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Extended Abstract

Introduction: Saffron (Crocus sativus L.) is one of the most valuable agricultural and
medicinal products and holds a special position among industrial and export
commaodities of Iran. In addition to its use in the food industry, saffron has numerous
applications in traditional and modern medicine, including cytoprotective, antioxidant,
cardiovascular, respiratory, and digestive effects. Saffron production areas span a wide
range of climatic conditions with considerable environmental variation, particularly in
temperature. Unlike many crops, saffron has a unique thermal regime, and its growth
activity typically begins with the onset of the cold season. Although saffron is generally
well adapted to diverse environments, limited studies have examined the influence of
cultivation management and production location on its qualitative traits. Establishing
geographical indications for saffron quality especially regarding aroma, flavor, and color
compounds (secondary metabolites) can provide significant commercial and economic
advantages. Therefore, this research aims to support the commercialization of saffron
production with an emphasis on quality.

Materials and Methods: Fourteen agronomic ecotypes were collected from Khorasan
Razavi and South Khorasan provinces were evaluated using a randomized complete
block design with three replications at the Gonabad Saffron and Medicinal Plants
Research Station. Ecotypes were planted in late September 2018, and measurements
began in the second year after planting. The evaluated traits included flower number,
fresh flower weight, dry stigma weight per unit area, and the concentrations of crocin,
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picrocrocin, and safranal. In addition, hierarchical cluster analysis (HCA) was performed
to classify ecotypes based on quantitative flower traits and qualitative secondary
metabolites, aiming to identify structural relationships among traits and ecotype
groupings.

Results and Discussion: Analysis of variance revealed statistically significant
differences among ecotypes for all quantitative and qualitative traits. In the first year, the
highest stigma dry weight was observed in the Qain—Shahik ecotype, which was 82%
higher than the lowest ecotype (Roshtkhar-Fathabad). In the second year, the highest
stigma dry weight was obtained in the Gonabad-Saghi ecotype, which was not
significantly different from Qain—Shahik. Comparison of flower number and fresh flower
weight between these two ecotypes showed that although Gonabad—Saghi produced more
flowers in the second year (266 vs. 235 flowers), its fresh flower weight was lower (76.46
vs. 81.76 g m™2). Similar to the first year, Roshtkhar—Fathabad exhibited the lowest
stigma dry weight in the second year. Hierarchical cluster analysis of ecotypes based on
mean stigma dry weight further demonstrated that ecotypes were separated into two
distinct clusters. Ecotypes such as Qain-Hajiabad and Zaveh-Heshmatabad formed the
closest pair, showing the smallest linkage distance and the highest similarity in stigma
performance. Qain-Binabaj and Roshtkhar-Barakouh were also grouped at low distances,
forming a stable core cluster of ecotypes with highly similar stigma yield. In contrast,
ecotypes with lower performance were grouped at higher distances, indicating greater
divergence in their stigma production profiles. This clustering pattern confirms the
presence of meaningful genetic and phenotypic diversity among cultivated saffron
ecotypes.

Conclusion: The findings of this study demonstrated substantial quantitative and
qualitative diversity among the evaluated saffron ecotypes. Ecotypes such as Qain-
Shahik and Gonabad—Saghi consistently exhibited superior stigma dry weight and flower
production across both years, highlighting the presence of stable performance-related
genetic variation. Conversely, ecotypes such as Rashtkhar—Fathabad showed
consistently low values for key traits, indicating limited productive potential.
Hierarchical cluster analysis of ecotypes based on mean stigma dry weight further
clarified these differences by separating ecotypes into two distinct groups. Ecotypes
including Qain-Hajiabad, Zaveh-Heshmatabad, Qain-Binabaj, and Roshtkhar-Barakouh
formed a closely related cluster with minimal linkage distances, indicating highly similar
stigma yield profiles and representing the core group of high-similarity ecotypes. In
contrast, ecotypes with lower performance were grouped at greater distances, reflecting
higher divergence in their stigma production characteristics. This clustering pattern
confirms the presence of meaningful genetic and phenotypic diversity among cultivated
saffron ecotypes and underscores the importance of selecting high-performing and
genetically stable ecotypes for cultivation in different environments.
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Table 3. Analysis of variance (mean square) of quantitative and qualitative characteristics of
different saffron ecotypes during the experimental years

Sla o S0l
Mean Square

e fae S0 S 0 .
e 5T Al Flower ANty oS oSSy Ul
SOV & ower fresh Stigma Crocin Picrocrocin Safranal

df number aht gm
Welg dry weight

Year Jl. 1 7704 205.6 0.26 ™ 369.9 1385 ** 770.8 ™

(Ea) LabesT oo 4 780.1 0.06 63.69 2.38 0.06
Ecotype . S 13 16011 ** 1708 ** 0.48* 8226 ** 199.9 ** 61.96
(YearxEcotype) s sSxJl 13 1286 ** 55.12 0.03 ™ 10900 ** 226.2** 4227

(Et) Js" le> 52 323.1 51.51 0.009 51.83 2.17 0.43

Aoy ) 50 Jleisl maw ;o o gae BT g o cine DS 0929 pae o 5 &y i e NS
ns, * and **: represent on-significant and significant at 5% and 1% level, respectively.
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Table 4. Comparison of the average main effects of years on quantitative and qualitative characteristics of saffron
@A = mwy)S - eSS @de - JUlSLe

o 30 J5 slass A S 3 FFe 0 6,9 BERTST EERE YYe 50 6,9
N T . s T s
Jle &y (romorio o p,5)  (Err02e)) ogil Foglb YOV rhogil
Flower e R P griama dry E1%1cm) (E1%1cm) E1%1cm)
year W Flower fresh : . ) .
number weight (g/m?) weight Crocin - Picrocrocin - Safranal -
(No/m?) gntig (g/m?) absorbance in  absorbance in  absorbance in
440 nm 257 330
(E1%1cm) nm(E1%1cm) nm(E1%1lcm)
1398-99 110.94b 41.36° 0.51b 18462 72970 31.08 P
1399-400 130.09 2 44472 0.632 180.4® 81.092 37.14 ¢

c35,la5 I re B do 0 B mhaws j0 5SS aesT bl gt 8 0 i Bgy b o Sile
Mean followed by similar letters in each column are not significantly different at 5% level, according to Duncan test

Olyae) B 9 (05 Sluoguas p boadss| (ol Ol 51 (xSl awylio .8 Jgao
Table 5. Comparison of the average main effects of ecotypes on quantitative and qualitative characteristics of saffron

S T T e
% § slox § ot s T R CASTICIT D o
o 33 S5 olas F 5ol AW LS 039 Regil FFe 5o 6598 il Foglb ¥¥e 5o
i & (@rie e (@mpared  EL%Iem) Eortom E1%1cm)
Ecc;types Flower Flower fresh  Stigma dry Crocin - (E20LCm) Safranal -
number weight weight absorbance in Picrocrocin - apeqrhance in
(No/m?) (g/m?) (g/m?) 440 nm absorbancg 5|g 330 nm
(E1%1cm) nm(E1%1cm) (E1%1cm)
atal 85.23¢f 29.72 fon 0.35 192¢ 73.45°¢ 34.44 4
Birjand - Moud
e T 127.4°¢ 46.42° 0.53 ¢ 204.4° 72.46° 34.63
Birjand - Mahmoui
Sl 22562 80.61 1.262 258.2 2 88.17 2 35 <
Qaeen- Shahik
U zlmeald 130.5¢ 4361 0.46 % 1317 67.749 28579
Qaeen- Hajiabad
e al 1135 4017 0.47 df 1855 ¢ 80.91° 37.04°
Qaeen-Binabaj
Sl 76.83 1 29 o 0.43 ¢ 208.3° 83.01° 37.17°
Gonabad- Kakhk
09750 184.4" 64.45" 0.81° 190.3¢ 73.67°¢ 30.24f
Ferdows- Boroun
Ol g 2 77.09 28.74 9 0.37°f 159.4 ¢ 77.94¢ 37.74%
Ferdows- Baghestan
Erslls 209.5° 67.01° 1.04° 161.3°¢ 76.72¢ 35.96
Gonabad- Saghi
2ot 11339 4227 0.57¢ 191.8¢ 76.92 ¢ 34.85
Gonabad- Zibad
AL 7824 3331 °¢W 0.39 183¢ 80.41° 35.37°"
Gonabad- Shahr
sl gyl 57.499 20.86" 0.259 111.89 7034 28.309
Roshtkhar- Fathabad
o5l 99.97 de 36.08 defg 0.47 def 221.1° 84.12° 37.044
Roshtkhar- Barakouh
Sl ety 107.9 ¢ 38.42 cdef 0.46 9€f 156.9°¢ 72.59°¢ 31.25¢

Zaveh- Heshmatabad

Ll pxe WS s )0 B maw o SSls QBA)'T oobol g B 0 S e Bgy> b b Sl
Mean followed by similar letters in each column are not significantly different at 5% level, according to Duncan test
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Table 6. Comparison of average interaction effects of year x ecotypes on quantitative and qualitative characteristics of saffron

Gl o S e S0 o e - JUiL

e JEolas aNSSaS Gy mpFR s Al YOV ey ALY 53
Ju [Ny &% (g )2 £55) (E1%]lcm) (E1%lcm) (E1%lcm)
Year Ecotypes Flower Stlgma dry Crocin - Picrocrocin- Safranal -
m_m‘1‘be2r w %‘gin absorbance in absorbance in absorbance in
(No/m?) (g/m?) 440 nm 257 nm 330 nm
(E1%]lcm) (E1%]1lcm) (E1%]lcm)
s 80.88% 0321 1512== 65.032 2635
Birjand - Moud
- A
ERETSER i 0.49 % 162.64= 60.83 28.564
Birjand - Mahmoui
Salim i _
) " 216.3 % 1.19° 2459¢ 80.36 & 3326 %
Qaeen- Shahik
if] o i
e 124.1 % 0.43 febi 180.1 % 76.79 6 31.621
Qaeen- Hajiabad
gl i i
=2 i 108.3 ik 0.44 f=08 198.12 77.28 1 36.66 ¢
Qaeen-Binabaj
NIt .
73.10 = 0.41 &= 2186 81.20¢ 33.94¢
Gonabad- Kakhk
e r 178 % 0.7 166.1 % 6230° 27481
Ferdows- Boroun
Sleble s
1 Tieidiswe- 7272 0.35 e 739+ 65102 32,088
Baghestan
il v .
. 152.7% 0.73 <« 146.5= 73.78 1= 33.94¢
Gonabad- Saghi
FU NI ) n
o 92.50 ¥ 0.46 & 198.5¢2 75258 32.75 &0
Gonabad- Zibad
DENIE 4
s 83294 0.41 = 209 & 76.23 & 31.504
Gonabad- Shahr
ST il g
Roshthar- 49.56= 021% 126.7° 66.57 " 24.19®
Fathabad
parSir o
Roshtkhar- 93.62 ¥ 0.43 f=8i 285.6° 88.34¢ 34.05¢%
Barakouh
ST ey
Zaveh 106.6 55 0.45 T8 2238 72.59= 28.84%
Heshmatabad
s 89577 RYE 232914 8188 42532
Birjand - Moud
= e
eI 33g3 0.56 = 246.2°¢ 84.09 & 40.70®
2 Birjand - Mahmoui
Sl b
) T 23486° 132 2705¢ 9599:= 3674
Qaeen- Shahik
A e i 13696 % 0.49 &8 8334 % 58.70¢F 2552m
Qaeen- Hajiabad
farny B
T 118.70 &5 0.50 =2 172,98 84544 3747
Qaeen-Binabaj
dSls LS .
i 80564 0.46 =k 1979 848349 4040°®
Gonabad- Kakhk
ittt 1909« 085¢ 2145 §5.05¢ 33 i
Ferdows- Boroun
bl oy
Ferdows- 8145 0.40 =6 2449« 90.78° 43.41=
Baghestan
ol
266.29 ¢ 136¢ 176 06 14 7967 = 3798¢
Gonabad- Saghi
.\_j—:LIf
j b 1341 == 0.67 % 18512 78 59 =i 36.96 %
Gonabad- Zibad
el
s 7318 038 156.9 1= 84.60¢ 3023 ¢
Gonabad- Shahr
ST i 5l ety
Roshtichar 6542m 020 97.02°¢ 74.12 32.41%
Fathabad
05 sl
Roshtlhar- 1063 =k 0.51% 156.5 == 79.90 40,04 =
Barakouh
T a3
Zaveh- 109.] ki 0.47 91.58 7259= 33.66%
Heshmatabad

5105 l5 gixe BT 1> O prbans )3 5S35 03] oll 1 gt y1 43 S jidke By o b apSilie
According to Duncan test, Means followed by similar letters in each column are not significant at 5% level
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Table 5. Simple correlation coefficient of flower characteristics in different saffron ecotypes

= 9,5 9,5

G% LIZ (g S 7 cde - bl sl
e yd S slaws J5 5 oss B S 03 Fagili F¥- 5o ” d)f ;;:;’ Fogl YYe )0 (5,9
] 5 il
Flower w,. (pare 2 o) (ce;f;m 2 e (E1%1cm) (EZO/ Jom) (E1%1cm)
number Flower fresh Stigma dry Crocin - o ooroci Safranal -
; weight absorbancein | ICrOCrOCIN-  aheorhance in
(No/m?) weight (gr/m?
ght (gr/m?) (gr/m?) 440 nm absorbance in 330
257 nm
0 nm(E1%1cm
(E1%1cm) (E1%1cm) (E1%1cm)
8 olass
(220 yo 59) 1
Flower number
(No/m?)
5509
(&2roye > £)5) 0.96 ** 1
Flower fresh weight
(gr/m?)
bl S (59
(emste 2 09) 0.93™ 0.90 ™ 1
Stigma dry weight
(gr/m?)
2 G 2Iz = eisyS
0 = 56 M * Kk *k
(E1%Iem) st ¥F 0.24 0.28 0.31 1
Crocin - absorbance in
440 nm (E1%1cm)
6395 2IZ = (g S 5,50
(E1%1Cm) ,2egili YOV o
Picrocrocin - 0.16 0.16 0.28 0.71 1
absorbance in 257
nm(E1%1cm)
2 8% i - JUlsl
0, T . ok ok
(E1%Iem) st vY 0.05 0.03 0.14 0.43 0.77 1

Safranal - absorbance
in 330 nm(E1%21cm)

S,y ilyly JBlas gy lwl 2 lyie ) S oS T A i ()59 guiuadps agiy )b A Jau
Table 8. Cluster history of Saffron ecotypes stigma dry weight based on Ward’s Minimum Variance Method

abgs olaas oo pleol Blaw T

Number of Clusters Clusters Joined Semipartial
R-Square

13 4+14 0.0000

12 5+13 0.0000

11 CL13+CL12 0.0001

10 8+11 0.0002

9 2+10 0.0007

8 1+ClLao 0.0008

7 CL11+6 0.0009

6 Cle+12 0.0100

5 CLo+CL7 0.0106

4 3+9 0.0217

3 CLe+CLs 0.0508

2 CLs+7 0.0731

1 CL3+CL> 0.8313

¢ stwdLUS A (bt b ywg3,8 A <9y wsdyd iV ( SE-OLLS F z Ll B D bl sl pl ¥ (Sald— B Y gere — M pw Y ge— iz g 1)
SUI Catn—ogly VY g8 lgzidy WY bl g jlgseid ) )Y (ges—dblE VY g j-obLS Y -
1: Birjand — Moud, 2: Birjand — Mahmoui, 3: Qaeen- Shahik, 4: Qaeen- Hajiabad, 5: Qaeen-Binabaj, 6: Gonabad- Kakhk, 7:
Ferdows- Boroun, 8: Ferdows- Baghestan, 9: Gonabad- Saghi, 10: Gonabad- Zibad, 11: Gonabad- Shahr, 12: Roshtkhar- Fathabad,
13: Roshtkhar- Barakouh, 14: Zaveh- Heshmatabad
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Fig 5. Clustering of saffron traits based on the average linkage method
¢ LUS A (sl g3 y8 A g wgdys Y (SEE-ILLS B @bl B 0 ol (b pB i (Sali- plB Y ¢ gege — Ly 1V gem Ly 1)

ST cuaim—ogly V¥ STy jlgmanidy Y bl b= lgscidy Y «pps—dbUS )Y cag LS 2y
1: Birjand — Moud, 2: Birjand — Mahmoui, 3: Qaeen- Shahik, 4: Qaeen- Hajiabad, 5: Qaeen-Binabaj, 6: Gonabad- Kakhk, 7:
Ferdows- Boroun, 8: Ferdows- Baghestan, 9: Gonabad- Saghi, 10: Gonabad- Zibad, 11: Gonabad- Shahr, 12: Roshtkhar- Fathabad,
13: Roshtkhar- Barakouh, 14: Zaveh- Heshmatabad
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B JLM: 9o M 40 &».DL.A_&L‘! wes‘ RGO EPR W
Slae Slpis g 285 18 Vb g)ll slaey S
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