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Table 1- Physical and chemical properties of the soil

Soil depth (cm) Soil type

pH

0-30 Clay loam

N (mg kg™)
0.58

P(mgkgh) K(mgkg?
8.1 169.3 76
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Table 2- Climate Parameters of experimental location in 2017-2018

Month Temperature (°C)

Humidity(%)

Precipitation (mm)

Min Max Ave. Min Max Ave.
December 6.6 21.8 145 396 831 61.3 0.2
January 72 226 149 343 809 576 0.0
February 7.6 224 150 351 817 584 0.1
March 125 265 195 352 817 585 1.6
April 155 318 236 258 700 479 0.8
May 201 353 277 254 632 443 33.3
June 255 438 347 13.0 452 29.1 0.0
July 25.1 45, 355 134 442 28.8 0.0
Ave. 151 312 231 277 6875 482 Total=36.0
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Table 3- Date of phenological stages for safflower cultivars
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Table 4- Analysis of variance for morpho-physiological traits of safflower cultivars under terminal heat stress

©lape ke
) il ‘ oyl CBE OB b
. . Ofgy ey Skes g5 CAT oS
&l 3 Slos S99 ORI L " ]
SOV df T ke Dy oil o9, Total activity Sl i
Grainyield  Biological ~ Harvest percentage = POX
yield index p g Qil yield chlorophyll activity
concentration
Block 2 57322 ™ 5918867 ™  43.16 ns 11.67 ns 30417 ns 0.0051 0.0000094 0.000035
SOWI(rE) date 2 9255180 **  419236382**  132.7 ** 79.69 ** 986782 ** 0.13 ** 0.0065 ** 0.031**
E(A) 4 27369 6853382 55.1 1.63 10720 0.0092 0.000011 0.000038
Cultivar (B) 3 1332962 **  32067354** 55.3 ** 28.58 ™ 177598 ** 0.0085 ns 0.00026 **  0.0033 **
A xB 6 274732** 10157513 ** 18.7 ™ 20.18™ 41246 ** 0.0056 ns 0.00011**  0.0021 **
E(ab) 18 0874 2261133 12.4 13.16 9164 0.002 0.000018 0.000051
CV (%) 7.05 12.22 16.19 13.22 13.77 3.54 17.99 7.69

7N g 70 Jlisl pdaw 53 5 iz g 45 dxe e Cud iy s 9 % (NS
ns, * and **: non-significant and significant at 5 and 1% probability levels, respectively.
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Table 5- Mean comparison of morpho-physiological traits of safflower cultivars under terminal heat stress

VB s

S5 3, Sos . . J KWW JURVN | PY:

Treatments Bi[,fg:;ﬁ:m yield (s, L Ewe/es o CAT activity "PoOX ;::tiv"ity

(kg.ha™) Grainyield (kg.ha™) Oil yield (kg.ha™) p(rL(J){[rer;%) (U/mg protein)
Sofeh 16251 ¢ 2745 cd 842 cd 0.05552 ab 0.07719 e
Sowing date Parnian 16036 ¢ 2986 ¢ 792 cd 0.05289 b 0.05096 g
(11 December)  Faraman 23352 a 4151 a 1231a 0.06164 a 0.03785 h
Goldasht 19482 b 3627b 1027 b 0.03333 ¢ 0.09147 d
Sofeh 10395 e 1984 f 465 ef 0.01402 de 0.06963 ef
Sowing date Parnian 10051 e 2573 de 747d 0.00952 de 0.05194 g
(31 December)  Faraman 13144 d 2940 ¢ 942 bc 0.01635d 0.06265 fg
Goldasht 10072 e 2380 e 693d 0.00761 e 0.06787 ef
Sofeh 5907 f 1277 h 303 f 0.00975 de 0.12411 b
Sowing date Parnian 5857 f 1669 g 366 ef 0.00842 ¢ 0.10762 c
(11 January) Faraman 7230 f 1651 ¢ 412. ef 0.00998 de 0.18862 a
Goldasht 9825 ¢ 1887 fg 520 e 0.00902 de 0.19098 a

)l doyd gy el a3 S yge3l 3l ookl L (615 sime M cuSiloo gty (sl S yide B S sl (slocnSilo
Means followed by the same letters for each factor are not significantly different by the Duncan test at 5% probability level.
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Table 6- Mean comparison of morpho-physiological traits of safflower cultivars under terminal heat stress

Sowing date 5 g b5 il . Cuslsp gadle - o) 2y
Total chlorophyll concentration (mg.g~fw)  Harvest index % Qil
(11 December) 28.79a 18.08 b 1.366 ¢
(31 December) 29.04 a 2270 a 1.452b
(20 January) 24.45h 2454 a 1575¢
Cultivar

Sofeh 19.25b 19.2b 1.423b
Parnian 25.16 a 25.1a 1.458 ab
Faraman 21.68ab 21.6ab 1490 a
Goldasht 21.02b 21b 1.458 a

)15 o3 g Jleis] pdaw p3 5SS yg0jl 5l edliel b ()l sime IS ¢ uSikio I gty (sl S yidie By S ) oo Silo
Means followed by the same letters for each factor are not significantly different by the Duncan test at 5% probability level
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of four rice cultivars in Table 7- Estimation of tolerance and susceptibility indices and reduction percentage for grain yield
two sowing dates

STI (Stress

SSI (Stress

A TOL ks Ys Yp .
Reduction (%) T(I)Inedrs;)ce (Tolerance) Susi:ﬁzgl)t())lllty (kg.ha™)) (kg.ha'h) Cultivar
Sofeh 2745.1 1277.3 1.03 1467.8 0.31 53.5
Parnian 2985.8 1668.9 0.85 1316.9 0.44 44.1
Faraman 4151.1 1650.8 1.16 2500.3 0.60 60.2
Goldasht 3626.7 1887.3 0.92 1739.4 0.60 48.0
Mean 3377.1 1621.06
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Table 8- Correlations coefficient between morpho-physiological traits of safflower cultivars

1) 2 ®) 4 (®) (6) (7 ®)
PHARIOIYS
1.00
Grain yield (1)
S5 Skes 0.96**  1.00
Biological yield (2)
ey bl 053™  071L* 1,00
Harvest index (3)
. P9 h22 0.64* 055™ -037™ 1.00
Oil percentage (4)
“'fi’)_ > 0.98** 0.93** -053™ 075*  1.00
Oil yield (5)
SIOE L 0.75% 0.87* 070* 033™ 072% 100
CAT activity (6)
51_\,,*51)4’_:‘_4149 -064* -055™ 025™ -043™ -063* -049" 1.00
POX activity (7)
IS Jdg)ls ke -068* -0.74** 0.62* -040™ -064* -0.76** 0.72** 1.00

Total chlorophyll concentration (8)

bl e Mo yd SO g o gy Jlein ] e ) I dxe )b xe juE i pd w9 % NS
ns, * and ** not significant and significant at 5% and 1% probability levels, respectively.
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Introduction

Terminal heat stress is a major abiotic stress especially in tropical and sub-tropical regions that severely

reduces crop growth and yield. Safflower (Carthamus tinctorius L.) is an oilseed crop grown mainly for the
production of high quality edible oil rich in polyunsaturated acids. This annual crop is native to a climate with a
long dry season and a limited rainy season and compares to other annual crops has more resistance to drought
stress. In addition, it's resistant to some diseases and susceptible to humidity. Since, to obtain the maximum yield
of a crop, it is necessary to escape the development stages of (the/a) plant from unfavorable environmental
factors and the full utilization of plant from favorable environmental conditions. Since the length of development
stages more affected by temperature and day length, hence sowing date can be selected so that the different
stages of plant growth were adapt with optimal temperature and day length. Yau (2006) indicated that later
sowing of spring safflower in semi-arid and high elevation Mediterranean environment resulted in lower seed
yield and later flowering does not allow an escape from the terminal drought and heat. Yau (2006) indicated that
later sowing of spring safflower in semi-arid and high elevation Mediterranean environment resulted in lower
seed yield and later flowering does not allow an escape from the terminal drought and heat. The aim of this study
was to investigate the yield and yield components of safflower cultivars in response to different sowing data in
Ahvaz.

Materials and Methods

In order to study the effect of sowing date on yield and yield components of safflower cultivars, this
experiment was carried out as split plot layout based on randomized complete blocks design with three
replications in at the research farm of Shahid Chamran University of Ahvaz in 2017-2018. The main factor
included three levels of sowing date (11 Dec, 31 Dec and 20 Jan), and a sub factor including four cultivars of
safflower (Goldasht, Parnian, Faraman and Sofeh). Data collected on all parameters were analyzed statistically
using SAS software and mean comparison was carried out using Duncan test at the 5% of probability level. The
studied traits included grain yield, biological yield, harvest index, oil yield, total chlorophyll concentration,
catalase and peroxidase enzyme activity and stress susceptibility index.

Results and Discussion

A significant interaction was observed between the levels of sowing date and the cultivars in terms of plant
height, weight of plant, biological yield and grain yield. Among the safflower cultivars, the highest weight per
plant (143.3 g plant™), biological yield (23352 kg ha™), grain yield (4151.1 kg ha™) and the lowest plant high
(128.8 cm), was recorded in Faraman cultivar in sowing date of 11 December. In contrast, grain yield severely
decreased in the 20 January sowing date with compared to the 11 December. So that, studied cultivars of Sofeh,
Parnian, Faraman and Goldasht cultivar were decreased 53% (1277.3 kg ha™), 44% (1668.9), 60% (1650.8) and
47% (1887.3), respectively. Under the heat stress, due to delayed planting date and decreased enzymatic activity
of catalase, enzyme activity changed and the cultivars exposed to the terminal heat stress, but enzymatic activity
of peroxidase increased. Stress susceptibility index (SSI), Parnian and Goldscht cultivars had a high tolerance
with mean 0.85 and 0.92, while Faraman and Sofeh cultivars with an index of 1.16 and 1.03 had a high
sensitivity to stress.

Conclusions

This research appears the delay in optimal planting date leads to synchronize the plant's reproductive stages
with a high temperature at the end of the season. As a result, shorter plants, lower biological yield, lower grain
and oil yield will be observed, however, the response of the cultivars from each other was different depend on
their enzymatic capacity and the ability to maintain chlorophylls. Planting date should be selected such a way
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that this process does not a coincidence with terminal heat season. So, under hot weather conditions in
Khuzestan, selecting the optimum planting date can be an appropriate solution to reduce the negative aspects of
the terminal heat stress on the grain yield and component yield of different cultivars of safflower.

Keywords: Antioxidant enzymes, Grain yield, Heat stress, Oil percentage



