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Effect of Salicylic Acid on Vegetative and Physiological Parameters of
Bitter Almond Seedlings under NaCl Stress
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Tablel. Some physical and chemical properties of the soil used in this experiment.

il Sy Jals s &a S culas el e
Texture gt ol Lime EC. K P
pH CEC (dsm’) (mg kg'soil)  (mg kg soil)
S 7.6 13.5 0.84 3.4 55 48
Loam-sandy

Reactive Oxygen Species -
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Table 2. Influence of salicylic acid, salinity and their interaction on shoot and root growth
characteristics of almond seedlings.

el Sabicalles
Salicylic acid (mM)
&l
e 2K 0 0.5 1.0 oSl
NaCl (mM) Mean
aolwald 55 000
Shoot fresh weight (g)
0 7.18 d-f 11.30bc 14.86a 11.11A
40 7.61 def 11.50b 9.54bed 9.54B
80 5.96 f 8.89c-¢ 6.42 ef 7.09C
- &l
oSk 691B 10.57A 10.27A
Mean
ooluals S o35
Shoot dry weight (g)
0 6.82bc 6.92bc 845a 740A
40 422¢ 6.95bc 7.30ab 6.15B
80 4.75de 5.70cd 412e 4.85C
2 Eile
oSk 5.26B 6.52A 6.62A
Mean
L TRISVINEY
Root fresh weight (g)
0 15.77de 20.27b 17.70 cd 1791 A
40 14.80 ¢ 16.22 de 2442 a 1843 A
80 11.82f 18.62bc 16.65 cde 14.13B
&l
oSk 14.13B 18.37A 19.59A
Mean
i,y SEA Gy
Root dry weight (g)
0 7.60c 9.27 abc 10.77 a 921A
40 10.9a-c 9.90 ab 9.02 abc 9.34A
80 8.10bc 10.27 ab 7.50¢ 8.62A
. ~LLO
&S 8.26B 9.81 A 9.10AB
Mean

+ In each column and row, means followed by the same capital letters and small letters are not
significantly different at 5% level of probability using LSD test.
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Table 3. Influence of salicylic acid, salinity and their interaction on physiological characteristics of
almond seedlings.

el Sabicandlos
Salicylic acid (mM)
il
e 8 0 0.5 1.0 oSl
NaCl (mM) Mean

Y YRU-A VSN

Leaf electrolyte leakage (%)

0 52 cdf 44.90d 58.15bcd 51.69C
40 67.14b 64.24bc 58.36 bed 63.25B
80 60.53 bed 85.54a 87.16a 77.74 A
oSk 59.89 A 64.89 A 67.89 A
Mean

Sop (g Sysby duo 9
Relative water content (%)

0 83.85a 85.17a 90.20a 86.40 A
40 70.10b 72.17b 71.50b 71.25B
80 65.50bc 59.27¢ 82.02a 68.93B
Sl 73.15B 72.20B 81.24 A
Mean
Lo by K il
Relative leaf chlorophyll (%)
0 25.30e 27.67 cde 29.60 b-e 27.52B
40 33.35b 32.90bc 4747a 37.90 A
80 26.52de 2595¢ 31.60 bed 30.38B
oSl 28.39B 28.84B 36.22 A
Mean
Ol
Proline (ug” F.w.)
0 0.28a 0.12bc 0.07¢ 0.16B
40 0.18b 0.13b 0.17b 0.16B
80 0.17b 0.28a 0.15b 0.20A
CSkee 021 A 0.18A 0.13B
Mean
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+ In each column and row, means followed by the same capital letters and small letters are not
significantly different at 5% level of probability using LSD test.
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Table 4. Correlations between characteristics of almond seedlings under salt stress.

17 2 3 4 5 6 7 8
1 1 0.76" 0.068™ 0.364" -0.340" 0.383" 0.057  0.515"
2 - 1 0.071™ 0.262™ -0.513" 0.402" 0.124™  -0.232™
3 - - 1 0.730" 0.267" -0.358" 0.522™  0.035™
4 - - - 1 0.235™ -0.287" 0.423™  0.014™
5 - - - - 1 -0.375" -0.004™  0.212™
6 - - - - - 1 0.003  -0.378"
7 - - - - - - 1 -0.267™
8 - - - - - - - 1

+ 1- shoot fresh weight 2- shoot dry weight 3- root fresh weight 4- root dry weight 5- leaf electrolyte
leakage 6- relative water content 7- relative leaf chlorophyll 8- leaf proline content.”, “ and ™ are
significant at 0.01, significant at 0.05 and non-significant, respectively.

cSJ{@Jﬁ@.’Z&MJJ—O ‘4...':.:‘_,5...‘.‘.‘;‘:,:,\,—\‘ ‘u‘:'JJ:‘CJ.}J_v xu:\‘J.A\a‘A.ﬂ»S.ﬁ‘Ab‘}J—Y c@‘ﬁe‘&‘ﬁuj‘s—\'r
@JJQJ&J‘J&MQMJQL&S#JJQH J*‘*.SJ.)C)._JJ‘)%—/\SJ:LMJ_).‘SUALL@—V<S_HU_~L@Q{JLJ—f
mbwod&d‘)ld&l’.«oj'/'a :'/’\ deASA‘

S

& Sl
) ol g Gleial Jaiis slKEils L g3 (e g3y Gl alasl ool s a0Y sladaas 5 (Jb SUIK
Pload 5 S (Slse dlany (s oS ol sads aal 53 (1ol (635 50 dBlaie 651 age (LA 8 Lo lass (55518
TIPS


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.1.7
http://journal-irshs.ir/article-1-69-en.html

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

[ DOR: 20.1001.1.16807154.1395.17.1.1.7 ]

i Sl g (s ol

References &b
e polic e 5 ST s oad 5 s sl 585 YA L2 5 bbb £ o bl laa

\ﬂ\’v_\\VJ‘AilgG‘}J\sLAiSL;&::‘J&J}i@&jﬁilﬁ‘)d‘;lﬁbﬂb‘ﬂi
ﬁ&iﬁ‘d JL@.; C.J‘_)Lmﬁl‘ ‘(M.AJS) JJ; —‘z|dL.t —5._\.15 utn‘)\g)g AYAY '6'\;-”97‘:‘1?")\9'6 «w‘.«.é)gq:ns;\’
.&Y’\p.t_‘m\s_)lé&jdid

3. Aftab, T., M. Masroor, A. Khan, D. Teixeira, J.A. Silva, M. Idrees and M. Naeem. 2011.
Role of salicylic acid in promoting salt stress tolerance and enhanced artemisinin
production in Artemisia annua L. J. Plant Growth Regul. 30:425-435.

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

5. Baninasab, B. 2010. Induction of drought tolerance by salicylic acid in seedlings of
cucumber (Cucumis sativus L.). J. Hortic. Sci. Biotech. 85:191-196.

6. Baninasab, B. and M.R. Baghbanha. 2013. Influence of salicylic acid pre-treatment on
emergence and early seedling growth of cucumber (Cucumis sativus) under salt stress.
Inter. J. Plant Product. 7:187-206.

7. Bastam, N., B. Baninasab and C. Ghobadi. 2013. Improving salt tolerance by exogenous
application of salicylic acid in seedlings of pistachio. J. Plant Growth Regul. 69: 265-284.

8. Bates, L.S., R.P. Waldren and L.D. Teare. 1973. Rapid determination of free proline of
water stress studies. Plant Soil 39:205-207.

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

10. El-Tayeb, A. 2005. Response of barley grains to the interactive effect of salinity and
salicylic acid. J. Plant Growth Regul. 45:215-224.

11. Gunes, A., A. Inal, M. Alpaslan, F. Eraslan, E.G. 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.

12. Grattan, S.R. 2002. Irrigation Water Salinity and Crop Production. Publication 8066,

Universiy of California. 9 p.


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.1.7
http://journal-irshs.ir/article-1-69-en.html

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

[ DOR: 20.1001.1.16807154.1395.17.1.1.7 ]

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

e o Aol s lalgils (S5 sl 8 5 i LA (A o e Silcallen 3]

Karimi, S., M. Rahemi, M. Maftoun, S. Eshghi and V. Tavallali. 2009. Effects of long-
term salinity on growth and performance of two pistachio (Pistacia vera L.) rootstocks.
Aust. J. Basic Appl. Sci. 3:1630-1639.

Kaya, C., L. Tuna and D. Higgs. 2006. Effect of silicon on plant growth and mineral
nutrition of maize grown under water-stress condition. J. Plant Nutr. 29:1469-1480.
Karlidag, H., E. Yildirim and M. Turan. 2009. Salicylic acid ameliorates the adverse
effect of salt stress on strawberry. Sci. Agric. 66:180-187.

Korkmaz, A. 2005. Inclusion of acetyl salicylic acid and methyl jasmonate into the
priming solution improves low temperature germination and emergence of sweet pepper
seeds. HortScience. 40:197-200.

Larque-Saavedra, A. 1979. Stomatal closure in response to acetyl salicylic acid treatment.
Z. P. Flannzenphysiol. 93:371-375.

Lutts, S., V. Majerus and J.M. Kinet. 1999. NaCl effects on proline metabolism in rice
(Oryza sativa) seedlings. Plant Physiol. 105:450-458.

Munns, R. 2002. Comparative physiology of salt and water stress. Plant Cell Environ.
25:239-250.

Misra, N. and A.K. Gupta. 2005. Effect of salt stress on proline metabolism in two high
yielding genotypes of green gram. Plant Sci. 169:331-339.

Najafian, S., M. Rahemi and V. Tavllali. 2008. Growth and chemical composition of
hybrid GF677 (Prunus amygdalus x Prunus persica) influenced by salinity levels of
irrigation water. Asian J. Plant Sci. 1683-1685.

Parida, A.K. and A.B. Das. 2005. Salt tolerance and salinity effects on plants: A review.
Ecotoxicol. Environ. Mental Safe. 60:324-349.

Sharma, D., A. Dubey, M. Srivastav, A. Singh, R. Sairam, R. Pandey, A. Dahuja and C.
Kaur. 2011. Effect of putrescine and paclobutrazol on growth, physiochemical
parameters, and nutrient acquisition of salt-sensitive citrus rootstock Karna khatta ( Citrus
karna Raf.) under NaCl stress. J. Plant Growth Regul. 30:301-311.

Shakirova, M., A.R.M. Sakhabuydinova, V.R. Bezrukova, A. Fakhutdinova and D.R.
Fakhutdinova. 2003. Changes in the hormonal status of wheat seedlings induced by
salicylic acid and salinity. J. Plant Sci. 164:317-322.

Stevens, J., T. Senaratna and K. Sivasithamparam. 2006. Salicylic acid induces salinity
tolerance in tomato (Lycopersicon esculentum cv. Roma): associated changes in gas

exchange, water relations and membrane stabilisation. J. Plant Growth Regul. 49:77-83.


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.1.7
http://journal-irshs.ir/article-1-69-en.html

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

[ DOR: 20.1001.1.16807154.1395.17.1.1.7 ]

26.

27.

28.

29.

i Sl g (s ol

Szepesi, A., J. Csiszar, S. Bajkan, K. Gemes, F. Horvath, L. Erdei, A.K. Deer, M.L.
Simon and I. Tari. 2005. Role of salicylic acid pretreatment on the acclimation of tomato
plants to salt- and osmotic stress. Acta Biol. Szegediensis. 49:123-125.

Tari, 1., J. Csiszar, S. Gabriella, F. Horvath, A. Pecsvaradi, G. Kiss, A. Szepsi, M. Szabo
and L. Erdei. 2002. Acclimation of tomato plants to salinity stress after a salicylic acid
pre-treatment. Acta Biol. Szegediensis. 46:55-56.

Zhao, Y., K. Jiao, S.J. Herbert and L. Hao. 2008. Salicylic acid, hydrogen peroxide and
calcium-induced saline tolerance associated with endogenous hydrogen peroxide
homeostasis in naked oat seedlings. J. Plant Growth Regul. 54:249-259.

Yildirim, E., M. Turan and I. Guvence. 2008. Effect of foliar salicylic acid application on
growth, chlorophyll, and mineral content of cucumber grown under salt stress. J. Plant

Nutr. 31:593-612.

Y


https://dor.isc.ac/dor/20.1001.1.16807154.1395.17.1.1.7
http://journal-irshs.ir/article-1-69-en.html

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

[ DOR: 20.1001.1.16807154.1395.17.1.1.7 ]

Iranian Journal of Horticultural Science and Technology 17 (1): 1-12 (2016)

Effect of Salicylic Acid on Vegetative and Physiological Parameters of
Bitter Almond Seedlings under NaCl Stress

A. Amiri and B. Baninasab"!

Almond trees have been grown in Iran for many years. Despite almond has been classified
as salt semi-tolerant plant, poor quality of irrigation water in association with salt has reduced
the yields of almond over recent years. Salicylic acid (SA) is responsible for inducing
tolerance to a number of biotic and abiotic stresses. Thas, an experiment was conducted to
study the effect of SA on salinity stress alleviation of bitter almond seedling. The experiment
was set up as factorial experiment in completely randomized design with two factors
including NaCl concentration (0, 40 or 80 mM) and SA at three levels (0, 0.5 or I mM). The
results showed that salt stress decreased some vegetative growth parameters and relative
water content and increased ion leakage and leaf proline content in almond seedlings.
Application of SA improved vegetative growth parameters, decreased proline concentration,
increased water relative content and leaf chlorophyll index. Improved stress indexes in SA-
treated seedlings showed that applied of SA ameliorated the adverse effects of injury caused
by salt stress.

Key Words: Almond, Salicylic acid, Salinity, Vegetative parameters, Physiological
parameters.
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