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Treatment Shoot fresh Shoot dry Shoot length Leaf area RWC (%)
weight (g) weight (g) (cm) (cm?)
(FC100%) 321203 0.30£0.006 * 13.2£0.1° 8.2+0. 2 93.8+0.5 °
(FC75%) 2.85£0.2 ° 0.27:0.002 * 11.7£0.7 % 73402 92.240.5 ®
(FC50%) 2.00+0.1 ¢ 0.19£0.006 ™ 10.3£0.0 * 5.6+0.2 8 92.0+0.5
(FC25%) 2.03+0.5¢ 0.15+0.004 ¢ 9.5+0.0 ¢ 5.2+0.1 ¢ 87.6+0.1°
(FC100%+SNP15uM)  2.07+0.1 ¢ 0.17+0.005 12.2+0.1 % 5.0+0.002 & 91,4404
(FC75%+ SNP15uM)  1.99+0.1 ¢ 0.16+0.009 ¢ 12.0£0.1 " 6.1£0.2 91.6+0.0 ®
(FC50%+ SNP15uM)  3.12+0.3 ™ 0.22+£0.001 ¢ 12.8+0.3 9.2+0.2 % 92.7+0.6 *°
(FC25%+ SNP15uM)  2.97+0.3 ¢ 0.20+ 0.003 ¢ 10.0£0.2 ¢ 7.6+0.05 * 93.1+0.5 ®
(FC100%+SNP25uM)  1.64+0.01 ¢ 0.13+0.005 ¢ 11.8+0.2¢ 5.4+0.02 90.0+£0.4 °
(FC75%+ SNP25uM)  4.20£0.2° 0.22+0.008 ¢ 12.0+£0.1 " 10.6+0.2 * 92.6+ 0.4
(FC50%+SNP25uM)  3.5740.2° 0.26£0.001 **  14.3+0.2° 9.3+0.1 ® 92.7+0.6 ©°
(FC25% SNP25uM)  3.07+0.1 ™ 0.27+0.002 * 10.7+0.2 8.8+0.2 ™ 94.0+0.1*
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Leaf CAT Root CAT  Leaf SOD Root SOD Leaf APX Root APX  Leaf Efcfﬁne
Treatment activity activity activity activity activity activity proline content

(Umg* (Umg™* (Umg* (Umg* (Umg* (Umg™* content (ug 1

protein) protein) protein) protein) protein) protein) g* FwW) g:/g\;/?
(FC100%) 28.4+3.5°¢ 45.5+2.8% 0.027+0.02 " 0.041£0.0 0.050+£0.0°  0.010+0.0° 441+45.1% 371420 °
(FC75%) 91.5+1.9% 46.942.6% 0.030+0.03%"  0.054+0.0 ¢ 0.018+0.0°  0.012+0.0° 77942 ¢4 1020425
(FC50%) 108.0+4.6™ 51.941 0.038+0.03 ™ 0.059+0.0°¢  0.121+0.04®  0.013+0.0° 829+7.3 1040+16™
(FC25%) 112.0+1.7 90.4+3.1° 0.042+0.04®  0.068+0.0®  0.218+0.0*  0.014+0.0° 1500+4.5° 120043
(FC100%+SNP15uM)  12.0+0.1 ¢ 9.0+0.3 f 0.034+0.02 % 0.066+0.0™¢  0.011+0.01°  0.010+0.0° 663+1.7% 1222420%
(FC75%+ SNP15uM)  19.8+4°¢ 118+5.6° 0.034+0.03 % 0.057+0.0 0.006+£0.0°  0.008+0.0° 713+9.1%¢ 1090+25%®
(FC50%+ SNP15uM)  48.9+1 * 128+9.3° 0.030£0.03%"  0.064£0.0™¢  0.005+0.0°  0.018+0.0° 643+4.2 1560£11°
(FC25%+ SNP15pM)  186.5+ 1.7° 61.3+1.34 0.025£0.03 " 0.059£0.0**  0.016£0.0°  0.022+0.0° 704432 375428
(FC100%+SNP25uM)  271.1+0.7 * 27.5£3.2°¢ 0.025+0.02"  0.079+0.0* 0.026+0.01°  0.006+0.0° 1200+1.5° 1140425
(FC75%+ SNP25uM)  25.6= 1° 43 .8+2.4% 0.033£0.03  0.069£0.0 ™™ 0.028+£0.04°  0.007+0.0° 217£7.3 ¢ 63720 °
(FC50%+SNP25uM) 8.8+5°¢ 71.246.6 ¢ 0.032£0.03 % 0.070£0.0 ® 0.084£0.0™®  0.013+0.0° 558+4 < 1050£13%
(FC25% SNP25uM) 106.3+1.2¢ 9.0£3.4 " 0.046£0.04°  0.072+0.0° 0.101£0.0®  0.013+0.0° 17544.2¢ 421426 ¢
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Effects of nitric oxide on reducing oxidative stress induced by
drought stress in safflower (Carthamus tinctorius L.)
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Abstract

NO is an important signaling molecule in plants, which mediates growth and
developmental processes. Among the different environmental stresses, drought is one of
the most important limiting factors for growth and production around the world. In this
study the effect of sodium nitroprusside (SNP), as a NO donor on the reduction of
drought stress in safflower (Carthamus tinctorius L.) was studied. The effect of the
concentrations of SNP (0, 15, and 25uM) and water stress (levels 25, 50, 75and 100%
FC (Field capacity)) on shoot fresh weight, shoot dry weight, shoot length, leaf area,
relative water content (RWC), catalase (CAT), ascorbate peroxidase (APX)
superoxidase activities (SOD) and proline content in leaf and root were studied. When
plants had three expanded leaves, were treated by SNP and after 24 hours, exposed to
drought. After 7 days, plants again were sprayed by SNP. After 2 weeks plants were
harvested to evaluate of growth and physiological parameters. The results showed that
drought stress reduced shoot fresh weight, shoot dry weight, shoot length, leaf area,
RWC and increased CAT and SOD activities and proline content in leaf and root.
Interaction of nitric oxide and drought increased growth parameters, CAT and SOD
activities and decreased APX activities and proline content. The results showed that the
plants treated with NO are more resistance to drought stress.

Key words: Drought stress, Sodium nitroprusside, Safflower, Nitric oxide
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