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Table 2. analysis variance (Mean Squares) for the effect of different salinity and salicylic acid levels on some
of physiologic characteristics of saffron during two crop years
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** * and ns are significant at the 0.01 and 0.05 probability and no significant, respectively.
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Table 3. Mean compression for the interaction of different salinity and salicylic acid levels on some
of physiologic characteristics of saffron during two crop years
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3 0 7.00% 7.44bcd 39.243bc 43.92d 13.32°¢ 284.00% 2.99¢f



YPO0.. Do (& p 65) Skl ol 5 (658 A5 slaw 1S 08 5 1018 5 5550 5

¥ Jgoz aalol
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*In each column, means followed by the same letter(s) are not significantly different at 0.05 probability level, using

Duncan test.
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Table 4. Analysis variance (mean Squares) for the effect of different salinity and salicylic acid levels on some of physiologic
characteristics of saffron

a0 JS Judg s s L, R
S @b . wd ooy adudals b hdgls il Sudgidg I8 o S o &
(S.0.Vv) 03! Glucose Proline Cha Chb Total Carotenoid Sodium Potassiu g ’
~ df Chlorophyll (Na) m (K) K/Na
Sk
Block 2 441.64 114 0.0033 0.00023 0.0051 0.00005 0.05 12.92 1.96
ocl
‘5)’“’ o 3 3112.46™ 50.00™ 0.0184™ 0.00047" 0.0228™ 0.00427** 187.91™ 158.64 181.09™
Salinity stress
L= 6 41.56 0.08 0.0007 0.00012 0.0013 0.00033 1.01 13.79 1.35
Error (1)
| Sl dle
e S 3 236.37" 0.60" 0.0087**  0.00036™  0.0120™ 0.00051 31.99"  215.02" 28.50"
Salicylic acid
Jlize 31 - . - - -
7 9 354.43 4.89 0.0009™ 0.00016" 0.0017" 0.00011" 5.58 61.78 2.08
Salinity < SA
L= 24 46.87 0.12 0.0017 0.00015 0.0024 0.00016 0.44 5.48 0.92
Eroor (2)
St ey 3.49 3.12 5.95 7.40 5.69 4.72 7.74 3.52 10.26
CV (%)

il oo e pxe BWE pac g o )0 iy o, S Jlia maw (ol pxe i 5 4 NS g
** *and ns are significant at the 0.01 and 0.05 probability and no significant, respectively.
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Table 5. Mean compression for the interaction of different salinity and salicylic acid levels on some of physiologic characteristics of saffron

odox

5 ) i3 B D eyl S e |
el B o ST VI T VPR Y SR IS I R
g Sl Lo S O9PAR o5l s psS S o o s e 039 PS5 2 S35 os5 s ol
salinity S (5, o ) uis ® ) uis i (S 5036 539 ) u)/s [ (5, K u/)ﬁ © r‘ e
levels(ds/ S,)A ambl) Glucose (mg/g Broline (S5 (S5 ChlTotalh | (S5 ~ Sodium (mglg (S, _i.o n:.(/N ]
m) DW) (umol/g Cha(mg/lg Chb (mg/g oropny Carotenoid DW) Potassium a
FW) FW) FW) (mg/g FW) (mglg FW) (mg/g DW)

15 0 175.89 8.25! 0.640¢ 0.1623bcd 0.801% 0.2479% 5.59h 70.96% 12.710¢
0.4 178.1% 9.47 0.658¢% 0.146% 0.804% 0.240¢ 5.24h 70.05%¢ 13.60%

0.8 188.4¢ 10.08" 0.672¢de 0.153b 0.7825b 0.246% 4911 71.402 14.582

12 174.39 9.551 0.656¢% 0.1602bcd 0.815¢de 0.235¢ 5.17n 66.93¢%f 13.11%

3 0 182.5f 8.86~ .67600e 0.1662bcd 0.842bcd 0.263¢ 7.35f 65.75' 9.12¢
0.4 179.31 9.811 0.7103bcd 0.1692 0.7872bcd 0.273% 6.099n 69.06°d 11.34%

0.8 188.3¢° 10.519" 0.7203bcd 0.1752 0.895%¢ 0.28130¢ 5.42n 70.36%¢ 12.99%

12 193.1% 10.861 0.7Q7bcde 0.171% 0.8773bcd 0.261¢ 6.009" 71.44cde 12.020¢

6 0 224,28 12.94° 0.7173bcd 0.1578abcd 0.7843bcd 0.272bc 12.20° 57.129 4,700
0.4 212.3° 11.99¢ 0.7402¢ 0.1673bcd 0.9012 0.273bc 9.00¢ 65.47° 7.28

0.8 194.24 11.55% 0.7792 0.172% 0.9502 0.2912 7.28f 69.632¢ 9.66°

12 195.2¢ 11.12¢ 0.752% 0.171% 0.923® 0.2823b¢ 6.951 67.35¢d 9.82d%

9 0 224.68 16.242 0607" 0.1454 0.752¢ 0.272% 18.362 48.12" 2.631
0.4 219.3° 13.98° 0.6870cde 0.1622bcd 0.849bcd 0.2842 14.04° 63.97f 4.57"

0.8 197.0¢ 12.07¢ 0.7303c 0.1762 0.906% 0.2952 11.03¢ 69.96%%¢ 6.34f9

12 210.0° 13.20° 0.680¢°de 0.166%¢ 0.8465d 0.285% 12.83¢ 66.55' 5.18%

B, K0S b (gl sme S ao o iy Jleisl mlaws j0 5SSl ae3T (glie S ie B> S JBlas lyls (slo i Kils gt o 00
In each columns, means followed by the same letter(s) are not significantly different at 0.05 probability level, using Duncan test.



VAR Olis ) 5 5l cp3 oslad conin Al (Ol jie 5 gla in g 4 425 YV

Sy g L5,4,.19 LgLa:Q.)&Lwo 9 6)&‘*‘” )Jol> LS

QS';"b)"é

28,5 50 )15 b dilosoo ek g Ay jaaCa ol ol yae ) caSliagy

Agarawal, S., Sairam, R.K., Srivasta, G.C., and
Meena R.C., 2005. Changes in
antioxidant  enzymes activity and
oxidative stress by abscisic acid and
salicylic acid in wheat genotypes. J. of
Biology Plant. 49(4), 541-550.

Ahmadian, A. 2013. lIranian Important
Medicinal Plants. Volume 1. Torbat-
Heydarieh  University  Publications,
Khorasan-e Razavi, Iran. p. 169-173. [in
Persian].

Ahmadian, A., and Mahdishahivand, Z., 2016.
Production and Exploitation of Medicinal
and Aromatic Plants. Torbat-Heydarieh
University  Publications, Khorasan-e
Razavi, Iran. p. 63-66 [in Persian].

Amira, M., and Abdul, Qados, S., 2015. Effects
of salicylic acid on growth, yield and
chemical contents of pepper (Capsicum
Annuum L.) plants grown under salt
stress conditions. International J. of
Agriculture and Crop Sciences. 8(2), 107-
113.

Arnon, A.N., 1967. Method of extraction of
chlorophyll in the plants. Agron. J. 23,
112-121.

Ashraf, M., Akram, N.A., Arteca, R.N., and
Foolad, M.R., 2010. The physiological,
biochemical and molecular roles of
brassinosteroids and salicylic acid in
plant processes and salt tolerance. Crit.
Review. J. Plant Sci. 29, 162-190.

Avarseji, Z., Kafi, M., Sabet Teimouri, M., and
Orooji, K. 2013. Investigation of salinity
stress and potassium levels on
morphophysiological characteristics of
saffron. J. of Plant Nutrition. 36(2), 299-
310.

Baninasab, B., and Baghbanha, M.R., 2012.
Influence of salicylic acid pre-treatment
on emergence and early seedling growth
of cucumber (Cucumis sativus) under salt
stress. International J. Plant Prod. 7,
187-206.

Bates, I.S., Waldern, R.P., and Teare, 1.D.,
1973. Rapid determination of free proline
for water stress studies. J. Plant and Soil.
39, 205-207.

Chinnusamy, V., Xiong, L., and Zhu, J.K.,
2004. Use of genetic engineering and
molecular biology approaches for crop
improvement for stress environments. P.
47-107. In: Abiotic stress: Plant

Ao S olRals 6L¢;el§_~i.1..u)~—| p e lulis IS

&l

resistance  through  Breeding and
Molecular Approaches. Ashraf, M., and
Harris, P.J.C., (Eds.). Food Products
Press 264 p.

Cramre, G.R., 2002. Sodium calcium
interactions under salinity stress. J. of
Environment Plants Molecules. 205-227.

Eraslan, F., Inal, A., Pilbeam, D.J., and Gunes,
A., 2008. Interactive effects of salicylic
acid and silicon on oxidative damage and
antioxidant activity in spinach (Spinacia
oleracea L. CV. Matador) grown under
boron toxicity and salinity. J. of Plant
Growth Regulation. 55, 207-219.

Essa, T.A., 2002. Effect of salinity stress on
growth and nutrient composition of three
soybean (Glycine max L.) Merrill
cultivars. J. of Agronomy & Crop Sci.
188(2), 86-93.

Ghamarnia, H., Khosravi, H., Jalili, Z., and
Bahrami Naghad, 2015. Investigating
different irrigation and water
management methods on yield and water
use efficiency of grains. J. Water and
Irrigation Management. 5(1), 55-67. [in
Persian with English Summary].

Ghasemi-Golezani, K., and Lotfi, R., 2015.
Effect of salicylic acid on sodium and
potassium accumulation in root and
mushroom leaves under salinity stress.
Fifth  International Conference on
Economic Management and Agricultural
Sciences, 22 July, Anzali, Iran. [in
Persian].

Gholami Turan Poshti, M., Maghsoudi, A., and
Farahbakhsh, H., 2005, The effect of two
levels of irrigation on some water
relations of three native saffron masses of
Crocus Sativus L. Iran, Second National
Conference on Watershed Management
and Soil and Water Resources
Management, Kerman. P: 44.

Gunes, A., Inal, A., Alpaslan, M., Cicek, N.,
Guneri, E., Eraslan, F., and Guzelordu,
T., 2005. Effects of exogenously applied
salicylic acid on the induction of multiple
stress tolerance and mineral nutrition in
maize (Zea mays L.). Archives of Agron.
and Soil Sci. 51, 687-695.

Gunes, A., Inal, A., Alpaslan, M., Eraslan, F.,
Bagci, E.G., and Cicek, N., 2007.
Salicylic acid induced changes on some
physiological parameters symptomatic



YWV lio (& 650 Skl sl 5 (658 25 = slawr 1S 00 5 10180 5 5550 5

for oxidative stress and mineral nutrition
in maize (Zea mays L.) grown under
salinity, J. Plant Physiol. 164, 728-736.

Hamada, A.M., and El-enany, A.E., 1994.
Effect of NaCl salinity on growth,
pigment and mineral element contents,
and gas exchange of broad bean and pea
plants. Biologia Plantarum. 36, 75-81.

Harati, E., Kashefi, B., and Matinizadeh, M.,
2016.  Investigation  of  reducing
detrimental effects of salt stress on
morphological and physiological traits of
(Thymus daenensis Celak.) through
Salicylic Acid Application. J. of Plant
Production Technology. 16(2), 11-125.
[in Persian with English Summary].

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

Kafi, M., Borzoei, A., Salehi, M., Kamand, A.,
Masoomi, A., and Nabati, J., 2014.
Environmental stress physiology in
plants. Third edition, Jihad-e-Daneshgahi
Mashhad Press. Mashhad, Iran. 502 pp.
[in Persian].

Kafi, M., Koocheki, A., Rashed, M.H., and
Nassiri, M., 2006. Saffron (Crocus
sativus L.), Production and Processing.
Science Publishers.

Kayednezami, R., and Balouchi, H.R. 2014.
Physiological responses of lentil (Lens
culinaris Medik.) to salinity stress and
foliar application salicylic acid. Iran. J.
Pulses Res. 5(2), 83-89 (In Persian with
English Summary).

Koyro, H.W., 2006. Effect of salinity on
growth, photosynthesis, water relations
and solute composition of potential cash
crop halophyte (Plantago coronopus L.).
J. Environ. Exp. Bot. 56, 136-149.

Kumar, V., Shiram, V., Jawali, N., and Shitole,
M.G., 2007. Differential response of
Indica rice genotypes to NaCl stress in
relation to physiological and biochemical
parameters. Archives Agron. Soil Scie.
53(2), 581-592.

Maria, E.B., Jose, D.A., Maria, C.B., and
Francisco, P.A.,  2000. Carbon
partitioning and sucrose metabolism in
tomato plants growing under salinity. J.
of Physiologiae Plantarum. 110, 503-511.

Munns, R., and Tester, M., 2008. Mechanism of
salinity tolerance. The Annual Rev. Plant
Biol. 59, 651-681.

Munns, R., James, R.A., and Lauchli, A., 2006.
Approaches to increasing the salt
tolerance of wheat and other cereals. J.
Experimental Bot. 57(5), 1025-1043.

Naghizadeh, M., GholamiShabestari, M., and
Shamsaddin Saied, M. 2014. The study of

some physiological responses of three
Iranian saffron (Crocus sativus L.)
landraces to salinity stress. J. Saffron
Agron. & Technol. 2(3), 127-136. [in
Persian with English Summary].

Nazarbeygi, E., and Naseri, R., 2014. Effects of
gibberrellic acid and salicylic acid under
salinity on Na+ and K+ absorbtion and
leaf characteristic of two rapeseed lines.
J. Crop Ecophysiol. 8(1), 1-16. [in
Persian with English Summary].

Pirasteh-Anosheh, H., Emam, Y., Ashraf, M.,
and Foolad, M.R., 2012. Exogenous
application of salicylic acid and
chlormequat chloride alleviates negative
effects of drought stress in wheat. J. of
Advanced Studies in Biol. 11, 501-520.

Pirasteh-Anosheh, H., Emam, Y., Rousta, M.J.,
and Hashmi, S.E., 2016. Effect of foliar
application of salicylic acid on
biochemical attributes and grain yield of
barley (Hordeum vulgare L. cv. Nosrat)
under saline conditions. Iran. J. Crop Sci.
18(3), 232-244. [in Persian with English
Summary].

Popova, L., Ananieva, V., Hristova, V.,
Christov, K., Geovgieva, K., Alexieva, V.,
and Stoinova, Z., 2003. Salicylic acid and
methyl Jasmonate- induced protection on
photosynthesis to Paraquat oxidative
stress. Bulgarian J. Plant Physiology.
133-152.

Popova, L.P., Maslenkova, L.T., Yordanova,
R.Y., Ilvanova, A.P., Krantev, A.P., Szalai,
G., and Janda, T., 2009. Exogenous
treatment with salicylic acid attenuates
cadmium toxicity in pea seedlings. J.
Plant Physiol. and Biochemistry. 47, 224-
231.

Qureshi, A.S., Qadir, M., Heydari, N., Turral,
H., and Javadi, A., 2007. A review of
management strategies for salt-prone
land and water resources in Iran.
Colombo, Srilanka: International water
management Institute, 30 pp. (IWMI
Working paper 125).

Rostami, M., Mohammad Parast, B., and
Golfam, R., 2015. The effect of different
levels of salinity stress on some
physiological characteristics of saffron
(Crocus sativus L.). J. of Saffron Agron.
& Technol. 3(3), 193-197. [in Persian
with English Summary].

Shakirova, F.M., and Sahabutdinova, D.R.,
2003. Changes in the hormonal status of
wheat seedlings induced by salicylic acid
and salinity. J. of Plant Sci. 164, 317-322.

Shehba, Z., Baghizadeh, A., Vakiliseid, M.A.,
Yazdanpanah, A., and Yosefi, M., 2010.
The salicylic acid effect on the tomato
(Lycopersicume sculentum Mill.) sugar,



WA Glis 5 sl 3 opladt cpitin Al Ol jie 5 (sla ha 3 4 25 FVY

protein and proline contents under
salinity stress (NACL). J. Biophysics and
Structural Biol. 2(3), 35-41.

Sheligl, H.Q., 1986. Die verwertung
orgngischer souren durch chlorella
lincht. Planta J. 47-51.

Sudhir, P., and Murthy, S.D.S., 2004. Effect of
salt stress on basic processes of

photosynthesis. J. Photosynthetica. 42,
481-486.

Torabi pashaii, S., Niknam, V., and
Ebrahimzade, H., 2016. Comparative
study of biochemical responses of
different populations of cultivated saffron
to salinity stress and the role of salicylic
acid in improving the effect of stress plant
research J. 29(4): 717-729.



Journal of Saffron Research (semi-annual)

Vol.8, No.2, Fall & Winter, 2020-2021 :
p. 359'373 5
http://dx.doi.org/10.22077/jsr.2020.2148.1084 University of Birjand

Original Article:

Interaction Effects of Salt Stress and Salicylic Acid Levels on
Physiological Trials of Saffron (Crocus sativus L.)

Maryam Ghorbanpour?!, Ahmad Ahmadian?*, Iman Yousefi-Javan®
1- Msc Student of Plant Production, University of Torbat Heydarieh, Iran.
2- Assistant Professor of Plant Production Department, Agricultural faculty and Researcher of Saffron
Institute, University of Torbat Heydarieh, Iran.
3- Assistant Professor of Plant Production Department and Researcher of Saffron Institute, University of
Torbat Heydarieh, Iran.
* Corresponding author Email: a.ahmadian@torbath.ac.ir

Received 23 December 2018; Accepted 18 May 2020

Abstract

In order to investigate the effect of salicylic acid levels on mitigation of salinity stress in saffron
(Crocus sativus L.), an experiment was conducted in Torbat Heydarieh during 2015-2016 and 2016-
2017. The experiments were performed as split plots based on a randomized complete block design
with three replications. Four salinity stress levels such as a1 (1.5 dS.m), a2 (3 dS.m1), az (6 dS.m™),
as (9 dS.m) and four levels of salicylic acid including b1 (zero (control)), b2 (0.4 mM), bz (0.8 mM),
and bs (1.2 mM) were considered as the main and sub plots, respectively. The results showed that
for the highest salinity rate (9 dS.m™), optimum concentration of salicylic acid increased leaf
number and leaf length up to 3 and 20% in first year and with 20 and 32% in the second year,
respectively. Also, salicylic acid was declined leaf sodium content up to 40% and leaf potassium
content increased up to 38% in the second year. According to the results, salicylic acid caused
balances in glucose and proline contents, decreased of Na absorption, prevented disorders of K
absorption and enhanced RWC leaves of saffron. In the second year and for the highest salinity
level, salicylic acid application increased total chlorophyll up to 20% compared to control.
Application of 0.8 mM salicylic acid+ 6 and 9 dS.m salinity stress levels increased dried stigma
yield (with 1.12 and 2.45 kg.ha?, respectively) up to 81 and 118%, respectively. Therefore, we can
suggested that application of 0.8 mM salicylic acid in salinity stress conditions in order to enhance
stigma yield and saffron growth and mitigate negative effects under salinity stress conditions.
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