative reproduction process. 
The penetration of the pollen tube into ovule tissues 
through the micropylar canal was observed after 72 h 
post anthesis. Three weeks after anthesis, a globular 

embryo surrounded by an amorphous endosperm was 
present in the embryo sac. The description of struc-
tures involved in the double fertilization process and 
the embryo development rate in I. aphylla has been 
described in this study for the first time.

The embryo development is preceded by earlier 
development of the endosperm, which contains re-
serve substances and phytohormones regulating the 
metabolic activity of seeds. Endosperm hydrolysis 
products and phytohormones are transported to the 
developing embryo. This is accompanied by cessation 
of the action of auxins and gibberellins and increased 
activity of abscisic acid, which slows down metabo-
lism in seeds and induces seed dormancy [Goyal et 
al. 2005]. Seed dormancy in plants growing in tem-
perate areas may be an adaptive function preventing 
seed germination in unfavorable seasons [Crocker and 
Barton 1953].

Methods recommended for breaking dormancy in 
irises involve different types of stratification: cold, hot 
[Morgan 1990], chemical [Sun et al. 2006], and phys-
ical [Blumenthal et al., 1986]. One of the oldest and 
most commonly used methods for breaking seed dor-
mancy is stratification, i.e., storage of seeds in moist 
conditions at low temperatures followed by exposure 
thereof to high temperatures. Iris versicolor seeds re-
sponded positively to exposure to a temperature range 
of 33–50°C for 75 days. Germination of I. tenax and 
Iris virginica L. seeds was achieved through applica-
tion of both types of stratification breaking their deep 
morphophysiological dormancy [Morgan 1990, Jones 
and Kaye 2014].

The I. aphylla seeds had a normal structure, and 
the tetrazolium assay showed a high degree of their 
viability. Nevertheless, the seeds germinated at a very 
low level of several percent. Literature data indicate 
serious problems with seed germination in many spe-
cies of the genus Iris, hence the decline in the pop-
ulations of these species in natural habitats [Arditti 
and Pray 1969]. As a part of the study, we applied all 
treatments recommended in the literature to break the 
dormancy of I. aphylla seeds. Unfortunately, no treat-
ment brought the expected effect, and the percentage 
of germinating seeds was very low. However, we ob-
tained positive results through isolation and transfer of 
embryos to the in vitro culture medium. After 2 weeks 
of the experiment, regeneration was observed in 100% 
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of the embryos, and all embryos underwent further 
development. After several months of acclimatization, 
young plants were transferred to the greenhouse and 
then to Botanical Garden flower beds. This result of 
the experiment clearly suggests that the germination 
of I. aphylla seeds is blocked by inhibitors located in 
the endosperm, as the removal of this element ensured 
further development of the embryos without any dis-
turbances. The endosperm is a reservoir of reserve 
substances for the developing embryo. It contains 
substances that control its physiological state; they 
are responsible for the resting period length and regu-
late the time of the dormant state. Therefore, it can be 
confirmed that the endosperm not only nourishes the 
embryo but also controls the physiology of the seed 
through endosperm-embryo interactions [Lafon-Plac-
ette and Köhler 2014].

Germination of seeds of flowering plants, especial-
ly seeds obtained as a result of hybridization, is some-
times problematic. For example, obtaining new vari-
eties of olives (Olea europaea L.) is very difficult due 
to the low percentage of seed germination. In this spe-
cies, in vitro culture of embryos is used. This method 
can significantly reduce the time needed to carry out 
the initial assessment of breeding progeny. Our results 
indicate that in vitro cultures of isolated embryos may 
increase the efficiency of germination and developing 
new varieties of flowering plants in breeding programs 
[Acebedo at al. 1997]. 

It has been shown that ABA is a positively correlat-
ed with dormancy induction and a negatively correlat-
ed with germination. In turn, GA breaks seed dorman-
cy and supports germination, thereby abolishing the 
effect of ABA. A similar effect is exerted by ethylene 
and brassinosteroids (BR), which not only support 
seed germination but also counteract the impact of 
ABA [Kucera et al. 2005]. To detect compounds re-
sponsible for I. aphylla seed dormancy, we conducted 
an analysis of phytohormonal profiles. For compara-
tive studies, we used I. sibirica, as its seeds do not ex-
hibit problems with germination. We found differenc-
es in the content of phytohormones between I. aphylla 
and I. sibirica embryos, indicating different physio-
logical states of seeds from which they were isolated. 
However, these differences are not crucial for the abil-
ity to germinate, as evidenced by the successful in vi-
tro germination of I. aphylla embryos isolated on agar 

medium without the addition of growth regulators. 
Therefore, the causes of the inhibition of I. aphylla 
seed germination might be primarily associated with 
the endosperm. The balance between ABA and GA is 
the most important determinant of seed dormancy and 
germination [Tuan et al. 2018]. Disruption of dorman-
cy and resulting seed germination are accompanied by 
increased GA synthesis. Gibberellins in endosperm 
aleurone cells induce the expression of the α-amylase 
gene, thus activating storage materials accumulated 
in the endosperm [Zhang et al. 2004]. We showed 
that, regardless of the seed component of I. aphylla 
(seed, endosperm, embryo), the level of abscisic acid 
was substantially higher than that of gibberellins.  
In turn, in the seeds and especially in the endosperm 
of I. sibirica, the ABA/GA balance was shifted in fa-
vor of GA, in comparison with I. aphylla. Active GA4 
was the most abundant gibberellin determined in the  
I. sibirica seeds and endosperm. Its content was 
three-fold higher than in the seeds and endosperm of  
I. aphylla. Its level in the embryos was thousand-fold 
higher. Similarly, Li et al. [2016] reported that the 
amount of bioactive gibberellin GA4 was greater in 
brown seeds of Suaeda salsa (L.) Pall., which germi-
nate at a higher rate than black seeds of this species. 
Based on the present results and literature data, we be-
lieve that a high ABA/GA ratio in the endosperm is 
the main cause of the poor germination of I. aphylla 
seeds. An additional factor that inhibits I. aphylla seed 
germination is the accumulation of salicylic acid.  
As shown by Xie et al. [2007], SA inhibited the ex-
pression of the α-amylase gene (an enzyme respon-
sible for starch decomposition in the endosperm) in-
duced by GA, and thus had a negative impact on the 
germination of barley seeds. 

The readiness for germination of I. sibirica seeds 
is associated with a shift in the ABA/GA balance in 
favor of GA. Additionally, we observed a higher con-
centration of jasmonic acid in I. sibirica tissues than in  
I. aphylla. As reported by Nguyen et al. [2022], al-
though JA is not a key regulator of the germination 
process, it is involved in the process of dormancy 
breaking through changes in the ABA/GA balance. 
Disruption of dormancy in Triticum aestivum (L.) 
cv. AC Domain seeds was associated with increased 
expression of the gene encoding a hydrolase enzyme 
which releases IAA from conjugates and with higher 
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levels of IAA in seeds during imbibition [Liu et al. 
2013]. We detected higher content of both active IAA 
and its conjugates (IAA-ASA, IAA-GLUT) in the 
whole seeds, endosperm, and embryos of I. sibirica 
in comparison with I. aphylla. These differences were 
particularly visible in the embryos, which exhibit-
ed thirty-fold higher content of IAA and fifteen-fold 
higher content of conjugates.

CONCLUSION

The structure of the male and female gametophyte 
and the analysis of the fertilization process in I. aphyl-
la were typical and did not indicate any problems with 
further development of the new iris generation. The 
lack of germination of properly formed seeds in nat-
ural conditions indicated physiological disorders. The 
examination of the phytohormonal profile of the seeds 
allowed to indicate the location of endogenous germi-
nation inhibitors in the endosperm of the iris, which 
effectively prevents its reproduction and places it in 
the classification of a plant threatened with extinction.

Based on results of this study, it can be concluded 
that isolation of embryos from seeds and further culti-
vation in vitro is the most effective method of propa-
gation of I. aphylla. This recommendation seems rea-
sonable since the occurrence of this species in Europe 
is seriously endangered. It is important to take action 
to protect it.

FUNDING

This research did not receive any specific grant 
from funding agencies in the public, commercial, 
or not-for-profit sectors. They were financed from  
a subsidy for the maintenance and development of the 
research potential implemented at the Institute of Bio-
logical Sciences of the Maria Curie-Sklodowska Uni-
versity in Lublin.

REFERENCE

Acebedo, M.M., Lavee, S., Linan, J., Troncoso, A. (1997). 
In vitro germination of embryos for speeding up seed-
ling development in olive breeding programmes. Sci. 
Hortic. 69(3–4), 207–215. https://doi.org/10.1016/
S0304-4238(97)00004-6

Arditti, J., Pray, T.R. (1969). Dormancy factors in iris Irida-
ceae seeds. Amer. J. Bot., 563, 254–259. https://doi.org/ 
10.1002/j.1537-2197. 1969.tb07531.x

Bewley, J.D. Black, M. (1994). Seeds physiology of develop-
ment and germination, 3rd ed. Plenum Press, New York, 
pp. 445. Available: https://link.springer.com/chapter/ 
10.1007/978-1-4899-1002-8_1 

Blumenthal, A., Lerner, H.R., Werker, E., Poljakoff-Mayber, 
A. (1986). Germination preventing mechanisms in Iris 
seeds. Ann. Bot., 584, 551–561. https://doi.org/10.1093/
annbot/58.4.551

Coops, H., van der Velde, G. (1995). Seed dispersal, germi-
nation and seedling growth of six helophyte species in re-
lation to water-level zonation. Freshwater Biol., 341, 13–
20. https://doi.org/10.1111/j.1365-2427.1995.tb00418.x

Dobrev, P.I., Kamınek, M. (2002). Fast and efficient sep-
aration of cytokinins from auxin and abscisic acid and 
their purification using mixed-mode solid-phase extrac-
tion. J. Chromatogr. A, 950(1–2), 21–29. https://doi.org/ 
10.1016/S0021-9673(02)00024-9 

Dziurka, M., Janeczko, A., Juhász, C., Gullner, G., Oklestk-
ová, J., Novák, O., Barna, B. (2016). Local and systemic 
hormonal responses in pepper leaves during compati-
ble and incompatible pepper-tobamovirus interactions. 
Plant Physiol. Biochem., 109, 355–364. https://doi.org/ 
10.1016/j.plaphy.2016.10.013 

Fan, L., Hasenstein, K.H., Wang, L. (2019). Embryology of 
Iris sanguinea Donn ex Horn. and its systematic rela-
tionship. J. For. Res., 306, 2007–2020. https://doi.org/ 
10.1007/s11676-019-01039-z 

Goyal, K., Walton, L.J., Tunnacliffe, A. (2005). LEA pro-
teins prevent protein aggregation due to water stress. 
Biochem. J., 3881, 151–157. https://doi.org/10.1042/
BJ20041931 

Jones, K.D., Kaye, T.N. (2014). Factors influencing germi-
nation of a functionally important grassland plant, Iris 
tenax. Plos One, 92, e90084. https://doi.org/10.1371/
journal.pone.0090084

Kucera, B., Cohn, M.A., Leubner-Metzger, G. (2005). Plant 
hormone interactions during seed dormancy release and 
germination. Seed Sci. Res., 154, 281–307. https://doi.org/ 
10.1079/SSR2005218 

Lafon-Placette, C., Köhler, C. (2014). Embryo and endosperm, 
partners in seed development. Curr. Opin. Plant Biol., 17, 
64–69. https://doi.org/10.1016/j.pbi.2013.11.008

Li, W., Yamaguchi, S., Khan, M.A., An, P., Liu, X., Tran, 
L.S.P. (2016). Roles of gibberellins and abscisic acid in 
regulating germination of Suaeda salsa dimorphic seeds 
under salt stress. Front. Plant Sci., 6, 1235. https://doi.
org/10.3389/fpls.2015.01235 

Liu, A., Gao, F., Kanno, Y., Jordan, M.C., Kamiya, Y., Seo, 
M., Ayele, B.T. (2013). Regulation of wheat seed dor-

https://doi.org/10.1016/S0304-4238(97)00004-6
https://doi.org/10.1016/S0304-4238(97)00004-6
https://doi.org/10.1002/j.1537-2197. 1969.tb07531.x
https://doi.org/10.1002/j.1537-2197. 1969.tb07531.x
https://link.springer.com/chapter/10.1007/978-1-4899-1002-8_1
https://link.springer.com/chapter/10.1007/978-1-4899-1002-8_1
https://doi.org/10.1093/annbot/58.4.551
https://doi.org/10.1093/annbot/58.4.551
https://doi.org/10.1111/j.1365-2427.1995.tb00418.x
https://doi.org/10.1016/S0021-9673(02)00024-9
https://doi.org/10.1016/S0021-9673(02)00024-9
https://doi.org/10.1016/j.plaphy.2016.10.013
https://doi.org/10.1016/j.plaphy.2016.10.013
https://doi.org/10.1007/s11676-019-01039-z
https://doi.org/10.1007/s11676-019-01039-z
https://doi.org/10.1042/BJ20041931
https://doi.org/10.1042/BJ20041931
https://doi.org/10.1371/journal.pone.0090084
https://doi.org/10.1371/journal.pone.0090084
https://doi.org/10.1079/SSR2005218
https://doi.org/10.1079/SSR2005218
https://doi.org/10.1016/j.pbi.2013.11.008
https://doi.org/10.3389/fpls.2015.01235
https://doi.org/10.3389/fpls.2015.01235


40 https://czasopisma.up.lublin.pl/index.php/asphc

Śmigała-Lasota, M., Dziurka, K., Dąbrowska, A., Winiarczyk, K. (2023). Development of the male and female gametophyte, fertiliza-
tion, and assessment of germination and regulation of dormancy in Iris aphylla L. seeds. Acta Sci. Pol. Hortorum Cultus, 22(3), 29–40. 
https://doi.org/10.24326/asphc.2023.5070

mancy by after-ripening is mediated by specific tran-
scriptional switches that induce changes in seed hor-
mone metabolism and signaling. Plos One, 82, e56570. 
https://doi.org/10.1371/journal.pone.0056570

Morgan, M.D. (1990). Seed germination characteristics of 
Iris virginica. Am. Midl. Nat., 209–213. https://doi.org/ 
10.2307/2426170 

Nguyen, T.N., Tuan, P.A., Ayele, B.T. (2022). Jasmona-
te regulates seed dormancy in wheat via modulating  
the balance between gibberellin and abscisic acid.  
J. Exp. Bot., 738, 2434–2453. https://doi.org/10.1093/
jxb/erac041

Pande, P.C., Singh, V. (1981). Floral development of Iris 
decora Wall. Iridaceae. Bot. J. Linn. Soc., 831, 41–56. 
https://doi.org/10.1111/j.1095-8339.1981.tb00128.x

Riley, G.A. (1942). The relationship of vertical turbulence 
and spring diatom flowerings. J. Mar. Res, 51, 67–87. 
https://peabody.yale.edu/sites/default/files/ documents/
publications/jmr05-01-05GARILEY1942.pdf 

Rudall, P. (1994). Anatomy and systematics of Iridaceae. 
Bot. J. Linn. Soc., 1141, 1–21. https://doi.org/10.1111/ 
j.1095-8339.1994.tb01920.x

Sun, Y.C., Zhang, Y.J., Wang, K., Qiu, X.J. (2006). NaOH 
scarification and stratification improve germination of 
Iris lactea var. chinensis seed. HortScience, 413, 773–
774. https://doi.org/10.21273/HORTSCI.41.3.773

Śmigała, M., Winiarczyk, K., Dąbrowska, A., Domaciuk, 
M., Gancarz, M. (2021). Determination of the influence 
of mechanical properties of capsules and seeds on the 
susceptibility to feeding of Mononychus pubctumalbum 
in endangered plant species Iris aphylla L. and Iris si-
birica L. Sensors, 216, 2209. https://doi.org/10.3390/
s21062209

Tuan, P.A., Kumar, R., Rehal, P.K., Toora, P.K., Ayele, B.T. 
(2018). Molecular mechanisms underlying abscisic acid/
gibberellin balance in the control of seed dormancy and 
germination in cereals. Front. Plant Sci., 9, 668. https://
doi.org/10.3389/fsufs.2019.00003 

Tillich, H.J. (2003). Seedling morphology in Iridaceae: 
indications for relationships within the family and to 
related families. Flora-Morphology, Distribution, Func-
tional Ecology of Plants, 1983, 220-242. https://doi.org/ 
10.1078/0367-2530-00094

Turis, P., Kliment, J., Feráková, V., Dítě, D., Eliáš, P., 
Hrivnák, R., Bernátová, D. (2014). Red List of vascu-
lar plants of the Carpathian part of Slovakia. Thaiszia 
Journal of Botany, 241, 35–87. Available: https://cite-
seerx.ist.psu.edu/document? repid=rep1&type=pdf&-
doi=5f53f2e3de90e33da8da29650e509179279c17c6 

Ustuner, H., Nasırcılar, A.G., Yavuz, M., Gokturk, R.S. 
(2022). In vitro propagation of Gypsophila pilulifera, an 
endangered endemic ornamental plant species. Acta Sci. 
Pol., Hortorum Cultus, 21(6), 21–31. https://orcid.org/ 
0000-0002-1439-8502

Wilson, C.A. (2001). Floral stages, ovule development, and 
ovule and fruit success in Iris tenax, focusing on var. 
gormanii, a taxon with low seed set. Am. J. Bot., 8812, 
2221–2231. https://doi.org/10.2307/3558384

Woś, A. (1999). Klimat Polski [Climate of Poland]. Wy-
dawnictwo Naukowe PWN, Warszawa [in Polish].

Xie, Z., Zhang, Z.L., Hanzlik, S., Cook, E., Shen, Q.J. 
(2007). Salicylic acid inhibits gibberellin-induced al-
pha-amylase expression and seed germination via  
a pathway involving an abscisic-acid-inducible WRKY 
gene. Plant molecular biology, 643, 293–303. https://
doi.org/10.1007/s11103-007-9152-0 

Zhang, K., Yao, L., Zhang, Y., Baskin, J.M., Baskin, C.C., 
Xiong, Z., Tao, J. (2019). A review of the seed biology of 
Paeonia species Paeoniaceae, with particular reference 
to dormancy and germination. Planta, 2492, 291–303. 
https://doi.org/10.1007/s00425-018-3017-4 

Zhang, Z.L., Xie, Z., Zou, X., Casaretto, J., Ho, T.H.D., 
Shen, Q.J. (2004). A rice WRKY gene encodes a tran-
scriptional repressor of the gibberellin signaling path-
way in aleurone cells. Plant Physiol., 1344, 1500–1513. 
https://doi.org/10.1104/pp.103.034967

https://doi.org/10.1371/journal.pone.0056570
https://doi.org/10.2307/2426170
https://doi.org/10.2307/2426170
https://doi.org/10.1093/jxb/erac041
https://doi.org/10.1093/jxb/erac041
https://doi.org/10.1111/j.1095-8339.1981.tb00128.x
https://peabody.yale.edu/sites/default/files/ documents/publications/jmr05-01-05GARILEY1942.pdf
https://peabody.yale.edu/sites/default/files/ documents/publications/jmr05-01-05GARILEY1942.pdf
https://doi.org/10.1111/j.1095-8339.1994.tb01920.x
https://doi.org/10.1111/j.1095-8339.1994.tb01920.x
https://doi.org/10.21273/HORTSCI.41.3.773
https://doi.org/10.3390/s21062209
https://doi.org/10.3390/s21062209
https://doi.org/10.3389/fsufs.2019.00003
https://doi.org/10.3389/fsufs.2019.00003
https://doi.org/10.1078/0367-2530-00094
https://doi.org/10.1078/0367-2530-00094
https://citeseerx.ist.psu.edu/document? repid=rep1&type=pdf&doi=5f53f2e3de90e33da8da29650e509179279c17c6
https://citeseerx.ist.psu.edu/document? repid=rep1&type=pdf&doi=5f53f2e3de90e33da8da29650e509179279c17c6
https://citeseerx.ist.psu.edu/document? repid=rep1&type=pdf&doi=5f53f2e3de90e33da8da29650e509179279c17c6
https://orcid.org/0000-0002-1439-8502
https://orcid.org/0000-0002-1439-8502
https://doi.org/10.2307/3558384
https://doi.org/10.1007/s00425-018-3017-4
https://doi.org/10.1104/pp.103.034967

