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(Helianthus annuus L..)

Evaluation of drought tolerance indices in various sunflowers cultivars
(Helianthus annuus L..)
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Table 1- Atmospheric situations during conducting the present experiment in the station of Khoy Agricultural

Research.
) olo (02 )3) s Sugho, Sk g Wlyg) w3 5eSlee Les
Row Month Relative humidity (%) (rashoo) (oo (Temperature °C)
Bl Sl ool Total Precipitation (mm)  The mean daily Bl Sl ool
Min. Max. Average eva(%)rrs)lon Min. Max. Average
1 (March-April) ;s 4,8 15 100 59 20.3 2.8 -6.8 294 126
2 (April-May) cozgus )| 14 100 61 66.8 43 4 304 158
3 (May-June)sls > 18 100 56 53 6.4 8 34 209
4 (June-July) s 11 92 47 1.2 8.4 15 365 254
5 (July-August)sls 5. 16 90 51.3 1 6.8 134 36 244
6 (August-September) s, .5 11 93 47 1.5 6.9 10.2 40 23
L.y (Average) 14.17 95.83 53.55 23.97 5.93 7.3 34.38 20.35




'‘Research in Field Crops’ Vol. 2, No 1, 2014

WAY ) o)l ¥ al> " e ly) LS jo e

@ skl slesr ol et I sl @l
J2 e g9z ol G5 g 0)lnd S plne S5 S
wd VY aslae iobesl o sansS (o kol Jlesl
Jad Jsb o (e ) 25 e llpd
XIS RO PR3 ) I P QR JOR TS
ploul cuilop b clls 31 g lol « Sis i cow
sr ol Sype 4 G5 Jlesl s s
3 elS sl pB)l el b el cas Jeily
bl (g (B o Sl oo Gl @ o2
ClS 028 O j50 4 g_si'-’] S 9 (€9 ol Sl
28,5 oo
Lulyd 0 b)lSS 51 o s y0 pl)l o Shee
VIV 3D acdls 31 Bde b (Sis 45 9 S (99
e G35 e (paiz 8 xSl (@ e e
ool (SES @ e glagadsy bl
S ange olel 5 Ses 8 lulis e o Slee
235 dbre gy (oo 0 el Ly

Slge Sl 5l g (owysoed SoSE g3 L2l S
oslly ey g wo)s Y ] ke 5 s I
PPM (YY-PPM B/FPPM i & (3, 5 e
PV ol SupSIl Calas 5 -/YADPM o Y/SY
ao,d MY sga> Lol PH abl o wge o
g oibos VYO (Saigh s awys FV o glsl
033198 .ol oo yin gl Ae dga> ol S Ges
S5 5wy sl 5OV Jguz) oo Sl o8,
09 3 () (Si 25 Lalpd 99 50 pladl )8
~Ssl b 90 B o (A ) (Ses s
Sz Jold &5 e g 10 F e olar LS la
g Fagle Froalolb b aiy 5 592 )90 4 B3,
wiad syl s i e il YO laagy alols
Pl g il S8 Jlo &5 ey yo 28
9 o)l S el Jold fis i Slbes (288
2 eSS YO el (SBh 355 0 mhans
TIN5 b 5unS] LFA) posigel lid LSa
el 5l JS )k 285 bl (LAls (39
A0S (Gededs Jlia 50 o @ s e lawgs

ool 50 ooliiwl 9590 10, KsLBT B, -Y Jguo

Table 2- Sunflower cultivars used in the present experiment.

(code) ol (Cultivar name) B! ol (Origin) sl
1 (Gabor) 58 (ltaly) Ll
2 (Arema Vyrsky Group 4) f 05,5 S g b, (Russia) 4w,
3 (Vinmek) 8931 Sasg (Turkey) a5 5
4 (Golshid) o.zl8 (Iran) o,
5 (Arema Vyrsky Group 3) Y og,5 S g Lol (Russia) 4wy,
6 (Parkinson) .5, (Yugoslavia) g5
7 (Goldis) (CMS-19xR-28) s al8 (Iran) ol !
8 (Record) s 45, (Romanian) _les,
9 (Arema Vyrsky Group 1) \ 4,5 Sy b, (Russia) 4w,
10 (Azargol) (CMS-19xR-34) J5 ,31 (Iran) ¢!
11 (Arema Vyrsky) S s Lol (Russia) a.ws,
12 (Zarya) b, (Russia) 4w,
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Table 3- Quantitative drought tolerance indices.

9 009 U““‘"‘ oo Sl ij u_,] N (\“ th-\?)
Lyls o o Slee) Ys 4 (g ‘5)[{'_.,1 Lyld o
oSl S gS Sl 2l cl S Sas
sl (S & i e JaoS ouino ol
Cola> oaimslis TOL asls 5YL lode

(s Jari (o s psla Y Jgu

(Index Name) oalo el (Equation) wsles (Reference) se
Stress Susceptibility Index (SSI) 5 . o 1 (\75 ) (Fischer and Maurer, 1978)
s ' Yo
Josus asLs TOL =Y, - Y, (Rosielle and Hamblin,
Tolerance index (TOL) 1981)
69 0 CSilee Y +Y (Rosielle and Hamblin,
- MP = =2—F 1981)
Mean Productivity (MP) 2
629 0t (st (Sl GMP — /(Y )Y.) (Kristin et al., 1997)
Geometric Mean Productivity ST
(GMP)
S Jeos el (YY) (Fernandez, 1992)
Stress Tolerance Index (STI) STl = (Y_ )?
P
Sl o Siles oV = 2(Yp x Ys) (Kristin et al., 1997)

Harmonic Mean (HM)

ol gy ads o Slee bawgie Y Pl a5 lasme 50 iy SO 0,8ee HYS L 55 e dase [0 iy SO o ,See (YP

o ad S 55 e [0 b cudgiy adS o Shee bawgie 1 Y 5 L35 oy oo
Ye: Yield of a given genotype in irrigated (potential) conditions. Ys: Yield of a given genotype in drought stressed

conditions. Y sandY p are average yield of all genotypes under drought stressed and irrigated (potential)

conditions, respectively.

sl )l Sl 5 Bl (S5 g55 b3
B P RC L BT T
o 5 eolawl swaddl alols ulul » UPGMA

0,5 &l ol S5 5000 [loges g 4

50 ey o Slee (Sl aslio g uilly a5e0
P 5l eolil b (S 255 A (g Ll
oslinul b .25 bl SNK 5031 s SASO.L 133l
ol Sl Com (Siwrods SPSS16 1331 05
5 e 5olel Llys 00 Slee 5 00 dmle slo
el bl jshate 4y 050 )5 aulne (St S
@ 0 5l celie 9 8ee 5 Vb Jood a3l L
@l ot oslinad &M b Jloges g ol sloadlss



'Research in Field Crops’ Vol. 2, No 1, 2014 WAY ) o)l ¥ al> " e ly) LS jo e

(5355 ) A Laxtls) ¥ LAWY Saiyg) ¥ o(05)) Sy g gl
YOV L el 4 () o0g)S (Swpg L)) 4 g ey Oyga g,y ol sl DS
oSl @,FelS FoNY 4 Fo0F FAVE FYOF S A R ey L e o Slas Lk )
FAPA L AT Satsg) ¥ oojleds o3, 4y Siige,la YU Sy g9 5 (Sl a5 3gy (P0.01) o ine
b Sed @ Coules a3l (0S5 p,55kS @ Joxio pB)l SBl GBGl 5 0o pB)
@ p SIS VY L oot asls oo [FAPA 5 oSl anslie (F Jguz) ams oo las |, Sas
by aaiils 3l (AAY) Sang) Y oojled o, S A s iy 6okl Lulpd o alE)l 5 Slas
o, 8des 18,85 a0 L (MY Satg) ¥ oo,les A o)leds o8, aige olol Lulys o as ol olas
5 Si G s a kel luld s ol Lulys 55 5 OFYY 5uila b () 0,8 (Saug L))
& ShS AT 4 Sl (5568 b Grizen YPAY L AAY) Sasyg) ¥ oojlads o8, (St s
i 5 lalyh gl ceslie 03 Ol 4 WilgS Jgaz) wisls 1) o Slas o yidey LS )0 p,55LS
b Saing) ¥ oojleds o8y a4 STI lade oy iy (O

o)l s8]l @ (6,90 0 (Sileo (+/AFVF) (AQYY

IO SILBT Bl o (Sis S g e 3l bl 50 0 Shae il g 425 -F Jgax
Table 4- Analysis of variance for yield in irrigated and drought stressed conditions in sunflower cultivars.

(Source of variation) ,..s5 sl (df) ol a0 (Mean of square)cle yo (. Sile
Ys Yp
(Replication) | S5 3 704199.6™ 402224.8™
(Genotype) w3555 11 24557978.9™ 2084823.7™
(Error) s> 33 365227.1 879554.8
Jliol o 5o o gtne % 5 o gtne nd NS Is (15 basms 50 Gedigh) So o Slae 1S 15 90y fams 50 gy So o Shes 1Y
oy SO

Ye: Yield of a given genotype in irrigated (potential) conditions. Ys: Yield of a given genotype in drought stressed
conditions. **: significant at 0.01 probability level and ns: not significant, respectively.
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Table 5. Mean of drought tolerance indices and yield under irrigated and drought stressed conditions in
sunflower cultivars.

r‘>§) o leds

. Yp Ys TOL MP SSi GMP HM STI
Cultivar code

1 4280  2798%c 1481 3539 0.7485 3455 3374 0.6449
2 3558% 2242 1317 2900 0.8015 2780 3676 0.4307
3 4825%® 36832 1142 4254 0.4868 4211 4169 0.9614
4 4936®  3015% 1921 3976 0.7913 3833 3698 0.7713
5 3906% 2148 1758 3027 0.9201 2864 2716 0.4334
6 3709%  2498%c° 1211 3103 0.6635 3036 2971 0.4977
7 4255% 18230 2432 3039 1.205 2769 2529 0.4157
8 5027%  3091% 1936 4056 0.7977 3903 3758 0.8180
9 56278 2400%c 3227 4013 1.195 3630 3300 0.7048
10 4715%  1550% 3165 3132 1.412 2693 2320 0.3940
11 4580%  1705b« 2875 3142 1.292 2779 2463 0.4143
12 3066° 802¢ 2264 1934 1.524 1547 1248 0.1265
LSD 0.05 468.9 302.2 432.3 330 0.1351 320.6 325.5 0.1151

el o g B Sl sl i By lo A5 Laome 50 qaigiy S 0 Shoe HYS AT gy Lame 50 gl S 0 Sles YD
(533 3 okt (5Siles BMP 15 &) ol 2513 S ccs550 80 eSloe MP o Jass asles TOL (0=5% SNK  (y5057)
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Ye: Yield of a given genotype in irrigated (potential) conditions. Ys: Yield of a given genotype in drought stressed
conditions. Different letters at each column show significant difference at 5% probability level (SNK). TOL:
tolerance index, MP: mean productivity, SSI: stress susceptibility index, GMP: geometric mean productivity, HM:
harmonic mean, STI: stress tolerance index.
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Table 6. Correlation coefficient between drought tolerance indices and yield in irrigated and drought stressed
conditions in sunflower cultivars.

sl Yp Ys TOL MP ssl GMP HM
Indices

Ys 0.521

TOL 0.424 -0.552

MP 0.861™ 0.883 ™ 0.096

SSI -0.115 0.429 0.839™  -0.599 ™

GMP 0.756 ™ 0.952 -0.271 0.984 ™ -0.732™

HM 0.667 ™ 0.982 ™ -0.390 0.953 -0.811*  0.992

STI 0.729 ™ 0.950 ™ -0.300 0.970 ™ -0.727™  0.988™  0.982"

(890 5eSoles MP ¢ Joos (a3 ls TOL o i baome 55 cadsiy o o ,Shas 1Y (25 (g banzes )3 iy S 9,Shes YD
o 50 o me w25 oo a3l ST g jleces .Sk (HM (5550 0 (o (255kee GMP (25 & Csls 251 :SSI
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Yp: Yield of a given genotype in irrigated (potential) conditions. Ys: Yield of a given genotype in drought stressed

conditions. TOL: tolerance index, MP: mean productivity, SSI: stress susceptibility index, GMP: geometric mean
productivity, HM: harmonic mean, STI: stress tolerance index. ** Significant at 0.01 probability level.
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Table 7. Eigen values, Eigen vectors and variances of two first PCA of drought tolerance indices for sunflower
cultivars.

ailge opy polie S ubjlylas,s  YP  Ys TOL MP  SSI GMP HM STI
PCA Eigen value % of total variance
PCALl Jsladlss  6.0862 76.1 0.27 0.399 0.159 0.386 0.329 0.402 0.405 0.40
aal
"F’;EA; 1.8692 99.4 -0.545 0.131 -0.671 -0.221 -0.415 -0.093 0.01 -0.075
asal
";EA;" 0.0392 100 -0.168 0.130 -0.302 -0.014 0.658 -0.084 0.132 0.637

(6350 0 (yolbe MP  Jozss a3l TOL )y 25 lame j0 cadeis S5 0,80ee (YS 25 gy bame [0 udgiy S o ,Shas :YP
e e als STI 3 Slaen u:..il:.,a :HM €590 H2 (gD w.i:l:.,a GMP (S A Sl as Ll SSI
Ye: Yield of a given genotype in irrigated (potential) conditions. Ys: Yield of a given genotype in drought stressed

conditions. TOL: tolerance index, MP: mean productivity, SSI: stress susceptibility index, GMP: geometric mean
productivity, HM: harmonic mean, STI: stress tolerance index.
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Fig 1. Biplot display of sunflower cultivars in drought tolerance indices based on two first PCAs

Y¥



‘Research in Field Crops’ Vol. 2, No 1, 2014

AT ) olass o "' el LS Ho g "

SJHOWEDW

W m R

4 olpe ) oty ool Gl plo ol @88
3 Jeite gl A S sl el e Gl
Ohgy & lab i 85 A e Glo Slidl
51 oslil b 5 wieldl dlols ulul ,; UPGMA
oSk AMP) - g0 (el S aSL0
Sigeyle 5:Sile (GMP)  (gy50500  (qwoin
285 oyge (ST (25 Jeos a3ls 5 (HM)
(Y S
5 (5,55 ) A (2:205) ¥ (AT Say) ¥ 66|
S w8 09,8 Sy 5o () g8 (Sasyslo)]) A
S & Jaxie 5 Y o,Slee gl a5yl olen
1V(CMS-19xR-34 5 o) 1+ o) iss,
L, ¥ (CMS-19XR-28 s0l5) V (S o glo, )
P 098 Swpsle)d 0 F og S (Seng
LI VY 08, 5 09,5 o 50 (b)) 5 ()59
hls 09,5 Gloa a5 285 18 (6,503 095 ;0 5
S 4 e o ee 05 b Yes Vs

Distance.

sgasls G osl> dygly BSAS pizen
34> y» <No MP 3 GMP STI HM bl
Jolb mls il bazls Gl e Vb (Ko
A ae oo Glad O sl opiie iz jloges
LAY Seng) ¥l les a6 o el
Byl o 50 adlbioe Gl ) 5 (9)55) A (aeilS)
SVl hls (AR Seng) Y8, ol
s 2L 5 (YP) i 5kl Lyl yo 0 Slae
s W g (Ys) (St (25 Ll 5 3 Shos
Slaslie ulul 2 oo g D b mls Goluly o2
285 50 e o) oo re Olse a1 ol Sl
@b Jlogei 5 (ol sloadlie i 5l eslansl
plol Lawgs 3956 )0 Joxxia pl8)] il gl DL
5 ,ols,d 5 (Imam Jomeh, 1999) arc>
paS o (Farshadfar et al., 2000) 5o
Se,5 9 (Maroufi, 1999) g, Loy
Lsg) ,o ¢ (Nourmand Moayed, 1998)us50
)8 a>g5 5,90 (Fernandez, 1992) 50l lawgs

(S 4 JaxS oS (sl a4 bsyo b 0315 el g 10, KT oyl slabgs a3 31 holo ol o <Y U
AAY) Sy ¥ () T og,5 (Kol ] ¥ (WD) [olS ) ool oual V o)les Jgaz olol  lacassis ol
A L) (CMS-19%R-) (o alS ¥ DS 92) )50 # (g ¥ 09,5 (S sle) 0 (0l ) 90205 F (e 3)
L,l5 VY d(as)) g_v;gw’)isl-‘)T AR (CMS':I-ng'SA')Jf);>T N dAwgy) N oog)S 4_55*“’)13[-")1 A d(Slegy) 9,55,

Fig 2- UPGMA dendrogram of sunflower cultivars based on drought tolerance indices
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Abstract
In this study, 12 oily sunflower (Helianthus annuus L.) cultivars were evaluated in both

drought stressed and irrigated conditions in Agricultural Research Station of Khoy. In each
condition, the cultivars were evaluated using a randomized complete block design with three
replications. High significant difference (P<0.01) was found among the sunflower cultivars for
the seed yield in irrigated and drought stressed conditions. The results showed that Vinmak
8931 (4254 kg/ha) and Zaria (1934 kg/ha) had the highest and lowest seed yield in both
conditions, respectively. Based on the seed yield in irrigated and drought stressed conditions,
guantitative drought tolerance indices such as mean productivity, tolerance index, geometric
mean productivity, harmonic mean, stress susceptibility index and stress tolerance index were
calculated. Correlation analysis between drought tolerance indices and seed vyield in irrigated
and drought stressed conditions indicated that the most suitable criteria for screening sunflower
cultivars for drought conditions were mean productivity, geometric mean productivity,
harmonic mean and stress tolerance index. Based on these four criteria and seed yield in both
conditions, the best drought tolerant cultivar was "Vinmak 8931". Cluster analysis revealed the
most genetic distance between drought tolerant ("Vinmak 8931", "Golshid hybrid", "Recorde™)
and susceptible (Zaria) cultivars.

Keywords: Biplot, Cluster analysis, Drought tolerance indices, Sunflower
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