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Abstract

This study aims to statistically compare the niimerical values of root and scape anatomy of 13 Crocus taxa. Anatomical
variations in 13 Crocus L. taxa have been investigated by means of numerical methods (Analysis of variance and Pearson
correlation). By the analysis of the investigated taxa from ten anatomy related characters, it has been determined that
endodermis width, pericycle length and trache cell diameter are the best character pairs which represent the variations in
them. It has been also found that the results from numerical analysis of the anatomy characters can provide additional

anatomical evidences for recognition of the taxa.
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Introduction

The genus Crocus L. belongs to the large family
Iridaceae. It is a systematically problematic genus and
consist of about 200 recognized species occurring from
western Europe and northwestern Africa to western China
with the center of species diversity on the Balkan
Peninsula and Turkey (Mathew, 1982; Halevy, 1990; Gul
et al., 2016., Harpke et al., 2016). Many taxon of the
family Iridaceae are grown in parks and gardens as
ornamental plants due to their beautiful flowers (Baytop,
1984). Some Crocus species were used for making dye,
perfume and medicaments since 1600 B.C (Rudall &
Mathew, 1990; Abdullaev, 2003; Ozdemir & Akyol, 2005)
pointed out that the saffron could be useful in cancer
chemoprevention in near future. Different studies on some
Crocus species has been found in the literature
(Dainauskaite et al., 2001; Ozdemir et al., 2004, 2006,
2011, 2013, 2016; Akan et al., 2013; Yetisen et al., 2013).
Recently a similar numerical study was carried out on the
onosmataxon (Binzet et al., 2018). Some researchers have
reported that the extract of Crocus has antitumor,
antimetaenic and cytoxic activities and inhibits nucleic
acid synthesis in human malignant cells (Fatehi et al.,
2003; Sivanesan et al., 2014., Milajerdi et al., 2016).The
aim of this study was to investigate the anatomical
structures and to evaluate statistical of anatomical
characters of 13 Crocus taxa growing in Turkey.

Material and Methods

Plant samples were collected from natural areas
between 2012-2016. Morphological and taxonomical
descriptions of the plants was made according to
Mathew (1982) and Davis (1984). For numerical
analysis 10 characters of the root and scape were
selected (Table 1). This selection was based on the
variations of the anatomical data. Characters were coded
as 1-10 and the taxa were coded as A-M. Significance of
the differences between the taxa and characters were
evaluated by Analysis of variance (Regression Analysis)
and Pearson’s correlation at levels of *p<.05 and **p<.0.
Statistical analysis were performed using the MINITAB
software package.

Results and Discussion
Anatomical findings

C. biflorus Miller subsp. tauri (Maw) Mathew: A
metaxylem, 4 xylem strands were present in root vascular
tissue. There were 7-8 big, 6-14 small vascular bundles in
the scape.

C. biflorus Miller subsp. Pulchricolor (Maw) Mathew:
A big metaxylem and 4-5 xylem strands were present on
the median part of the root. Different sized vascular
bundles were located in three circles.

C. fleischeri Gay: Metaxylem was single in root vascular
cylinder. Vascular bundles were present in periphery and
central part of scape.

C. flavus Weston subsp. flavus Weston: Single metaxylem
was present in the root centre. There were 4 xylem strands.
The number of vascular bundles 5-8 in the scape.

C. olivieri Gay subsp. istanbulensis: A big metaxylem
and 3-4 xylem strands were present in the root . There are
4-5 big and 6-8 small vascular bundles in the scape.

C. chrysanthus (Herbert) Herbert: 1 or 2 metaxylem
was present on the median part of vascular cylinder. There
were 5 big vascular bundles in the center part of scape.

C. danfordiae Maw: Metaxylem was single in root vascular
cylinder. Xylem strands were 7-8, There were 3-4 big and 7-
14 small vascular bundles as 2 circle in the scape.

C. speciosus Bieb. subsp. ilgazensis: Endodermal
thickening was three sided. Single metaxylem was located
in the centre of the root. Scape vascular bundles were
located two circles.

C. speciosus Bieb. subsp. speciosus: There were 2
metaxylem and 8 xylem strands in the centre of root.
Scapevascular bundles were two circled. Big vascular
bundles are 5-6.
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Table 1. Nuimerical values of Anatomical properties of the Crocus taxa.
Taxon 1 2 3 4 5
Epidermis width Epidermis length Cortex cell Endodermis width Endodermis length
(Lm) (um) (Hm) (Um) (Hm)
Mean SD Mean SD Mean SD Mean SD Mean SD
A C. biflorus subsp pulchricolor 115+251 129+1.70 22.3+3.79 9.2+10.6 5.0+0.19
B C. chrysanthus 105+4.78 9.7+4.44 28.3+3.95 10.7 £5.06 3.0x+0.26
C C. flavus 9.0+2.77 8.9+3.01 56.6 + 3.58 15.3+3.17 10.3+45
D C. fleischeri 219+1.22 24.0+4.88 30.1+4.18 15.9+2.78 72+321
E C. danfordiae 13.0£3.29 9.1+7.14 40.5+2.51 25.0+4.83 19.0+0.1
F C. asumaniae 16.6 £ 4.09 115+4.14 375+5.21 13.0+12.2 7.90+0.8
G C.mathewii 17.2+£6.51 155+ 1.86 23.1+3.34 12.0+10.9 7.0+£0.19
H C.olivieri subsp. istanbulensis 18.3+1.98 16.2 £ 3.03 32.0+3.97 22.4 +4.96 13.0+0.1
i C.pulchellus 9.00+11.9 7.5+3.28 31.3+5.28 10.0+15.0 9.0+0.11
J C.biflorus ssp. tauri 20.0 £3.16 7.3+3.45 30.1+3.21 15.0 £ 14.09 5.0+0.12
K C. speciosus ssp. speciosus 15.0+2.35 125+1.76 259+2.79 6.30+12.9 17.1+3.38
L C.speciosus ssp.ilgazensis 25.3+4.87 159+1.23 22.2+4.62 9.60 £2.79 152+9.3
M C.speciosus ssp. xantholaimos 18.5+6.30 23.0+3.94 21.4+4.07 8.60+12.4 158+5.9
6 7 8 9 10
Taxon Pericycle width  Pericycle length  Metaxylem diameter ~ Cortex cell Trachea cell
(Hm) (um) (um) (um) (um)
Mean SD Mean SD Mean SD Mean SD Mean SD
A C. biflorus subsp pulchricolor 5.3+2.510 49+1.70 14.3+3.79 22.2+10.6 12.0+0.19
B C. chrysanthus 5.2 +4.780 27+4.44 22.3+3.95 28.7 £5.06 13.0£0.26
C C. flavus 7.5+2.770 49+3.01 35.6 +3.58 37.3+3.17 15.3 £4.53
D C. fleischeri 10.2£1.20 40+488 22.1+4.18 309+2.78 122+3.21
E C. danfordiae 7.0 £3.290 10.1+£7.14 18.5+251 38.0+4.83 10.0£0.13
F C. asumaniae 7.6 £4.090 250+4.14 20.5+5.21 25.0+12.2 12.9+£0.80
G C.mathewii 3.2+6.510 2.50+1.86 13.1+3.34 35.0+10.9 13.0+0.19
H C.olivieri subsp. istanbulensis 11.3+1.90 5.20 £3.03 20.0 £3.97 29.4 +4.96 18.0£0.19
i C.pulchellus 12.0 £ 110 4.70+3.28 23.3+5.28 40.0 £15.0 12.0+£0.11
J C.biflorus ssp. tauri 5.0 +£3.160 2.30 £ 3.45 141+£3.21 32.0 £14.09 11.0+0.12
K C. speciosus ssp. speciosus 15.0+£2.30 550 +£1.76 28.9+2.79 36.3+12.9 17.1+3.80
L C.speciosus ssp.ilgazensis 8.3+£4.870 7.90+1.23 40.2 £4.62 224+2.79 9.20 £9.30
M C.speciosus ssp. xantholaimos 10.5+£6.30 6.00 = 3.94 244 +4.07 276124 12.8 £5.90

SD: Standart deviation, 1-10: Character codes, A-M: Characters codes

C. speciosus Bieb. subsp. xantholaimos: Root
endodermal thickening was three sided. 2-4 metaxylem
were located centre of the root. Scape vascular bundles
were 2-3 circle.

C. pulchellus Herbert: 1-2 metaxylem and 4-5 xylem
strands were present in the root vascular cylinder. Scape
vascular bundles were located as two ring at the scape.

C. asumaniae: B. Mathew & T. Baytop: There was a
single metaxylem on the median part of root vascular
cylinder. Form of scape was polygonal. Vascular bundles
were numerous and more scattered.

C. mathewii Kernd. & Pasche: A large metaxylem and
3-4 xylem strands was present in the vascular tissue of
root. Vascular bundles of the scape were located as 2 - 3
ring at the scape.

Statistical analysis

Significance of the differences between the
investigated taxawas evaluated by analysis of variance
(Regression  Analysis) and Pearson’s correlation

(Correlation). The statistical analysis of the results are
shown in Tables 2, 3 and 4. According to Table 2, based
on the Pearson’s correlation method (Correlation), there
are important correlations among (A-B, C, D, E, G, I, L;
B-E, L, M; C-D, G, H; D-E, L; E-F, G, |, K; F-G, I, M; G-
H, J; I-K, L; J-K; K-L, M; L-M ) the investigated taxa at
levels of 0.01 and 0.05 (Table 3). According to Table 3,
based on the Pearson’s correlation method (Correlation),
there are important correlations among (1-2, 4; 2-10; 3-4,
5, 7; 4-9; 5-6, 7; 6-7, 8; 7-10; 9-10) the anatomical
characters of the investigated taxa at levels of 0.01 and
0.05 (Table 3). According to Table 4, based on Analysis of
variance (Regression Analysis), there are important
correlations among (A-B, C, D, J, M; B-L, M; C-E, D, H;
D-E, K, M; E-F, I; F-I, M; J-M; K-M; L-M) the
investigated taxa at levels of 0.01 and 0.05 (Table 4). As
shown in Table 2 and Table 4, there are correlations
between C. speciosus ssp. speciosus, C. speciosus ssp.
ilgazensisand C. speciosus ssp. xantholaimos. It is
mentioned that there are close relationships between C.
chrysanthus and C. danfordia (Davis, 1984; Giiner, 2000).
According to the statistical results, there is a considerable
relation between the two taxa, at the level of p<0.01.
(0.003). On the other hand, there are no important
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differences between C. biflorus subsp pulchricolor and C.
asumaniae; C. biflorus subsp pulchricolor and C. olivieri
subsp. istanbulensis which are not close systematically.
Also, there are no important differences C. chrysanthus
and C.olivieri subsp. istanbulensis (Tables 2, 4). In the
present study, 13 Crocus taxa were compared statistically
regarding anatomical characters. We aimed to find
statistical and anatomical differences in addition to
morphological characters to distinguish these taxa. The
results of the study show that there are big metaxylem, 4-
5 xylem strands in roots of C. biflorus subsp. tauri and
subsp. pulchricolor. On the other hand, the vascular
bundles are located two circles in the scape of C.
speciosus subsp. ilgazensis, subsp. Speciosus and
xantholaimos which are close taxa as systematically. Also,
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according to the statistical results, there is a considerable
relation between the these taxa. Ozdemir et al., (1999,
2001, 2010) showed the importance of niimerical analysis
of the anatomical characters of the leaf in the some
Crocus species. By the analysis of investigated taxa from
anatomical related characters, it has been determined that
endodermis width, pericycle length and trache cell
diameter are the best characters pairs which represent the
variations in them. Since Crocus is systematically a
problematic genus, it is necessary to use alternative
methods to distinguish its taxa. Numerical anatomical
features and statistical evaluations of taxa can be used to
distinguish these taxa. It has been also found that the
results from can provide additional anatomical evidences
for the recognition of the taxa.

Table 2. Pearson’s correlation (Correlation) based on 13 investigated Crocus taxa.

A B C D E F G H i J K L
B 0,969
0,004**
Cc 0,759 0,857
0,003** 0,060
D 0,900 0,870 0,701
0,040 0,070  0,008**
E 0,700 0,749 0,845 0,629
0,007 0,003** 0,070 0,021*
F 0,892 0,912 0,909 0,884 0,805
0,073 0,070 0,063 0,070  0,001**
G 0,738 0,725 0,637 0,831 0,680 0,770
0,040* 0,065 0,019* 0,070  0,011* 0,002**
H 0914 0,906 0,801 0,845 0,834 0,899 0,711
0,080 0,090 0,041* 0,700 0,090 0,100  0,006**
i 0,898 0,942 0,821 0,776 0,804 0,833 0,701 0,852
0,020* 0,060 0,051 0,052 0,001** 0,002** 0,080 0,090
J 0,925 0,912 0,758 0,851 0,815 0,904 0,796 0,923 0,879
0,050* 0,200 0,053 0,060 0,051 0,058 0,011* 0,080 0,054
K 0876 0,890 0,659 0,726 0,617 0,713 0,585 0,759 0,897 0,796
0,876 0,890 0,659 0,726 0,617 0,713 0,585 0,759 0,897 0,796
L 0,561 0,644 0,512 0,576 0,290 0,530 0,228 0,506 0,593 0,507 0,883
0,046* 0,018* 0,074 0,039* 0,336 0,063 0,453 0,077 0,033* 0,077 0,010**
M 0,838 0,777 0,444 0,801 0,410 0,621 0,506 0,691 0,730 0,687 0,709 0,702
0,060 0,002* 0,128 0,051 0,164  0,024* 0,078 0,059 0,600 0,053 0,007** 0,006**

*Significant at the level of 0.05, **Significant at the level of 0.01 and A-M: taxa codes

Table 3. Pearson’s correlation (Correlation) based on anatomical characters of the investigated Crocus taxa.

1 2 3 4 5 6 7 8
2 0,579
0,038*
3 0,463 0,456
0,111 0,117
4 0,005** 0,112 0,524
0,988 0,714 0,049*
5 0,165 0,159 0,050* 0,236
0,589 0,604 0,871 0,438
6 0,400 0,254 0,134 0,085 0,494
0,176 0,402 0,662 0,782 0,046*
7 0,083 0,114 0,044* 0,369 0,874 0,495
0,787 0,712 0,888 0,214 0,001** 0,036*
8 0,138 0,054 0,227 0,276 0,431 0,710 0,319
0,652 0,861 0,457 0,361 0,141 0,007** 0,287
9 0,178 0,373 0,176 0,029* 0,111 0,359 0,309 0,102

*Significant at the level of 0.05, **0.01 and 1-10: Anatomical characters codes
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Table 4. Correlation between 13 investigated Crocus taxa
(Regression Analysis).

MS F-value  Probability Significance
A-B 47.848 382.7 0,040 *
A-C 52.200 17.57 0,050 *
A-D 47.134 382.2 0,040 *
A-E 44,250 12.70 0,050 *
A-F 47.000 598.6 0,060 NS
A-H 57.600 14.32 0,080 NS
A 46.670 2.530 0.020 *
A-J 47.980 598.0 0,030 *
A-L 50.920 5,040 0,050 *
A-M 103.11 40.54 0,020 *
B-F 92.200 1.539 0,540 NS
B-H 99.570 51.18 0.100 NS
B-L 117.57 17.18 0,010 *x
B-M 1414,6 11,95 0,041 *x
C-D 1383,0 15,85 0,028 **
D-E 1417,2 18,68 0,023 *
D-K 1565,8 59,43 0,005 *x
E-F 1868,4 48,47 0,006 **
E- 944,03 18,30 0,023 *x
F- 1073,3 126,4 0,002 *x
G-K 838,29 9,650 0,050 *
J-M 220,03 21,45 0,019 *x
K-L 106,56 9,340 0,010 **
K-M 1041,1 24,38 0,010 **
L-M 892,64 9,680 0,013 *

MS: Mean square *p<.05,**p<.01, A-M: Taxon codes, NS: Not significant
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