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Table 1. Soil physic-chemical properties of experimental site
P

Soil texture B K N ¢ PH Ec Depth
(p.p.-m) (p.p.-m) (p.p.m) (%) (%) (dsm™) (cm)
Loam silty 0.40 150 2 0.06 0.40 7.8 1.8 80
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Table 2. Properties of the studied cultivars

Growth habits Growht period (day) Hybrid
Medium 100 Farokh
Early 91 Alstar
Early 92 Ghasem
Early 95.3 Hy Sun 25
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Table 3. Analysis of variance for protein, proline and total soluble carbohydrates, chlorophyll in four Sunflower
hybrids under different irrigation treatments

S.0.vV df  protein proline soluble carbohydrates chl. a chl.b  total chl.
Rep. 2 1936 1.26™ 7787.03"° 26.65°  17.48 87.21
Irrigation 3 54067 1309.04” 215431.73" 239.02” 51.467  69.50
Ea 4 179 291 1253.95 247 0.19 2.08
Hybrid 3 73217 1295737 114709.91™ 155.70" 26.44™ 308.63"
Irrigation x hybrid 6  76.65  340.44" 21007.53™ 119.32" 945 9856
Eb 18 232 14.20 4603.62 5.36 0.66 4.26
cV - 438 12.31 35.87 12.30 7.78 7.05

*

(SIS sre e NS g o)) 5 0o 30 Fslaw (0 IS dixe S S 4 *F g
*, ** and ns. Significant at P < 0.05, P < 0.01 and non-significant difference, respectively.
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Table 4. Mean comparison of protein, proline, total soluble sugars and chlorophyll content in four sunflower hybrids
under different irrigation treatments

Traits
Treatment Protein Proline Soluble carbohydrates Chl. a Chl.b Total chl.
(%) (mg g* fw) (mg g* fw) (mgg*fw)  (mgg*fw)  (mgg™fw)
50 3254 °¢ 19.08 © 76.31° 2350° 8.38° 31.89°
Irrigation 100 36.77 2 33.26 ° 153.79° 18.32° 10.47° 28.80°
150 34.96° 39.45 2 337.21° 14.62 ¢ 12,52 ¢ 27.15°¢
Farokh 34.13° 19.69 © 352.31° 14.85° 8.61° 23.46 °
Hvbrid Allstar 34.64° 45432 176.05° 24.34° 12.71° 37.06°
Y Ghasem 31.68 ¢ 22.10°¢ 105.16 © 19.52° 10.59 ° 30.11°
Hysun25 38572 35.15° 122.91 " 16.55°¢ 9.92° 26.47 °

S5 K0 b (g lo pme NS (g (o 0 S ie B gl la Sle

Different letters express significant differences at P < 0.05 within each column.
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Table 5. Comparison of interaction effects of irrigation x hybrid in studied characteristics.

Irrigation Hybrid Protein Proline

Soluble carbohydrates Chl. a Chl.b Total chl.

(%) (mg g* fw) (mg g* fw) (mgg'fw) (mgg*fw) (mgg*fw)

Farokh 28.437 16.54 9 151.80 ™ 17.69 ™ 6.197 23.88 7

50 Allstar 30.85 % 17.68 58.27 39.60 ° 9.42¢ 49.02 °
Ghasem 31.42 e 18.40 °1 33.44 9 20.09 ™ 9.87 ¢ 29.96 °

Hysun25 39.46 " 23.69 * 61.70 16.63 ¢ 8.05 © 24.69 ¢

Farokh 4176 ® 20.95 1 27270 ™ 1353° 934 ® 22877

100 Allstar 32.58 o 50.68° 142.70 % 19.04 ™ 11.09 30.13°¢
Ghasem 30.35 23.28 *f 105.10 *f9 21.40° 10.96 ™ 32.35°

Hysun25 42392 38.14 ¢ 94.71 °9 19.32 ™ 10.51 ¢ 29.84 ¢

Farokh 32.22 21.60 ®© 632.40° 13.32° 1031 ™ 23647

150 Allstar 40.51% 67.95° 327.20° 14.38 ® 17.63° 32.02°
Ghasem 3327« 2462 ¢ 177.00 17.07 «* 10.96 ™ 28.03 ¢

Hysun25 33.86 ° 4363 ¢ 212.30 @ 13.70 ¢ 11.91° 24.90 ¢
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Different letters express significant differences at P < 0.05 within each column.
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Table 6. Analysis of variance for grain, protein and oil yield in four Sunflower hybrids under different irrigation

treatments

S.0.vV df Grain yield Protein yield QOil yield
Rep. 2 147177 10601"* 35525™
irrigation 2 12825106 1156210™ 3316291"
Ea 4 16.40 9419 7080
Hybrid 3 1130703 91670 2533317
Hybrid x irrigation 6 840906™ 36484 185624™
Eb 18 48939 4841 10447
cVv - 15.01 14.23 15.11

*

(S0 Fe mE NS g ao,0) g ao,00 Fekaw 0 s Se T4t
*, **and ns: Significant at P < 0.05, P < 0.01 and non-significant difference, respectively.

S, XLST slacs g8 5 (s ,kol Gilises sla Lo b Cow 20, 5 iy ils 3, Shoe Slio :Sle duglio ¥ Jgox
Table 7. Mean comparison of for grain, protein and oil yield in four sunflower hybrids under different irrigation

treatments
Treatment
Traits Irrigation Hybrid
50 100 150 Farokh Allstar Ghasem Hysun25
Grain yield (kg ha™) 2591 ® 1274° 552 ¢ 1585 ° 19142 1284 °° 1107 °
Protein yield (kg ha™) 8162 451" 198 ¢ 491" 6292 400 © 589 °
Oil yield (kg ha™) 1245 @ 574° 208 ° 750 ° 871° 589 ° 493°

A5 K% b (g lo e BB (i o 0 S pie B> gl sla ke

*, **and ns: Significant at P < 0.05, P < 0.01 and non-significant difference, respectively.
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Table 8. Comparison of interaction effects of irrigation x hybrid in studied characteristics

Irrigation Hybrid Grain yield (kg ha™) Protein yield (kg ha™) Oil yield (kg ha™)
Farokh 3448 ° 970.33 ? 1672.00 @
50 Allstar 2793° 861.00 ® 1343.00 °
Ghasem 2437 ¢ 765.33 1169.00 °
Hysun25 1688 ° 668.00 ° 797.80 °©
Farokh 893" 371.66 ™ 41290 ®
100 Allstar 2121° 690.66 °© 956.90 °
Ghasem 1154 394,66 ¢ 502.90 ¢
Hysun25 9299 393.33¢ 427.00 *
Farokh 413F 13333 © 166.90 ™
150 Allstar 829 336.00 * 315.10
Ghasem 263" 87.66 ¢ 96.30 ¢
Hysun25 704 238.00 ¢ 256.90 0

&yl Kses b S0 sre BB (ygiw ;o 0 S pie By lls o Sl

*, **and ns: Significant at P < 0.05, P < 0.01 and non-significant difference, respectively.
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Effect of water deficit stress on soluble sugars, proline, protein and
chlorophyll content in Sunflower (Helianthus annuus L.) hybrids

Kamal Sadat Asilan’
Assistant Professor, Department of Agronomy, Payame Noor University, P.O. Box 19395-3697, Tehran, Iran
(Received: Jul. 29, 2015 - Accepted: Oct. 14, 2015)

ABSTRACT

Mechanisms of tolerance to water deficiency stress for introducing sunflower hybrid was investigated by
a two-factor experiment as a split plot design based on RCBD was at the research station in Alborz
province, Hashtgerd region, Iran in 2013. Irrigation rates (irrigation after 50, 100 and 150 mm cumulative
evaporation from class A evaporation pan) were considered in the main plots and sunflower hybrids
(Farokh, Allstar, Ghasem, Hysun 25) as sub plots. In this study, the amount of soluble sugars, proline,
protein, chlorophyll content, oil content and yield, protein yield and some agronomic characteristics were
determined. Based on the results, the amount of total soluble sugars, proline and chlorophyll-b contents as
mechanisms to resist water deficit stress significantly increased with increased water deficit stress. Allstar
hybrid had the highest amount of total soluble sugars (176.05 mg/g f. w), proline (45.43 mg/lit) and
chlorophyll-b (12.52 mg/g f. w). Also, Allstar produced the highest grain yield and oil content in both
mean water deficit stress conditions with values 2121 and 956.90 kg/ha, and in severe water deficit stress
condition with values 829 and 315.10 kg/ha, respectively. However, with normal irrigation, Farokh
hybrid had highest grain yield and oil yield.

Keywords: Chlorophyll, grain yield, proline, water deficit stress.
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