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Table 1. Climatic conditions and soil properties of experimental site

bys pebam 5 g lis | SN o g Sl il e b6 ety e 8 ,aus 05558 STesle S S e @ Al
Altitude Rainfall (mm) Soil texture K (mg.kg™?) P (mg.kg?) N (%) OC (%) EC (dS.m™) pH
1300 250-300 Loam clay 312 11.3 0.056 0.8 0.9 7.5

u_(.i"u,i:..?dqug)sa)\eéi?,lfvé)4...:Gal:fcu.pjJﬂwé‘klwbsﬂwaw%ff&lwb4.1J'>.J—Y J s>
Table 2. Combined analysis of variance for grain yield, yield component and plant characteristics of three spring safflower cultivars in water stress treatments
MS) w5t

5890 Ol Rkl sl
6357 4y &ls :JSL,& Oil S5 >J.§L,.¢ No. Sec. &ls Hl8 05 Sy 33046 Slday
S.0.V. % plie d.f Grain yield Content Oil yield branches 1000 G.W No. head.plant™

Year (Y) Ju 1 25361.34"™ 1.85"™ 763.07 398" 49.61" 986.99™

RxY Sl 4 19018.16 1.50 58.90 11.76 1.17 279.80

Stress (S) i 5 24192411 4.26" 408.33" 104.50™ 1.33" 197.27™

YxS Liaxdle 5 856.15™ 0.63"™ 16.70 ™ 16.78 ™ 1.60"™ 397.60™

El Jol glas 20 10390.24 0.55 19.33 10.70 1.70 106.80

Cultivar (C) 5 2 1147106.55™ 3.69™ 70.90" 9.08"™ 0.88 " 398.66"™

CxY Jux o3, 2 15537.19"™ 057" 54.20™ 10.90 ™ 1.27"™ 211.14™

CxS LASX b, 10 32706.14" 2.44” 107.30™ 45.80™ 1.13™ 181.33™

CxSxY Jx i o3, 10 2203.76"™ 0.67"™ 55,70 ™ 6.90 ™ 1.12"™ 147.69™

E2 ps3 sl 48 11055.70 0.56 34.50 6.74 1.165 103.60

CV (%) O i o 12.50 5.50 4.07 5.1 3.4 16.1
ns: Non-significant Sla gme b NS
**: Significant at 1% probability level 2055 &S Jlazl pelans 53 13 e

'Y
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Table 3. Mean comparison of grain yield and yield components of three spring safflower cultivars in water stress treatments

6ls 5 Sles s Ol 3 Ses A el sl Gls 58 053 058 Sl

Grain yield il Oil yield No. Sec. 1000 G.W No.
Treatment abiT el (kg.hah) Content (%)  (kg.ha) branches (9) head.plant™
Cultivars ol
Local variety Olgieol Jous 9325a 30.4a 283.4a 5.5a 3l.7a 6.7a
Arak 2811 YAV &S0 7776 b 30.0a 244.1a 5.1a 31.9a 6.5a
FO2 808.6 b 29.8a 236.9a 4.3a 32.1a 5.9a
Water stress Ses s
S1 697.2 bc 26.8b 209.3b 5.1a 30.4bc 6.1a
S2 591.5d 26.8b 178.0b 3.8b 28.4c 5.9a
S3 660.7 cd 28.3b 201.8b 5.6a 34.2a 6.7a
S4 7795Db 29.7ab 235.4b 5.3a 32.2b 6.3a
S5 11150a 33.4ab 341.7a 6.1a 32.7ab 7.1a
S6 ( Control ) Ssosu  11940a 36.6a 346.9a 6.2a 33.4a 7.9a
Means in each column followed by similar letter(s) are 33 Sl (slatals dior 03057 ool et &S 2hn g (61l &7 o la 5 Sole O g s 3
not significantly different at 1% probability level, using LI s re Sl s 3 S Jlazl e
Dancan's Multiple Range Test
S1= Water stress at bud and seed filling stages, G @il 5 55 4SS e ys 2w =S1
S2= Water stress at bud and flowering stages AU 5 55 ST Al e s s =S2
S3 Water stress at bud stage 55 4SS e 5 i =S3
S4= Water stress at flowering stage 3 S do e s i =S4
S5= Water stress at grain filling stage G wils al> e 5> 25 =S5
S6= Non stress (Control) (ald) i o5 =S6
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Table 4. Mean comparison of grain yield and yield components of three spring safflower cultivars in water stress treatments

6ls 5 Sles s Ol s 3 Shes A sl sl Gls 58 053 058 3l
Grain yield Oil Oil yield No. Sec. 1000 G.W No.
Treatment LT glles (kg.ha')  Content (%)  (kg.ha™) branches (9) head.plant™

V1Sl 718.3 de 30.7b 220.51b 4.1a 32.1a

V1S2 678.0 def 29.9b 202.7b 3.7b 33.4a 5.9a

V1S3 853.8 cd 31.0la 264.7b 5.1a 30.2a 6.1a

V1s4 961.7 bc 30.2b 290.4a 4.2a 30.4a 7.1a

V1S5 1159.0 a 30.9b 358.2a 4.7a 29.8a 6.8a

V1S6 1258.0 a 30.0b 377.4a 6.9a 28.9a 7.7a

V2S1 710.0de 32.7a 232.2b 4.9a 30.1a 6.9a

V2S2 659.0def 3l.1a 204.9b 3.9b 30.2a 5.4a

V2S3 899.0cd 30.9b 277.8b 4.6a 28.8a 5.1a

V2s4 979.0bc 31.03a 303.7a 4.1a 32.2a 6.6a

V2S5 1080.0a 30.8b 333.5a 5.9a 33.1a 7.2a

V2S6 115.0a 31.7a 368.3a 5.4a 30.9a 6.2a

V3S1 739.0de 28.8¢c 219.9b 3.9b 29.9a 5.3a

V3S2 698.0def 29.4b 205.2b 4.6a 30.3a 5.8ba

V3S3 870.0cd 29.9b 260.0b 5.7a 32.1a 6.4a

V3s4 950.0bc 30.1b 286.0a 5.7a 31.8a 6.2a

V3S5 1100.0a 28.9c 317.9a 6.1a 31.2a 7.1a

\/3S6 1159.0a 29.0b 336.0a 6.2a 30.0a 7.4a
Means in each column followed by similar letter(s) are not significantly o537 Salal  ctimas o5 20 o5 lols &7 b S0be O g o 53
different at 1% of probability level using Dancan Multiple Range Test. L5 (gl me gl s ys G ez pebans 53 STls (gldiels dix
V1=Local variety,V2= Arak variety,V3=FO2 variet FO2=V3 YA\ S1,EV2 oliwl Je=V1
S1= Water stress at bud and seed filling stages, G wls 5 55 4SS d e s i =S1
S2= Water stress at bud and flowering stages AU 55 4SS Al e s i =S2
S3= Water stress at bud stage 5SS > e 45 i =S3
S4= Water stress at flowering stage 3 S do a3 i =S4
S5= Water stress at grain filling stage Sk @l dl> e s 25 =SB
S6= Non stress (Control) (4alz) a5 o5 =S6
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Table 5. Means of drought tolerance/susceptibility indices for grain yield of three safflower cultivars in water stress treatments

ShalesT slayles S e YP YS MP GMP STI SSI TOL
Treatment Stress stages
Local variety 1225.0 718.0 971.6 938.0 0.61 099 506.7
Arak 2811 S1 1148.0 683.0 915.5 885.4 0.55 0.97  465.0
FO2 1208.0 690.0 949.0 912.9 0.58 1.03 518.0
Local variety 1225.0 678.0 951.5 911.3 0.58 0.88 547.0
Arak 2811 S2 1148.0 583.0 865.5 818.0 0.46 0.97  565.0
FO2 1208.0 513.0 860.5 787.2 0.43 114  695.0
Local variety 1225.0 853.0 1039.4 1022.6 0.73 0.67 371.2
Arak 2811 S3 1148.0 510.0 829.0 765.1 0.41 124  638.0
FO2 1208.0 618.0 913.0 864.0 0.52 1.09 590.0
Local variety 1225.0 961.0  1093.3 1085.3 0.82 0.61 2633
Arak 2811 S4 1148.0 686.0 917.3 887.8 0.55 115 4613
FO2 1208.0 690.0 949.0 912.9 0.58 123 518.0
Local variety 12250 1159.0  1192.0 1191.5 0.99 0.81 66.0
Arak 2811 S5 1148.0 1054.0 1101.0 1099.9 0.84 1.24 94.0
FO2 12080  1132.0 1170.0 1169.3 0.95 0.95 76.0
S1= Interrupting irrigation at bud and seed filling stages, Gk wls 5 55 4eST dl> e ys 25 =S1
S2= Water stress at bud and flowering stages AU 55 ST Al e s i =S2
S3= Water stress at bud stage 55 4SS dl e 55 i =S3
S4= Water stress at flowering stage > 8 do e s i =S4
S5= Water stress at grain filling stage ks @l dl> e 55 i5 =S5
S6= Non stress (Control) (aals) a5 oyu =S6
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Table 6. Correlation between drought tolerance/susceptibility indices and grain yield under normal and

drought stress conditions of three safflower cultivars in water stress treatments

YP YS MP GMP STI SSI TOL

YP 1

YS 0279 1

MP 0.429* 0.982** 1
GMP  0.481* 0.992* 0.993** 1

STl 0.366 0.995**  0.993**  0.998** 1

SSI -0561*  -0.489*  -0.531*  -0.492* -0.490* 1

TOL -0.123 -0.987 -0.944 -0.963**  -0.967**  0.351 1

*and **: Significant at5% and 1% probability levels, respectively  as,s o 5z Jlazl b 53 s s o 5 4 5% 5%
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Fig. 1. Variation in stress index (SI) in water stress treatment in three safflower cultivars

S1= Water stress at bud and seed filling stages, G als 5 5 4aSS e s a5 =S1

S2= Water stress at bud and flowering stages A 5 55 S5 ey s 2 =82

S3= Water stress at bud stage 55 4SS alo e 5 2w =S3

S4= Water stress at flowering stage o5 S do e s 23 =S4

S5= Water stress at grain filling stage @iy &5 Al e 3 25 =S5

S6= Non stress (Control) (ald) 25 o5 =S6
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Effect of irrigation withhold at different growth stages on grain yield and stress
tolerance indices in three safflower cultivars

Omidi, A. H.

ABSTRACT

Omidi, A. H. 2011. Effect of irrigation withhold at different growth stages on grain yield and stress tolerance indices in three
safflower cultivars. Iranian Journal of Crop Sciences. 13 (1) 116-130. (In Persian).

Effect of irrigation withhold at different growth stages on grain yield and drought tolerance indices in three
safflower cultivars was studied in experimental field of Seed and Plant Improvement Institute, Karaj, Iran, in
2002-2004 cropping seasons. The experimental design was split plot arrangement in randomized complete block
design with three replications. Drought stress levels; S1 (blooming and seed development), S2 (blooming and
flowering), S3 (blooming), S4 (flowering), S5 (seed development) and S6 (control) were assigned to main plots,
and safflower cultivars; Arak 2811, Isfahan local and FO2 were randomized in sub-plots. Combined analysis of
variance demonstrated that the highest grain (1258 kg.ha™) and oil (377 kg.ha™) yields belonged to Isfahan local
in non-stress conditions which was not significantly different from grain and oil yield under S5 drought stress
treatment. To evaluate the responses of cultivars to drought stress, different drought tolerance indices, including
Stress Susceptibility Indices (STI), Tolerance index (TOL), Mean Productivity (MP), Stress Tolerance Index
(STI) and Geometric Mean Productivity (GMP) were calculated. Correlation coefficients showed strong
relationship between grain yield in stress and non stress conditions as well as SSI ,TOL and GMP indices. MP,
GMP, and STI identified Isfahan local as tolerant , and Arak 2811 as susceptible cultivars to drought stress.

TOL and SSI also confirmed that Isfahan local as tolerant cultivar for drought stress conditions.

Key words: Drought stress, Drought tolerance indices, Grain yield, Oil yield and Safflower.
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