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Table 1. Analysis of variance (means of squares) for studied traits on five saffron ecotypes under
non-stress condition
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SRR 5 b basgie g 30 Sy Olas SRR e Wil Job 4y T
Leaf Sy . ot @b
volume Average leaf Number of : Number  Stem length &3l SOV
| area (mm2) leaves per corm  Percentof leaf  of stems (cm) df e
(mb) Chlorophyll
0.388** 4538.221* 36.46™ 13.20" 3.058™ 33.00™ 4 o
Treatment
0.010 354.831 2.82 0.546 0.177 5.87 15 ol
Error
_ _ _ i i ] 19 s
Total
10.46 11.88 15.86 5.84 20.28 14.02 Q'”E"”"Vﬁfb
0.94 158.61 9.84 1264 2.07 17.28 Sl
Mean
0.30 77.81 6.00 9.32 1.00 9.40 el o
Min
1.37 211.46 14.37 15.70 3.50 23.35
Max
0.05 9.42 0.84 0.37 0.21 1.21 S.

X

Sesme vy SO g i Jleiml zolas (o s pxe o 5 4 S g s o
*,** and ns significant: are significant at 5 and 1 probability levels and non-significant, respectively.
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Table 1. Continued

Job ggame LS iy Job lawgie Sid
a8l g din A A ) e BT o2 bl
Tot |5| t; D fi A " Roots Wet corm = el Vil
otal leng rie verage volume : ; ; S.O.V.
of root and weight of length of (ml) weight (g) 2; 'Ieec;\\/l\é??r;t df
stem (cm) roots (g) roots (cm) g
60.795™ 0.021™* 25.964"* 0.992* 2/484* 0.011" 4 Ao
Treatment
6.026 0.001 0.780 0.045 0.125 0.004 15 oL
Error
- - - - - - 19 s
Total
7.00 16.60 6.29 20.96 6.71 29.99 Sl 2
C.V.
35.09 0.15 1403 1.01 5.26 0.22 S
Mean
25.25 0.05 9.62 0.25 3.92 0.09 2k >
Min
i
4222 029 1807 1.75 6.54 0.38 S
Max
1.23 0.01 0.44 0.11 0.18 0.03 S,

oo pf 0o )0 S g Jizl zolaw (o o g b 4 NS g e e
*,** and ns significant: are significant at 5 and 1 probability levels and non-significant, respectively.
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Table 2. The means of square of studied traits on five saffron ecotypes under stress condition
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Sy Sy a Sy - i 29l
Leaf Average leaf Number of Percent of Number Stem o3 SOV

volume area (gmmz) leaves per leaf of stems  length (cm) df
(ml) corm Chlorophyll
0.097* 1836.498** 10.698** 43.814%* 0581*  10.412** 4 ; )L:" t
reatmen
0.025 148.293 0.944 4.943 0.154 0.712 15 E::l
_ _ _ _ _ _ 19 s
Total
17.22 14.37 9.49 10.97 17.99 8.67 ”'f“c‘”v“r‘
0.92 84.74 10.23 20.27 2.16 9.68 Sk
Mean
0.04 52.4 7.00 1253 15 7.29 m“ >
n
1.30 126.31 13.31 27.03 3.00 12.46 @;b e
ax
0.08 6.9 0.49 1.11 0.2 0.42 S

X
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*,** and ns significant: are significant at 5 and 1 probability levels and non-significant, respectively.
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Table 2. Continued

[ S Lwes o
Job esene O3 Jb B . S 59 -
a8lw g dd Al Al Al ) px> 49 ¥ 039 P 7 i e
Total length Dried Average Roots volume  Wet corm Dried > ht ol SOV,
of rootand  weight of length of (ml) weight (g) o;llia\%gl? ) df
stem (cm) roots (g) roots (cm) g
14.358* 0.038** 4.084* 0.116** 2.208** 0.006** 4 o
Treatment
3.964 0.001 1031 0.009 0.143 0.001 15 ol
Error
; ; - - ) ) 19 S
Total
12.41 23.23 29.66 11.81 7.46 28.26 ”')*g’v“")‘
16.04 0.13 3.42 0.793 5.07 0.120 OeSilee
Mean
11.60 0.00 1.52 0.57 3.67 0.05 bk
Min
21.40 0.28 6.09 1.04 6.30 0.19 Yl o
Max
1.00 0.02 0.51 0.05 0.19 0.02 S

X

S gre i doye SO g iy Jleiml polas (ol pre ol 5 4 NS g e e
*,** and ns significant: are significant at 5 and 1 probability levels and non-significant, respectively.
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Table 3. Analysis of factors under non-stress condition

bailze
Components

P P92 Jg!

Third Second First

18.65 29.71 36.28 _ adlye )2 e 09 »3lie
Eigenvalue

84.65 66.00 36.28 _ Eilian
Cumulative (%)

0.223 0.373 0.765 Sl g
Stem length

0.811 0.486 0.173 o Bl Sl
Number of sub branches

0.289 0.157 0.840 Jedo)lS 2>
Percent of chlorophyll

0.940 0.167 0.127 > Syl
Number of leaves per corm

0.064 0.487 0.812 S ghe boge
Average leaf area

0.284 0.309 0.865 S ez
Leaf volume

0.501 0.061 0.555 Sr S O

Dried weight of leaves
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Table 3. Continued

0.045 0.129 -0/883 ) 5 Ods
Wet weight of corm

0.407 0.350 0.168 ) o>
Roots volume

0.139 0.941 0.187 by Jobo bwgio
Average length of roots

0.195 0.917 0.153 ) ) Ay S (o
Dried weight of roots

0/049 0/580 0/659 Wl g ady) Job 9o

Total length of root and stem

Extraction method: Principal component analysis
Rotation method: Varimax with Kaiser normalization
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i) SES (jg e bawgie Job Slis oS5
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Table 4. Analysis of factors under stress condition

wailgo
Components

ook Pg £9d Jo

Forth Third Second First

15.59 21.21 21.40 27.90 _ 4ilie 2 o o2 3lie
Eigenvalue

86.12 70.52 49.30 27.90 ] ol
Cumulative (%)

0.234 0.520 0.052 0.794 Sl ok
Stem length

0.001 -0.106 0.923 0.094 58 4l oloss
Number of sub branches

-0.314 0.829 0.073 -0.027 Jedo IS as o
Percent of chlorophyll

0.322 0.461 0.765 0.128 Ay Sy olass
Number of leaves per corm

0.175 0.553 0.050 0.791 S r gl bawgie
Average leaf area

0.248 0.285 0.833 -0.079 ks
Leaf volume

0.249 0.824 0.326 0.211 o S SES 0
Dried weight of leaves

0.833 0.074 0.092 -0.069 ) 250k
Wet weight of corm

0.101 0.029 0.101 -0.933 Ao o>
Roots volume

-0.812 0.126 -0.222 -0.053 adyy Job g
Average length of roots

0.075 0.097 -0.198 -0.927 ) ) iy SES 0
Dried weight of roots

-0.262 0516 -0.462 0.528 o s ady, Jsb ggome

Total length of root and stem

Extraction method: Principal component analysis
Rotation method: Varimax with Kaiser normalization

Dendrogram using Ward

!
. '
i) hegls Jab 1l T 1
. R '
v owei o Ly LiF s - i
- o 1
Root m dalyy par ) T
Number of Stems o Aile ol 2 ]—‘ '
. '
Number of leave per corm d oldas 4 i
Wet weight of corm i 40 i : .
Percent of leaf Chlorophyll Juig S deys I — H
Leaf volume i par 5 — [ !
Stem length - !
Average leaf area | '_ :
Total of root and stem length ab Il
: 1
Dry weight of leaf 1
1

Sy ey & S (g bl o i (] e gL o5 Olio ywdlS @y 3o ol 579050 ) Sl
Fig. 1. Denrogram of cluster analysis for traits of saffron ecotypes affected as non-stress using
Ward method
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Dendrogram using Ward Method
Rescaled Distance Cluster Combine

CARS3E J J 10 13 20 25

label am - T tm——————— % ————————— te——————— t
|
W 1 !
Stem length Ll e - T :
Lverage leaf area S bl ph i - !
Dry weight of leaf s du® e 7 |
Average length of roots digy hayis Jib 10 _I_ I
Total of root and stem length le ; iy Jeb 12 |
Percent of leaf Chlorophyll Judg 1€ daye 3 |
Roots wolume Ligy e g T :
Dry weight of roots Lagy Lis 3y I — !
Edum[:erof_leaue pEer corm Sy 2l 4 — !
Leaf volume Eyy pas p— :
Number of Stems r._, Gile 2lies 2 :
Wet weight of corm T |
. (R I
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Fig. 2. Displaying acquired denrogram of analysis of cluster based on studied traits of saffron

ecotypes under stress using ward method
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Dendrogram using Ward Method
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Fig. 3. Displaying acquired denrogram of analysis of cluster based on studied saffron ecotypes

under non-stress using ward method
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Table 5. The egenvalue and percent of explained
variation using discriminent function under non-

stress
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a. First 2 canonical discriminant functions were used in the
analysis
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Table 6. Standardized canonical discriminant

function coefficients under non-  stress
condition
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Table 7. Canonical discriminant function
coefficients
&b Jde 4 0ais 3)ly laws

Function Inserted traits to model
1
3.627 oo Jib
Stem length
0.374 A8l Sy

Number of stems

-2.411 S gl 2oy
Percent of leaf chlorophyll

ol s ke
(Constant)

-32.973




Yo 0lde s SOlides 3,18 4 0L0lke s hles 5 555 (ABT (s 0Ken 5 0L ool

Canonical Discriminant Function 1
1 gilS ekl adi

Ward Method =2

1.0
Mean =-12.15
Std. Dev.
0.8 =
06 Torbat heydariyeH N =1
.

0.4
0.2
0.0 T T T T T T T

-15 -10 5 0 5 10 15

Canonical Discriminant Function 1
3 gils (aeild adi
Ward Method =1
2.0 1
Mean =3.04
Std. Dev. =1
151 N=4
1.0- Ghae Ferdows
° 0
1.00%,
0.5
onabad

00— T T |(|3 T ‘ T I

-15 -10 5 0 5 10 15

o 9 Bl 50 (add ) @b bl axlllan 390 Slacai oS Cuxige F JSS
Fig. 4. Displaying ecotype citation based on canonical discriminant 1 under non-stress condition
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Fig. 5. Displaying acquired dendrogram of analysis of cluster based on studied saffron ecotypes
under stress using ward method
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Table 9. The egenvalue and percent of explained variation using discriminent function
under cold stress
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Table 10. Standardized canonical discriminant function coefficients

under cold stress condition
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Fig. 6. Two dimensional diagram of center of diversity of saffron ecotypes based on the first and

second functions affected as cold stress condition
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Abstract

In order to study the effects of chilling stress on saffron ecotypes traits, a completely randomized
design as pot experiment with four replicates on five ecotypes (including Torbat Heydariyeh,
Ferdows, Gonabad, Ghaen, and Kashmar) was performed. Two temperatures (25° C (as non-stress
conditions) and 5° C (as stress conditions) were applied to the ecotypes in the growth chamber
(germinator) and twelve morphological traits were measured. The results of analysis of variance
showed that there was a significant difference in the most studied traits at 1% probability level.
The factor analysis based on PCA showed that three components totally explained 84.6% of the
studied traits under non-stress conditions and four components totally explained 86.12% of the
studied traits under stress conditions. Cluster analysis under non-stress conditions revealed that
Ghaen, Gonabad, Kashmar and Ferdows ecotypes were in the first cluster and Torbat Heydariyeh
ecotype in the second cluster. Based on cluster analysis results under stress conditions, Torbat
Heydariyeh and Ferdows ecotypes were in the first cluster, the Kashmar and Gonabad ecotypes
were in the second cluster, and the Ghaen ecotype was in the third cluster. The discriminant
analysis showed a function with Eigenvalue (61.51%) explained 100% of ecotypes variation under
non-stress condition while two functions explained 100% of ecotypes variation under stress
condition, with only the first function had a specific eigenvalue greater than 1. According to the
group membership prediction table, the ecotypes in each of the three groups of dendrogram cuts
were correctly divided by 100% probability. It can be concluded that the ecotypes of Torbat-e-
Heydariyeh and Ferdows which grouped in one cluster and had the highest biologic yield under
chilling conditions can be recommended for cultivation in cold regions.
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