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Effects of Drought and Salinity Stresses on Some Agronomic Traits
and Selection of Recombinant Inbred Lines (RILs) of Safflower
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Extended Abstract:

Introduction: Abiotic stresses, such as salinity and drought, significantly reduce plant performance, posing a major
challenge to agricultural productivity. To address this, scientists have turned to global gene banks and cross-species
approaches to enhance genetic diversity and develop adapted cultivars to these stresses, particularly in the face of
climate change. Safflower (Carthamus tinctorius L.), a valuable oilseed crop, has experienced a genetic bottleneck due
to prolonged natural and artificial selection, limiting its adaptability to abiotic stresses like drought and salinity. This
diminished genetic diversity has constrained the crop's ability to thrive under such adverse conditions. To counteract
this, a breeding programwas launched to reintroduce lost genetic diversity through interspecific hybridization and the
evaluation of diverse global germplasm. This study focused on assessing 36 safflower genotypes, including
recombinant inbred lines (RILs) derived from crosses among three safflower species, determining their performance
under drought and salinity stress, and finally identyfing genotypes with enhanced stress tolerance, offering potential
solutions for sustainable agriculture in challenging environments.

Materials and Methods: In this study, 9 recombinant inbreed lines (RILs) that were obtained from crossing of three
species C. tinctorius, C. palaestinus, and C. oxyacanthus along with these three 3 parental species as well as 2 common
domestic varieties (Kooseh, Padideh) and 22 worldwide genotypes, totally 36 genotypes, were evaluated under three
environmental conditions (90% moisture depletion), normal (50% moisture depletion) and salinity stress (ECw=20dSm-
1). Various agromorphological traits were measured and analyzed These analyses provided insights into the phenotypic
variability and stress responses of the genotypes, enabling the identification of the key traits associated with tolerance to
drought and salinity.

Results and Discussion: The findings of our study revealed a high genetic variation among the recombinant lines and
cultivated safflower genotypes. The broad-sense heritability was above the average for most of the traits across all three
environmental conditions, indicating a strong genetic potential of genotypes for selection. Notably, the number of seeds
per head exhibited the highest heritability (89%) under normal, drought, and salinity conditions, followed by seed oil
contentand the number of heads per plant.The correlation analysis identified plant height, number of seeds per head,
and thousand- seeds weight as the most influential yield components, due to their strong positive correlation with seed
yield. The stress tolerance index (CSI) and yield stability index (YSI) demonstrated a significant relationship with seed
and oil yield, highlighting genotypic stability for these traits under stress conditions. The results showed that the
average stress tolerance index of recombinant inbred lines (RILs) under salt stress conditions was higher than that of
foreign cultivars. Stress tolerance indices serve as useful tools for identifying superior genotypes under both normal and
stress conditions. This index is a linear combination of four significant indices and does not require specialized
software, making it easy to use. Plotting this index alongside grain yield per plant under stress versus normal conditions
helps identify high-yielding genotypes that are also tolerant to environmental stresses. Among the evaluated genotypes,
Gb2, G43, G65, 61TP, and 8TP were identified as stress-tolerant varieties under salinity and drought stress conditions,
exhibiting acceptable yields across all three environments: normal, salinity stress, and drought stress. Conversely, the
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Kooseh variety (check genotype) performed well under normal and drought conditions, but it showed a significant yield
reduction under salinity stress, whereas Padideh (another check genotype) had consistently lower performance across
all conditions.

Conclusion: The genetic bottleneck phenomenon has eliminated a significant portion of safflower's diversity through
thousands of years of natural and artificial selection. The current study was conducted to evaluate 36 selected
recombinant genotypes derived from interspecific crosses and exotic safflower genotypes that had been previously
selected from diverse germplasm over past years. This study revealed high genetic diversity between cultivated
safflower genotypes and recombinant lines. The broad-sense heritability for most traits exceeded average levels in all
three evaluated environments (normal, drought, and salinity), indicating the genetic potential of this germplasm for
safflower improvement and development of new cultivars. Correlation analysis identified plant height, head number per
plant, seed number per head, and 1000-seed weight as key yield-influencing traits. Recombinant lines from interspecific
crosses showed superior yield stability compared to foreign cultivars, with genotypes G52, G65, G43, G51, 61TP and
8TP exhibiting the best performance across all environments and high stress tolerance. For saline conditions, lines 61TP
and 8TP are particularly recommended due to their excellent salinity stress performance and tolerance indices, while
control varieties showed limited stress adaptability, with Kooseh performing well only in normal/drought conditions
and Padideh yielding poorly in all environments.The stress-tolerant genotypes in this study have a significant potential
for enhancing safflower productivity in drought-prone and saline environments, contributing to sustainable agricultural
practices in regions affected by these stresses due to climate change.

Key words: Genetic bottleneck, Interspecific hybridization, Abiotic stresses, Selection

How to Cite: Amiri M., Majidi M. M., Saeidi Gh. Effects of drought and salinity stresses on some agronomic traits and
selection of Recombinant Inbred Lines (RILs) of safflower. J. Crop Prod. Process. 2025, 15(4), 17-34. (In Persian). DOI:
10.47176/jcpp.15.4.201328.

Copyright © 2025 Isfahan University of Technology, Published by Isfahan University of Technology press. This work is licensed under a
@ @ @ Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
Non-commercial uses of the work are permitted, provided the original work is properly cited.


https://doi.org/10.47176/jcpp.15.4.201328
https://jcpp.iut.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.47176/jcpp.15.4.201328

DO 10.47176/1cPP.15.4.2013280V-Y0 . as i oslat 10 o555 VErE ol 5 elss SN puams (50505 5 i 40,5

Fbs s N pame (50515 5 W5 K:H)
https://jcpp.iut.ac.ir/ :«, i Kbt et A, S s sy

oS 9 Bl Slaw Sy g Goss 5 S 80
K S 55 slagny

Ghorns bl 8 5 T F e Ghge ez ¢ (gl Lie

5 Sl 65 Sl 5l el kil SLS 5 Shes SEalS 3 oo e GHE (SIS 5 (555b U 5 Alel )b sl 5 — 0 S
3 Sy G Sla 5 a5l pBl bl 5 (S5 g5 Sl e Olkiatils (g,1 8 I 0 G168 o W51 S0
S e W RIL) S 55 Gals Y 8 Jols SU S (65 T Sy s s ol ok Janl S 55 o 061 sl
zmas 5 Gaddly 54 S Y ol eray (PO STO TP sl& S o SN 31 Jool> Cuna aw) C. oxyacanthus .C. palaestinus .C. tinctorius
Joji bli mab, o aw s ‘_S.Q.A (8 olWlae 51 ol o, i 85 YY 5 (Padideh  Kooseh 6\.&‘.5)) 2855 J&s @b ‘JJ Y
EBLE bl 2 Las b5 (oo etea s Vo 558 ST b ub) ()58 5 ((Rsh, adss Ao ys 40) (S5 (b adss o3 00)
Sl e G ARy A sdalie (5 Se3Il 30 i 1 S S8 SnY 5 B K GBS o 2L S5 g el
St Sl oy 35 ) (S5 Sy 00l &S 5 g Jaw g I i (o0t 5 K95 Wb ) bl e B s lie U2
5 SN Dl 1 55 SIS g3 Shes S8 (K8 olE 55 (508 5 (KEE E Gap Sl 5o el bk B sbml 5 K8 K55
bl bl o dinls OLE (S0 20 4 Sand Ak JeoS (08 A5 Rl 00 g 85 ST s (al b s SS5 s
e Dl 5 G 55 Wl 5 Shas o b (Somar Jaa 61 5158 035 5 0358 53 A3 5lAnS &g 53 0358 IAnS &g Pl Dlhs ( Siar
4yl s Shes opd A5 S 3 o ol (gl s Ses (K2 A5 5 b Ll 5o e S dald o) LA w2l a5 Shes S5
TP el by s Shee (S0 5 6558 A b aee Ll pd aw 5o S ba sk dald 8, 23l S g S LU e
L aS bl gl 5 bty oYU oIl 5 Joos yasls 5 als 3 ,Khes a5l 5590 aowe slasled olod 55 G65 5G43 (G52 > )5 sla
53 als 5 Shes ST 4y Sy (12 558 SB L O hls Gblie 55 Lpd o slgiiy (Aed axlge OF 35008 cpimen 5 S 5 OF 5500
3 Jgmore Byl s i YU 5 Shas mdls Jdoas hid ol 655 o W ool 55 8 45 TP OF 31 ey 5 61TP S 55 slacpy e A1

g g gt AT 4 Jeod s 00 YU b a3 5 goed S

VECE/ /oY L) g VEr 800N 0 b i N E e/ E/TE g 5L VLY Y/ i 5L s
Q‘ﬁ‘ nJLW‘ ch@.Lﬁ‘ W aK..i.’v‘) cé)J)LiS am\é n‘_;&\.:f \_i::-lj E) .L_J).? c};

Majidi@iut.ac.ir :asbll, «J sios oo 5 *

O V0¥ el Olgisl s o8 4 Glate it ol HLazl G @@
ﬁjwﬂ)g@mjm“ur:;,J_L;)L,)duﬂ«f@zﬁp;mtﬁ@,@gbu@@gﬁumﬂ\@;,Me,uf:;ﬂﬁ)-ft;;,z;uuﬂ;ﬂn @

1] s

Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).


https://doi.org/10.47176/jcpp.15.4.201328
https://jcpp.iut.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0009-0007-7168-447X
https://orcid.org/0000-0003-4746-9036
https://orcid.org/0009-0001-8726-808X
../Downloads/majidi@iut.ac.ir

wes®l) Slho (g Gogh 5 (S U g = e s

Oen 5 (g el bine

ol laai S (YY) (ghame 5 Lisl s Ol gl 55 (0 58) 5500
dools o s 5 Lsls 3 1, KIS il i
L) OLen 5 ol 5 (VYD) Jpmoly 5 sdzme bowss
5 SRAP IS, Sl 5 S50 0 i Sl eslizal
S e b 2V R0 B ames LdS AL ISSR
5 C. palaestinus _i>5 4,5 55 L C. tinctorius sl « 8
5 (M) OLKen 5 (gdhe .5 S sdalis C. oxyacanthus
S8 S Wl ol SWllas b (FA) sdoes 5 Ll
s Se Wl o i kil s s Coooxyacanthus i
5 Sl il ails S8 S gl S 4 e
55 ol ohlS wsls ol s Sladss b (VW) O Kes
SN 3l Jol> Cmesr
5 Sl comex 5l zi % C. palaestinus C. tinctorius
ol 31 0ls oo 9 <l Ctinctorius x C. oxyacanthus 3>
slaal o3 miy s Slee b glacs sl Wy sl Conex
(YY) 0L 5 hame uzman (V1) 3, o Dol
A>ly C. palaestinus i>; Wl &5 Lol 51 ws 5 5,058
Ll JUEl 4 s Ol ool (5 208 el Slis
Pl Mol glaasl 53 SIS ol 65 Ol o sllas
sl S 3 a8 sl LI (EF) JSlsgw ol adlas S
2 oo VY 2l mhe b sosd S5 dlesl L S
ades sl S5 Y o 2V S S o
35 FB Jd 5o K3ds e 5 ol Slivo 5 gosd S
(KIS ol ciS s (Y8) osan andlas cpiomen 340
b BLl 55 (7)) Slspe ols anlllas b ) bt mls
a o Jes Gl S8 sl o Vb S5 S s
B3OS FO s 3 SKal g e Slao 5 ()00 A5
S ey 2l s ol OV e W g a5 s
S cl Sy O oss s S [Kie das e Ll
B R ad AN ST
olals C)k.pl Sl < sl 5l Sl Coeal Sl

laos 5| ngl_{)'u}&,;s adlas ( S RS w4 Jed Gl

PRV

L oyshe L aLS (Carthamus tinctorius L.) &G A8
OS5I (S 5 esp e 5 als (S sbas 8
el 53 01 e S8 gl5il 25 oS ol )5S o
3l Olpl s Bl s b elS cpl 85l Sl Ol 5
LIs ioman 5 (S22 5 Gosd 4 K8 o Joos (T)
3 0 ey A o ) Y ClS L ses) 00
oo A el olS ol 5L clain 3l (g s5 3
45 s C.tinctorius o o35 4,5 Vo JoLs Carthahmus
Ao s i cpl 3 3smae gl S i . OF el
5ol IS logas o5 @58 (1) dn (YTN=YXEYE)
() dizeos Wl d b 5o OF iy gbaas S &
(SIS Al 5l el OllS 5 ol 55 wlink
S S 4 Jeod lp o) (KI5 g phel o
A3 edewy D)l a Ol sl 516 (s 5 S
—o s 5o ol L Y) el s 3 S LS sl
S 5 A g ol sl S s Bl (S
looly 51 Sl w515 Ol Salge S8 s s
Lol 5 e S o (5,58 555 (S5 £ 55 1 SRl
Laea Joslan Sof bldsl o5 oWl ol Kooy
Jleml 5 458 o W 2l i b plads s Vsans
OF) dems o I3l 1 5wl 8 25 03)slemsy
53 SR o pon 2l OLS i Ol
Lot sl Ok (5,3LES L3 OS85 ¢l p Sial gle
Sls Coeal Jdsa ety s s S (M) des
e S slhe Sl spg lp OlFe O 53 s
95 a8 Lles S aul Js g0 Oladlles .(V0) 5 Seslanul 255
K8 i sl C. oxyacanthus ;5 C. palaestinus « ;8
ol o sl S e e N i 3 070) Lo ol
C. oxyacanthus C. tinctorius . 35 « Ol5 o o
C. oxyacanthus (C. tinctorius o 35 (A) Llis Lu g

oslal (8) 50 5 (0) 5 5 sl g C. palaestinus



OLen 5 (g el Lo

\i'i/ia)bx..i/\o °)J5/JL5JQ“"J). QYJM‘SJJTJ})J.:SJJ 4':)’:"’

Wl 0l plnil a2y 53 WOT ¢ 45 s 5 Olasen 5
5 O Pl (K55 65 ool Ghass onl Ol Gae
3 b e ol sl S S5 G Jeoe
2 S Gl S W s Sl ol slacpY 5 S
om B e 5 s (S o 5 b Ll
e S Sl ol Slagarla (Bl sk L ks

Ll a5

la 29, 9380

CEEI TN Jold hassy ol 53 eslinad sype S5 slpe
b S5 YAl s (F 5 ) gladsdr) S
G5 aw (33 & 95 $l6sS e O a5l el FI10
5> « C. oxyacanthus L. palaestinus C. tinctorius
g BN el glaciaes 5 ol 4y S Oldlas
SO ST ol enh L g ol &)‘J\ffb' PO 5, TO TP la S
S5 Gl onl S5 sl O st (Vdsd) el
e B N P N IR A
Sl 6B Y eles 4 &S () 3 Sl 5l Jols
O3 skl 5,5 (Padideh 5 Kooseh slaedy) S
5 0Ll Al 05 Sl Sl ol glags 55 A S
2 agmee Glacasl 3l b glagssl s K]
SooslES eaSiils alS K3 5 W g s S K8 o3
o 53 5580 L 833 T sldes s g Olgtosl axis o K51
Olgaol gro oKils msh as e 3 VEV=0Y ey
Sosd 25l ) SKasG S wlllus oly) laes w3
J Sl b LB s s e s 5 (S AT
bels bl sty a i Sl JLSS aw 5 ol
Sy G S b g
S5 33 a Jlesl s el VY oo 3T s oS
Oyl By @85 plml p2aaSS 51 3 (508 5 (Ko
e el el bajles aas (51 OLSS sk & o0

S s ol bt s sl il (6
5 ld oS Jeod a5 4 ) amee il Ll 2
R e e e Rl L ST
@35 oy 53 s sl el L s ol
ssbea () o 5 o153 S gasdlls .ol OLLS
21 0l oy S8 lac B3 po (Si oo 25!
W55 e b b0 50 2 5o 4l 5 Shes Bl 5l s
i e () OS5 et ) salllan Bl 3 gy sl
s s SN Sl 0SS S oIL s sk
s wole Lnsb, luld cou dilte Slis S5
S sls 0L Ol S 5 e Olghol ailie an > SKis
el @ Sl g Al ey Gl SISl L))
© o Jes g s Ses o pB1 Lsg Sl ol
5 ol addles (A) Wols 0L 1y gy St A
S Sy p SEF A5 G e p shiea (V1) 0L
a3l Jool Gz w50 S5 5 25 (S5
5 om o 2o Slio Gl &8l DL Gl S e BN
23 et 3 300 sy ol s Dl e 0500
S F5 o 53 Cmeor 2 3 ol bl ¢35 (a0 aslae
ol P K 15 b Ll s 8 55 FA GFS i w
b ge g 55 2wl Sl Sl S e W sls Ol &S asl
el 03 35 3al
o Sl IS BN Gk 5l S olpe wl
oAl sl s LT Olgisl s oKl s VT4
Sy 68 Pl LIS 3 a8 Ad alp oas s S5
350 oS ol Sl bl o (sl 5 )
e L (L 5 YE AT Q) LS Sldlas s .8 S 13 eslal
3 Goxh O & Jete g5 ol andllas 556 pB)
el (S 4 Jesie GBS @3S e
RAde 5 e eSS Gl d el b
Fs s s sl Som W 5L Jels slacnY
G S A5 (6opd SR s (ol 5 ) SIS



wes®l) Slho (g Gogh 5 (S U g = e s

Oen 5 (g el bine

o 2050 SIS o SN Jeol S 58 sV 5 (6 S) pllly eliia 5 66N J g

Sl 5 (W) L Y 035 s,
Cultivate parent KINRILY C.tinctorius (T)  <lys Wl \
Wild Parent O dd C. palaestinus PV o Ml Y
Wild Parent e C. oxyacanthus Y s Al Y
High linoleic acid (C18:2) C. tinctorius * C. palaestinus TP1 TP §
Drought tolerance C. tinctorius * C. palaestinus TP8 TP )
Drought tolerance C. tinctorius * C. palaestinus TP51 TP bt
High linoleic acid (C18:2) C. tinctorius * C. palaestinus TP61 TP Y;
Drought tolerance C. tinctorius * C. oxyacanthus TO158 TO A
Drought tolerance C. tinctorius * C. oxyacanthus TO142 TO q
High linoleic acid (C18:2) C. tinctorius * C. oxyacanthus TO156 TO AR
Drought tolerance C. palaestinus * C. oxyacanthus PO114 PO 1
Drought tolerance C. palaestinus * C. oxyacanthus PO81 PO 'Y

b oss 25 Jlesl sl ol olel Sosbar s ol
& Soph Ole o33 okl b3 s el Q¥ e e 2 lale
Sogd Olgee da Glae,so 3 5 dewy Ve Juo Voo cBle
Jlast 0les A2 o3l 2l Ve e Yoo Ll pan &
S 3s Jby ol b Olpes kel B 5 58 e
3 Sose a8 el (b S) 5 Sl L okl
A Jlesel il S g s ] o
s & pl ) (Sdows B 505 (S L 55, Sliw
0 1) ess8 B g a 53 0558 BT Wi a5 Sl
w@iss A 3 4l sldes L(L;.L"Laﬂ A-ly e s dolal &y
Slyzmn 5 als 5 Shas ils 2y, Glsmes s Sl 055
Olen 2550 o shteny X S5 )2 350 S O
(5 Soph A 3 e SIS e e
ool s eslatal olul s A5 4 Jes sla el
Y dslee 31 (Yield Stability Index) YSI 5 Sese (5,00
2 oSl A Shes e Yy 5 Vs OF s 4 A 4l

s 5y 5 Ok Ll

vsi=Ys
Y,

p
(Combination of Significant Indices) Jo>s oS 5 j2xls

YAYY Jle s A5 4 oo glapsY sl (¢l 5 S CSI

(Y dslzs)

aope Flhs A Sl ks s ds s 00 Ol 5 Jb S
Aoy A 0ley s S 25 ke ol 5 (MAD =50%)
<8 Sl (MAD =90%) 46530 el dom 51 o aclos
(TDR) Sl o Zushy olKaas 31 okl Oles s 512
23 dse 3OS e L e O Ges 5 Ad eslind
L sl
(V dsles)

1=(0-0,; )xBxD

i

S B e e e LT O Gas ] VL g
FC (o mle 1) 2y anwsi Goe D (1) St 5,als
Cosby b ze Bimi ol Sab b e s S S5 cogb)
Sl ol ol Oy boge alys ans Goe 53 B33
5 ol Sl s sk s Aoy 00 Ol s Jle s les
ol e e (b adss Ao A Ol s (S
Colue A &S sl Cowsas VEIXA U0 5l 1) s
Aoghe o Ll Gas | s e e oS
SASel Gl 5 3s Glokd Sson bl g o
A eslial S SIS S (53555 2f Ol
S Okl ae e U la S )58 S5 Jlasl sl
ol 5l am 5w bl (ECh=2dSM™) Jsens o L

(ECW:2OdSm‘1) )),\i u] o Odew) G ﬁ).ﬂ Sy e

Yy



OLen 5 (g el Lo

\£~i/£=)L~;/\o A)):/JL{)U_&U)' QYJMdjij)J?SJJ 4':)":"’

R 5 o) o o e 85 Olasie S g eline S Y gue

(G oldlae bl ) Ol 8 Liw 05 L as cses ooled
High palmitic acid (16:0) Iraq P1 253759 G19 \
High STI Iraq PI 253762 G20 Y
High STI Sudan P1 305528 G33 A\
High STI Tajikestan Pl 369845 G39 ¢
High STI Tajikestan Pl 369847 G40 0
High STI Ukraine Pl 369848 G41 1
High STI Syria P1 386173 G42 v
High STI Syria PI 386174 G43 A
High Oleic acid (C18:1) & Low linoleiec acid (C18:2) Banglades Pl 470942 G47 4
High STI & YSI Mexico P1 657790 G51 Ve
High STI United States, Nebraska Pl 572425 G52 1)
High STI & YSI Egypt PI 657800 G58 VY
High STI Egypt PI 657801 G59 Y
High STI Jordan Pl 657819 G60 V¢
High STI USA CART 56 G65 \o
High oil content Iran-Arak Iran- Arak 2811 G83 1
High STI & YSI Canada Saftire G84 Vv
High STI Iran Isfahan S149 G93 \A
High STI Iran Isfahan S144 G94 4
High STI Iran- Kermanshah Iran Kermanshah G96 Y.
High STI Iran Khorasan Iran-Khorasan 330  G98 AR
High STI Iran- Hamadan Iran. Hamadan21 G100 Yy
High STI & YSI Iran awsS Kooseh Yy
High yield Iran odsly Padideh V¢

sled 55 Gl S oS5 e la ICSli G g dal) s
uﬁ}b)dmjd)h JGJ‘).JI‘)J JJQA& M:rYP.MP ni
9 uL'MS Ok Lﬁ\j& BE JJ.KL.»& L;<;~—.?AA: r veome (MP

(¥ dsles)

CSl =1/ 2[5 x MP) + (g X GMR) + (B x HM,) + (Ko gy x STI) +
(rVSMPX MPI) + (rVSGMPXGMPi) + (rYS_HM X HMi) + (rvs_sn x STIi)

CSI Larls awls sl (V1) Ws 8 eslinal 30 ds 5 e

(Stress Tolerance Index) STI sla jaxls 51 Jot S5

(Harmonic Mean) (Geometric Mean Productivity) GMP

NERY .b.l\j.ﬁ: BE Jjﬁ.‘;.:« M=ryp_HM GMP u..a}\...i

Ol e@Blass s e ealind (Mean Productivity) MP s HM
j&d<=.,\.o)u~.3hﬁ>u 95 53 5 Shes 5l eslanal b el

Qiyﬁd‘;.’ a.L.i:JSS L;Lau.a;'-l.&l.:j:abl.;): u—l‘M

2 g g Al



wes®l) Slho (g Gogh 5 (S U g = e s

Oen 5 (g el bine

o A s wlis s M)Jj&:i.;\.:ﬂ (Ol pnd aals
i 5 S5 Slhe el SEE s st
Lo g3 8 55 Sl gl oS sl 0L (0 Jsis)
Slaw gl p e Olpea 55 YU Ol s auls (25 5 Jb S
Ol yuxs wnls 0348 o 55 wld Bluad 5 G50 8 55 0548 SlUsS
s Shas Sl 5l a3 als slded ko 5 salis YL
3850 Gl s o 23S 3 oS Sl S5 s Wil
S 5 LAl I Sy ghsa 2500 sl 2B
5 s Al sa Wl o azil Slis |
53 Bl G5 Ll d s (gt g sl ge JWES) LA ey
P DR I (PSP S R W S G LR K
Ol dons Yol i rals a5 Sles e e
S ols OLiS (0 Jadr) Lol iass @Lij (L)) das e
O S (i 25 S s s s See e Rals
son e Slio S 5l ol g Jhad g
Cao cpl i s S ol &by Slim 035 o KIS s Slas
(1) OLKan 5 o303 lanel asllls ol b o5 3L 2als
S i 50 (1) LK 5 e andllas sls cillas
Wl lpm 055 Jls gme 2alS 55 (6) 58 A5 4 Cd SIS
53 ols QLS 1y W 5 0yse Sl 5 o358 5o 4y sl
Gla,lm 059 Gosd 55 S s 58 (YE) 6y sman anllas
A Ol e 1 O s Yl 5wl 2alS asys YE/1
53 I 0T s a5 25 Jasl 53 &l O 3 e)s3 Jsb
YY) Cdls agils s sl e3Y Sl el g
2l deslonl €18) 5 san 5 ol (slatass o (T
oS 58 (Y0) O 5 el 5 (V) O
olis 1y Ko ikl ps wp 5 a5 Shes s o
tls Slae sl tagsy s ede] S 4 s L S 30
O 4 e (SEF 5 osd gl ol » el
)L;J.Slem@LﬁLgﬁJJdeg&b” S Sas Sl e
ooty cilas (1) O Ken

Ll s Shs Sawwa™ Fvpst HM axls 5 i
53 Sas (Saeen =1 vswpe STI jasls 5 25 054
535 Ses Sewn=rysomp MP axls 5 i Lol s
55 5, 8ks  Siwwan= I ysim OMP 2l 5 25 Lol 2
25 3 Ses Ko™ Fysst HM 2xle 5 5 Ll 2
s STI Lasls 5 i bl 2
5 SAS 9.04 Excel slall o5 5l Laesls ST sl
—o3ls g bl o 5 a2 shited .03 o3liza Statgraphics
2t Gkl 355l (bl 4 plnil 5l L
B S b B s bl gl sl el
0313 lr oS o by s g 23S e ol
5 S35 bl Al el o e a5l Jol o
L s Sl oSke b, Al Sl eslind b 58
it 3 (W) oges G ndy il e 5 355l bl
st bl sl el b g ja cdo o (GCV) (S35 ¢ 55

A a0
2
O
h?=—2— (£ sles)
o2+ %
vy
GCV = [—gjxloo (0 aslae)
i

Cou g mls

Sliw 5 Kle amslin 5 b1y 4 528

OS5 i pde lme aw gl S e bl e S
5 3 s S e Do F el K0S 5 s
SNl ol S S o B3 T a p addlas
5 ol B (6 5 T i) S S S
Al b SOl g s e Slis 81l
GRS Ol s el sl e 00 Yo (S5 g8 o
ol slaal s Lol sslinal 5 Oyl slacs 53

]

Y¢



OLen 5 (g el Lo

\i'i/ia)bx..i/\o °)J5/JL5JQ“"J). QYJM‘SJJTJ})J.:SJJ 4':)’:"’

5o A G ps gladkios (1 S w0 00 KIS Slac 53 00 K3 s e Dl F i Dl e 5Kl X Jsr

S
D 05 &l slass Shd 098 slda Oladdl sluws Cu:,l G 5., G 5., 4>
_ P _ Q‘Jm.d' CLA
&> 0y s )3 )98 &g o &g o &g gy ANS syl
Lo
YOAQ*” g4 qy/o " Yo AV vy ovy ANVARM Y
(o) 215
\\742 ALY AT \/Es V€0 aY/A £/va Yv/4 1
(o) SIS
VYo ¥Vve VY £Y/4 Ve/e AL VY Ve
Yo G % Lo
/eqa ALY V/Qe 1S ge/) " Ve Yeans o/NE” Y/ov ™S )
Ve U
¢/0 /e Y/ 0 £/ey AVAR Yve Y/to Y/ee
K Sl s
VY VA% Yo/t \AVAS YA/A 4/vy 4/AA NA
)

.CMN‘M)J\joJw}lcb‘ﬂjgé)bwjéﬂbg;.‘“f”ﬁlﬁ%ﬁ4-.7;;'”.:%“

#ans

ng&\ﬁquﬁdjsﬁjgéu%}ijpdl:&})dlefﬂgiw;@}bu‘d:ﬂwQU..oQLwJa&;Ql:.a.i Jsd>=

L;QM};.} Lg)jéﬁgﬁtipéu

oo Shes Wl s gl Sp ol il wn sl Ses ol e ol chd
AR VY AAE AT FUVEE \ (Jaes) 8155 aes
Y Y/NE V\/Y Y/er 1 (Lama) 1SS
JANA A WY AN Yo NP
Y/eo™ AN gA/Q" Ye/vT \z 55 % s
Y /¥ YV/A Y/eq L Ut
V1/4 VY/Y YA/ YV/A (VAT JoveS g

.Ml{@.—\.ﬂ))\jachon)és)b@m)d)b@rw\&ﬁlﬁ%jt\e

g5 sl 5o 55 Jolss VL g ekias Ol S (U)o

4SJ\>QLJLJ(AJVJ}U¢.-)QLQWM%\J¢

U ooy boesss b dal Slio (s (VL) JL i Ll i s

05 Al sl ejss kb Lol s Slae ican Ldf.)zw)

Sldas 40)},&#@&‘5) Jjglaﬁj':.;j cails ‘)\JA Q)‘j ce)').é
Méb\; Gl s Sas 5 als 5l 055 )58 s 4l

k(% (g

Z

Sed w25 5 SRSy (K55 g e m

olaw
axlae 340 Sls LSJi“\’C“;‘)ij;i::‘j C}J ui\j.,p @Lg
Slaas 50398 53wl sl Olis a5 550l Laeie (W Jsds)
NS ES P e GRS e e 53 W 3 0558
i i S Gosd M Ll s il
Wl 5 Shas 50558 a5 b sl Slew Gl 5 (S5 &8
J:S‘ ,S-v.} - j&)_}dduwﬁjduf .k_;\ﬂ)JMOMLMJ



wes®l) Slho (g Gogh 5 (S U g = e s

Oen 5 (g el bine

ST T SR PR Bt it P NE ISP < L P PN ST SWRSRRCIES JRCHT IR < WRPICH OV JEO P PR

Pl il deo

W wal
Slae

S ot S s db S Soss dbe

A /Y VAYZ  NAFE \AYR VAS=YAY YAS=14e VARSIAA AU 5,

-\ -/ AAREINE AR AP Yeo-Y\Y Yol-Yio o YAY-TV4 Sy b 35,

-V/\ =YY \YAR O yge yyea Vor YA 40-1T1 ) eV=VEA (em) s plis|

A -4/ Ved qb Ved Y -t - Sy ol slaw
-4/¢ -Y/A VA2 Y.2 Y.2 V)-ve V\-vo V\-TA g 5 0358 sl
—o/¥ -Vt yP yb Yva Yr-y. YA-¥ YYoYY (Mm)s 5 Jas
—YAA -\o Tye vqb via A-£Y \\-ov Voo o558 s 4ls sl
-\V/o -Y\/¢ YAP b vie Yo Va1 Y-tV (9) s S5m0y
-08/t -y Voo Vg0 Yya g-\V -Y¢ WYy (gplant?) <5 53 «ls 3 Slas
—08/8 —Yex YYoc Yego 0\A2 Ve A—EYY 11Y-040 1Ve—qy e (gm2) B e <l s Ses
~YA/A —YV/Y oye 04° Ae ARY £a-vY 1841 ) S 5 ol e (5 2
-\/Y -Y/¢ vqa® o yAb Y@ YV-¥) Y1-1 YV-YY (%) «ls o5, &l yima
-0¢/4 -Yo/4 ye §b e V-0 Y-v g1 (gplant?) 25, 5 Slas

I Ll e gl ODetl s S e G G Bl LT Sle oS Sy )58 i b glasles (i sa gl
(403 0 Jlezl mlaws ;5 LSD Sgasl bl ) Wl

P s 25 T d )3 KM G 55 ) g 0o Dlho (pses s s 5 S5 a5l e N o

S S 5 (G
(M2 3)  pr9ae 5 pdy b5 (2 53) (K55 O podS o p2 Slio

(S S8 Ju (S S8 Ju

VY/ Y AY/Y /o0t /07 %% AU s,
vo/Y W/ 04/0 Ay /oV YV Sdes B3y
AO/A AY/A AO/Y o/Y 0/40 £/4Y (cm) @ ¢l
£0/Y AT/ AvAd v/t ') VY Sy ol slaw
Ao/A AV/0 ANE AR YV/A YV/o G gy 0s dldas
\a7a WY YA Y/AA \A\ 8/ve (mm) o6 s
A4/A A4/4 A4/ YE/A Y/ Yo/t 05853 4ls sl
AVE AN A0/ \Y/Y Yy Ve /0 (@) <> Sl O3
AA/A ANV A0/4 Yo/ Ye/V YWY (gplant®) «ls 5 Ses
AN ANY A0/ Yorv YNV VWY QM) asye j20y3 ails 5 Shes
£Y/0 ov/1 YA/ y/a1 /7 o/+V ) S p ol o (5 2
ASIA AY/A AA/O \7ay \rAN AVARN (%) Ll 455, &l s
AV/A AV/A AV Yo/+ Ye/ \AY (gplant™) &5, 5 Sles

1



o~

L]

\i'i/ie)bz.;/\o A)):/L}ngu_bb)' QYW&J}‘})&};

g e WO o \.nﬂr.iu o ey £H O (Tgp0 o ‘..jaulu_T e I e
Bk aal o) A T &Lt L O VL 1 S W LR U YOS LV PR L/ PV - L PR Y LA
e Eaalh 7.\ [PV Aeir— yrfe— Ao RN YA A= \oJs 3 AN MAS QA= oA QLS \
Oam
] Ll T kM, Vi ol AT AV oo RV Al AL e s A AL Vi \ T

=75’ 047 (10) I . L Y L WV AT CF P Al LAY B/ B/ Ve fr= \ - 33—
e |8 €657 (o) AL AL NVEE I VD e R X L R L L VA Y v \ TN AN AL

e sf ) (INdR) 3/ —  Lelv—  ALe— A= AL — G AN A \ \ Ar v Vv e lv— AT

T o F e (AR bI- Ll AMST ASlm AMSS oes AL CAMY \ \ Av s VETERE SPEC I FEE
0 <) o (MoOD R 1Y R R A B/ LA/ LA \ A3 A3/ e/ EE TR VAL TR
e o <l e (SN) Aim ASm s e SA= B \ PAVEE TR 90/ ¥E Lo/ Aelv A

s (am) N Y I ORI IO O \ S Al 3AR A VU AL AU AM-
e F e F e (dH) wu M el R \ A= AR ALY A e AT e e e
oTiE e < Fo (@@ v Ve A \ LY VAR -1 Vo VR T e AP Vi AT AU ALY e
Fm3 F o (@) Aofr AL \ Adfr N ST T G YE N T T O T (LR
CeC g fer 57 (N Vi \ T AT R e B L LA/ AV B e e
6 q sre” (2@ \ (yve IR IR S yem LA Lelvm 03— A Al Tl AW Asm LA
e 4d na H fik: dH aH SN MDL ddA NdA d0 AO D Jie. | ISA

(C

b&o.h"‘_;zaﬂ

8]

Lrfp g g B e WO KO o CE SRR e of me avd (RS ) £ 0w (RO )

YV



(C

|)L§«A‘,‘5}:ﬁ‘

5]

L e O e o e gl € Kegl (037 o2 sor e o e

“ ‘,:—wlpdlb

T

r

S

B.m.q,auw.u Al e Al Avfe— Ry v AG/e ke vl whe (RFD L/ Qe QA 3
=+ 18K Ve ie— Vv /e AN/ e (] Al Ve Able— LA/ CAS AL PN A \ QA

Om
el A

AA AN s Bl A AV e LA VER XS el Bl e \ bl Av/e-

=15 €57 (x0) VA= e B L i/ orfs AL EIVCRRUNE b/ Lo ie R Y W AAs
e |5 €657 (g0) WAfe= Tefe= W= e L/ LA/ Wb Wi A A= i\ A M- A= EAVAR
grsTe of R (uaR)  LAlm cAe AVem T IR (e Ve e \ \ Ao Viis  br/e— LA/ L

s e oo ¥ e (gdX) AN A VAL A VAL ALl Rrlem AL LA/ b b Avi T e e

£ <4 57 (MoD) A= LA A AV b/ LA VA VAR A3/ bele 3 AVm Ar/em AV
orje s <fef g 0 (gD LS LA/ Aede WA= Li/e- o\ | A= 00/ oo/ LA Lo/ Arie g/ ADS
& 0 (aH) Vrie— AL brfem M= e \ SEYE Ar/e 24/ T4/ WA L Y R 7 Vo ANYE
prjc 00 of T (qH) VA AR A A AL AN PAVERNEY S L N L S AR N e T T
pric e o Fo (@) 1t LA T4/ T YL L NV LR S L LV Ve A Al AlS v e LA
_Dﬂu o () o /e 04/ \ AL/e Ao o /o Vi (/- VTfam Ariim e lfe- e e 10 /o=
e q wahﬂ%) a 1T/ L T Abfe— WA T/ Lrfe— A Lk L Al B b e (WY (LF
€0 g s’ (1@ S VYA 1 A L L L ¥V ¥ 2 S T VA N Vb

B

> I

S Ad Na H 49 dH aH SN MDL ddX Ndx do A0 M ISA ISD

SR RS

el Olaw

Lﬁﬁﬁﬂiiﬁdnﬂoﬁﬁn .\W.}uJ.ﬂﬁﬂ“ﬂhﬂh..anJ Mﬂﬁ_-vl_ of e ..jx-__ m.ﬂ..)ﬁJ._ﬁmJ mﬂﬁvﬂﬂﬁﬂﬁwﬂnr—g mﬂ.ﬁu

YA



OLen 5 (g el Lo

\i'i/ia)L«..i/\o A)):/JL{)U_&U)' QYJM‘SJJTJ})J.:S}; 4':)":"’

)’j)Y'V}Y'-\L.GlllJGGO L;La;",.;yjj)”\‘\ij\‘\\‘
U Sos opide (S A5 ke 53 o0p Sde) U
TV L G52 5 G98 G20 G58 lassl sl Jf.).t,ﬂ)
5o VVLITP oV o by e S 0555 0p JelsS 5 55,
Sy Shes 355 YV LGB 5 GA3 a5 5 Sk
o by dbs Lld s Wy pn b s See o mi

-4 T (C. tinctorius) Wiy 5 156TO .Y (Jb 5 Ll & 5
Aok Gl € 0 e SN0 S VY lie LSS
5 S Ol o mis (Sosd S ksl ps lng s Slas
5 61TP «(C. oxyacanthus) O Wiy 4 by, a5 55 &b
B r;/\/dx\ 9 L (ajf/\/f.' A5 g 53 (’;V/Ai J,LJLE.A
Oeaman Ll GLE | W s a3 Shas Ol o 2eS & 5
AJ\JJJQA.G Q\}.:n uif"’sﬁui):“:“‘:‘ ‘Lﬁﬁ.f.;'-uiﬁhi\fi)b
23le LGB0 5 GA2 slacssil s by e i oy 5 2
E) G94 (G83 6@%};3 9 Lg (’J§ \o/Y 5 \o/0
ssba 3y w3 o S VXY 5 0/M 0/0) ,slis L Padideh
Sl s Sles o Sile Sis 5 gosd 55 kil s (IS
Ll b s a8 (S Ao )3 08/8 5 (5558 Lo yd YE/Y) 3L
oS (0 Jadr) ss Jadd rals ) S i
ebjfﬁ,wv.i) .l.:.‘j.'? U,I.Als [ ‘U’:"’; 'la-l‘f;’ )5‘ BEl J.L..Ajiﬁ
@20 (YA 5,ls dUis & ) als 5 Sles JalS a5 ol
ele s See e Gy Jbg Ll ;s Kooseh
PRI Vj) gl s Ses oo i S s Js s
Jﬂwdw&\ﬁ‘w&‘jﬁ%j>r“slidjﬁﬁl‘

Sozs o5 e bl pd e a3 dis g ol e 5 ot
b Kot it GEas 3 Shes b ails 5 Sloe (S
S8es b ails s Shase 50 A3 Sldlae 53 poman s OLL
YA 5 YY) aesls ‘);S;“"?“““Oif‘:ﬁ&ﬁ)
Stsen L5 o sk LTG5 (S5 (Sa 2
P> e oSl 45 S Sl oS a S5 o 55
5 Sl andlae 53 (YF) S e L 1y oSl slaaal
Loy 5,50ks 5 4l 5 ,Ses o (Saawen (\Y) O, 0n
3 ke &l By lyme 5 oeisE kB e o als sl
5 CSD) 5w Joss jarla sl odd (55155 Sls sme
3 Soss 5 hls s s 5 (YSD (ol esls
O3 cwigs 3 b ol b ghlapme 5 e b Ko
Lo 53 iman ol QLS 2, 5 4l > Sles iy e
s b ol jexls 5 (CSI) 25 4 Jeod jat s Jle
5 Sae bl by 5 al 5 Sles 5 o3 a0 Ll
Cille (V4) (g Ganlle ol L a5 ills (5ol s
Shils s Lyl o s &8 patls dajastls 55 .23l
L P N P " GRSV [P
(YY) 55 o0 atlid Culia

Slio g Stes [Si3 5 oo S Bld
S o Jlie Ol gty 3 g slize o5 gl 4 o
S s 2 e a s s 3 Shas L aj s s
Sten b GH5 3 a8 ol Ol (gl e 5 ot
3 Slio gl (Soar pzmes Sl 05 My Rl

3 oy G5 5 g S 25 L

5 opie S 3l 0L (4 i) Slio S0k aglie s
w by coie Juy bls s Say U ss, o S
o Ll 53 Saws U5y o meS 5 o i bl s 5,

LT ooy Wy 5 GE8 il w0 by b ja (s



wes®l) Slho (g Gogh 5 (S U g = e s O\Ken 5 (gl Lo

K JE glacs g s (YST 5 CSI) K25 5 (5555 25 4 fased glajasli 5w p oo o)) 5 Suiglsh e Slio 58l & Jjr

S e sla el Cals o33, 5l gmms (gplanth)als » Shas Sy B 55
YSI YSI CSI CSI
et Sass et ».4)3*"‘ S Sasd dla S Sosd Jla S osd L i oyl
;_.!.UII;
oY JaE YeltA LLVARS ALYAT YAMY Y4V YiTE AATAR YYier Y T Yio 0 \
YA oA YNV L£/94 TV/AY YWYy YAMY AV \YYYo YY/AY ARA AR Yt P ¥
w0t VO YivY YY/EN YAIY « YV/AY YANY vy Y /AA Virey Yy AR} Yio T Y

S A sl oY

g VY YAV LAVY YAIYY YV/YY YTy vae 10/49 YT Yo ARAI Y 1TP i
OV «AY Ye/ox i4v1 YA/ YAIYA AR ARTL:3 YA . Yoaiin Y Yaq Yio STP ¢
i A YV/OA AT YAYE YA YAV vy ARTALY WIAY ARAI YY Y& 51TP b
Dany «/AD YL T YAYY YW/ YA/AL AYE ARTARY Yo/vi AR ARRY Yy 61TP N
oY oV AR LY/EA YA/0L YAMY YARY ARYER] VEYY WA Yy Yy AR 81PO A
+f0f Har YA [ATAR] YA YWV YARY oA AT ALY/ Y. Yy Y\ 114PO q
/10 VA YAEYT YA YA/YY YA/YY YAYY LYAR! VO/AE Yt Y. Y1y Y1E 142TO \e
A AY iy YL YAY VAT TAMEY 1YV IRTARt VEAA YeA T AR} 156TO AR
g o YV/TA A YRR YA YANY YAEs voy ARTA'aY% ARTATS Ty Y. AANY 158TO 'Y
s rlsJI
“EA bt Y 8v [ATAR YANA YVIEY ALYind ARYEA VYUY Ve . A ARL! AR Gl19 Y
oYY e Y41 . LA YAMY VIV Y4/0. 4o ARILY YY/YA Y Ty ¥\o G20 Vi
o/i8 A ARTEL] IAZEN] YV T4 YY/Yo 4/v4, AR'ENY ARTAYY AAR Yya i G33 Vo
WiE oA Y Lo/t TV/q YV/4e TVIAQ LWL} VE/On AATAN' e ™ Y G39 Vi
<A ot ACYAR ALTARY Y47 VIV + ATy} \RYEAY Ak Vove Yy ARL! Y\ G40 W
i wEA Yo ¥4,14 Yo /0M Y4/4¢ VY. AAS i\ AATANS AL Y Ve G41 VA
% o ov AV AETARY YAIYA Ve TAQ . Yo/ VeV Yo/AT AAR ARL! T G42 V4
LY oW P47 oVt YAiAs YA - AL YUY VAL oY WAL AR YA Y G43 Y
YV oA ARTaN LEAT Y4/TY YavY TAA - ViV VEYY AATRY ARLY AAR! YAy G47 Al
WY s YVAY ooy Y4VA AT Yeire VoYY Ye/rT Yi/qo Ty AL e G51 Yy
YA o ATE RAFLNS ALY T4 ALTaN) VYIAY WA/ e YT, Y Ty Ty G52 Yy
oYY oY YA LANY TofaY ALIER Tt NIYE AT Yo/04 Y Ty AT G58 Yi
-V AT Yo IATAL] YANVA Y400 YA VYT VoA wvren AARS i YAY G59 Yo
Y. e iy Lo/ YV/A YUAL YA/, VoY VES Y AATat ALY Yoy Y G0 ¥
oY 4y LYYV oVITY YYNY YWAL YAM. Vifit ARTAR AAYAM AAK] AAL AATA G635 Ty
Y WA ARTED ALTAR TAME TV/4A AL oy VinE 1VYE T ™Y Y Ga3 YA
AN oY LTARY UV ALY YAV + ALTan' AAY Va/T ALVARY ARLY ARE! Y GB84 ¥4
WY Bt YA L4 ACYARY Y4ve YA/, L¥ind VESEA YYNVY Yoy YyY "y G93 It
Nin) B YY/VA AATANY ALY YAE VY. O/AA A8\ ARG A YA YAY G4 il
wEY Wiy iV TANE Tei00 ToaiOn ATt 4y 47t ¥Y/4n AR AEE! AT G96 Y
A o YYran £ Y4 ve ALYl YA/ 4 IATALY AATAL v YeA \AH Gog r
Y] Y Yoy ALY Ya,48 Yo A0 Yafed AJOA 1ETe VAR Y1 Yeq Y8 G100 i
Y A YEMA inta VNV YAX WAD atin AT\ Wit ¥ed Yiu AN Padideh Yo
«EY LA FANY Loy AR TAA VY ARIN AATAT] TiAA Yie Y Yit koozeh ™
AL YL L YA gLyt VYA LA ATAR ¥ihe Loy s Yt ¥ LSD (3%)




OLen 5 (g el Lo

\i'i/ia)L«..i/\o A)):/JL{)U_&U)' QYJM‘SJJTJ})J.:S}; 4':)":"’

Sl 55 IS osba CSIE s 4 o 2 ls B 5

Gl Six 5 usd 55 lass 53,8 55 G655 G43 (G52
Y eSS sy G Sl s CSIE el 5L
5 61TP laopY 5 Sist 5 o5 55 33,8 o 8TP
las cpl 55 s YU CSE glyls (g,58 20 oo 1TP
(RILS) oS 55 slage¥ 5w Jood jatls IS 0 S0La
Slp ey ol Bl Sl VL s i Ll s
o s dep il s S gy alels
Lpdpe bl Lde Gl Olpea Jemi slaamls
agme jarls Sler Sl e oS5 CSI i el
OLal OF 51 eslizasl 5 5,105 anass Jle s 4 63l oS e
52 e Sls aglio 4 by o 4 Jsdr w0 a5 L (7)) ol
G655 O ims My G19 slacisl sopd L5 Lol
g Y S N SR VA AU RCVAS SAVEL g VISV T
3V A L s e GA2 5 GBY 56TO slac s
sls Ol 1 YSE s Shes (goll jatle o i Ve
5 Goss e Lli g3 s 5> Padiden 5 Kooseh el
IS oSl sls 0l E il ol YSI jaxls Six
Sler bl 5N RILS) o555 gl ol e=ls
5 Sl adlae Sy gosd A5 Cow e VL
oe 05 ST Laxls il o oS sl olas (V) 0K
4 Comex p S eie TP Comes (108 o Slaconer
TO Carex YSI Laxls plal  Js ol Ko 2
Solite O s S50l Jeudlty odias0lil &S 5p SlL
s s8S s 5 St w fes Lok lao)
@ waen 5 S0USS 4 (C. palaestinus ;5 C. oxyacanthus)
el SIS s Sa 5w Jeo s sl 205 Al
Ol 5 o) ld (Bl 4 Cond PO 5 TP lacmaxr
Dl 3 Ol e s ams Ln g e S IS 4y
2 Selital (Sl 4 Jemts ()] 4 i 6l Jeily
o Bl b Comer a2 03 (YSD ol jala

slgui 1, B1TP 5 G58 (G43 (G52 glac s pf il 4l
3 8es i by al i 45 G435 G52 lacws s .5 S
S Ses SIS g (Sosd AT S o g LIl | &l
ol NG s Sas b ol 855 w03 585 52 0!
Sosd =5 Ll i g3 8 3 8TP ()Y 5 G65 Cisis aslsl s
A3l 0L ilie 15w Jas e lh 55 Shas (SE5
3508 imen 5 Sk 5 O (65530 b &S bl gl ol oy
slgin GB5 5 G43 G52 s ) cliwr axlse ol
Ok Sl s S L O Gl Gble s s
56 8TP 5 B1TP (sla Y cmbow dmls s s 5 Shas ST
503 5 Sust o Ll pd L VL s e rals e
Soss 5 Ll b gl 5 Jee el 005 Y -
Lol 5l eSS Slllas 5 s Ol o 5 Lzen slgeiy LG
35 eslizal
33 OLES Wls ey (6lsime 5l bo 55 SOl amli
v & 53 G5B 5 G96 G4l lacsys S Lsba oS
s Kooseh o3, 55 5 855 Glsoe (VL e Ll o
Sldlas s xils 1y 8, lgeme 500l Padideh
GNES RS s s als ) Glsee Al ool
Sosd a8 Sl 0dd Oly ladllas 53 (VW) ol sds 55158
o o3 (VD S ails s s Shee 1Al s ool
Sl sl (g5 oS s e Ol Slllas s = Jl-
o n (B 5 7)) 55800 SIS 6l 3 o, (slsms
DA 5 epss dsb L als 53 by e oS el el OLES
53 413 03 s ey55 b OE obsS b cod Lo e 4l
Codls a5 e Al s Olge L A5 s
S st glado s gl SIS il slacwips ()
Clyoes I3 aiug 4 i fiy Cand Aies Ll s,
Sl ks g5 Sl dalg elena 1 VL o)
el el ol sdaline KIS olS 3 e, (Sl yies o
Slaael 53 L5 o sy Slse 032 Vb ) shas ol 5

.(V')J;)‘J:&A:.—_’; 5,50 o\l



wes®l) Slho (g Gogh 5 (S U g = e s

Oen 5 (g el bine

K JE slacs 55 3 (YPP-N) Jloj Loyl i 53 ails 5 Shas ol 53 (YPP-S) (658 a5 Jayl 5o ails 5 e 5ls gad ) K5

~_<.,1§ ‘_;Lb&,.g‘,sj 53 (YPP-N) JU 5 dasl i 55 ails 5 Shes 5l 5 55 (YPP-D)uS.i.é s Byl 5 ails 5 Sas 3503 9 ()

s Shes S lls 50 SKas 5 5 b Ll s s GO4
g teo 5 (S ) Olalllas (gl a8 s
Jomze glacY plalis 6l CSI fess oS 5 axls
serle IS oSle 4 ol Ol (LI -Y K) i w
o5kl s 5 (RILS) oS5 slagnY A5 4 Jos
Slacs s plobd Gy om ol pB1 5 VG )5
—a O 4 Jeod lagala S A5 5 db s il s S
CSl s atls el e eslina] dde (g)lpl Olge
© Gl S g s el Gl 5l e LSS
e (70 ol QLT OT Sl eslizl 5 3,106 anasis S5l s
Ll s s wp s als 5 Shee 0313 13 LS 55 Lasls ol
Loyl et o bow odby Lils blie s i3
SoS e Gt 4 Jeote b e 2 5 WL Sas
53 55 4 Jemie ol GA3 5 GBS G52 ol S s
Wl Lyl aw a3 Jsd LB slas Shes L
(Y JS2) s glabs Koty gppd i

5

S Jemite 5 b sbacsB e S sk

03wl s Slee Slased il edlial e 5 slaslased
2 K lS a5 RILS) oS 55 wowte slacs 585
Saged 5 (Al =V S8) Jb Sl s sosd S5 kil
5SS AS RILS) S 55 lansisis o a3 Shas
R N S e e
oY e S 5l el s el waes bl el
5 by Lyld s s GA3 (G5 G52 slacs 5 61TP
oeaen landls VU s Ses (6008 A5 Lld s s
G42 GA3 GBS G52 oyl co -\ i bl
53 eslie 5 Ses b slas 55 51 Kooseh o, 5 G51.G60
Lyl o pled 55 G52 (5 s (St 5 5 Jbe s bl
5 Swslie sasOlis ul gl asls J53 L6 s Shee
el ol ple 4 Cand 855 ol 2 ok
S gLl T Wiy 5G83 slas 55 5 Padideh o b
S 5 st G pde b e 3 3 Shes

Yy



OLen 5 (g el Lo

\i~i/i=)L~;/\o AJJ:/Q}.LQJU_&U)' QYJMdjij)J?SJJ 4':)":"’

17
5L “Lon
€6
r =)
BE asm o wn
a2 ar
I~ Kanse
& . AP0 K
L Taeag
T g‘ fm " o€ + 6
L ™ o ar
2L w0
ey
ol b
= n
14 13 b3 % 30 3
YPPN

u7
L w0
| e
19+
| e s L=
H -t
=2 e dero  aTP
A 15 =) 2
[ aro ©n
= art mm‘ﬂlg P
L]
g B i
«mBl’oé“
=
'™
L~
T
14 18 pr ] 26 30 3
YPPN
<

3 (YPP-S) 5,88 A5 Iyl js s Shes il 53 (CSIS) (5,88 Ll i 5o 5 4 feod e ld Ol (i aw o508 Y ISSS
Al 3 (CSID) S Jayl 5 55 55 4 Joond e Ls Oljme (sohapton 13305 5 (i) K JE glawisi3 s (YPP-N) Jbe 5
(2) KN slacs g 53 (YPP-N) by 5 (YPP-D) SKas i Loyl b 5o 5 Shes

w555 Y (S 5 sbe wallas pl il ald s
oarls s B 4 s gl S S ) ol
o Ol s il W a3 Sles 5l
S5 by 5 G5, G43 (G65 G52 sla s
5 by L 4 a5 s 5 Slas Llsd 51 8TP , 61TP
s xS il & Ceed (KIS Gosd A
by ke Vo 5w Jeod e la LIl glacs 55
b s Shee Si 25 5 b byl s s Kooseh dals
Cogon ob ol oS Gopd S e s il
A 53 IS, sba Padideh aals 02 3L el e B
sl oSl (S 5 o5 5 by as Ll 5 4
G Ok lp opd S L Ol Gl Gble s Lol
OF 31 g 5 BLTP Y o ol 3 il 5 Shee ST
5 Soxs o klpd ca VWU s Shee il Joa 50 8TP
S5l sl a0l Jasi Gatls 035 VIl
3 eSS Dllllas 51 e Ol e 5 Nt Slent 6 5d

25 eslizal Lol

‘;;‘.SJJ-S} ,g..‘a“
ool b Sl Gl Oldel s Sl

.J}.ﬁ: & u}.:‘:).,\ﬁ

dlstﬁﬂf‘\’.‘;‘;

Obsls (b 1y SIS 655 5l (o3l i (S5 LSS ety
I I I e
S5 Ol 035, B 3 T Sl Sl bl LISl s
S dsl Sl g cd S5 e Olgtol s oK
et oS g 53 5l o O S5k sl 18 o SO
s LBl 5 L ekl gypd 5 (S S ¢l
O3 e SIS Slexr g5 S 5l edlesS Sosleer
55 YV bl 5 e p sk ol addlas o5 S
S s 5 S e SN ) Jeol S 5
bl pame w55 0aps Sl S sl b oS
o Vb S5 8 alle cpl eld L plal bleul
5 A edaline LS55 s s ol SIS sl
S50 s a5 Dlio Ll e pee s n il
S op o bege 5l ie (Gosd s SE Jly) oLl
5 S s lr D) oal (K85 Jemily s diasOlis
il 4 by @l el el s B sl
Ky Blad g 53 0358 el iy Pl Slio ((Soes
Cdo bl (Sheen Jsa s Lla 035 5 0358 U3
dls 5 Ses p sy e Dlio Sl a5 a5 Shes



wes®l) Slho (g Gogh 5 (S U g = e s O\Ken 5 (gl Lo

10.

11.

12.

13.

14.

15.

16
17

20.

21.

22.

23.

24.

25.

Gl:.a

Akbari, G. A., S. Heshmati, E. Soltani and M. Amini Dehaghi. 2019. Influence of seed priming on seed yield, oil
content and fatty acid composition of safflower (Carthamus tinctorius L.) grown under water deficit. International
Journal of Plant Production 13(1): 1-14.

Alaei, M., M. Makari and N. Ghaderi. 2024. Combined effects of salinity and drought stress on yield and yield
components of safflower in Kashmar climatic conditions (pot experiment). Iranian Journal of Irrigation and
Drainage 17(3): 401-411. (In Farsi).

Amini, F., G. Saeidi and A. Arzani. 2008. Study of genetic diversity in safflower genotypes using agro-
morphological traits and RAPD markers. Euphytica 163(1): 21-30.

Ashri, A. 1975. Evaluation of the germplasm collection of safflower (Carthamus tinctorius L.): Distribution and
regional divergence for morphological characters. Euphytica 24(1): 651-659.

Ashri, A. and P. F. Knowles. 1960. Cytogenetics of safflower (Carthamus L.) species and their hybrids. Agronomy
Journal 52(1): 11-17.

Bassil, E. S. and S. R. Kaffka. 2002. Response of safflower (Carthamus tinctorius L.) to saline soils and irrigation:
I. Consumptive water use. Agricultural Water Management 54(1): 67-80.

Colani, D., E. Azzurro, M. Corsini-Foka, M. Falautano, F. Andaloro and G. Bernardi. 2007. Genetic bottlenecks and
successful biological invasions: the case of a recent Lessepsian migrant. Biology Letters 3(5): 541-545.

Deshpande, R. B. 1952. Wild safflower (Carthamus oxyacantha Bieb.): A possible oilseed crop for the desert and
arid regions. Indian Journal of Genetics and Plant Breeding 12(1): 10-14.

Ebrahimi, F., M. M. Majidi, A. Arzani and G. H. Mohammadi Nejad. 2016. Oil and seed yield stability in a
worldwide collection of safflower under arid environments of Iran. Euphytica 212(1): 131-144.

Eskandari, H. and K. Kazemi. 2019. Evaluation of irrigation levels and soil fertility management on grain and oil
yield of sesame (Sesamum indicum L.). Environmental Stresses in Agricultural Sciences 12(2): 111-122. (In Farsi).

Esmaeilzadeh, M., H. Babazadeh, H. Naghavi, A. Saremi and G. Shiresmaeili. 2022. Growth, photosynthesis and
production of safflower (Carthamus tinctorius L.) in response to different levels of salinity and drought.
International Agrophysics 36(2): 93-104.

Esmaeilzadeh, M., A. Babazadeh, H. Nagavi, M. Saremi and M. Shirasmaeili. 2021. Photosynthesis, yield and yield
components of safflower (Carthamus tinctorius L.) in response to combined salinity and drought stress during
vegetative growth stage. Plant Ecophysiology (Iranian Journal of Crop Ecophysiology) 1(57): 91-104. (In Farsi).

Espanani, S., M. M. Majidi, G. Saeidi and H. Alaei. 2019. Physiological aspects of interspecific gene introgression
to improve drought tolerance in safflower. Euphytica 215(1): 163-171.

Espanani, S., M. M. Majidi, G. Saeidi, H. Alaei and V. Rezaei. 2019. Wide hybridization and introgression breeding
in safflower: Effectiveness of different selection methods. Plant Breeding 138(1): 846-861.

Estila, A. and P. F. Knowles. 1976. Cytogenetic studies of Carthamus divercatus with eleven pairs of chromosomes
and its relationship to other Carthamus species (Compositae). American Journal of Botany 63(1): 771-782.

. Falconer, D. and F. C. Mackay. 1996. Introduction to Quantitative Genetics. Longman Group, Ltd.
. Flowers, T. J. 2004. Improving crop salt tolerance. Journal of Experimental Botany 55(1): 307-3109.
18.
19.

Khajehpour, M. R. 2006. Industrial Crop Production. Isfahan University of Technology Press, Isfahan. (In Farsi).
Khoshnam, A. and E. Mamnooei. 2021. Study of the effects of water deficit stress and plant density on yield and
yield components of safflower (Carthamus tinctorius L.) in south of Kerman. Environmental Stresses in Crop
Sciences 14 (1): 39-46. (In Farsi).

Kurt, C., M. T. Altaf, W. Liagat, M. A. Nadeem, A. N. Cil and F. S. Baloch. 2025. Qil content and fatty acid
composition of safflower (Carthamus tinctorius L.) germplasm. Foods 14(2): 264.

Majidi, M. M., V. Tavakoli, A. F. Mirlohi and M. R. Sabzalian. 2011. Wild safflower species (Carthamus
oxyacanthus Bieb.): A possible source of drought tolerance for arid environments. Australian Journal of Crop
Science 5(8): 1055-1063.

Majidi, M. M. and S. Zadhoush. 2014. Molecular and morphological variation in a worldwide collection of
safflower. Crop Science 54(5): 2109-2119.

Maleki-Nejad, R. and M. M. Majidi. 2015. Evaluation of domestic and foreign safflower germplasm under normal
and drought stress conditions. Journal of Crop Breeding Research 7(1): 1-13. (In Farsi).

Mansouri, S. 2022. Screening for salinity tolerance in recombinant inbred lines (RILs) derived from interspecific
crosses and a part of the global safflower germplasm in spring cultivation. MSc thesis. Isfahan University of
Technology. Isfahan, Iran. (In Farsi).

Mohtashami, F., M. R. Tadayon and P. Roshandel. 2018. Evaluation of deficit irrigation levels on yield and yield
components of safflower genotypes. Journal of Crop Production and Breeding 20 (2): 547-561. (In Farsi).

Y



"J'J&““Jd;:ﬁ”‘:" \i~i/i=)L~;/\o AJJ:/JQ}{'J}QYJMQSJ}TJ})J?SJJQ)@J

e EEEEE————  —————————

26. Omidi, A. H., H. Akbarlou and B. Samadi Firoozabadi. 2014. Safflower (Properties, Types, Cultivars, Production,
and Processing). Daneshnegar Press, Tehran. (In Farsi).

27. Omidi Tabrizi, A. H. 2000. Correlation between traits and path analysis for grain and oil yield in spring safflower.
Sesame and Safflower Newsletter 15(1): 78-83.

28. Pinheiro, C. and M. Chaves. 2011. Photosynthesis and drought: Can we make metabolic connections from available
data. Journal of Experimental Botany 62(3): 869-882.

29. Pourdad, S. 2007. Safflower (Carthamus tinctorius L.). Sepehr Publications, Tehran. (In Farsi).

30. Sabouri, A., A. R. Dadras, M. Azari, A. R. Saberi Kouchesfahani, M. Taslimi and R. Jalalifar. 2022. Screening of
rice drought-tolerant lines by introducing a new composite selection index and competitive multivariate methods.
Scientific Reports 12(1): 1-14.

31. Safavi-Fard, N. 2020. Response of rapeseed varieties and hybrids to winter cultivation under late-season drought
stress conditions. Journal of Agricultural Knowledge and Sustainable Production 30(1): 185-198. (In Farsi).

32. Sahrokhnia, M. H. and A. R. Sepaskhah. 2017. Physiologic and agronomic traits in safflower under various
irrigation strategies, planting methods and nitrogen fertilization. Industrial Crops and Products 95(1): 126-139.

33. Salehi, M. and S. Pourdad. 2021. Evaluation and selection of safflower (Carthamus tinctorius L.) genotypes under
salinity stress conditions. Journal of Plant Production and Seed Science 37(1): 83-102. (In Farsi).

34. Sehgal, D., V. R. Rajpal and S. N. Raina. 2008. Chloroplast DNA diversity reveals the contribution of two wild
species to the origin and evolution of diploid safflower (Carthamus tinctorius L.). Genome 51(8): 638-643.

35. Seyed Sharifi, R. 2019. Effects of different irrigation levels and application of methanol and nano-iron oxide on
grain filling components of sunflower. Journal of Agronomy and Crop Breeding 21(2): 27-42. (In Farsi).

36. Shafiei-Koij, F., M. M. Majidi, A. Mirlohi, G. Saeidi, V. J. Barthet and S. Eskini. 2019. The use of wild relatives of
safflower to increase genetic diversity for fatty acid composition and drought tolerance. Crop Science 59(5): 2109-
2118.

37. Shiravand, R. 2012. Genetic diversity analysis among and within some Carthamus species and intercrossing
potential of two wild relatives with cultivated safflower. MSc thesis. Isfahan University of Technology. Isfahan,
Iran. (In Farsi).

38. Shiravand, R. and M. M. Majidi. 2013. Comparison of wild and cultivated safflower species for drought tolerance
and morphological-agronomic trait variations. Iranian Journal of Crop Research 12(1): 738-750. (In Farsi).

39. Tuncturk, M. and V. Ciftci. 2004. Relationships among traits using correlation and path coefficient analysis in
safflower (Carthamus tinctorius L.) sown under different fertilization levels and row spacing. Asian Journal of
Plant Sciences 3(5): 683-686.

40. Vilatersana, R., T. Garnatje, A. Susanna and N. Garcia-Jacas. 2005. Taxonomic problems in Carthamus
(Asteraceae): RAPD markers and sectional classification. Botanical Journal of the Linnean Society 147(4): 375-
383.

41. Wallender, W. W. and K. K. Tanji. 2011. Agricultural salinity assessment and management. ASCE, Reston.

42. Yeilaghi, H., A. Arzani, M. Ghaderian, R. Fotovat, M. Feizi and S. S. Pourdad. 2012. Effect of salinity on seed oil
content and fatty acid composition of safflower (Carthamus tinctorius L.) genotypes. Food Chemistry 130(3): 618-
625.

43. Zarei Soudani, H. A. 2021. Screening for salinity tolerance in recombinant inbred lines (RILs) derived from
interspecific crosses and a part of the global safflower germplasm in autumn cultivation. MSc thesis. Isfahan
University of Technology. Isfahan, Iran. (In Farsi).



