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Abstract

Although orchids are the most rich family of the plant kingdom, they
make up the most destroyed group. Due to human impact, environ-
mental factors, tourism and settlement, ornamental plants or food col-
lection, the spread areas are getting narrower and endangered every
day. Two of these endangered species due to their use in the food
industry are Himantoglossum robertianum (Loisel.) P. Delforge and
Orchis italica Poiret. Both of these sahlep orchids taxa are preferred
by collectors in terms of their tuber size and the glucomannan con-
tains and are heavily destroyed. Excessive destruction brings some
pollination and fertilization problems. Orchid seeds do not have an
endosperm and need a symbiotic relationship to germinate. To germi-
nate in an asymbiotic environment, it is necessary to apply the seeds
that break dormancy and keep them in a special medium and envi-
ronment. The structure of the seed coat is important in eliminating
the germination barrier in asymbiotic production. In this study tuber
and seed morphological and physiological properties of both species
were determined. Morphological features such as plant height, tuber
weight and dimensions, seed sizes, seed weight, the number of seeds
in 1 g, and physiological features such as seed moisture, shell structu-
re and fullness of seeds were determined. The causes of empty seed
formation are interpreted in light of the literature.

Keywords: Himantoglossum robertianum, Orchis italica, tuber, seed
caracteristics

Oz

Orkideler, bitkiler aleminin en zengin ailesi olmasina ragmen en ¢ok
tahrip edilen grubu olusturur. Insan etkisi, cevresel faktérler, turizm
ve yerlesim, siis bitkisi veya yiyecek olarak kullanim nedeniyle ya-
yilis alanlar1 her gecen giin daralmakta ve tehlike altina girmekte-
dir. Gida endiistrisinde kullanimi ve asir1 toplama nedeniyle nesli
tikenmekte olan bu tiirlerden ikisi Himantoglossum robertianum
(Loisel.) P. Delforge ve Orchis italica Poiret’tir. Her iki sahlep orki-
desi de yumru iriligi ve glukomannan igerigi bakimindan toplayicilar
tarafindan tercih edilmekte ve agir sekilde tahribata ugramaktadir.
Asir1 tahribat bazi tozlasma ve déllenme sorunlarini da beraberinde
getirmektedir. Orkide tohumlarinda endosperm olmadigindan ¢im-
lendikten sonra su ve besin alabilmek i¢in mikorizalar ile simbiyo-
tik iliskiye ihtiya¢ duyarlar. Asimbiyotik ortamda ¢imlendirebilmek
icin tohumlarda dormansinin (¢imlenme engelinin) kirilmasi, 6zel
beslenme ortami ve ¢evre sartlarinin saglanmasi gerekir. Asimbiyo-
tik ortamda tohumun ¢imlendirilmesinde embriyoyu saran kabuk ya-
pisinin da etkisi bulunmaktadir. Bu ¢aligmada her iki tiiriin yumru ve
tohumlarinin morfolojik ve fizyolojik 6zellikleri belirlenmistir. Bitki
boyu, yumru agirlig1 ve boyutlari, tohum boyutlari, tohum agirligi,
1 g’daki tohum sayis1 gibi morfolojik 6zellikler ile tohum nemi, ka-
buk yapist ve tohum dolulugu gibi fizyolojik 6zellikler belirlenmistir.
Bos tohum olugumlari literatiir bilgileri ile degerlendirilmistir.

Anahtar Kelimeler: Himantoglossum robertianum, Orchis italica,
yumru, tohum 6zellikleri
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1. Introduction

The orchids with 25000 to 30000 species in some
700 to 800 genera constitute the largest family
among flowering plants (De et al., 2014). Orchids
produce large amounts of seeds, and each capsule
can contain up to four million seeds. The seeds are
very minute and range in length from 0.05 to 6 mm,
0.01 to 0.93 mm in width, and weigh 0.31 to 24 pg
(Arditti, 1967; Arditti and Ghani, 2000). Another fe-
ature of orchid seeds is that they adapt to wind dis-
persal (Baskin and Baskin, 2014). In addition to their
low mass, seeds also have a high seed/embryo vo-
lume ratio. The embryo occupies only a minor pro-
portion of the volume inside the testa (Weston et al.,
2005).Thus, orchid seeds are very buoyant and can
float on the surface of water or be carried by wind
(Arditti and Ghani, 2000; Baskin and Baskin, 2014).

Although there are millions of seeds in a capsu-
le, only 0.2%-0.3% of them can germinate seeds
in nature, hence the quantity is limited (Doijode,
2001). They have some characteristics, such as
reduced embryo and the absence of endosperm
(Johri, 1985). Orchids seeds contain few nutrient
reserves and may have morphological and morp-
hophysiological dormancy, often imposing a low
germination percentage. Therefore, in natural con-
ditions, few seeds successfully germinate because
of the lack of both an endosperm. They must be in
a symbiotic relationship with fungi for germination
(Veyret, 1974; Maheshwari, 2005; Baskin and Bas-
kin, 2014). The epiphytic species germinate better
than the terrestrial ones due probably to their simp-
ler nutritional requirements (Arditti et al.,, 1982;
Rasmussen, 1995; Miyoshi and Mii, 1998).

Another factor affecting germination of orchids is
the morphological dormancy of the seed crust. One
of the most important exogenous seed dormancy
barriers is the hydrophobic nature of the seed coat
that surrounds the embryo. (Weston et al., 2005)
Seed coat is sclerotic (phenolic compounds, cutin,
suberin, lignin) (Slaviero, 2016). Treatments, such
as hypochlorite soaks, can be used to weaken the
testa, improve permeability, and promote germina-
tion. These treatments are often used to bypass phy-
siological or physical dormancy (Dutra et al, 2008).

H. robertianum and O. italica are the most des-
troyed species for the production of sahlep. The
characteristics of the species are also effective in
this destruction. Plants are easy to see and valuable
species for the production of sahlep attracts colle-
ctors. The height of the plant varies between 20-80
cm. (Davis, 1984). Findings had the advantage of
the plant height and attractiveness, with stems up
to 100 cm, together to an early flowering (February
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to April), which made the plant easily recognizab-
le (Aedo and Herrero, 1986). Furthermore, the tu-
bers of these species are larger than other species
and have better glucomannan ratios (Tekinsen and
Gtiner, 2009) and more easily detected at this time
and tubers are in a better condition (Sezik, 2002;
Molnar et al., 2017). Molnar et al., (2017) found
a significant relationship between tuber size and
harvesting frequency, which suggests that species
with large tubers might be at a higher risk of being
harvested. H. robertanum ranks first with a frequ-
ency of 39.5% in wild collection. Because of this
unequal harvesting, early flowering taxa are pro-
bably at a higher risk from sahlep collection than
late flowering ones.

H. robertianum and O. italica have been over-har-
vested because of increasing demand in the market.
The threat is further exaggerated due to destruction
of its natural habitats. Therefore, it is important to
establish an efficient regeneration and multiplicati-
on system for the production of plantlets (Molnar
et al., 2017). In vitro germination of orchid seeds
vary according to the morphological and physiolo-
gical characteristics of the orchid species. Orchid
seed coats are only one cell thick and lack the wa-
ter-impermeable palisade layers characteristic of
seeds with physical dormancy (Baskin and Baskin,
2014). The removal of dormancy barrier depends
on the testa structure of the species. Scientific stu-
dies on seed weight and especially empty seed for-
mation are insufficient. Therefore in this study, it
is aimed to reveal O. italica and H. robertianum
seeds and tuber characteristics.

2. Material and methods
2.1. Material

Seeds of H. robertianum and O. italica were do-
nated by Agricultural Research Institute in Me-
nemen, {zmir, Turkey. Seeds were collected in the
spring 2019 from open-pollinated plants.

In the counting of seeds, Stereo Microscope (Ir-
meco, IM SZ550-B-ST5-H, Geesthacht/Germany),
four-digit digital precision scales (Radwag, AS 220.
R2- Radom/Poland) for weighing (Radwag MA
50.R- Radom/Poland) device, Scanning Electron
Microscope (SEM) (Carl Zeiss/Gemini 300-Jena/
Germany) and hydrogen peroxide (sigma-Aldrich,
34.5-36.5%) were used.

2.2. Methods
2.2.1. Extraction and storage of seeds

Seeds were taken at full ripening time and without
opening the capsules. The capsules were dried and



taken in a controlled way. Seeds were placed in Ep-
pendorf tubes and stored at +4°C until working.

2.2.2. Seed characteristics and seed count

To determine the number of seeds in 1 g, the seeds
of both species were weighed on a four-digit sca-
le. Terrestrial orchid seeds are very minute (200 to
1700 um) and distinguish viability of seeds were
very difficult to determine using triphenyl tetrazo-

lium kloriir (TTC) (Warghat et al., 2014). In this
respect, it was treated with 10% hydrogen peroxide
(H,0,) for 60 minutes for counting the embryo-
containing seeds. After the seed coat became par-
tially transparent, the seeds containing the embryo
were counted under the Stereo Microscope (Fig.1).
The structure of the seed coat is important for ger-
mination. For this reason, the Scanning Electron
Microscope (SEM) was used to determine the testa
structure of the seeds.

Figure 1. H. robertianum (left) and O. italica (right) treated with hydrogen peroxide (H,0,). Their embryos and
suspensor (Scale bar 100 um)
Sekil 1. Hidrojen peroksit (H,0,). ile muamele edilmis H. robertianum (sol) ve O. italica (sag) tohumlarinda
embriyo ve suspensor (6lgek 100 pm)

2.2.3. Seed moisture content

Seed moisture content is technically difficult to
determine accurately since orchid seeds are so
light, but a few data exist (Rasmussen, 1995). In
the study, H. robertianum and O. italica seeds were
stored in Eppendorf tubes after being air-dried. To
determine the moisture content of orchid seeds,
the temperature of moisture detection device (Ra-
dwag MA 50.R) was adjusted to 50 °C and moistu-
re contents were determined in %. Our studies for
determining seed moisture were carried out in six
replications.

2.2.4. Plant and tuber properties

Plants grown in their natural environment have
been used to determine plant length, tuber size and
weights. Plants with tubers removed are planted
again in nursery to produce new tubers.

2.2.5. Statistical analysis

Data were subjected to analysis of variance (ANO-
VA) and means were compared by Duncan’s mul-
tiple range test at P<0.05using the SPSS (IBM
SPSS ver 21).
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3. Results and Discussion
3.1. Plant and tuber properties

3.1.1. H. robertianum

In our study, H. robertianum was found mostly
in oliveyards that have not been tillage for a long
time. It is mainly developed in clearings of forest
formations (60%), followed by grasslands and nit-
rophilous pastures (29%), shrublands (11%) up to
1700m (Delforge, 2006; Gutiérrez et al., 2018) and
generally seen alkaline meadows, calcareous hillsi-
des, chalk or limestone, open grassy rocky slopes,
Pinus and Quercus woodland, macchie, phrygana.
(Davis, 1984; Rasmussen, 1995; Rossi, 2002; Par-
lak and Tutar, 2012). H. robertianum is distributed
throughout the Mediterranean basin, from the Bal-
kans to Iberia and the Maghreb. It is reported that
generally found in open areas, pine and oak forests
and maquis spaces, between olive groves and aban-
doned fields (Aedo and Herrero, 1986; Altundag et
al., 2012). Although it is spread over a wide area
in countries around the Mediterranean, it is a very
rare species (Delforge, 2006). It is not endemic but
has vulnerable (VU) category (Bongers, 1993; Se-
zik et al., 2007). Both species (H. robertianum and
O. italica) are strictly protected by “The Conventi-
on on International Trade in Endangered Species of
Wild Fauna and Flora” (CITES) convention (Duli¢
et al., 2018).



In our study, the average plant height was measured
as 27.6 cm. It was observed that H. robertianum in
the shade was taller (Fig. 2). Altundag et al. (2012)
reported that the average height of H. robertianum
was measured as 49.6 cm but habitat conditions
may cause plant height to differ. Aedo and Herrero,
(1986) determined the high of plants between 30-
80 (100) cm in H. robertianum. In our study, the

average tuber length was 59 mm, and the tuber wi-
dth was measured as 40 mm and the average tuber
weight was found to be 18.6 g (Fig. 2). In the study
by Altundag et al. (2012), the average tuber length
was determined as 37.6 mm and the tuber width as
28.6 mm. Aedo and Herrero (1986) give the tuber
size 23-50 mm x 14-44 mm.

Figure 2. H. robertianum (synonymous Barlia robertiana) flower stalks and tubers
Sekil 2. H. robertianum (sinonim Barlia robertiana) ¢igek kurulu ve yumrulari

H. robertianum is one of the first blooming species
and it has been seen to bloom in February- April.
Renz and Taubenheim (1984) and Delforge (2006)
reports that it blooms in April- January.

3.1.2. 0. italica

O. italica is one of the least common species during
field studies. It has been observed that it generally
spreads within the macchie and lime soils where
grazing is not done. The tuber size of species attra-
cts collectors (Parlak and Tutar, 2012). O. italica is
generally found growing in pine forests, poor grass-
land, open garrigue, scrub, woodland edges, open
woodland and shrubby, mostly evergreen coastal ve-
getation, macchie, grassy places, usually in full sun
on calcareous soil. It can form a large colony and
grow 20-50 cm. (Davis, 1984; Rossi, 2002; Delfor-
ge, 2006; Johnson, 2010). Aedo and Herrero (1986),
on the other hand, reports plant height on average
18-43 (50) cm. In our study the average plant length
was measured as 24.5 cm, tuber length was 31 mm,
and tuber width was measured as 26 mm. Aedo and
Herrero (1986) determined their tuber size as 15-37
mm x 7-30 mm. The average tuber weight was de-
termined as 12.3 g in our study (Fig. 3).
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Sezik (1984) reported the plant blooms in late Mar-
ch and April. It is one of the rare species.

Figure 3. O. italica flower stalks and tubers
Sekil 3. O. italica gigek salkimi ve yumrulari

3.2. Seed properties and empty seed formation

3.2.1. H. robertianum

In this study, the length and thickness of the seeds
was determined in SEM microscope. Average seed



length in H. robertianum was found 528 um and  + 54 pm in length and 135 =25 um in width H. ro-
thickness was 145 um (Fig. 4). Szendrak (1997),  bertianum seeds are fusiform in shape, transparent
also determined that the length varies between 460  and on the periclinal walls transversal reticulations
pm - 520 um and 135 = 25 pm and the median cell ~ are present.

length is 150 um. Aybeke (2014) reported that 531

Mag= 200X  EHT=1000k/ WOD= 75mm SignalA=SEZ  Noise Reduction = Line It BusBGPL= 28 mm Mag= 500X EHT=1000KV WD= 7.5mm  SinalA=SE2
Collector Bias = 300V 100 Colector Bias = 300V
Lo Aperture Size =30 00 ym Scan Speed =7 Auto BC=Off  Chamber = 0.00e+00 Pa  Beam sleeve Bias = DV

208M gertre Size = 30.00m Scan Speed =7 AUnBC=OfF  Chamber =0002+00Pa Beam sleeve Bios = 07
Figure 4. Seed and seed coat under Scanning Electron Microscopy (SEM). Scanning electron micrographs of H.
robertianum seed (left). Seed surface with longitudinal cells (200 x magnification; scale bar = 20 um), (right).
Anticlinal and smooth periclinal walls of testa cell (500 x magnification; scale bar= 10 um)

Sekil 4. H. robertianum tohum ve tohum kabugunun Taramal1 Elektron Mikroskopunda (SEM) goriiniimii. (sol).
Kabuk yapisinin longitudinal gériiniimi (biiylitme 200 x; 6lgek = 20 um), (sag). Tohum kabugunun anticlinal ve
periclinal duvarlarinin gériinimi (bilyiitme 500 x; dlgek= 10 pm)

3.2.2. 0. italica ness is 143 um (Fig. 5). The seed length was 276.66
pum + 40.20 um while the seed thickness was deter-

Length and thickness measurements were made.  mined as 120.33 pm by Gamarra et al. (2012).

The seed length of this species is 468 pm and thick-

Mag= 200X EHT=10.00kV WD= 7.4mm Signal A= SE2 Noise Reduction = Line Int. BusGPL = 2.8 mm Mag= 500X EHT=1000KY WD= 7.3mm  Signal A= SE2
Soum N _ ; - oones Collector Bias = 300V Callector Bias
Lo Aperture Size = 3000 ym ScanSpeed=7 AutoBC=Off  Chamber =0.00e+00Pa  Beam sleeve Bias = 0V OB pperture Size = 3000 ym Scan Speed =7 AutoBC=Off  Chamber=0.00e+00Pa  Beam sleeve B v

Figure 5. Seed and seed coat under Scanning Electron Microscopy (SEM). Scanning electron micrographs of O.
italica seed (left). Seed surface with longitudinal cells (200 x magnification; scale bar =20 um), (right). Anticlinal
and smooth periclinal walls of testa cell (500 x magnification; scale bar= 10 um)

Sekil 5. O. italica tohum ve tohum kabugunun Taramali Elektron Mikroskopunda (SEM) gériiniimii (sol). Kabuk
yapisinin longitudinal gériiniimii (biiylitme 200 x; 6lgek = 20 pm), (sag). Tohum kabugunun anticlinal ve periclinal
duvarlarinin goériinimi (bityiitme 500 x; 6lgek= 10 pm)

3.3. Empty seed percentages and reasons are high in terms of empty seed formation. At this
3.3.1. Habitat fragmentation low level of seed set, excessive destruction effects
due to the physical properties of both species, high
Seed rate without embryo was determined as 36%  glucomannan content (Tirkmen, 2019) and high
in H. robertianum and 49% O. italica. These rates  tuber weight. The fruit set was not found to be si-
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milar in all of the presently studied species and it
ranged between 60% and 90% in the majority of
cases (Verma et al, 2014).

Due to its early flowering, easy view, large tubers,
dug very early and excessively destroyed. In our
field studies, H. robertianum and O. italica were
rarely encountered and their fragmented habitats
were observed due to excessive harvesting. One
drawback of this extreme destruction in orchids
is that, due to habitat fragmentation, populations
and individuals are separated from each other.
This situation brings pollination and fertilization
problems with it. According to Slaviero (2016) and
Fantinato et al. (2018), the main reasons for habitat
fragmentation are surrounded by woodland, areas
under cultivation, villages and industrialised areas
and over harvesting.

According to Ghorbani et al. (2014), current har-
vesting practices are too destructive and early har-
vesting prevents seed set and dispersal. In studies
conducted on this subject, information is available
that disintegrated habitats prevent pollination and
fertilization and reduce seed quality and reproduc-
tive success. (Aguirre and Dirzo, 2008; Jacquemyn
and Brys, 2015; Fantinato et al., 2019). Interspecies
interbreeding is increasing as habitat fragmentati-
on makes populations smaller and isolated (Ange-
loni et al., 2011; Pierce and Belotti, 2011), which
often results in reduced reproduction and offspring
survival (Charlesworth and Charlesworth, 1987,
Keller and Waller, 2002; Lienert, 2004). Habitat
fragmentation can lead to population declines and
change in foraging behavior by limiting the mo-
vement of pollinating insects (Aguirre and Dirzo,
2008; Fantinato et al., 2019). This is probably why
small and isolated populations visit fewer pollina-
tors and receive less pollen loads, which can result
in problems such as reduced pollen transport, re-
duced reproductive success and poor seed quality
(Jacquemyn and Brys, 2015).

3.3.2. Nectarless flower formation and effects
on pollination

Empty seed rate was higher in O. italica (49%) than
H. robertainum (36%). It is seen that the embryo
does not occur even though the testa of many se-
eds is formed (Fig. 6). Whether nectar is present in
sahlep orchids is a factor affecting pollination and
seed formation. It can be said that in the empty seed
formation, these species do not attract insects and
bees because of their nectarlessness and there is a
pollination problem. Therefore, nectarless orchids
are more fragile and sensitive to environmental
changes. According to Pierce and Belotti, (2011)
and Claessens and Kleynen, (2016) many orchids
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produce nectar to attract insects. However, in the
European orchids, there is a considerable num-
ber of orchids which produce no nectar. However,
around 9000 orchid species (36 % of all orchids)
worldwide do not produce nectar.

In fertilization, sometimes pollen only touches the
stigma, and the egg (ovule) continues to develop,
but in this case, seeds that do not contain embryos
are formed (Pierce and Belotti, 2011). The rate of
encapsulation of nectarless species was 37%, and
74% of nectar species. Neiland (1994) determined
that only 14.3% of the flowers in O. italica consti-
tute seed capsules.

Pollen transfer is mainly carried out by pollinating
insects wasps, various bees, bumblebees, butterflies
and moths, ants, beetles, hoverflies, flies and night-
flying insects (Rossi, 2002; Pierce and Belotti, 2011;
Fantinato et al., 2017; Gilian et al., 2018). Himantog-
lossum species are non-rewarding since there is no
evidence of nectar in the spur and they are believed
to lure pollinators with a male goat smell (Carey
and Farrell, 2002; Fantinato et al., 2017). The polli-
nation system of food deceptive orchids, which do
not offer any food reward to their pollinators, is par-
ticularly problematic and has been thought to deter-
mine a low visitation rate, since pollinators learn to
avoid deceptive flowers, resulting in a low fruit set
due to pollination limitation (Pellissier et al., 2010).
Empty seed formation is more common in genus
such as Ophrys or Serapias, which show fraudulent
pollination due to the resemblance of a flower to an
insect. For instance, Ophrys apifera and O. bena-
censis, showed signs of fertility problems such as
a low proportion of seeds that contained embryos
(Pierce and Belotti, 2011). In a study conducted in
H. adriaticum, seed set rates were determined to
vary between 5% and 45% and low germination ra-
tes were observed (Bir6 et al., 2015).

All other European Himantoglossum species like
H. robertianum or H. adriaticum are also exclusi-
vely pollinated by various Hymenoptera (insects)
(Claessens and Kleynen, 2016). H. robertianum
blooms from early February and earlier than other
orchid species. During this period, the air tem-
perature is below 15 ° C and limit insect activity
(Argue, 2012a). Since fertilization in Himantoglos-
sums is mostly carried out with insects and Andre-
na and Colletes (insects) species and honey bees
do not flight early of these species may cause pol-
lination problems and empty seeds. (Rossi, 2002;
Fantinato et al., 2017).

It is determined that embryo sizes are different in
addition to seed formation without embryos in both
types by us (Fig. 6). Full seed formation is due to



effective pollination (Rasmussen, 1995). The fact
that individuals are too far apart or out of reach
of pollinator agents may increase the rate of self-
pollination and thus empty and small embryo seed
formation (Argue, 2012b). In the studies conduc-
ted, it was determined that the size and mass of the
offspring formed when cross-pollination does not
occur (Hill et al., 2006; Spinardi and Bassi, 2012).

Cross-pollination has also been tested for other or-
chid species (Tremblay et al., 2005; Pierce et al.,
2010), demonstrating that orchids that were given
supplemental pollination had higher levels of fruit
set than those pollinated naturally. In small, isola-
ted populations, genetic flow decreases, while the

chances of inbreeding increase, resulting in inbree-
ding depression (Frankham, 2015). It was determi-
ned that cross pollination increased offspring he-
alth, fruit set, fruit size and mass (Hill et al., 2006;
Spinardi and Bassi, 2012). The detrimental effects
of inbreeding can be observed at different deve-
lopmental stages of the plant (e.g. low production
of fruit and viable seed, low total seed production
per fruit, high production of empty seeds per fruit),
but are usually most pronounced during the germi-
nation stage with a low germination rate. Positive
results were obtained from artificial pollination
studies to solve this problem (Ferdy et al., 2001;
Smithson, 2006; Pierce et al., 2010; Sletvold et al.,
2012; Hens et al., 2017, Del Vecchio et al., 2019).

Figure 6. The embryo is visible through the transparent testa under light microscopy. H. robertianum (left) and O.
italica (right) embryos of different size and non-embryo seed formations
Sekil 6. Seffaf hale gelen embriyonun 151k mikroskobu altinda goriiniimii. H. robertianum (sol) ve O. italica’da (sag)
farkl1 biiyiikliiklerdeki embriyolar ve embriyosuz tohum olusumu

3.4. Seed moisture

The average moisture content of the seeds in H.
robertianum and O. italica was found 6.32% and
5.72% respectively. These rates are compatible with
previous studies. According to Rasmussen (1995),
when mature seeds of a range of European species
were desiccated over silica gel in a refrigerator and
should accordingly have contained about 5% mo-
isture. In several other species moisture content is
found 5%.

3.5. Seed count and weights

The number of seeds in a capsule was calculated
as 26,500 in H. robertianum and 14,700 in O. ita-
lica. The number of seeds in 1 g was determined
1.059.000 seeds in H. robertianum and 1.400.000
seeds in O. italica. One seed weight was calculated
as 0.00094 mg in H. robertianum and 0.00071 mg
in O. italica. Although Orchids seeds are the smal-
lest member of the plant kingdom there is not many
studies on weights (Rasmussen, 1995). Johri (1985)
reported a seed weight as 0.002 mg. Rasmussen
(1995) also states that Goodyera repens and Cep-
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halanthera damasonium seeds are about 2 pg (mic-
rogram). It is known that the quality of seeds that
are formed when cross-pollination does not occur
in addition to the increase of empty seed rate in
seeds with insufficient pollination and fertilization
(Rasmussen, 1995). In our study, H. robertianum
seeds were found to be heavier because they had
more embryos.

3.6. Air space in the seeds

Embryo volume is an important attribute as it di-
rectly affects the percentage of available air space
inside seed. Since the embryo is very small in orc-
hid seeds, air covers most of the seed (Verma et al,
2014). This is an adaptation that allows the disper-
sal of the seed with air, and the air volume changes
according to the species and the structure of the
seed coat. Because of their small size, shape and
large air space, orchid seeds can float in the air for
long periods For example, free air space in seeds is
variable At 8.2%, the free air space in Dactylorchis
foliosa is among the smallest, whereas the largest is
99% in Cattleya (Arditti and Ghani, 2000).



Most orchid seeds -like H. robertianum and O. ita-
lica -are fusiform and approximate two cones joi-
ned at their bases. Therefore their internal volume
can be estimated with the formula:

Percent air space= (seed volume-embryo volume) /
seed volume x 100

Since many orchid seeds are in fusiform shape, the
formula 2(n/3 r2h) is used to calculate the seed vo-
lume (h= ' seed length, r= Y5 seed width).

Since the embryo shapes of H. robertianum and O.
italica are prolate spheroid shaped, 4/3 w ab? formu-
la is used to find the embryo volume. (a=1/2 major
axis, b=1/2 minor axis) (Arditti et al, 1979; Arditti
et al, 1980; Arditti and Ghani, 2000). When calcu-
lated using these formulas, the air space of H. ro-
bertianum was determined 41% and O. italica was
44% respectively.

Seed and embryo volume in orchids differs from
species to species (Arditti et al, 1980). According to
Verma et al. (2014), larger seeds have more air spa-
ce (82.127-95.650%). In another study conducted
by Hariyanto et al (2020) on Dendrobium species,
the percentage of air space in seeds was found to
be below 49%. In the study by Arditti and Ghani
(2000) orchids average free air space in testa is de-
termined as 43.01 (%).

4. Conclusion

Factors such as urbanization, forestry activities,
narrowing of agricultural areas, herbicide use, road
constructions and habitat fragmentation threaten
the life and spread of orchids. Especially in the
Mediterranean Basin, the species of sahlep orchids
are more threatened than others due to excessive
harvesting for food. All these factors disrupt the
natural balance in the spread of orchids.

Isolated populations are formed as a result of
excessive destruction and habitat fragmentation.
This can cause pollination problems. As a result of
insufficient pollination, seeds without embryos or
small embryos are formed. Embryo-free seed for-
mation was observed more in O. italica.

In this study, the most destroyed H. robertianum
and O. italica, which are used in the production of
sahlep, have been investigated. Although H. ro-
bertianum is one of the most seed setting species,
its spread has been observed to be very low due to
excessive destruction. Reproduction and preserva-
tion of these two species in natural environments
should be ensured by producing in vitro. Besides
measures should be taken to ensure pollination
between fragmented habitats. Protected areas,
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especially National Parks, are important areas in
conserving the extinction of these heavily degra-
ded species and should be included in “Genus con-
servation Action Plans”.
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