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Abstract: The geophyte Cyclamen graecum is native to the eastern Mediterranean. Its beautiful flowers
with upswept pink petals appear during early autumn, after the summer drought period and before
leaf expansion in late autumn. The floral and leaf development alternates with their cessation in
early winter and late spring, respectively. Ecophysiological parameters and processes underlining the
life-cycle of C. graecum have not previously been published. Seasonal fluctuations of sugars, starch,
and free proline have been investigated in tubers, leaves, pedicels, and petals, as well as petal and leaf
water status. At the whole plant level, the seasonal co-existence of leaves and flowers is marked by an
elevated soluble sugar content, which was gradually reduced as the above-ground plant parts shed.
The sugar content of petals and pedicels was lower than that of leaves and tubers. Leaf starch content
increased from late autumn to spring and was comparable to that of tubers. The starch content in
petals and pedicels was substantially lower than that of tubers and leaves. In tubers, monthly proline
accumulation was sustained at relatively constant values. Although the partitioning of proline in
various organs did not show a considerable seasonal variation, resulting in an unchanged profile
of the trends between tubers, leaves, and flowers, the seasonal differences in proline accumulation
were remarkable at the whole plant level. The pronounced petal proline content during the flowering
period seems to be associated with the maintenance of floral turgor. Leaf proline content increased
with the advance of the growth season. The values of leaf relative water content were sustained fairly
constant before the senescence stage, but lower than the typical values of turgid and transpiring
leaves. Relationships of the studied parameters with rainfall indicate the responsiveness of C. graecum
to water availability in its habitat in the Mediterranean ecosystem.
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1. Introduction

The geophytes exhibit a life-cycle associated with temporal separation of the vege-
tative phase from the flowering phase and possess perennial tubers, which support their
annual growth [1-3]. Cyclamen L. (Primulaceae) is commercially important and a very
popular horticultural genus native to the area around the Mediterranean Basin [4-6]. Wild
cyclamens are perennial geophytes of woods and rocky areas. Cyclamen was mentioned as
kyklaminos (kvkAdptvog) in Theophrastus” writings (4th century BC) [2,7]. The Cyclamen
Society [8] recognizes 20 Cyclamen species. The cultivated cyclamens are usually hybrids of
the spring flowering species Cyclamen persicum.

Plants 2022, 11, 1254. https:/ /doi.org/10.3390/plants11091254

https://www.mdpi.com/journal /plants


https://doi.org/10.3390/plants11091254
https://doi.org/10.3390/plants11091254
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/plants
https://www.mdpi.com
https://orcid.org/0000-0001-5733-7446
https://orcid.org/0000-0002-9818-253X
https://orcid.org/0000-0002-0994-5102
https://orcid.org/0000-0002-3393-2133
https://doi.org/10.3390/plants11091254
https://www.mdpi.com/journal/plants
https://www.mdpi.com/article/10.3390/plants11091254?type=check_update&version=2

Plants 2022, 11, 1254

20f13

Cyclamen graecum Link grows in the wild; it is a perennial, tuberous geophyte, naturally
distributed in bushy, stony, and sunlit ground in southern parts of the mainland of Greece
and Aegean islands, as well as in coastal areas of Turkey and Cyprus, sometimes being
confined into crevices in rocks. Environmental conditions, especially temperature, control
annual development and florogenesis in geophytes [9]. C. graecum is an autumn flowering
geophyte. Floral pedicels and leaf petioles arise from the upper part and/or the crown of the
over summering, large, perennial tubers that have nodes marked by small buds [10,11]. It
has been published that Cyclamen species with more than 30 chromosomes, e.g., C. persicum
(2n=48) and C. graecum (2n = 84), can develop very large tubers [12,13]. Actually, cyclamens
do not produce sister tubers, but their tubers enlarge with age [14,15]. In C. graecum, thick
anchor roots are developed between fibrous roots, from the center of the base of the tuber [8],
but their role is not yet fully clarified; it is expected that they penetrate deep into the texture
of stony substrate [4,5], which is a habitat of distinct seasonal aridity and moistness. The
dark green, heart-shaped leaves of C. graecum appear in November. The leaves are slightly
angular with variegated green spots on the adaxial surface; parts of the adaxial leaf surface
are light green and other parts are dark green, while the abaxial leaf surface is violet-mauve.

Partitioning of total sugars between plant parts is directly linked to developmental
flux of carbon molecules, osmolytes, and energy [16]. Moreover, soluble sugars and
proline play pivotal roles in plants’ stress responses [16-18]. In geophytes, the mobilization
of total sugars and starch from below-ground organs generates crucial metabolites to
support vegetative and reproductive growth, and synthesize essential compounds. Starch
as a storage compound is easily hydrolyzed to soluble sugars that can be transported to
growing plant organs. Subsequently, after leaf shedding, total sugars and starch accumulate
in below-ground plant parts to sustain metabolism and serve as transient energy storage
during the oncoming above-ground vegetative stage [16]. It may be worth noting that
sowbread (panis porcinus), a common name for the genus Cyclamen, is a reference to tubers
supposedly being a favorable food for pigs [19,20].

Proline has proven to be a multi-functional tool in plant metabolism during the last
two decades. Beyond its well-established roles as an osmoticum and generally a protectant
against abiotic stresses [21], its involvement in various developmental processes has also
been recognized [18,22]. Its contribution to stress adaptation extends from the protection of
photosynthetic apparatus and the involved enzymes to the stabilization of redox balance in
the chloroplast, along with reactive oxygen species detoxification. Proline’s involvement in
re-adjustment of growth once the stress is relieved relates to its catabolism to support new
growth with energy [22]. Under normal non-stress conditions, proline acts as a metabolic
signal impacting plant growth and development via regulating metabolite pools and
the expression of several genes [18]. Moreover, the widespread phenomenon of proline
accumulation in reproductive organs has been attributed to its role as a developmental
regulator and flowering signal [18,23]. Interestingly, proline-rich floral nectar has been
found in ornamental tobacco flowers and connected with the attraction and reward of
visiting pollinators with an energy source to sustain insect flight [24].

The objective of this study was to identify and compare the partitioning of soluble
sugars, starch, and proline among above- and below-ground plant parts of Cyclamen
graecum, which are exposed to fluctuating environmental conditions, as well as the wa-
ter status of petals and leaves, which according to the best of our knowledge has not
hitherto been published, in order to evaluate ecophysiological traits of tissues exposed to
ambient conditions.

2. Results
2.1. Phenological Stages

Within the context of seasonality, the life-cycle of C. graecum is characterized by two
phenological stages in the course of a year: the active phase (from flower emergence in
September to leaf senescence in April) and the dormant phase spanning the prolonged
drought period (from May to August) in the eastern Mediterranean, when the aboveground
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plant parts are not visible. Concerning the active phenological stage, the flowers splay open
in September (Figures 1 and 2) before leaf emergence in November (Figure 2). The seasonal
floral and leaf development of C. graecum in early and late autumn (Figure 2) respectively
alternates with cessation of flowers and leaves in winter and before summer, respectively.
There is a marked variation in the length of the period of flowering and leafing that affects
the capacity of this species for resource acquisition.

Figure 1. The flowers of C. graecum that attract the eye consist of five upswept petals.
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Figure 2. Iconographic presentation of the annual cycle and the phenological stages of C. graecum
&) and tubers (-)) i.e., the active phase indicated by the
ivory area that includes flower initiation and longevity (September-December), and leaf emergence,
development, longevity, and senescence (November-April), and the dormant phase indicated by the
gray area that includes only the subterranean tubers, because above-ground growth is not visible.
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2.2. Sugars

Tubers accumulated large quantities of soluble sugars throughout the year (Figure 3).
A gradual reduction of stored sugars in the tubers was detected in October, during the
flowering stage, and continued during November and December, when flowers and leaves
co-existed. Sugar content of petals and pedicels was lower than that of leaves and tubers,
reaching maxima in October. Strong monthly fluctuation of soluble sugars in leaves was
detected from November to April, with the maximum values being achieved by mature
leaves of December. The considerable sugar content, which was estimated in tubers, de-
clined during the coexistence of floral and leaf stage in November and December. At the
whole plant level, the co-existence of leaves and flowers marked the highest sugar content,
which was gradually reduced as the above-ground plant parts shed, eventually entering
the dormant phase. Monthly values of petal sugar content were positively related with
those of tubers (y = 0.523x — 3.882, R? = 0.889, p < 0.05) and pedicels (y = 1.227x — 30.461,
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R? = 0.609, p < 0.05), while leaf sugar content was negatively related with that of tubers
(y = —0.494x + 337.030, R? = 0.591). In addition, the seasonal rainfall was negatively cor-
related with the sugar content of petals (y = —0.213x + 87.849, R? = 0.619, p < 0.05) and
positively correlated with the sugar content of leaves (y = 0.098x + 17.322, R? = 0.709,
p <0.05).
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Figure 3. Sugar content in tubers (brown bars), leaves (green bars), pedicels (gray bars), and petals
(purple bars) of Cyclamen graecum, from September (S) to August (A). Each column denotes means of
five replicates & standard error. Standard Errors smaller than the line thickness of the columns are
not shown. Significant differences (p < 0.05) of mean values are marked using lowercase letters.

2.3. Starch

The highest starch content in tubers of C. graecum was observed in April (256 mg g~ 1)
when the climatic conditions were favorable for photosynthesis in the Mediterranean
ecosystems, and before the cessation of foliar growth of C. graecum. Thereafter, from May
to October, starch content declined (Figure 4). The lowest values of starch content in
tubers (80 mg g~ ') were measured from June to October; actually, this period coincides
the three-month summer drought (June to August), the cessation of foliar growth, and the
early stage of flower formation in September, before the development of new expanding
leaves in November (Figure 2). Intermediate values of starch content were detected in
tubers from November to January during the development of new leaves. The values of
starch content in leaves increased from November to April and were comparable to those
of the tubers (Figure 4); in fact, seasonal variation of leaf starch content was positively
related with that of tubers (y = 1.027x + 13.422, R? = 0.784, p < 0.05). The starch content
in petals and pedicels was substantially lower than that of tubers and leaves during the
flowering stage (from September to December) (Figure 2). The relatively elevated values of
starch content in petals in September and October decreased in November and December
(Figure 4), coinciding with elevated starch content in leaves (approximately from 100 to
140 mg g~ d.w.). Negative relationships were detected between petal starch content with
the corresponding tuber starch content (y = —0.632x + 125.930, R? = 0.892, p < 0.05) and the
precipitation in the study site (y = —1.146x + 117.010, R? = 0.839, p < 0.05).
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Figure 4. Starch content in tubers (brown bars), leaves (green bars), pedicels (gray bars), and petals
(purple bars) of Cyclamen graecum, from September (S) to August (A). Each column denotes means of
five replicates + standard error; Standard Errors smaller than the line thickness of the columns are
not shown. Significant differences (p < 0.05) of mean values are marked using lowercase letters.

2.4. Proline

The partitioning of free proline in tubers, leaves, pedicels, and petals are presented
in Figure 5. The tubers sustained an almost stable free proline content throughout the
year, with a slight but statistically significant increase during the cold months (November
to March). The pronounced free proline accumulation in petals was evident during the
flowering stage showing a substantial enhancement during October and November, the
period of full blossom. The pedicels contained a quantity of proline at a comparative level
with that of the tubers. The proline content found in leaves during the first two months of
their appearance is comparable with that of tubers, but it significantly increased during
the next four months of the leaf-stage for this species. Accordingly, the partitioning of
proline in the various plant parts did not show a considerable seasonal variation resulting
in an unchanged profile of the trends between tubers, leaves, and flowers. Nevertheless,
seasonal differences in proline accumulation were obvious at the whole plant level, with
the contribution of the proline-rich petals being remarkable.
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Figure 5. Proline content in tubers (brown bars), leaves (green bars), pedicels (gray bars), and petals
(purple bars) of Cyclamen graecum, from September (S) to August (A). Each column denotes means of
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five replicates & standard error; Standard Errors smaller than the line thickness of the columns are
not shown. Significant differences (p < 0.05) of mean values are marked using lowercase letters.

2.5. Water Status of above-Ground Plant Parts

Low values of petal water potential (¥) were detected in September (Table 1), after the
summer drought period. In October ¥, osmotic potential (¥s) and turgor (¥}, values were
increased (less negative) (Table 1), and the same holds true in November. In December,
the elevated values of ¥ and Y5 coincided with the lowest values of ¥}, (Table 1), most
probably due to cease of flowering by late December. Regarding ¥, ¥, and ¥, values of
petals, significant differences (p < 0.05) were found among sampling dates (Table 1).

Table 1. Seasonal water potential (¥), osmotic potential (¥s), and turgor (¥p) of petals. The values
are means of five replicates + SE.

Months ¥ (MPa) ¥, (MPa) ¥, (MPa)
September ~1.08 +0.024 ~1.18 £ 0.05 0.10 +0.03 b<
October —0.74 £0.04°¢ —0.97 £0.02¢ 0.23 £+ 0.032
November —0.56 + 0.05P —0.72 +0.04 P 0.16 4+ 0.04 P
December —0.40 £0.022 —0.46 £0.032 0.06 £0.02¢

Significant differences (p < 0.05) of mean values are marked using lowercase superscript letters that are given
separately on each column variable.

In petals, significant positive correlations were detected between ¥ and rainfall
(y =0.0123x — 1.2499, R? = 0.954, p < 0.05) and ¥ (y = 0.0122x — 1.3865, R? = 0.811, p < 0.05);
also, negative relations were detected between soluble sugars and ¥ (y = —0.0029x — 0.1193,
R2 =0.730, p <0.05), and ¥s (y = —0.0034x — 0.6634, R2 =(.843, p < 0.05), as well as between
starch and ¥ (y= —0.0149x + 0.2407, R? = 0.908, p <0.05) and ¥ (y = —0.0164x + 0.1905,
R? =0.936, p < 0.05), while a positive relationship between ¥}, and proline content was
found (y = 0.022x — 0.1168, R? = 0.822, p < 0.05), as well as ¥, and soluble sugars
(y = 0.0007x + 0.00146, R? = 0.785, p < 0.05).

The relative water content (RWC) of leaves was sustained fairly constant until March
and declined in April (Table 2). Additionally, a positive relationship was detected between
RWC and rainfall (y = 0.2768x + 63.088, R? = 0.835, p < 0.05).

Table 2. Relative water content (RWC) of leaves. The values are means of five replicates + SE.

Months RWC
November 79.34 +£0.06 2
December 78.83+0.10°

January 77.33+£0.14%

February 77.15+0.082

March 7723 £0.052
April 68.38 + 0.12°

Significant differences (p < 0.05) of mean values are marked using lowercase superscript letters.

3. Discussion

The seasonal accumulation of starch and soluble sugars in the tubers of C. graecum
confirms to their role in storing photoassimilates and providing a supply of energy to drive
new growth [17,25]. The distribution between soluble carbohydrates and starch differed
between leaves and tubers. The partitioning of starch to tubers was reasonably similar to
that of leaves and a positive linear relationship was detected between tubers and leaves
(y = 1.027x + 13.422, R? = 0.784, p < 0.05); starch partitioning may be linked to source-sink
relationships; the photosynthetically active leaves (the source) provide assimilated carbon
(available for transport) to a storage organ (sink), which will utilize it to support metabolic
requirements. Furthermore, the elevated values of starch from February to April in both
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tubers and leaves coincide with the leaf photosynthetic efficiency, and the mild winter
temperatures in the Mediterranean area that favor photosynthetic rates. It seems likely that
in C. graecum, starch may represent a commitment of resources that are acquired by the
above-ground tissues simultaneously with the growth of those drawn from stored reserves.
This finding is in contrast to data published elsewhere for the summer flowering geophyte
Pancratium maritimum, where starch was mainly stored in underground bulbs [26].

At the phenological stage of flowering, when the ambient temperatures begin to
fall, the concentration of soluble sugars in the tubers rapidly decreased to support the
metabolically demanding reproductive growth with carbon source and energy [27,28]; this
is also indicated by the positive linear relationship between sugar content between tubers
and petals (y = 0.523x — 3.882, R? = 0.881, p < 0.05). Floral growth during the early autumn
takes precedence over allocation. A further decrease of soluble sugars in tubers at the period
of leaf emergence indicates a translocation of stored sugars to sustain leaf development and
floral exhibition, when winter lies ahead, via a transition from sink to source. The leaf sugar
content during winter and spring denotes an active photosynthetic machinery for this
species grown under ambient, environmental conditions, coinciding with the values of leaf
RWC before wilting; leaf RWC may also be considered as a measure of the relative cellular
volume, affecting interactions among macromolecules. Usually, levels of RWC below 70%
imply a water potential at the order of —1.5 MPa or less, and this would cause changes in
the metabolism with ceasing of photosynthesis [29], concomitantly with leaf senescence in
April. Leaf sugar content may also be associated with the argument that leaves of cyclamen
species are a static export pool of sucrose, and the sugar transport is probably linked to
a time lag in the export of newly fixed carbon from leaves and low velocity of phloem
transport [30]. Concerning the sugar partitioning, some geophytes seem to follow a pattern
of relatively higher sugar concentration in the subterranean organs compared to leaves and
in some cases, with flowers [31]. In petals, the reduced osmotic potential was significantly
related with increased soluble sugar content (y = —0.0034x — 0.1663, R? =0.834, p <0.05),
presumably contributing to turgor maintenance, expansion and water status of these
tissues [32-34]. Actually, anthesis appears to be due to a pulsed increase in the concentration
of soluble sugars [35-38]. A relationship linked to transfer of sugars between leaves and
petals, which might be interesting, was not evaluated, because in C. graecum, flower and leaf
development are concomitantly exhibited only during a two-month period, i.e., November
and December.

Proline content in tubers of C. graecum showed a small but statistically significant
increase from November to March, compared to the rest of the year. This accumulation may
be driven by the low temperatures of the corresponding months and may be considered
a stress-related response. An analogous profile was followed by its leaves, resulting in
unchanged partitioning of proline between leaves and tubers, when leaves are coming
through during the life-cycle of C. graecum; nevertheless, the greatest variation was found
between petal and leaf concentrations. It has been published that C. graecum is a cold-
tolerant species [37,39]. The increased proline biosynthesis and accumulation may partly
account for a cold hardiness feature in both tubers and leaves, due to its protectiveness
regarding stress and radical scavenging role [40]. Concerning the latter, proline has been
related to scavenging of hydroxyl radicals (OH) and possibly other ROS [41], while in-
directly modifies the plant’s antioxidant response through increasing the capacity of the
involved enzymes, especially ascorbate peroxidase [22]. Additionally, proline accumulation
patterns may have implications on nitrogen storage and partitioning, especially under
stress conditions [22,27,42]. Proline pool has been reported to expand during transition
phase, i.e., from vegetative to reproductive growth [43—46].

Ecophysiological traits of plant organs that are seasonally either renewed or shed
may be a suitable criterion of plant’s adaptation to environmental conditions. C. graecum
survives the hot summer in a state of dormancy. C. graecum blooms in autumn, before leaf
emergence. Thereafter, leaves grow and accumulate metabolic reserves throughout the wet
and cool season, until the dormancy period, which begins in late spring. In geophytes, long
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days can initiate the transition to bud dormancy [47,48]. The summer dormancy protects
plants from negative effects of water shortage and elevated temperatures on vegetative
and reproductive organs, and forces their active development in a more favorable season.
C. graecum is released from dormancy when the ambient temperatures decrease; hence,
shifts from the vegetative to reproductive stage, and floral initiation and differentiation
occur in the mature tubers [8,49].

Free proline accumulation in petals was remarkable and significantly increased com-
pared to the other plant organs. Flowers exhibited a 2.5- to 5-fold enhanced proline content
in comparison to tubers and 2- to 3-fold compared to leaves. The transportation of proline
into the reproductive organs, even under non-stress conditions, has been repeatedly re-
ported [49]. Corroborating our results, a 60-fold higher proline concentration was detected
in tomato flowers than in all the vegetative tissues [50]. Enhanced proline content was
also documented in petals of P. maritimum and was attributed to a requirement for osmotic
adjustment, because this geophyte is exposed to dry and saline ambient environmental
conditions [26,46]. Multiple explanations of proline accumulation in flowers have been
published. For example, the increased proline content has been connected to the high
yield of ATP resulting from its oxidation, thus considering proline a molecule well-suited
to sustain high energy-demanding processes in reproductive tissues [44]. Low values of
petal osmotic potential coincided with enhanced proline accumulation. Additionally, the
protective role of proline, which was positively correlated with the turgor of petals of
C. graecum, has been highlighted during floral developmental processes that include de-
hydration, as spontaneously occurring during pollen formation or embryogenesis [51,52].
Furthermore, proline may provide a convenient source of energy and nitrogen during
immediate post-stress metabolism [46,49,53].

4. Material and Methods
4.1. Research Site and Plant Phenology

The study was conducted in naturally occurring patches of Cyclamen graecum Link
distributed in the campus of the National and Kapodistrian University of Athens in Greece
(latitude: 37.9664, longitude: 23.756971, altitude 260 m), at the foothills of Hymettus
Mountain, where travertine limestone appears along discontinuities of strongly fractured
gray dolomite limestone; also, father soil characteristics, texture, and composition have
been previously published [54,55]. Concerning perennial geophytes, most bulbs and
tubers must reach a critical size before floral induction can occur [56]. In addition, large
bulbs and tubers generally produce vigorous above-ground organs and/or many flowers.
Therefore, the active and the dormant phenological stage (Figure 2) were monitored, via
detailed field observations in distinct niches of C. graecum [57], on a monthly basis for two
consecutive years (2017 and 2018). The selected at random plants were growing under
natural conditions; tubers, leaves, and flowers of C. graecum were sampled from a single
stand of C. graecum surrounded by uniform Mediterranean phryganic vegetation [54], at
monthly intervals during the course of a year, i.e., from September of 2018 to August
of the next year (2019). The first flowers of C. graecum [58] appear in September, while
the heart-shaped leaves are coming through in November, arising from the crown of
the tubers [59]. Values of mean monthly precipitation and temperature, obtained from
a meteorological enclosure, provided by the National Observatory of weather conditions
in Greece, are presented in Figure 6a (annual data during the study period) and Figure 6b
(multiannual data).
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Figure 6. (a) Ombrothermic diagram (Precipitation scale = 2 x Temperature scale) for the study
site; the order to months is from September (S) of 2018 to August (A) of 2019. Mean monthly
precipitation is indicated by blue bars and mean monthly temperature by closed circles and the black
line; (b) A multiannual ombrothermic diagram (Precipitation scale = 2 x Temperature scale) for the
study site from September of 1955 to August of 2010; the order to months is from September (S) to
August (A). Mean monthly precipitation is indicated by shaded bars, and mean monthly temperature
by closed circles and the black line.

4.2. Determination of Total Soluble Sugar and Starch

Soluble sugars were extracted from dry, finely powdered samples (leaves, tubers,
pedicels, petals) that were placed in 10 mL 80% ethanol (v/v), in a shaker, and the extracts
were filtered using Whatman # 2 filter paper. Soluble sugar concentration was investigated
colorimetrically, according to a modified phenol-sulphuric acid method [60,61], at 490 nm,
using a spectrophotometer (Novaspec III* Spectrophotometer, Biochrom, Cambridge, UK).
The determination of starch was made in the residue after the extraction of sugars, using
the anthrone method [26,62]. D-glucose (Serva, Heidelberg, Germany) aqueous solutions
were used for the standard curve. The values are expressed as mg g~ ! d.w.

4.3. Determination of Proline

Free proline content was determined colorimetrically on 4 mL samples of the con-
densed fluid extracted from the plant material [63,64]. The extraction procedure from
plant samples (finely powdered dried tubers, leaves, pedicels, and petals) and colorimetric
determination were carried out as we have analytically published [26]. Dried, powdered
samples were homogenized with aqueous sulphosalicylic acid (20 mL, 3% v/v), and the
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homogenate filtered through Whatman # 2 filter paper; 2 mL of the filtrate reacted with
acid-ninhydrin solution (2 mL) and glacial acetic acid (2 mL) in test tubes, which were
placed in a water bath at 100 °C for 1 h, and the reaction terminated in an ice bath. After
cooling, the reaction mixture was extracted with 4 mL toluene and homogenized in a vor-
tex. The chromophore containing the toluene was aspirated from the aqueous phase and
the absorbance was read at 520 nm; immediately after, the terminated reaction in glass
tubes placed in an ice bath, using toluene as a blank sample and the spectrophotometer
mentioned in paragraph 5.2. The proline concentration was estimated using a standard
curve of relevant L-proline solutions (Serva, Heidelberg, Germany) and calculated on a dry
weight basis.

4.4. Determination of Water Status

Petal water potential (¥) was measured psychometrically on 6 mm diameter fresh
discs (five replicates) from fully expanded petals, which were placed in five C-52 psychro-
metric chambers (Wescor Inc., Logan, UT, USA) attached to a dew point psychrometer
(HR-33T, Wescor Inc.) using the psychrometer switchbox (PPS-10, Wescor); the time re-
quired for equilibration between the water vapor pressure of leaf sample and that of
the psychrometer chamber was 2 h. The osmotic potential (¥s) was measured using the
same leaf discs after freezing and thawing [65,66]. Turgor pressure (Yp) was calculated
as the algebraic difference between ¥ and ¥s. The relative water content (RWC) of fully
expanded leaves was determined according to the disc method [29], using the equation
RWC (%) = [(FW — DW)/(TW — DW)] x 100, where: FW is the sample fresh weight, TW
is the sample turgid weight, and DW is the sample dry weight.

4.5. Statistical Analysis

The results are presented as mean + Standard Error (SE). In order to determine
differences in the studied parameters of plant parts of C. graecum, a two-way analysis
of variance (ANOVA) was performed on the studied parameters at p < 0.05 and the
Duncan’s multiple range test was applied for comparing the means. All statistical tests
were performed using the SPSS statistical v. 23.0 (SPSS Inc., Chicago, IL, USA). Regression
analysis was used to determine relationships among results obtained by plant tissues of
C. graecum and precipitation.

5. Conclusions

The life form of C. graecum is characterized by two phenological stages in the course of
a year, the active phase (from flower emergence in September to leaf senescence in April),
and the dormant phase spanning the prolonged drought period, when above-ground plant
parts are not exposed to the severity of summer in the eastern Mediterranean. Partitioning
patterns of soluble sugars, starch, and free proline in above- and below-ground parts of
C. graecum contribute to the maintenance of its annual rhythm and phenophases in fluc-
tuating environmental conditions. The remarkable concentration of proline in petals, in
comparison to other plant parts during autumn, seems to be associated with the main-
tenance of their turgor; without turgor, the exposed petals to ambient environmental
conditions of the sharply reflexed corolla of C. graecum could not be standing so firm and
erect. The leaf relative water content was found lower than the typical values of turgid
and transpiring leaves; this may indicate that leaves of C. graecum subjected to ambient
conditions are not susceptible to low temperatures. However, further work will be required
to fully test this hypothesis.
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