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Effect of Salicylic Acid on Photosynthetic Pigments and Chlorophyll
Flurescence of Pot Marigold under Salt Stress Conditions
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Table 1. Comparison of average of the traits evaluated at different levels of salinity.

s K &aa oo Gl il 518 G il 518
Salt concentration Flower dry matter Minimum Maximum
(ds m’l) () fluorescence (fy) fluorescence(f,,)
1 0.109 af 24727 e 1814 a
3 0.104 ab 316.6d 174247 a
5 0.099 be 345 ¢ 1613.47b
7 0.096 ¢ 39433 b 1467.13 ¢
9 0.085d 461.07 a 1246.4 d

+ Means in each column, fallowed by at least one letter in common are not significantly different at the
5% probability level using Duncan's multiple range test.
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Table 2. Comparison of average of the traits evaluated at different levels of salicylic acid.

“‘:"""" ‘S:“‘:""""‘L"“ Flower dr .. e )JJS d".'."'“7":."' u“-‘l-'-'-ud-‘-“
T N y Minimumfluorescence .
salicylic acid (mg 1) matter (fo) Maximumfluorescence(f;,)
(€3]
0 0.094 b 374.56 a 1474.72 ¢
100 0.103 a 33396 ¢ 1678.6 a
200 0.099 a 350.04 b 1587.56 b

tMeans in each column, fallowed by at least one letter in common are not significantly different at the
5% probability level using Duncan's multiple range test.
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Fig. 1. Interactions effects of salinity and salicylic acid (SA) on shoot height.
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Fig. 2. Interactions effects of salinity and salicylic acid on root length.
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Fig. 3. Interactions effects of salinity and salicylic acid on chlorophyll a.
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Fig. 5. Interactions effects of salinity and salicylic acid on total chlorophyll.
WSS 858 el Sl 5 (5558 (iSan 5 310 S

il 3015 Wadd 58 Sle (g5l e b 4 35 5¥pe Vo7 el Sl el 15 8LS by slase
(V) el saislanls S5 5¥G slaclale win A wls

Yoo 0slS o g e s i) (e ¥ 508 0 a8 50 a S Gl VYV @ (sladis s 58 Hlue o i
350LS i 5 e s uiany (s & o0 59 5 PTG a5 g e Sl 53 0 Sl

AY


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.7.3
http://journal-irshs.ir/article-1-76-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1395.17.1.7.3 ]

OLlKas 5 (s Hlias

s G030l 09 38 (pS 53 pUS (e Y/PA) b (sladsd 5518 1o oy iy (¥ JSi3) 959 aesl Sabicalls
29 (poS = pS (Hae - VA slatie 0 >S9 aamad Salicnllos 3 3 0 Splie Vs lle 08 L g s
el a0l 59 IS sladad 5L Hlalie Gy st 0 g wed Seliadlis 553518 Gy 5 o0 o (YL
5 osmad gl G YL T Dlaie ey el Sl S e a Slie Ve il 0508 5 (505
ol 15 by a Josd gl s 53 o a3y Ol liie (F US) ad sualiie aaeal Saliadlos 050,18 5 50
Ol 381 s S e (Hao VO (o 58 SV eSO e L sl Sbndls il slas (g ol
il s S 581 5 Ladad gl el o 31 ol o ) il (V+) a b s sladas g K
(V) 9ol a8 5 538 5 Slae o Gl 38 5 oS w331 cullad GBS sl 51 (g 538
o 9iIgS 9 ySlas g dhading S il gl

9oSkee 5 ey ineS 518 Guilin, 518 o sl Seliindlin 5 5508 S31 als Gl ha o3y Gl sladass
o3 ol oS 0 pSlae o b sl Sl 5 g5 (ESaa 5 ol Hla Fas 7Y Jladal placs Ho o0 5T S
Lo (Y o) sladsas) asms Slane dady 5 e Jud 5L Guilis sl 5o (s ad Hla pas 7Y Jlaial elacs
s il Gl 38 e a5l 2aLS a3 0 Shac € Guilans sl s st (slaghaas Rl
e S AFF S il ol (g RIS aals 4 s TV 5 gaa iy (el 518 (g5 08 o G
500kt T late (BaLS G sl Salacatlin 05018 ae uilion; 5B o () Jgun) @8l GRold) wals
SN PUV Y- P PRIORNY JPL PRV JUNMRU-I- DU VIRV SRR PRV SR VR W
WY oS8 Sl s a S e Yev 9V -+ el Sl 05018 5u g il 5l (Y Jaa) o aals

a5 D S i ad e it aladl sa s (555 5o €S ghalllae il (il 38l wali 4 s 7V
99 Ol S (V) wms sule (Bl el sns Oda (553 Hlate «S o 5o il (RIS (g5 GBS Jlael )
O ol Jals o (SBR 5 (550 il (ola (B 0 g o (55T 538 81K Guas ] 4 saie pgs e
8 i) Ot g gien <51 51 i (o 51 (B0 Gusal an (1) s 538 (o s 4 (5 3hn 536 88
ELAGS 5 3 (A e S ke 3B L (VF) LI alan 31 S (WL slaclile | gudan 5o o5 5 L)
e S0 i 4 aln dea 0 g Wias o (RAIS T ¢ ASI JIED) 5 sl il i IS e 6 S Sl
a5 QLS (YY) 05 aalsa (Fy) saite puilon s (2alS (T 4o oS aes oo (Fim) Guilen 588 dinty
Sy (1) ptewsen 536 5 35 b aiao slagnis ol by 5o ol FulFin s &5 gam 0 (1) a5
S g 550 (1) i 555 o g0 5 Shae IS o st sualitie (slaBaS i g o ciacid (ol (2alS
Sely el (Ko G 9 3 slassisady (alS 5 uoly (Fdly s IS & g S JUEBI 6 saa 5o A JUEI e s
(1) piien 538 (s 4 a0l 5 g0 15T (SLAJIS0l, cnl €S o 3 5a3a 23815 ladISoul, wal 55 Jlaial ol 530
crllia Hlafe iyl id) aslss (Fy/F) o sil S o Slae ol 2l wi s Goss wS (YY) wiulad ol s cane]
(VA) ol 555
Selenllon s 50,lS sloaphns 48 Lol cdly (2K 50 oo Bl S 8 Slae (5558 slagas (il 33l b 4a S
Gt 5 (1) picns 558 9 5Shae 5y il Sl oite 5305 0 o 3035 5 Slae (2l 381 G ol
5 (Y0) pomeolS (5 Loyl ity 59 B3S oL (VF) Lo S (5 Lol s 5o 5L HLalS o (1) piagen 538 5 Slae
oo o Salills 350, LS ag (K1 (5 55 Ol Do ol sund (55158 (YY) (So2a (335 el 5a Ll
Ol o el (I3 L Lol e g3 00,55 sl (o0 501 6S 0 Shae 9 sola A @l (55 o o B3 S0l
9 +IOAY Jhaie Lo 35 a5l S uSlae e o e ih S5y ol 43 5 (18IS 3) o GalS (5o 50

.(fLJS.A&J)A.OTC.H—UJ{?J:U—H‘LS‘IJ:UJJ:\JLHJJ‘):DJKQJJ%J‘):A‘H‘M:)WJﬂ6)\9.4-::4

AY¥


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.7.3
http://journal-irshs.ir/article-1-76-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1395.17.1.7.3 ]

LS Jud g oS il 5 g o5 5T 538 LGS ) o e Sl 5

0.9
cd bc de ¢ cd
0.8

0.7 "y SA
ol 100 SA (mg 1)
; = 200 SA (mg1")
0.4
0.3
0.2
0.1
(1]

Sos
Salinity (dS m')
Fig. 6. Interactions effects of salinity and salicylic acid on quantum yield.
oS 0 Shae s need Silaaaalli 5 (5558 a5 31— S8

2551 55 3 Slae
Quantum yield

S 35

LA a5 JolE (BaLS (oa go (55 b GB35 S uls LS a3y Gal 5o sasl cin s sladass

oSlae (ualS Cape 50 (5o YL slaglai il oLS pliS ) 5 diadi uilen; 18 (RIS Griaan (65T 518
oL L S A 535 a3 e 55 (el G Sl 4 aead Sl o5l it o 50
baph (ol 38 Lok aald € cud oo gl Ko Slae 5 Gt Guile, 518 (JS 5 b @ Jud g K i, Jobo
S5 m OalS s sl Saballs Bl (slaglacs 553,18 Lol 08 lagy Gl 53 S Guils ;51 (55545

RV

References &bo
1. Aftab, T., M. Masroor, A., Khan, J.A. Teixeira da Silva, M. Idrees, M. Naecem and

Moinuddin. 2011. Role of salicylic acid in promoting salt stress tolerance and enhanced
artemisininproduction in Artemisia annua L. J. Plant Growth Regul. 30:425-435.

2. Amirjan, M.R., A. Iranbakhsh, and M.H. Abnosi. 2008. Molecular mechanism of
photosynthesis. Arak University Publication. (In Persian).

3. Ashraf, M.Y., A.R. Azmi, A.H. Khan and S.A. Ala. 1994. Effect of water on total
phenols, peroxidase activity and chlorophyll content in wheat. Acta Physiol. Plantarum
16:185-191.

4. Baatour, O., R. Kaddour, W. Aidi Wannes, M. Lachaal and B. Marzouk. 2009. Salt
effects on the growth, mineral nutrition, essential oil yield and composition of marjoram

(Origanum majorana). Acta Physiol. Plantarum 32:45-51.

A


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.7.3
http://journal-irshs.ir/article-1-76-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1395.17.1.7.3 ]

10.

11.

12.

13.

14.

15.

16.

17.

OLlKas 5 (s Hlias

Bayat, H., M. Alirezaie and H. Neamati. 2012. Impact of exogenous salicylic acid on
growth and ornamental characteristics of calendula (Calendula officinalis L.) under
salinity stress. J. Stress Physiol. Biochem. 8:258-267.

Behra, R.K., P. Mishra and N.K. Choudhury. 2002. High irradiance and water stress
induce alterations in pigment composition and chloroplast activities of primary wheat
leaves. J. Plant Physiol. 159:967-973.

Bhardway, R. and G. Singhal. 1981. Effect of water stress on photochemical activity of
chloroplasts during greening etiolated barley seedling. Plant Cell Physiol. 22:155-162.
Doganlar, Z.B., K. Demir, H. Basak and 1. Gul. 2010. Effects of salt stress on pigment
and total soluble protein contents of three different tomato cultivars. African J. Agr. Res.
5:2056-2065.

Fariduddin, Q., S. Hayat and A. Ahmad. 2003. Salicylic acid influences net
photosynthetic rate, carboxylation efficiency, nitrate reductase activity and seed yield in
Brassica juncea. Photosynthetica 41:281-284.

Fayez, K.A. and S.A. Bazaid. 2014. Improving drought and salinity tolerance in barley by
application of salicylic acid and potassium nitrate. J. Saudi Soc. Agr. Sci. 13:45-55.
Gautam, Sh. and P.K. Singh. 2009. Salicylic acid-induced salinity tolerance in corn
grown under NaCl stress. Acta Physiol. Plant. 31:1185-1190.

Gunes, A., A. Inal, M. Alpaslan, F. Eraslan, E. Guneri Bagci and N. Cicek. 2007.
Salicylic acid induced changes on some physiological parameters symptomatic for
oxidative stress and mineral nutrition in maize (Zea mays L.) grown under salinity. J.
Plant Physiol. 164:728-736.

Hayat. Q., Sh. Hayat, M. Irfan and A. Ahmad. 2010. Effect of exogenous salicylic acid
under changing environment: A review. Environ. Exp. Bot. 68:14-25.

Hussein, M.M., L.K. Balbaa and M.S. Gaballah. 2007. Salicylic acid and salinity effects
on growth of maize plants. Research J. Agr. Biol. Sci. 3:321-328.

Igbal, N., Sh. Umar, N.A. Khan and M.LLR. Khan. 2014. A new perspective of
phytohormones in salinity tolerance: Regulation of proline metabolism. Environ. Exp.
Bot. 100:34-42.

Kalaji, H .M. Govindjee, K. Bosa, J. Koscielniak and K. Zuk-Gotaszewska. 2011. Effects
of salt stress on photosystem II efficiency and CO2 assimilation of two Syrian barley
landraces. Environ. Exp. Bot. 73:64-72.

Keshtehgar, A., Kh. Rigi and M.R. Vazirimehr. 2013. Effects of salt stress in crop plants.
Inter. J. Agr. Crop Sci. 5:2863-2867.

N


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.7.3
http://journal-irshs.ir/article-1-76-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1395.17.1.7.3 ]

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

LS Jud g oS il 5 g o5 5T 538 LGS ) o e Sl 5

Khalid, K.A. and J.A. Teixeira da silva. 2012. Biology of Calendula officinalis Linn:
focus on pharmacology, biological activities and agronomic practices. Medicinal
Aromatic plant Sci. Biotech. 6:12-27.

Lauchli, A. and S.R. Grattan. 2007. Plant growth and development under salinity
stress.In: Jenks, M.A., Hasegawa, P.M. and Jain, S.M: Advances in Molecular Breeding
Toward Drought and Salt Stress Tolerant Crops, chapter 1. Springer Netherlands, 1:817.
Lichtenthaler, H.K. 1987. Chlorophylls and carotenoids: Pigments of photosynthetic
biomembranes. Methods Enzym. 148:350-382.

Lu, C., N. Qiu, Q. Lu, B. Wang and T. Kuango. 2002. Does salt stress lead to increased
susceptibility of photosystem II to photoinhibition and changes in photosynthetic pigment
composition in halophyte Sueda salsa grown outdoors? Plant Sci. 163:1063-1068.
Nedjimi, B. 2014. Effects of salinity on growth, membrane permeability and root
hydraulic conductivity in three saltbush species. Biochem. Systematics Ecol. 52:4-13.
Nelson, B.M.N. and A.B.D. Maria. 2006. Physiological and biochemical response of
common bean varieties treated with salicylic acid under water stress. Crop Breed. Appl.
Biotech. 6:269-277.

Neocleous, D. and M. Vasilakakis. 2007. Effects of NaCl stress on red raspberry
(Rubusidaeus L. Autumn Bliss). Sci. Hortic. 112:282-289.

Oufdou, K., L. Benidire, L. Lyubenova, L. Daoui, Z. Fatemi and P. Schroder. 2014.
Enzymes of the glutathione-ascorbate cycle in leaves and roots of rhizobia-inoculated
fababean plants ( Vicia faba L.) under salinity stress. Eur. J. Soil Biol. 60:98-103.
Paknejad, F., M. Nasri and H.R. Tohidi Moghadam. 2007. Effects of drought stress on
chlorophyll florescence parameters, chlorophyll content and grain yield of wheat
cultivars. J. Biol. Sci. 7:841-847.

Percival G. and A. Henderson. 2003. An assessment of the freezing tolerance of urban
trees using chlorophyll fluorescence. J. Hortic. Sci. Biotech. 78:254-260.

Rady, M.M. 2012. A novel organo-mineral fertilizer can mitigate salinity stress effects
for tomato production on reclaimed saline soil. South African J. Bot. 81:8-14.

Ramiz, B. and F. Morales. 1994. Chlorophyll fluoresces as a possible tool for salinity
tolerance screening in barley. J. Plant Physiol. 104:667-673.

Ratnakar, A. and A. Rai. 2013. Alleviation of the effects of NaCl salinity in spinach
(Spinacia oleracea L. var. All Green) using plant growth regulators. J. Stress Physiol.

Biochem. 9:122-128.

AV


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.7.3
http://journal-irshs.ir/article-1-76-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1395.17.1.7.3 ]

31.

32.

33.

34.

35.

36.

37.

38.

39.

OLlKas 5 (s Hlias

Sabra, A., F. Daayf and S. Renault. 2012. Differential physiological and biochemical
responses of three Echinacea species to salinity stress. Sci. Hortic. 135:23-31.

Saidi, I., M. Ayouni, A. Dhieb, Y. Chtourous, W. Chaibi and W. Djebali. 2013. Oxidative
damages induced by short-term exposure to cadmium in bean plants: Protective role of
salicylic acid. South African J. Bot. 85:32- 38.

Sakhabutdinova, A.R., D.R. Fatkhutdinova and F.M. Shakirova. 2004. Effect of salicylic
acid on the activity of antioxidant enzymes in wheat under conditions of salination. Appl.
Biochem. Microbiol. 40:501-505.

Sedghi, M., R. SeyedSharifi, A.R. Pirzad and B. Amanpour-Balaneji. 2012.
Phytohormonalregulation of antioxidant systems in petals of drought stressed pot
Marigold (Calendula officinalis L.). J. Agr. Sci. Technol. 14:869-878.

Shi, G.R., Q.S. Cai, Q.Q. Liu and L. Wu. 2009. Salicylic acid-mediated alleviation of
cadmium toxicity in hemp plants in relation to cadmium uptake, photosynthesis, and
antioxidant enzymes. Acta Physiol. Plantarum 31:969-977.

Shi, Q., Z. Bao, Z. Zhu, Q. Ying and Q. Qian. 2006. Effects of different treatments of
salicylic acid on heat tolerance, chlorophyll flurescence and antioxidant enzyme activity
in seedlings of Cucumis sativa L. J. Plant Growth Regul. 48:127-135.

Stepien, P. and G. Klobus. 2006. Water relations and photosynthesis in Cucumis sativus
L. leaves under salt stress. Biol. Plantarum 50:610-616.

Sultan, A. 2005. Effect of NaCl salinity on photosynthesis and dry matter accumulation
in developing rice grains. Environ. Exp. Bot. 42:211-220.

Torbaghan, M.E. 2012. Effect of salt stress on germination and some growth parameters

of marigold (Calendula officinalis L.). Plant Sci. 1:7-19.

A


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.7.3
http://journal-irshs.ir/article-1-76-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1395.17.1.7.3 ]

Iranian Journal of Horticultural Science and Technology 17 (1): 77-88 (2016)

Effect of Salicylic Acid on Photosynthetic Pigments and Chlorophyll
Flurescence of Pot Marigold under Salt Stress Conditions

F. Dehghan Niri, V.R. Saffari’ and A.A. Moghsoudi Moud'

Salt stress is the second important environmental stress around the world and in Iran.
Salicylic acid has been shown to play an important role in stress tolerance of plants.
Photosynthetic pigments are responsible for radiation energy absorption and converting to
reducing energy and other metabolic processes. In order to investigate the effects of salicylic
acid on reducing the detrimental effects of salinity on photosynthetic pigments and
chlorophyll flurescence of pot marigold,an experiment was conducted in the research
greenhouse of SB University of Kerman as a factorial based on RCBD with 5 replication.
Results showed that salt stress decreased flower dry matter, chlorophyll a, chlorophyll b and
total chlorophyll content, maximumflurescence, quantum yield, plant height and root length
to 22, 7, 91, 35, 30, 31, 40 and 35 percent compare to the control condition. Salt stress
increased minimum flurescence to 46 percent compare to the control condition. Application
of salicylic acid reduces the detrimental effects of salt stress in all plant characteristics.

Key Words: Salinity, Salicylic acid, Quantum yield, Maximum flurescence, pot

marigold.
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