M VoY Sl /0 5ylas fpmazly Jls /el ool Mol acliings

.08

[ = 5v_nc_]
ol el lie 5 (555LiS psle olSiily "‘:’3@9}". dﬁo"
e oalS Dol askiiagy,
Jood sy jad s 5l adlaiawl L SO 15 slecwieiy 40 (Swis Jood obj))
SUdS dgruno
(ma_golestani@pnu.ac.ir : Jggume ok s) ¢yl 325 )95 ploy olil> (55,9liS 09,5 Hboliwl =3
VENYIVA 2 oyl g )b VEV/YIVE 2l go )b
YY LYY teonio
bguuo 00,52

5 ) lp els f oolital pslateds obS cpl gyc00 sloder wre 9y QLS S (S 5 2 () (e JB a0y SIS 18D g Aol
g5 g glonl) 3 alS el o cunl Jame (St o ot Sl (o S (Db S 9 ee udS (BN g el @i g )l di 4 (Saimdeeb
Sl i 4 e (oS sl jasls jl eolitel b S5 slacwie) o (Suis IS Jeod oy 34855 (pl 5l Bus 008 0 oy Jaaze ol
..29_1

el YYA0-25 o c9§)J| Ol 50 LS5 dw > Bolas JolS slaSly 4l IB 2ok 3 sl s rge & ialojl 1 g, g dgo
(5302 955 als o 3] ol e 5 (@S ) Sty B golS 30,3 0+ oo 6l e 5 g 63kl oy 4o Joli (o ol 05
035 (yLblS 0395 ¢ ylouol e 8y FAVY ST s ciio (Lo p «uballS i (ylolyd Jols 515 slacassis g ((gdidily (i) (S, b
a5 (TOL) oo asls ol adllas sl 55 oolizel 3)g0 (Sutd 5 4y oot (sloasls S )5 Loy bS53 olosS 358 5 jlyuss
Jozs a3ls (HM) Sgela:50ke a3l (GMP) 5)Sles i (5:55ke (a3li (MP) (690 0 :Ske (a3 Ls (SSI) i 4 ol
SSiS 55 g (YD) A s bl 5 lacasiy als 3,Skas 5l oolizal b a5 595 (YSI) 3,80k o)yl asli o (Y1) 3,Skos asls (STI) i
2545 dwle (YS)

i ool il 45555 gols g 4l e aily 3, Sdes (glp cadgiy X a5 lite 1 g (5 gy Bl aS ol olis Luilyly e s laaidl
N ol ps )5 39y i byl b 93 2 3 Y1 o STI HM GMP MP sla 123l 9 YS YD Ha 5l lacadshl cpm (gl size CBMES] &S 5l
3,Sles by (g gixe g Cute (Kiwwor Y1 4 STIHM GMP (MP gla 123l a8 ol (L &by 5 )Sles o (Siis (iid & Jooo (gl jad b (e ool
Ly cawlio jy scwss olols gy b asls ol W ash ganah g oS 55 bylud o0y 0 &l 3,Sles g (5 el bl j> b
Dy @ogle o plelyd g leyS 0098 i slacuwigs oS b lis Ml opumie dix Hbged I ool b S5 alisee slacassl) dwnlio
O Lualyd 93 a9 (A5 G b 3 S Slacs) plyiea ]y el ol plyie cnlply i8S )5 (S Jeod culie laasls
Dged Al )y &My sl gl 55 ST 9 YS YD (gimdw jlgei 8,8 Jlas > (ganaily o (A5

ol ) ol g gloS 0358 i slacaisil Qe & 3 oLt ey 350 Slacaisil sl Sl 5 sanan byl gl 105 S Al
2g0d iy (gl g (BAS alie 51 s 55 Jlasl bl 90 2 > (Sid i 4 Jeoxie lacady)

Gdmdus 3505 il 3, Slos anaily (a5 ¢ aalS i Mgl 1 gadlS” slasjly

bl 0kjpd OIS (imee o S 5 ()
o.x.i.;fbsm JALC— ) QI}Z&A{ 9 QLD:LS 0 C.»)L.b
Oyl Sl & asg b (0) conl ond adlis Wy 4 A,
Cusl S 5 0393 3L 55 (SWU)L llwg dblie s
B o oS Iba olS 0y wre Sl (S
o ol (1)) 28 5 S Ol ol als
@bld g =hy obls e i 4 Jeos
A5 ey o0 585 4 (6)908 (SuiS 4 oo lacs
§ Sl STy o (ablis 5 gy 39S 5l Juols
oEh 9 oieke S o auie 9Nl
Wile lelge olyonds &S 39500 jlod & (Jare (slo i
"ﬁl Nl d})9LZ§ ulAJy ‘r")f ol 9 |91zs <YL ey
@y b lulyd ool 13 2jloise 9y 4 g) Cudgizes b 3blie
sdiss | oolatwl dea slod islidl o  Sw,L tals 4
Slee gl &5 gloads Mol BBl 5 cunlio LS
sl gy 5 kulpd 4 Jeode (icres g gl
CO90 03905 o ]) d9>g0 ol C.sl.w )1 gy oalaiwl u&ol
3,8 o ddgi 02iL ilidl 5 lalS cuiS 5 adaw dewes
aS amd o Ui n g 5l odel cund 4 (claail, (V)

i s alS (Cartamus tinctorius L) &5,

kol adyy gl &S cwl (Asteraceae) wlS oy
o) &S Wb b Sy i).f] 9 (e
03508 doml ol 31y LS o (Siis Jeow oUle b S
Loy ¥F B b SO,8 oSl 4 gy L (YY) .l
2z bl |y gy cpl 5l 2o A & cul (29,
oS (53w QLS Sl (S ey St gl
I ekl jgkaiady ol ol (V) dgpi sladar (29,
9 9)‘.) dic 4 ‘_sf.\.a.b.)p:.‘o 9 &) ‘dj)ii) ‘_g‘)J LMz.lf
@ g (IF) 2800 S g ctS (Bup g e ads
Lolas islidl 4 an g b Ll 03 dgame 55,5 olS celyj
2ol cnl 8y VU QUly owimen 5 (89) Wy Gl
aloygls olS oyl g5 S ye g oKiwls (V) Conl a3 5
BB Loy 5 )9 o St 4y (s S35 oy 5 ol
oz (V) cawl gyl des §l Sid slaiy j0 cuis
el (2B glie 5l 9iS 3 5l 3y5e (89 I lodes
Caodl 51 gy slaail S drwy plply b oo
u‘)*" spw..S)J) @a.w AN JL..: » ol )b)?&){ d)b)
AN cwipa ke 0 SLE ab 0 Slas 1 S5ke 9 W)y



WY

o bl o b 0, Slee b ) Siuwed oy iy GMP
Joot (g > (V) W2l olaidl gd 4 IS (g 4
4 Jooo sl el 5l eolannl b awljly o (Sas i«
2 b o Sles b Cuto (Siumer cde 4 STI 4 HM
O Oleisa (Sis 5 g oslhe gilol kalys
O Gl Loadld ol Glgie g Wl bpails
b)foblé.L»I ol,.fdl 5 USWA O Jeotio slacares
(V+)

S Shy Jdda g 039 Gl )eiS (eg olS SIS
dLme )I LS"J& 9 u..{g)‘.) dtmo.)b.w‘ ).Jaa uol> 9 u9lh‘:
Jysar dbuS Mg Vb codS b G oy Wy
Ol Glp ooB Cumnl Sl el (gl qunlio plie JoSo
@ a2 b)) Cuol )30 0 558 L8390 (S89) (sl
195 lpl €S 5 (2l 5l (g i (585 )18
Gble onl o (Sis (i 4 Jooie slacuiy) ool
op e (lagh pl ey Sl (6908
ool b Sis i & Joou s 1 SOL5 o
lolid 5 Sis T 4 Jeso e cbasls
W Pl?ul o‘.:f L)" RN Jm wl.uo dlﬂsu&lw

g, g 2lge
Oy GyaghS Yo &ly clasyie Gl
V5 g 42y OF (oldle Job b oS pl pliwpd (S5
(b 428> BB g a2 Vo pldlyir oye g (B 4dDd
a Giolosl )5 Il by o 1 e VEVY glis)l
JU Sl )b B 3 ead 55 sbo)S Cpe
w5 dw Jold (ol Jolo ad plol H S5 aw )5 (ol
b (28 00 r dyo 5l g)lul glad e 5 9t ()]
g5 dl>po 5l o)l b 5 (Y517 adlS (15) (S,
g g (YS2= gandily i) (Sawwy U ganail
e o lin ldilS b bl Jold S5,
5 b 035 B8 2355 ¢lauol e o3, YAVY S
S oS aid S 3 e by 3 ol ey
CulS glachd) o Jolsh 29 yie gy Job 4 ) &
Jeolsd 29 o Sl gy @3y 59y dhold g o Lo O
9 S o Rl el gl )y (58 slac S
I B2l YY 20,6 50 5ol cuiS b a8 )5\l > y2e g0
13 Eap sl blS 3 U ks 8 plogl VYAD
dowg w9 b oblud Celw VY Glo 4 Sjdles
P35 (Feisds i 3 WD Cund & e 1156
s9dn S5 90j] gl olul » sl 5 L5 Ltalesl oyl
PSS O iy Clawdypgw 395 JLSa ;3 pS5ksS VO
O Sy 355 dl>yo g3 g CudlS | dm 09l 355 LS o
b open A8 el oygl 395 US> o S5kS
i sbie bojle g g Sldas 9o 5 45, olhg
Slp Copd opo dbpe paz (b gy ©jg0n

SldS dgne

ez sl et il eslainl b SS,5 slacass o (Suis Jozo obj)l

Cagh) 3908 & S5 5wl (03 n g (25 Jolpe
(YY) wtbe ol

5 ollan 3,Skes (gl 45 015 2ol Pl ) oslizal
el al (Sis i bild 4 Jese Cpisen
5 oy Syge syt okl S50 o @lie S 25 e
wald Mg oojl (B g S ) e dseg S
Ogh s (el glals s Slee oLl sl 38
Oped 4 g oad bl (oobj Clallae (Suis (i g i
sy (RS Glp e gbgadls g gkt
S G blys s cls BBy i 4 Jeoxe
bl o ol 0Ses line dwnlie ol oad slpiidny
O 2 ke slagbyy Sl S GBS ogh g GRS
slapasls oSl ol 5 & Jete slacadyi
bulyd & e sbowys (iSly oyp lp Slate
cov olS 38k o blyy, ool cile e
Jio alaasls Whad al) A5 5 G55 ogt bl
0a3ld 5 oo padld (A) A8 4 Coles a3l
(V) ToSles gilul pasls (YY) Tl oiSbe
aSbe (V) T SgelaSle 5 PS5 Jed jasls
alr () BSles jasls 5 (V5 V) TaySles qwiin
ool 0 o3lital G5 by, 5 LS sl )
e & (pp 2590 Sy (V) 8638 (bey elel
RS 9 OIS (g Ll b 93 58 )3 oS lacuiif) A og)S
B 0g)S (1) sy 3 8Mes gl (60ke 4 Cos
Ol 4 Cond BT g kil ) & placs))
Ol & Cand G5 byl )3 5 gt 3)Sles sy
P& olbcwis) CogyS U oy 0,Sles iuis)
25 s 3Sdes o) (n0ke 4 Cund i llyd
S50 0 Sles edg) (x0le 4 Cand (I pas byl
Ooh bulyd 93 a3 o lacigf) D og)S g (8
5 2 Sles s (Sike 4 Comd GBS g IO
JSTE (V) 568 Jlas 3k g oo S8 (1))
Ml bowsl S Glr boadld e
S8 g8 b STy A og )5 lgie (adld ul (o2
YN

9 S Joob slapadld G (Stusen Jld ol
oy s laes ddlaio 40 o)ley S5 FB, s il 5, Slos
» SNPI' 4 STI GMP MP HM la asls o
MP HM slaasls 5 o 5l e (25 bl
ool (sl odls 5 L L5 Ll ST 3 GMP
G5 55 dulie .(Y5) K39 canlio YU 3,Skes |y 5
calyps loslitel b SIS (25 g Sl pB) (Sis
g Sis U5 Jeod glapadls g ol (Stuwen
ol & o sl ab s Slas
o) JLsé sl Y1 g RDI™STLGMP.MP sla jasls
dad a5 Jold a5 Lulyd a3 SO Jeoxte
ST dloye g (m0jge s po ((2AS dloye 1l
P SaS 55w Jeod ey (V) 5,8 solawl 4l
s HM MP  cla jo3ls oS ob olis 1S slacws;

1- Stress Susceptibility Index (SSI)

4- Yield Stability Index (YSI)

7- Geometric Mean Productivity (GMP)
10- Relative Drought Index

2- Tolerance Index (TOL)
5- Stress Tolerance Index (STI)
8- Yield Index (Y1)

3- Mean productivity (MP)
6- Harmonic Mean (HM)
9- Stress Non-stress Production Index
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Table 1. Drought tolerance indices used in this study
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Yp= Seed yield under without stress condition, Ys= Seed yield under drought stress condition, \Tp _ Seed yield mean under without stress condition

Y?: Seed yield mean under drought stress condition
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Table 2. Analysis of variance for seed yield in safflower genotypes

Slayye (3:5ke d")’] & Olyss ol
Mean squares df Sov
4622.6™ 2 )‘_’S .
Replication
42817354 2 o
Stress
2032.2 4 Lol sl
Main error
425610.7" 9 Satd
Genotype
10132.7" 18 RO
GenotypexStress
5187.6 54 b ks
Secondary error
53 - () oy g yoi>

CcVv

" and ™: Non-significant and significant at 1% probability level respectively
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Table 3. Analysis of variance for drought tolerance indices and seed yield under without stress condition and drought

stress at flowering stage in safflower genotypes

(Mean squares) lay yo (4, S5ko ) obe
sl I STI HM GMP MP ssl TOL Ys Yp @l ol
df SOV
0.0006" 0.0003™ 0.001"™ 1241.9™ 1738.6™ 2464.2™ 0.003" 6537.2™ 275.4"™ 7921.6™ 2 )I/SJ
Replication
0.01™ 0.17 0.11™ 138299.3™ 141000.6™ 144648.5™ 0.05™ 63596.8™ 97303.2™ 223792.2" 9 S5
Genotype
0.001 0.003 0.002 2584.1 2782.7 3378.1 0.008 11273.7 2633.6 9759.4 18 s
Error
o
7.29 5.33 8.24 4.13 411 4.34 9.36 14.1 5.3 5.76 - (/) ul),.:.u
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Table 4. Analysis of variance for drought tolerance indices and seed yield under without stress condition and drought
stress at seeding stage in safflower genotypes

(Mean squares) clsyye (:Sbe & &le
YSI Yi STI HM GMP MP ssl TOL Ys Yp < Sl
df SOV
0'001n ns ns ns ns ns ns ns ns ns )I)g.;
A 0.0002"  0.002 2301.3 2535.1 2802.9 0.02% 845 490 7921.6 2 Replicatio
n
0.01" 0.07™ 0.19™ 171808.4™ 172770.6™ 173846.8™  0.06™ 28.47"  142780.5™ 223792.2™ Sato]
Genotype
0.004 0.001 0.004 2757.6 2947.3 3211.8 0.02 9.48 3169.9 9759.4 18 EU”
rroe
oy
7.84 4.04 7.3 3.42 3.51 3.65 15.86 17.26 4.04 5.76 - (/) s
CVv

"s and ™: Non-significant and significant at 1% probability level respectively
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Table 5. Mean comparison of drought tolerance indices and seed yield under without stress condition and drought
stress at flowering stage in safflower genotypes

el it S
sl YI STI HM GMP MP ssl TOL Ys; Yp Genotype ;o T
name w5 GGHOEYDG
- COo
a)y
043 065 0319 8764°  953.4¢  1037.3' 1.28° 8167%  629' 14457  Kashan Slals 1
054>  101° 058 1250.2° 1308.2° 1368.8° 103° 8043  966.7°  1771%  Goldasht  cuial 2
e
063 0870 037 1021.5% 1047.4° 10738' 082 4723 83770 1310 Loczis'ﬁrak 1) 3
YAV
056" 114° 074° 1408.9° 14701°  1534°  101° 871.3%  1098.3° 1969.7%  Faraman Ll 4
0.65° 1.08° 056°  1260°  1291.1°  1323°  0.79°  566.7%  1039.7*  1606.3% Sofeh dio 5
055 103 061° 1279.7° 1337.5° 1398.2° 1.01° 805.7%  9953° 1801 Parnian ol 6
057  126° 087a 1541.2° 16002° 166152 0.96% 8923° 12153  2107.7° Sina Lo 7
o
052  077° 036 9764° 102019 1084.80 108>  6843% 74270  1427f Shiraz ‘y _ 8
Sy
058  101° 055 1227.0° 1273.4° 13205° 095% 699 971°  1670cd Local < 9
Isfahan Ol
Y
055 1178 078" 1452.3° 1517.6®  1586®  102°  9167°  1127.7% 2044.3a  Kerman L; 10
J

505 o b 5SSl geil )3 70 (o)lel Jlesnl o )3 (6 I3 gixe WS gt b y3 S yiide gy b sl Sl
Means in each column followed by similar letter(s) are not significantly different at 5% probability level by the Duncan’s test.
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Table 6. Mean comparison of drought tolerance indices and seed yield under without stress condition and drought
stress at seeding stage in safflower genotypes

YI STI HM GMP MP TOL Ys2 Yp Genotype name i) ol
0.77¢ 0.52¢ 1226.9° 124250 12583  3747°  1071° 14457 Kashan olats
0.93° 078 1497.6° 1515.8¢ 153420 4737@  1297.3° 1771 Goldasht cusls
0.85¢ 0.53° 1240.9° 1243.2° 1245.5¢ 129° 11814 1310f Local Arak 2811 YAW STyl e
1.16° 108  1770.8 1780.5° 1790.3°  358.7% 1611°  1969.7% Faraman ol
1.05° 079°  1526.4¢ 1529.3¢ 153220 1483 1458°  1606.3% Sofeh Ao
107 0.92¢ 1631.3° 1639° 1646.8°  308.3™ 149270 1801™ Parnian ok
1.212 1.22 1873.9° 1885.7° 1897.5° 4203  1687.3°  2107.7° Sina L
0.820 0.56° 1269.3¢ 1278.1¢ 1287 280" 1147% 1427 Shiraz S
0.97° 0770 1493.6¢ 1502.2¢ 15108 3183  1351.7° 1670 Local Isfahan Sl Sl
1170 114®  1818.7% 1829.9°  1841.2%  406.3 1638 2044.3° Kerman olayS
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level by the Duncan’s test.
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Table 7. Correlation coefficients among drought tolerance indices and seed yield under without stress condition,

drought stress at flowering and seeding stage
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Table 8. Eigen values, cumulative variance (%) and eigen vectors of drought tolerance indices and seed yield under
without stress condition and drought stress at flowering stage

. ol
(%) o5 by A o
YSi Yl ST HM  GMP MP  SSI  TOL  Ys  Yp Cumulative ok >
variance (%) Eigen Component
value
0.13 0.36 0.36 0.37 0.37 0.36 -0.13 0.21 0.36 0.35 73.5 7.35 1
-0.57 -0.11 0.05 -0.01 0.03 0.08 0.58 0.51 -0.11 0.2 99.7 2.64 2

DR g O gk baulpd p> s 0 Slee g (St Jod oS slaadls oy sy g (£) (xe5 mibly oy polie =% Jga>

Sl

Table 9. Eigen values, cumulative variance (%) and Eigen vectors of drought tolerance indices seed yield under
without stress condition and drought stress at seeding stage
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Figure 1. Biplot chart for seed yield under without stress condition and drought stress at flowering stage and studied
drought tolerance indices in safflower genotypes based on two first components
(The names and genotype numbers are based on Table 5)
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Figure 2. Biplot chart for seed yield under without stress condition and drought stress at seeding stage and studied

drought tolerance indices in safflower genotypes based on two first components
(The names and genotype numbers are based on Table 5)
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Figure 3. Three dimensional plots for seed yield under without stress condition and drought stress at flowering stage
and STI in safflower genotypes (The names and genotype numbers are based on Table 5)
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Figure 4. Three dimensional plots for seed yield under without stress condition and drought stress at seeding stage
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Extended Abstract

Introduction and Obijective: Safflower (Carthamus tinctorius L.) contains considerable oil and
so it is an important oil crop. This plant has been grown for its colorful petals to use them as a
food coloring and flavoring agent, medicine and nutrition of livestock and birds. Moreover
drought as one of the most important environmental stresses causes decrease in amount and
efficiency of this crop production. The pupose of this research was evaluating the drought
tolerance of safflower genotypes using some drought tolerance indices

Material and Methods: This experiment was carried out as split plot in complete randomize
block design with three replications in Abarkouh in 2016-2017. Irrigation treatment as the main
factor was including three levels, includes non-stress, cut off irrigation from 50% of flowering
stage to maturity (flowering stress) and cut off irrigation from the onset of seeding stage to
maturity (seeding stress). Ten genotypes of safflower including Faraman, Sina, Goldasht,
Parnian, Soffeh, local Arak 2811, local Isfahan, Kashan, Shiraz and Kerman were as sub factor.
In this research, drought tolerance indices such as tolerance index (TOL), stress susceptibility
index (SSI), mean productivity (MP), geometric mean productivity (GMP), harmonic mean
(HM), stress tolerance index (STI), yield index (Y1) and vyield stability index (YSI) were
calculated using seed yield under non-stress (Yp) and drought stress (Ys) conditions.

Results: The results of combined analysis of variance revealed that genotype, stress and stress x
genotype were significant for seed yield. Analysis of variance indicated that there were
significant differences between the genotypes for Yp, Ys, and MP, GMP, HM, STI and YI
indices at both stress conditions. Correlation coefficients between drought tolerance indices and
seed yield showed that MP, GMP, HM, STI and YI indices had a positive and significant
correlation with seed yield under non-stress and both stress conditions. Therefore these indices
can be suitable for selecting better genotypes. Comparison of different safflower genotypes
using multivariate biplot graph indicated that Sina, Kerman and Faraman genotypes were
considered as superior genotypes in non-stress and both stress conditions because of locating of
these genotypes next to the vectors of suitable drought tolerance indices. Biplot results were
also confirmed by the results from three- dimensional graph of Yp, Ysand STI.

Conclusion: Biplot and three- dimensional graph results for studied genotypes showed that
Sina, Kerman and Faraman genotypes could be suggested as drought tolerant genotypes under
flowering and seeding stress conditions.

Keywords: Biplot, Flowering stress, Seeding stress, Seed yield, Three- dimensional graph
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