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Orchids are among the most widely distributed plants but also the most threatened by biotic and abiotic 
factors. Their interactions with specific symbiotic fungi during germination in natural environments make 
their propagation challenging for conservation biologists. In this study, in the framework of the European 
conservation project LIFEorchids, the germination protocol for the endangered Mediterranean species 
Orchis patens was optimised, and the effect of controlled constant temperature in growth chambers with 
fluctuations of temperature occurring in natural environments was compared. Seed viability was also 
evaluated by using a double-staining technique. Minimum, maximum and average daily temperatures were 
recorded for six months, from July to December, and germination percentages, as well as developmental 
stages of seeds, were annotated, for both conditions, every month. Even if germination was obtained 
under both conditions, the effect of temperature fluctuations was evident, by increasing the germination 
percentage of seeds from about 10% under controlled conditions to 59%. The latter result was almost 
comparable with seed viability data, indicating a strong impact of temperature fluctuations in breaking 
seed dormancy. Our results are a confirmation that temperature oscillations play a more important role 
than the average temperature in seed germination and suggest avoiding a constant temperature to optimise 
germination protocols for European orchid species.
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Introduction
Among the different plant families, Orchida-

ceae is one of the most distributed, showing great 
adaptability to different habitats and environmen-
tal conditions (Swarts & Dixon, 2017). Orchids are 
known for their strict relationships with specialised 
pollinators and mycorrhizal fungi (Darwin, 1862; 
Leake, 1994; Girlanda et al., 2006; Dixon, 2009). 
They are at risk of extinction by biotic and abiotic 
factors affecting their habitats (Swarts & Dixon, 
2009), including weed invasion, grazing, biologi-
cal resources use, altered hydrology, climate change 
and irregular urbanisation (Swarts & Dixon, 2009; 
Wraith & Pickering, 2018). Regarding the rich cir-
cum-Mediterranean orchid flora, clearing of habi-
tats, over-collection and habitat degradation have 
resulted in many taxa becoming rare and endan-
gered (Kretzschmar et al., 2007). For these reasons, 
in situ and ex situ efforts have lately increased in 
conservation programmes which included more and 
more often in vitro propagation (Fay, 1994; Pierce & 
Belotti, 2011; Calevo et al., 2018).

Orchis patens Desf. is a threatened Mediterra-
nean orchid with a wide disjunct distribution. Ac-
cording to Euro+Med (2006), it includes O. patens 
subsp. patens (Fig. 1), occurring in Algeria, Tuni-

sia and Italy (limited to Liguria, from Savona to La 
Spezia), and O. patens subsp. canariensis (Lindl.) 
Asch. & Graebn., an endemic of the Canary Islands 
(Spain). The taxonomy is currently under debate 
and focus of an investigation. The species inhabits 
both the edge of cities, rural areas (e.g. Italy) and 
natural environments, in full to mid-sun.

Orchis patens is threatened by residential 
development and inappropriate agricultural prac-
tices (e.g. mowing during flowering), leading to 
a reduction of suitable habitats. Wild boars (Sus 
scrofa Linnaeus, 1758) cause large-scale damage 
to the plants by excavating their tubers (Calevo et 
al., 2014). In addition, due to its beauty, the spe-
cies is the target of illegal collection. For these 
reasons O. patens is protected in Liguria with a 
regional law (LR n. 28, 10.07.2009) and is includ-
ed in the European IUCN Red List (Bilz et al., 
2011) and in the Italian Red List (Orsenigo et al., 
2016) as Endangered.

Orchis patens is also one the two flagship spe-
cies of a five-years’ LIFE project (LIFEorchids LI-
FE17NAT/IT/000596), co-funded by the European 
Union, which aims to the conservation of selected 
orchid species and their habitats in North-Western 
Italy (Calevo et al., 2018).
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Despite its rarity and threatening status, this spe-
cies’ ecology and biology is largely understudied. 
Calevo et al. (2017a) described O. patens seed micro-
morphology and attempted the first in vitro asymbiotic 
germination that yielded very low germination per-
centages and very slow germination under controlled 
conditions possibly due to the thickness of the seed 
coat (Calevo et al., 2017b). The latter authors, indeed, 
suggested that a cold stratification of at least two weeks 
could have helped in breaking seed dormancy.

The importance of temperature in promoting 
and inhibiting seed germination is well document-
ed and responses are highly variable among spe-
cies (Johnson & Kane, 2012). Cold stratification 
(Baskin & Baskin, 2001; Han & Long, 2010) and 
fluctuating temperatures (Baskin & Baskin, 2001, 
2003) have also been shown to break dormancy 
and/or promote germination.

This study aimed to optimise the germination 
protocol and to compare the germination ability of O. 
patens seeds under controlled conditions (in the labo-
ratory using growth chambers) with seeds kept under 
the natural environmental oscillations of temperatures.

Material and Methods
Hand pollination and seed collection
Orchis patens (Fig. 1) was fertilised in May 2019 

by hand cross-pollination of plants from San Rocco 
and Breccanecca (Province of Genoa, Liguria, Italy). 
Ten capsules were collected from each locality 55 
days after pollination and stored in a paper envelope 
at 4°C until use.

Seed viability
Three aliquots taken from the seed group of 

each population were used to assess seed viability. 
The material was sterilised and scarified in a solution 
of 1% sodium hypochlorite with 0.1% of Tween 20 
(Calevo et al., 2017c) for 20 min. After scarification, 
seeds were washed for 10 min. for three times, using 
sterile water.

Following the double staining approach pro-
posed by Magrini et al. (2019a), scarified seeds 
were soaked in a solution of 1% TTC red chloride 
(2,3,5-triphenyltetrazolium chloride, pH 7) and kept 
in the dark at 30°C for 24 h. After one day the solu-
tion was removed and the seeds were washed three 
times in distilled water for 3 min. each, followed by 
centrifugation at 6000 rpm for 1 min. between rinses. 
Seeds were then stained with a second dye in a solu-
tion of 0.4% trypan blue (Sigma) for 2 min., and then 
rinsed twice in distilled water followed by centrifuga-
tion at 6000 rpm for 1 min. between rinses (Magrini 
et al., 2019b). The presence of blue-stained testas, an 
indicator of seed permeability, was checked using a 
Leica M50 stereomicroscope.

Germination tests
For germination test, seeds were first scarified and 

surface sterilised as previously performed in the seed 
viability experiment. Seeds were then sown in Petri 
dishes directly on solid Malmgren Orchid Medium 
M551 (Phytotechnology)����������������������������    ,���������������������������     following the protocol in-
dicated by Ercole et al. (2015), with the pH adjusted 
at 5.8 with 1 M KOH. Sixteen Petri dishes, each one 
containing about 100 seeds, were divided into two 
groups: eight Petri dishes were kept in dark under con-
trolled condition of temperature, 21 ± 2°C, while the 
other eight ones were put in a clean polystyrene box (in 
dark) and placed in the Botanic Garden of Turin (Italy) 
under natural temperature condition. Minimum, maxi-
mum and average daily temperatures were recorded 
for six months, from July to December (Fig. 2), and 
germination percentages were annotated, for both con-
ditions, every month. Seed developmental stages were 
also documented according to Swarts & Dixon (2017) 
to which a sixth stage was added (Table 1).

Fig. 1. Inflorescence of Orchis patens subsp. patens, Liguria, 
Italy, 2019 (scale bar = 1 cm).
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Fig. 2. Minimum (min), maximum (max) and average daily 
temperature trend from July to December.

Table 1. Description of developmental stages (implemented 
from Swarts & Dixon, 2017)
Stage Description
Stage 1 Unimbibed seed with intact testa
Stage 2 Imbibed seed – splitting of testa and swollen embryo
Stage 31 Rupture of testa and development of first rhizoids
Stage 41 Enlargement of protocorm and formation of protomeristem
Stage 51,2 Further enlargement and development of first green leaf
Stage 61,2 Emission of second green leaf
Note: 1 stages considered as germinated; 2 photosynthetic stages.

Fig. 3. Monthly average germination percentage of different 
developmental stages under both a) controlled and b) natural 
conditions. Seeds at stages 1 and 2 were not germinated, 
while at stages 3, 4, 5 and 6 are considered as germinated 
(implemented from Swarts & Dixon, 2017).

Data analysis
A t-test with a cut-off significance at p ≤ 0.05 

was used to statistically compare seed viabil-
ity percentages and daily temperature fluctuations 
data and to analyse germination results.

Results and Discussion
Seeds collected from San Rocco yielded a 

viability of 82.1 ± 4.4% (excluding not perme-
able seeds for which no blue testa was observed). 
No differences in viability were observed in 
seeds collected from Breccanecca which yield-
ed a viability percentage of 78.7  ±  2.9% (ex-
cluding not permeable seeds). About 12% and 
15% of total seeds were not permeable for San 
Rocco and Breccanecca, respectively. Germi-
nation occurred both in controlled condition 
and in Petri dishes under environmental tem-
peratures (Fig. 3, Table 2).

Table 2. Germination of seeds by months under natural and controlled conditions

Month Natural conditions Controlled conditions
July 0 0
August 0 0
September 9.2 ± 1.7a 0b

October 55.1 ± 2.7a 3.2 ± 0.9b

November 56.9 ± 3.1a 6.4 ± 1.2b

December 59.3 ± 2.9a 10.2 ± 1.8b

Note: Data were statistically analysed by t-test with a cut-off significance at p ≤ 0.05.

After six months, the final germination (including 
stages 3, 4, 5 and 6) was 59.3 ± 2.9% under natural 
conditions and 10.2 ± 1.8% under controlled condi-
tions (Table 2). Germination percentage yielded under 
natural conditions is in line with the viability percent-
age, considering that not germinated seeds may include 
not only those seeds that were not viable (17–22%) but 
also the seeds that were not permeable (12–15%).

Calevo et al. (2017b) obtained 6.30 ± 1.12% of 
germination only 12 months after sowing, while here 
a similar percentage was obtained by six months. 
This may be due to the use of a different germina-
tion medium. In that study, indeed, a modification of 
Malmgren medium (MALM) was used that lacked 
some micronutrients and organic compounds that 
are instead present in the M551 medium used in this 
research (Malmgren, 1996). The comparison with 
germination of other Orchis spp., such as Orchis 
mascula (L.) L. (��������������������������������������Valletta et al., 2008),��������������� would be inap-
propriate since O. patens is the only polyploid species 
in the genus exhibiting, therefore, very different ger-
mination times and capability. Indeed, previous stud-
ies reported that polyploidy may affect the timing of 
meiosis (Leitch & Fay (2008) and references therein).
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However, even if sometimes a cold strati-
fication of seeds before sowing is enough to 
break seed dormancy (Sharma et al., 2003), and 
even if Calevo et al. (2017b) also suggested this 
treatment for O. patens, it did not enhance ger-
mination in previous attempts. ���������������  Only the treat-
ment under natural oscillations of temperatures 
here reported showed significant differences in 
germination percentage (Table 2).

After two months, in late August, no ger-
mination was observed, considering the devel-
opment of the first rhizoids as an indicator of 
germination (stage 3). In late September, stage 
3 was only observed in Petri dishes under natu-
ral conditions and the latter seeds developed into 
stage 4 in October. Seeds that were kept under 
controlled conditions, instead, germinated (stage 
3) in October and later developed to stage 4 in 
November and December.

Stage 5, the first photosynthetic stage, was 
only observed in Petri dishes under natural con-
ditions starting from October (Fig. 3), when the 
average daily temperatures were constantly be-
low 20°C (Fig. 2). Stage 6, the emission of the 
second leaf, was also observed, under natural 
conditions, starting from November and further 
increased in December (Fig. 3).

The main germinations of seeds under natural 
conditions occurred in the cold months of Octo-
ber and November, when the monthly temperature 
mean were of 15°C and 8°C, respectively (Table 
3). But it is important to notice that the bulk of 
seeds (9.2 ± 1.7%) started to break their dormancy 
in September, much earlier compared to seeds un-
der controlled conditions, even if the mean month-
ly temperature was around 20°C.

It is known that for some species, seed 
dormancy can be overcome by exposing seeds 
to cold, moist conditions through a treatment 

known as stratification (Rost et al., 2006; Poff 
et al., 2016), such as Platanthera praeclara 
Sheviak & M.L. Bowles (Sharma et al., 2003) 
or Cypripedium calceolus L. (Pierce & Belot-
ti, 2011). However, we must point out that, in 
the past, constant cold stratification (8°C) was 
not enough for enhancing germination of  O. 
patens. Even if in the months, in which seeds 
started to germinate, the average temperature 
was almost comparable with the temperature of 
growth chambers, the daily mean temperature 
fluctuation was higher when compared to the 
following months. We may hypothesise, there-
fore, that daily fluctuations of temperatures, 
more than the monthly mean temperatures, play 
a pivotal role in  breaking the seed dormancy 
of O. patens. The daily fluctuations of the sum-
mer months, indeed, were significantly higher 
than in October and November when the ma-
jority of germination occurred at significantly 
lower mean temperatures. Therefore, summer 
temperature fluctuations may have an impor-
tant role in breaking the dormancy while the 
lower temperatures of autumn months are es-
sential for germination and development.

However, it is important to remind that our 
study was performed in the framework of an 
asymbiotic germination experiment, and that 
different mechanisms may act in natural envi-
ronments where the interaction with appropri-
ate symbiotic fungi and competition with seed 
pathogens take place (Calevo et al., 2020).

We have also noticed that seedlings exposed 
to fluctuating temperatures developed tubers after 
eight months, while seedlings obtained under con-
trolled conditions of growth chambers usually take 
two years to develop them or need the addition of 
hormones to the medium to stimulate tuber forma-
tion (Stewart & Kane, 2006).

Table 3. Minimum (min), maximum (max), monthly average temperatures (°C) and overall monthly mean of daily fluctuations 
of temperatures (°C)

Month Min Max Monthly mean ± SD Overall monthly mean of daily fluctuations ± SD
July 12 34 24.93 ± 2.53° 10.37 ± 2.98a

August 15 31 23.87 ± 1.50° 9.26 ± 2.31a

September 9 30 19.37 ± 2.62b 9.17 ± 3.12a

October 7 24 15.10 ± 1.47c 7.52 ± 4.32b

November 1 17 8.23 ± 1.89d 5.77 ± 3.63c

December -2 19 5.74 ± 2.74d 7. 48 ± 3.84bc

Note: Statistical comparisons of the latter were analysed by a t-test with a cut-off significance at p  ≤  0.05. 
Designation: SD – standard deviation.
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Conclusions
In conclusion, we compared the germination 

ability of Orchis patens seeds under controlled and 
natural conditions. Our results emphasise the impor-
tance of temperature oscillations for stimulating seeds 
germinability by breaking their dormancy. This sug-
gests that growth chambers are not always required 
for ex situ conservation of temperate orchids and that 
putting Petri dishes under natural temperature con-
dition can make us save space and money but more 
importantly enhance seed germination and seedlings 
development to produce more seedlings that can be 
acclimatised in shorter time. In the future, it will be 
interesting to see, if the same feedbacks will be ob-
tained in non-axenic conditions while interacting 
with symbiotic and non-symbiotic micro-organisms.
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МЕНЬШЕ – ЗНАЧИТ, БОЛЬШЕ: НИЗКОЗАТРАТНОЕ IN VITRO 
РАЗМНОЖЕНИЕ ИСЧЕЗАЮЩЕЙ ИТАЛЬЯНСКОЙ ОРХИДЕИ
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Орхидеи являются одними из наиболее широко распространенных растений, но также и наиболее 
уязвимыми при воздействии биотических и абиотических факторов. Их взаимодействия со специфи-
ческими симбиотическими грибами во время прорастания в естественной среде делает их размно-
жение проблематичным для биологов, занимающихся их сохранением. В настоящем исследовании в 
рамках европейского проекта по сохранению растений LIFEorchids, был оптимизирован протокол по 
проращиванию семян исчезающего средиземноморского вида Orchis patens, а также было проведено 
сравнение эффекта контролируемой постоянной температуры в ростовых камерах с флуктуациями 
температуры, происходящей в естественных условиях. Жизнеспособность семян была также оце-
нена с использованием техники двойного окрашивания. Минимальные, максимальные и средние 
значения суточной температуры фиксировались в течение шести месяцев, с июля по декабрь. Также 
доля прорастающих семян и стадии их развития были отмечены для обоих вариантов условий про-
ращивания и каждый месяц. Даже с учетом того, что всхожесть семян была отмечена для обоих вари-
антов проращивания, эффект флуктуации температуры был показан, выраженный в увеличении доли 
прорастаниям семян около 10% при постоянных условиях среды до 59% в условиях флуктуации тем-
пературы. Последний результат был практически сопоставим с данными о жизнеспособности семян, 
показывающими сильное влияние флуктуаций температуры на нарушение покоя семян. Наши ре-
зультаты являются подтверждением того, что температурные колебания играют более важную роль, 
чем средняя температура в прорастании семян, и предлагают избегать использования постоянной 
температуры для оптимизации протоколов прорастания для европейских видов орхидей.

Ключевые слова: асимбиотическое прорастание, сохранение ex situ, Orchidaceae, Orchis patens, тем-
пература, жизнеспособность
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