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Abstract The differences found between some populations of Crocus flavus (six populations

from two geographical places) and Crocus vernus (five populations) are discussed. The analy-

sis of the cytotaxonomic features at some groups of plants with distinct morphological features,

support the idea that at the Crocus genotypes, the processes of evolution are in full develop-

ment. The variability in the chromosome number reported by different authors in different Crocus

populations supports this affirmation. Some correlations between the plant morphological fea-

tures or the cytotaxonomic features and the altitude place of the population are found. In Crocus

flavus a positive correlation between the altitude of the vegetation place and stomata length and

density, the chloroplast number per cell and the cell length on the upper epidermis was recorded.

In Crocus vernus positive correlations between the altitude of the vegetation place and stomata

length and density, and the cells wide from the lower epidermis were recorded. Also, a ne-gative

very significant correlation between the altitude of the vegetation place and the cell wide on

upper epidermis (C. flavus), or with the cell length on the upper epidermis (C. vernus) was

recorded. The variability of the cytotaxonomic features at the level of different morpho-types from

the C. flavus, (and probably in other species from the Crocus genus) supports the presence of

a speciation process in full development.

Keywords. Crocus flavus. Crocus vernus, intraspecific and interspecific variability

Introduction

In the Romanian flora there are seven Crocus species (Prodan & Nyârâdy 1966).

Among these there are some phenotypic differences regarding the stigma feature, the bio-

metrical values of the plants features, the season of flowering, as well as the chromosome

number. Regarding the chromosome number, different authors reported a different chromo-

some number (Bolkhovskikh et al. 1961; Ciocârlan 2001; Ruiz Rejön et al. 1980, a.0.). We

hadn't access of some data regarding cytotaxonomic features of the epidermic cells or sto-

mata, in the characterising of the Crocus genus. The species belonging to this genus, present

a subterraneous tuberised stem. A new bulb-tuber is formed at the upper region of a mother

bulb-tuber. The terminal buds will form in the next year a new bulb- tuber. The contractile

roots maintain the functional bulb-tuber at the same depth from the soil surface. This process

favours the clone multiplication of the Crocus species.

In the present paper, the variability between populations belonging to different popu-

lations of Crocus flavus and Crocus vernus is discussed.

Materials and method

Crocus flavus Weston, synonym with С sulphureus Ker-Gawl., С aureus Sibth. &

Sm. and С moesiacus Ker-Gawl. (2n = 8), is a perennial plant of (11) 18-26 (30) cm height,
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with an ovoid or globulous bulb-tuber. The leaves of 20 - 30 cm in length and 2.5 - 4 mm in

wide (2 - 7 mm in the Romanian flora), with a white, longitudinal spot, are present at the

anthesis time. Flowers are pale yellow to deep orange - yellow. The perigonial folioles are

almost equally, of 2.2 - 5.5 mm in length and 9-15 mm in width. Style yellow to orange, are

usually shorter than the stamens, obscurely divided into 3 short branches, sometimes bifur-

cated. This species grows in woods, scrub and grasslands. The common is the moesiacus

variety, with a perigonium tube of yellow colour at the upper part, similar with the lacinia. The

Crocus flavus species is similar with the Crocus olivieri species (2n = 6), with some diffe-

rences regarding the numbers and features of the stigma. The blooming plants are met in the

same stations. The analysed populations of Crocus flavus were harvested from two different

stations: Leamna forest (120 m alt.), three populations and Balota hills (280 m alt), also three

populations.

Crocus vernus(L.) Hill. (syn. С heufellianus Herbert) has lilaceous, purple, striped or

rarely white flowers, with yellow anthers. Style is deep yellow to orange red, rarely whitish,
shorter than to much exceeding the stamens, shortly 3-branched, each branch much

expanded and fimbriation at the apex. The leaves length is between 7.9 - 20 cm, and the

wide between 3 - 8 mm. The perigonium folioles present a length between 27 - 40 mm, and

4-14 mm in wide. The bulb-tuber presents a diameter of 4 - 9 mm.

This species is common from the plain region to sub alpine region in grasslands and

open woods, mainly in the mountains (Mathew 1980). In Europaea Flora are described two

subspecies: vernus subspecies (syn. С heufellianus Herbert, С albiflorus Kit., with 2n = 8,

10, 12, 16, 18, 19, 20, 22, or 23, and albiflorus (Kit.) Ascherson & Grabner subspecies (syn.

С albiflorus Kit., 2n = 8), with flower often white with segments. Depending on the position
in the specie area, differences in the flower morphology of the plants, as well as some diffe-

rences in the cytotaxonomic features were reported (Mathew 1980). The five populations of

Crocus vernus, belonging to Slătioara, Cerna valley (700 m alt.), Semenic Mountain, forest

canton (1200 m alt.) and Semenic peak (1450 m alt.) and Căpăţânii Mountains, Balota

Mountain (1900 m alt.) were analyzed.

From each station, plants were harvested and phenotypic and biometrical observa-

tions regarding the leaves and floral element were performed, as well as the biometrical

observations regarding the cytotaxonomic elements of the epidermic cells and stomata

(length and wide of the epidermic cells, the length and density of the stomata from the leaves

epidermic surface). The epidermis of the both faces of the leaves were mechanical obtained

(by peeling) and analyzed at an optical AMPLIVAL microscope. The biometrical observations

were statistically processed, with the WINSTAT program. The variance analyses were per-

formed with the ANOVA/MANOVA test. Also the correlations between different plant features

and the altitude of the provenance station were established.

Results and discussions

A. Crocus flavus

A.l. Morphological features of the plants

In the Leamna population of С flavus species (120 m alt.), variability in the analysed
plants was established, regarding the stigma colour and perigonium folioles colour. All the

plants present 3 stigmas, of yellow, dark-yellow or orange-cristate colour. The perigonium
folioles in the number of six, present the length of 21 - 29 mm (x = 24.33 mm), and 7 - 12

mm (x = 9.20 mm) in width. The leaves present the length between 14.0 -19.5 mm (x = 17.29

mm), and the wide of 1 - 3 mm (x = 2.13 mm). The bulb-tubers present a diameter between

12 - 18 mm (x = 14.75 mm).
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Leamna
2

a

120

144.84-8.21

25.66-0.43

24.16-0.25

204.81

-5.84

251.87-
11.68

20.33-
0.32

Leamna
2b

120

124.50-5.65

23.83-
0.54

26.25-0.31

314.23-8.58

228.12-
10.04

17.75-0.25

Leamna
2c

120

87.33-3.83

21.75-0.36

24.08-0.21

438.42-
6.75

318.75-
13.32

17.25-0.40

Balota
Bv3

280

101.26-7.48

25.00-
0.45

26.00-0.43

584.02-
10.58

282.91-
15.51

13.09-0.25

Balota
Bv8

280

138.83-6.75

22.75-
0.34

26.63-0.18

305.73-
10.77

345.83-
16.43

17.22-0.26

Balota
Bv9

280

134.08-6.39

24.16-0.41

27.04-0.25

266.45-
7.85

293.12-
11.13

18.54-0.36

Mean

121.80

23.86

25.69

352.27

286.77

17.36
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SPtioara

700

135.20-7.83

29.68-0.66

33.00-0.20

230.35-
5.43

468.12-
15.82

28.33-0.51

Semcnic
S

1

1200

103.87-5.85

19.25-0.37

24.62-0.21

343.94-
14.02

429.58-20.00

15.66-0.30

Semenic-white
S2

1200

186.87-
10.03

27.61

-0.52

28.91

-0.30

179.39-6.19

366.27-
13.35

19.12-0.29

Scmenic
S3

1450

150.00-6.30

26.50-0.33

26.37-0.29

230.35-53.56

346.04-
12.97

14.75-0.30

C
a

nii

1900

115.41

-9.26

35.62-0.79

39.16-0.44

325.89-6.77

365.20-
16.19

26.77-0.48

Mean

138.291

27.734

30.417

261.990

395.166

20.929
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After the stigma colour (yellow, dark-yellow and orange cristate stigma), in the

Leamna forest three plant populations were considered: plants with yellow stigma (L2a),

cristate stigma of dark-yellow colour (L2b) and plants with cristate stigma of orange colour

(L2c). Among these groups, the morphological features (leaves and perigonium folioles

size, a/o), differ very little, but considerable differences in the cytotaxonomic features were

recorded.

In the Balota population of Crocus flavus species (280 m alt.) was recorded a higher

variability between some phenotypic and biometrical features of the plants harvested from an

area of 200 m 2. The differences were recorded in the stigma aspect, they being divided in

three branches, each of them divided more or less clear in two parts. In all the cases the stig-

ma were shorter than anthers. Some plants present the yellow stigma and others orange. In

some cases the stigma are divided in three branches, and these divided in two parts. In some

cases the stigma division is completely, having an aspect of six distinct stigmas. The leaf

length is between 13.5 - 21.5 (x = 18.53 mm), and width between 2 - 5 (x = 2.53 mm). The

perigonium folioles present a length of 27 mm and the wide of 9 mm. The bulb-tubers recor-

ded a diameter between 10-15 mm (x = 11.85 mm).

After the range of stigma divided, the plants from the Balota hills were grouped also

in three classes, with a distinct feature. They are: Bv3 - the yellow stigma in the number of

three, incompletely divided in two branches; BvB - the yellow stigma, in number of three,

divided in two length branches, apparently being three branches; Bv9 - orange stigma, in

number of three, each of them being divided in two long and thin branches.

A.2. Cytotaxonomic features of the leaves

Leamna population. On the lower face of the leaves, the epidermic cells present an

elongated shape, with the long walls of different form: very undulated, with an zipper aspect

with regulated dents or with unregulated dents. The short (lateral) walls are straight or slo-

ping, with the rounded edges. The stomata cells present the starch disposed laterally as

some prolonged of wing shape. Upper epidermis presents the elongated cells, with straight

walls, with punctuation on their length in a different number. The stomata are absent.

Balota population. The epidermic cells from the lower face of the leaves are of quadri-

lateral shape, with the long walls in zipper shape with the dents disposed regularly or irre-

gularly, or with the triangular dents, of irregular size. The short walls are straight, perpendicu-

larly or sloping, with rounded edges. Stomata didn't present annexed cells. The cells from the

upper epidermis are elongated, quadrilateral shape, with straight walls. On the long walls of

the cells, are disposed numerous punctuations. The short cells are straight or sloping. The

stomata are absent.

The biometrical values of the epidermic cells and stomata from the both faces of the

leaves, in the two Crocus flavus populations, are presented in the Table 1. The size of the

epidermic cells, as well as the stomata length and their density are considered as cytotaxo-

nomic features. Thus, differences between the six populations, for the biometrical features

from the both faces of the leaf were recorded. The highest differences were recorded for the

stomata density and for the epidermic cell length from the both leaf faces. The stomata length

is a relative stable feature, in the Crocus flavus populations. The big differences in the sto-

mata density can be explained through the action of the environmental conditions in Leamna

forest and Balota hill, as well as due belonging to different populations, in the Crocus genus,

being possible the selection of some clones, because of the particular development.

Both in the Leamna forest, and in the Balota hills populations, the biometrics features

for three plants populations (group) were established, with a distinct feature for a morphologi-
cal character. The cytotaxonomic features recorded in these populations from the Leamna

forest and Balota hills (the variability limits, mean and its limit of variation), are presented in
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the Figs. 1-3. The analysis of the cytotaxonomic features (the cells size, the stomata length

and density, as well as the chloroplast number for stomata cell, recorded very different va-

lues (Figs. 1-3). This finding is in agreed with the supposition that in the Crocus genus

(species) the evolutive processes are in development, at the level of the small population.
Thus support the existence of a speciation process in present in the Crocus flavus and

probably in the other species of the Crocus genus.

Crocus flavus: stomata length ( m) and density (number per mm
:

)Fig. 2
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Fig. 3 Crocus flavus: upper epidermis, cells size ( m)

B. Crocus vernus

8.1. Morphological features of the plants

On the Semenic Mountains, three populations, with a different flower colour and har-

vested from a different altitude were considered: a population from the Semenic peak (1450

m altitude with liliaceous flowers, Semenic 3) and two populations from the forest canton

(1200 m altitude) with white {Semenic 2), respectively liliaceous flowers (Semenic 1). Among

the three populations small differences regarding the leaves dimensions were recorded,

these being shorter at the Semenic 2 population (length of 8.00 cm, and wide of 4.0 mm) and

bigger in the Semenic 3 population (length of 17.44 cm and wide of 6.0 mm).

Similarly, the population harvested from the Căpăţânii Mountains (Balota peak, 1900

m altitude) recorded higher values for the leaves length (16.06 cm with a variability between

10.5 - 18.5 cm) in comparison with the population from the Slătioara (Cerna valley, 700 m

altitude; leaves length of 12.612 cm, with a variability between 6.4 -18.5 cm). This difference

is probably due to thick vegetation stratum from the soil surface, which must be penetrated.
The size of perigonium folioles is similarly at the five Crocus vernus populations, characte-

ristic in the range of variability of this species.

8.2. Cytotaxonomic features of the leaves

Differences between the shape and size of the epidermic cells, the stomata length

and their density were recorded, in the analyzed populations, on the upper and lower parts

of the leaves (Table 2).

In the Semenic population (forest canton), in the plants with lilaceous flower, the epi-

dermic cells from the lower face of the leaves are of parallelepiped shape, with straight walls.

The short walls are perpendicular or sloping with an undulated shape. The edge cells are

slightly rounded. The stomata didn't present annexed cells. On the upper face of the leaves,

the epidermic cells are very long, with straight walls, more widely in the cell middle. The edge

of the cells are perpendicularly, slightly inclined or in the pen shape. The stomata are absent.

In the plants with white flowers, the cells from the lower epidermis presented a hexa-

gonal shape, with the walls relatively straight, with rounded edges. Some small cells are
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straight angularly. The stomata are disposed at the every end on the epidermic cell length.

The cells from the upper face of the leaves present a similar size and shape as at the plants
with the lilaceous flowers. The short walls are perpendicularly, sometimes slightly oblique;

very rarely one of cell extremity is in a pen shape.

In the plant harvested from the Semenic peak, the aspect of the epidermal cells was

similar. The stomata are disposed on the alternate rows, between two cells rows.

Sometimes, the stomata cells present their walls slightly undulated.

In the population from the Căpăţânii Mountains (Balota peak, 1900 m altitude), the

epidermic cells recorded similar features. On the lower epidermis, the halves of stomata are

disposed in a group of two, between the two adjacent cells.

In the Slătioara population, the plants present similar features regarding the shape of

the leaves. The stomata are not present in the median region of the lower face of the leaves,

and are absent on the upper face of the leaves.

Between the five Crocus vernus populations, differences regarding the cytotaxono-

mic features were recorded, especially for the stomata length (with a difference between

24.62 ± 0.21 pm and 39.16 ± 0.44 pm) stomata density (179.39 ±6.19 stomata / mm
2 and

343.94 ± 14.02 stomata / mm
2 ) and other features (Table 2; Figs. 4-6). Among the three po-

pulation harvested from the Semenic Mountain, from a different altitude (Semenic peak at

1450m alt.; forest canton, 1200 m population with lilaceous flowers or with white flowers, the

big differences in the wide cells from the lower epidermis, for stomata density, a/o were

recorded. Thus the variation limits for the wide cells are different for the three populations

(Figs. 4, 6). Also, the stomata density recorded different values and the variability limits for

this feature at the populations with white and lilaceous flowers harvested from the forest can-

ton (1200 m alt.), were different (Fig. 5).

Similarly as in the Crocus flavus species, these differences can be explained through

the action of the environmental factors (especially altitude), as well as due to affiliation at a

different population, which can be clonal multiplied. The variability in the chromosome num-

bers among different Crocus populations, agree with the opinion of one clone separation and

multiplication through forming of a new bulb-tuber at the top of an another bulb-tuber.

Crocus vermis: lower epidermis, cells size ( m)Fig. 4



68 Corneanu G. étal

Crocus vermis: stomata length ( m) and density ( number per mm")Fig. 5

Fig. 6 Crocus vermis: upper epidermis, cells size ( m)
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С Correlation analysis

The correlation between the altitude of the vegetation place and some features of the

plants and of the epidermic cells was analysed. They can reflect the plant adaptation at the

environmental conditions, and probably can explain the differences of the chromosome num-

ber reported by different authors in different populations (Bolkhovskikh et al. 1961).
In Crocus flavus and in Crocus vernus, positive correlation between the altitude of the

vegetation place and some cytotaxonomic features of the cell epidermis and stomata were

recorded, as well as a negative correlation between the altitude of the vegetation place and

cell wide from the upper epidermis (Table 3).

Table 3 The correlation between the altitude vegetation place and different plants features

Conclusions

The analysis of the plant and cytotaxonomic features in two populations of Crocus

flavus and four populations of Crocus vernus, point out the intra- and interspecific variability.

The intraspecific variability was established between the stigma shape and bifurcation (C.

flavus) and regarding the flower colour (C. vernus) and stigma colour (C. flavus), as well as

between different biometrical features of the plants and of the cytotaxonomic features in the

both species.

The analysis of the cytotaxonomic features at some individuals with distinct morpho-

logical differences, support the idea that at the Crocus genotypes, the processes of evolution

is in development.

Some positive and negative correlations between the altitude vegetation place and

some features were recorded.

These differences can explain the differences between chromosome numbers repor-

ted by different authors for different populations in the Crocus vernus or in the Crocus flavus

(Bolkhovskikh et al. 1969; Ciocârlan 2000; Mathew 1980; Ruiz Rejön et al. 1980).

The variability of the cytotaxonomic features at the level of different morpho-types

from the Crocus flavus (and probably in the other species from the Crocus genus), support

the presence, in present, of an speciation process in full development.

Feature Crocus avus Crocus vernus

r-value Correlation r-value Correlation

significance significance

Positive correlation

Stomata length r = 0.4446 ***
r = 0.3642 **и=

Stomata density r = 0.2481 **
r = 0.3438 Ф #s£

Chloroplast r = 0.2763 **#

number/cell

**Epidermal cell r = 0.2511

length (upper

epidermis)

r = 0.3603 Ф 'M %Cell wide (lower

epidermis)

Negative correlatio

Cell wide (upper

epidermis)

г = -0.3879 000 R = -0.3658 000
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