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Effects of Sodium Nitroprusside and Salicylic Acid on Mor pho-
physiological Characteristics of Common Bermuda Grass under Water
Deficit Stress
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Fig. 1. Interaction of water deficit stress with the application of sodium nitroprusside and salicylic acid
on root dry weight of common bermudagrass. Means followed by the same letters are not
significantly different at 5% level based on DMRT.
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Fig. 2. Interaction of water deficit stress with the sodium nitroprusside and salicylic acid on shoot dry
weight of bermudagrass. Means followed by the same letters are not significantly different at
5% level based on DMRT.
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Fig. 3. Interaction of water deficit stress with sodium nitroprusside and salicylic acid on electrolyte

leakage of bermudagrass. Means followed by the same letters are not significantly different at
5% level based on DMRT.
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Fig. 4. Interaction of water deficit stress with sodium nitroprusside and salicylic acid on relative water
content of bermudagrass. Means followed by the same letters are not significantly different at
5% level based on DMRT.
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Fig. 5. Interaction of water deficit stress with sodium nitroprusside and salicylic acid on proline
content of bermudagrass. Means followed by the same letters are not significantly different at
5% level based on DMRT.
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Fig. 6. Interaction of water deficit stress with sodium nitroprusside and sdicylic acid on antioxidant
capacity of bermudagrass. Means followed by the same letters are not significantly different at
5% level based on DMRT.
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Fig. 7. Interaction of water deficit stress with sodium nitroprusside and salicylic acid on total phenol of
bermudagrass. Means followed by the same letters are not significantly different at 5% level
based on DMRT.

1ol sapSilie - (Jsane sala JS U538 5 el Sibiln 5 wilius o535 pases b (168 G5 (uSan 5 -V s
.ASJ‘ASQSJ‘JG‘@‘J._\:\%OJA“)TZQc]a_‘_“‘)d‘)‘d ire (YGRS S sidie i ya

S 4

Sl (Bl 3301 S laaeaSl T bl g ol g Dhalie clea g 5530 pons 5 waeal il lejaa slas
S awpee B 4 ad QllS ol 5o RWEC ks G wias Hlas plodas € SllS 5o calgn
29 9 038 S (o 15 05aus) Jlad sl S (S lasaSI BT Gial8l b sl g0 5580 assn 5wl Siluondlo
el il 5 S OF e Gl Bl b (a5 Db (AT 5 e ondd e (RalK L 4adm
S le) 8305 o dasaii€ aalsii b L yeme o€ ool Sl el suls (alS lagran Lol ofaS (55 51 L3l
el (gids da g el @8 S 1,3 Al sla i A ae ju el
References &Qbo
S5slsiose 5 (S5sleied leSes 5 wnl Kbl ST AYA0 . (Ss2 ) 0 5 ¢ SIS L wlrm sian )

FVIARY AVE Ol Sleb asle ddas . Sad 535 55 (LOlium perenne cv. Numan) a sl of cran
QSLA‘)‘JJL’AJ.? GLA uu‘; LSL‘“ c«.u‘.;\ o AYAV .@J‘)T T3 UL:\.%J; t“)s u‘"‘J‘G‘: £ e (8329 C)L.u Y

FYANY  SLel asle dlas . (Saa 51 olsal (S =&s 50
iy San Sl Lol Jslae 58l AYAY il £y gobliasm ohals b coe woe ¥

ol 5 dae s lolaS (15 bl ot oo o)l SOK wlia (A 5 g 5 i sla 0580, 5wl i

YAV Y-AY L alS

Aadin 00 Y wgdie wagdie ARSI slga ol jlaml lalsS

AFEYA ZEYY (ol (£lel 538 5 asle dae ails (SIS b o Gurien s S (ran (KA 4 i glis

VAl


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.1.7.7
http://journal-irshs.ir/article-1-235-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-26 ]

[ DOR: 20.1001.1.16807154.1397.19.1.7.7 ]

e ttew) SibocieIlis g wolevig g ot poten S S (sla i/

A YYD -YYF ¢L§JJJLISGC‘JJ4_34_‘MJLG_;‘J4:J\5‘ AA.ZIJJ@_)“J‘J%‘L‘AJA‘)J ULA.HJ.\%

Sachys ) asS sla ol Lo US Us Llale paunss AYAY Leom F o5 @oBb e co (Blhige V
G 9S g dlas S jae Sl saliied b 5T Liulssl oKl 5 o€ @z 355k 31 (lavandulifolia Vahi
YW-AA (g5, slias

s (Festuca rubra) (S i cran ady 5 S50l 5wl Kbl 31 AYAY (650 .0 5 .08 (swad A
F(Y) VYA SVFA (AlS Sl 5 55508 alae g 5 (5 Ll pi 5 (LOITUM pErenne) a sl !

sloal 59 sStae 5 Kbl s b 53 Hlas Gl 535 (a5 ATAN L (B 01555 (o) a5 - coal3
FAPY=AVe s oo0lasS pulid a o s . (SBa (335 by 505 {.\A:S o Slae

10. Barrs, H.D. and P.E. Weatherley. 1962. A re-examination of the relative turgidity
technique for the estimating of water deficits in leaves. Aust. J. Biol. Sci. 15:413-428.

11. Bates, L., R.P. Waldern, D. Teare. 1973. Rapid determination of free proline for water
stress studies. Plant Soil. 39:205-207.

12. Borsanio, F., V. Balpuestsa and M.A. Botella. 2001. Evidence for a role of salicylic acid
in the oxidative damage generated by NaCl and osmotic stress in Arabidopsis seedling.
Plant Physiol. 126:1024-1030.

13. Chen, Z.L., X.M. Li and L.H. Zhang. 2014. Effect of salicylic acid pretreatment on
drought stress responses of zoysiagrass (Zoysia japonica). Russ. J. Plant Physiol. 61:619-
625.

14. Deef, H.E. 2007. Influence of salicylic acid on stress tolerance during seed germination of
Triticum aestivum and Hordeum vulgare. Adv. Biol. Res. 1:40-48.

15. Eberhardt, M.V., C.Y. Lee and R.H. Liu. 2000. Antioxidant activity of fresh apples.
Nature, 405:903-904.

16. FAO. 2000. Deficit irrigation practices. Food and Agriculture Organization (FAO). Rome.
Italy. Water Rep. 22:102.

17. Faroog, M.S., M.A. Basra, A. Wahid and H. Rehman. 2009. exogenously applied nitric
oxide enhances the drought tolerance in fine grain aromatic rice (Oryza sativa L.). J.
Agron. Crop. Sci. 195:254-261.

18. Garcia-Mata, C. and L. Lamattina. 2001. Nitric oxide induces stomatal closure and
enhances the adaptive plant responses against drought stress. Plant. Physiol. 126:1196-
1204.

19. Guo, Z., W. Ou, S. Lu and Q. Zhong. 2006. Differential responses of antioxidative system
to chilling and drought in four rice cultivars differing in sensitivity. Plant Physiol.
Biochem. 44:828-836.

20. Hayat, S., M. Mori, J. Pichtel and A. Ahmad. 2010. Nitric Oxide in Plant Physiology.
Wiley-VCH -Weinheim. 210 p.

21.He, Y., Y. Lie, W. Cao, M. Huai, B. Xu and B. Huang. 2003. Effects of salicylic acid on
heat tolerance associated with antioxidant metabolism in kentucky bluegrass. Crop Sci.
45:988-995.

22. KaviKishor, P.B. and N. Sreenivasulu. 2014. Is proline accumulation per se correlated with
stress tolerance or is proline homeostasis a more critical issue? Plant Cell Environ. 37:300-
311

23. Larkindde, J. and B. Huang. 2004. Thermotolerance and antioxidant systems in Agrostis
stolonifera: involvement of salicylic acidabscisic acidca ciumhydrogen peroxideand ethylene.
J. Plant Physiol, 161:405-413.

\Al


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.1.7.7
http://journal-irshs.ir/article-1-235-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-26 ]

[ DOR: 20.1001.1.16807154.1397.19.1.7.7 ]

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

oLKas 5 s ,0lb

Magdy, A.S, M.M. Hazem, A.M. Alia and A.l. Alshama 2012. Effect of sodium
nitroprusside, putrescine and glycine betaine on aleviation of drought stress in cotton plant.
American-Eurasian J. Agr. Environ. Sci. 12:1252-1265.

Mehrabiyan Moghaddam, N., M.J. Arvin, Gh. Khajavinezhad and K. Maghsodi. 2011.
Effect of Salicylic acid on growth and forage and grain yield of maize under drought
stressin field conditions. Seed Plant Product. 27:41-55.

Nasibi, F. and K.M. Kaantari. 2009. Influence of nitric oxide in protection of tomato seedling
against oxidative stressinduced by osmotic stress. ActaPhysiol. Plant. 31:1037-1044.

Neill, S., R. Barros, J. Bright, R.Desikan, J. Hancock, J. Harrison, P.Morris, D. Ribeiro
and |. Wilson. 2008. Nitricoxide, stomatal closure, and abiotic stress. J. Exp. Bot. 59:165-
176.

Pagnussat, G.C., M.Simontacchi, S.Puntarulo and L. Lamattina. 2002. Nitric oxide is
required for root organogenesis. Plant Physiol. 129:954-956.

Sarath, G., P.C. Bethke, R. Jones, L.M. Baird, G. Hou and R.B. Mitchell .2006. Nitric
oxide accelerates seed germination in warm-season grasses. Planta, 223:1154-1164.
Seevers, P.M and JM. Daly. 1970. Studies on wheat stem rust resistance control at sr6
locus. 1- Therole of phenolic compounds. Phytopathology, 6:1322-1328.

Shakirova, F.M., A.R. Sakhabutdinova, M.V. Bezrukova and D.R. Fatkhutdinova. 2003.
Changes in the hormonal status of wheat seedling induced by salicylic acid and salinity.
Plant Sci. 164:317-322.

Sullivan, C.Y. and W.M. Ross. 1979. Selection for drought and heat resistance in grain
sorghum. In: H. Mussel & R.C Staoles (eds.) Stress Physiology in Crop Plants. John
Wiley and Sons, New Y ork. 263-281 pp.

Tian, X., and Y. Li. 2006. Nitric oxide treatment alleviates drought stress in wheat
seedlings. Biol. Plant.50:775-778.

Tu, J., W.B. Shen, and L.L. Xu. 2003. Regulation of nitric oxide on the aging process of
wheat leaves. Acta Bot. Sin. 45:1055-1062.

Yildiztugay, E., C. Ozfidan-Konakci and M. Kucukoduk. 2014. Exogenous nitric oxide
(as sodium nitroprusside) ameliorates polyethylene glycol-induced osmotic stress in
hydroponically grown maize roots. J. Plant Growth Regul. 33:683-696.

\Al


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.1.7.7
http://journal-irshs.ir/article-1-235-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-26 ]

[ DOR: 20.1001.1.16807154.1397.19.1.7.7 ]

Iranian Journal of Horticultural Science and Technology 19 (1):63-74 (2018)

Effects of Sodium Nitroprusside and Salicylic Acid on Mor pho-
physiological Characteristics of Common Bermuda Grass under Water
Deficit Stress

S. Taheri, M. Arghavani* and S.N. Mortazavit

Water deficit is a mgor limiting factor for turfgrass management in arid and semi-arid
regions. This experiment was conducted to investigate morphophysiological responses of
Bermuda grass (Cynodon dactylon (L.) Pers.) to water deficit stress and the application of
sodium nitroprusside and salicylic acid. The experiment was carried out based on completely
randomized design with four replications. First factor included three water deficit stress levels
(40, 70 and 100% of soil available water), and four levels of second factor were salicylic acid
(SA) (2 mM), sodium nitroprusside (SNP) (500 uM), 2mM SA + 500 uM SNP and control
(distilled water). Water deficit reduced shoot growth and relative water content. Whereas root
growth, chlorophyll content, electrolyte leakage, total phenol, leaves antioxidant capacity and
proline content increased with decreasing soil available water. Results showed that
application of sodium nitroprusside and salicylic acid ameliorate adverse effects of water
deficit in Bermuda grass by increasing leaves antioxidant capacity and proline and
chlorophyll content as well as reducing electrolyte leakage and this effect was more
noticeable in combined application of sodium nitroprusside and salicylic acid.

Keywords. Bermuda grass, Morphophysiological responses, Salicylic acid, Sodium
nitroprusside, Water deficit stress.
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