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Effects of foliar application of salicylic acid on growth
characteristics of lolium grass under salt stress condition
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Abstract

Background and Objective: in agriculture, increase of water and soil salinity represents a main
challenge. Salinity affects plant growth and productivity in various ways. On the other hand,
compounds such as salicylic acid through signaling systems, can result in some resistance in plants. In
this study, the effects of foliar application of salicylic acid with different concentrations on lolium
growth and development were investigated under various salinity levels.

Method: This study was done as a factorial based on completely randomized design. Salicylic acid
was sprayed on plants in 4 concentrations of 0, 100, 200 and 300 mg/L, and soil salinity was applied at
3 levels of 3-4, 6-7 and 9-10 dS/m using NaCl. Different plant growth and development factors were
evaluated at two periods of middle and end of experiment.

Findings: The results of present experiment showed that salinity as well as spray of salicylic acid was
effective on many morphological and physiological traits of lolium plants. At the first harvest, the
highest shoot fresh and dry weight were observed in treatments with high salinity, while chlorophyll
index and plant height decreased by increasing salinity levels. In the second harvest, plant height and
other growth-related traits were distinctly decreased by increasing salinity levels. Spray of salicylic
acid resulted in higher root fresh and dry weight as compared to control plants, while it showed no
effects on shoot fresh and dry weight.

Discussion and Conclusion: It was concluded that application of salicylic acid could reduce salinity
effects on lolium plants.

Keywords: Grass, lolium, proline, salinity, salicylic acid.
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Table 1- The results of soil analysis used in the experiment
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Table 2-Comparison of means for some traits in first harvest
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Table 3- Comparison of means for some traits in second harvest
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Figure 1- Interaction of salinity and salicylic acid on root fresh weight in lolium. Comparison of means
was done at 5% level of Duncan test.
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Figure 2- Interaction of salinity and salicylic acid on root dry weight in lolium. Comparison of means was
done at 5% level of Duncan test.
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Figure 3- Interaction of salinity and salicylic acid on concentration of proline in lolium leaves.
Comparison of means was done at 5% level of Duncan test.
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Figure 4- Changes in proline concentration in lolium leaves under different levels of salinity. Comparison
of means was done at 5% level of Duncan test.
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Figure 5- Interaction of salinity and salicylic acid on concentrations of soluble carbohydrates in lolium
leaves. Comparison of means was done at 5% level of Duncan test.

0.7 -
0.65 -
0.6 -
0.55 -
0.5 -
0.45 -
0.4 -
0.35 -
0.3 -
0.25 -
0.2 -

(Mg/g FW) Jobre ola o picg 5 il

Ec 3-4 Ec6-7 Ec 9-10

0029 B s 53 1o (eSilin o ol (s0r 5 1 Jpleo Bl yaghgs S CLE 51 5 59:b o0l w1 -5 S

bl oo (SIS (3903
Figure 6- Salinity effects on soluble carbohydrates in lolium leaves. Comparison of means was done at 5%
level of Duncan test.

95 039 Or ke &5 ols las Jgl cdloy jo ad, b by Jodore Geaize g (5550 a5 ol plis pol> g s
a5 J>50) 05 5598 Vb sloylard ) gy e S 5 St 9 Ssded e Dlie ()l o Sl ol 5L

s Gl L ol el b oS Jsbo o 39 IS (e Ls Slio 5 ,Fojlailardlige Fge porly) ez (Sojels b



1F4

cenrdo| Solcwcdls (S 0 0,5 Ol 51

S8 B, bsl (VA 058 s plil RIS ol 5o LSyl
Jyazs o Slas 2alS 5 olS ol; a5 6590 F1 cn St
4 alaly (8,90 i 4o plalS ol ) cowlus aib e
(10) el (5595 & (LS 4355 Cunglite e 5 (o 5
e S| BN U { R RV-PPSP W 0 EH SR IS P L U W S 3
s, IS 5T e lad s a4 ol by IS 4 o asdly
J89,5 liee olS ojlail glas )| ol (VA) wib o ralS
b a s Sy phe @iy s 2l slaplil S g 55
2 Gye= i 51 50 olS a el g ged g oy GralS IS
YV g VY Ve A9 A00) wloas eols ylis g0l Olalllas
6)5_»: S 9 ‘Si:).‘) u}) )d as w‘ R u»)‘)f Jl> ]&b
solie il Eel b g (YY) )l s s slows 5,05k
Slaps 51 glgil 9 (V0) wyls bbloe i oS byl ]
9 Loimiigm s (Rl g s IS polie rals $)b
oo yiyl38 lals jo (gy9-b i Yl e aiel glaa!
Sod g gy cbale vty ) SLAS 5 (59 oS Gl
(P9 ) &3 bawgio zshw )0 gl (ol ;o Jsloe
3 ylS Gl 8l L (5,98 zmhaw ,o 50 iz ed el Cowday
Ll las rolyslaiy ) Slis g 5 ()9 el Sidewdle
ez g ddy ) SLAS g 15 (s 45 Cewl ol sl
M‘u&oﬁ&)j_w u,q.ul)Jll_i cl..f)aé\sl.wmw)w
Sl Sisdsdyse Gl SO wld ol g (V) wby Gialisl
ol 50 il SO lie @ onizmen 5 O Jeilty o33l

Ak rao LSL‘”QB-.’. AT
& S Jos il gz (lomsd Slye 3l olaiad 055,
() 0l ade Jhy wiles oo (6,98 S alex 3l o jias
4SSl Skl sl s ] )0 g 0lse 51 (S
Al sl ools plaizl sg > al ) sol ) ol ibaxs
oleld jo auls Ll o er g o) ppbas o Sl
"l S | Sobendls a5 Sl 00 u")‘)f (YO) .))‘.) gy

s YV .YF) ams ol S |y (6500 LT 5l iU Coan wilgs

U ol Ol glas mal S im ole 4 oblS o (g)s
Jlssdas asde pobie g5l o] comw 0 sl Koo (G090
G)lem y0 A covl ouls Lasuine il Sed ke 0 )8
95 5 o2l 55 aiile g polie Chle Il o (550
ol.‘:f \.\.w) O g Sl uS.o.a L}"‘ 9 (\&) Ob;‘sc °L.‘5 L
Cialydl gt oS Slid pobe s Jole pas Wl > g
53 lgige 5 el g ol il (T Jlisay 5 (el Sl

OF) asb Lo s ol
e g S SiS g 5 09 g olS )] 5 pes Zublop o
LS (558 pow gl )3 (atin job 4 als) uix
e g omer) (o0 PV (e (98 S0 )b Il
Sy ey S S Ay SKAS 5 5 (g (G el
“ S o el YL cale 4 lalS el muly S
59 S ol @mea s oo S 4 bl 4 Az LLOVY) wil
&l (V=5 L EC agins cnl ;) YU s 2Ol ppolie
Wywéﬂ)‘;ﬂ)—bﬂwtﬁ fs.‘.!sj °L5r-€r'-\-~’)
aile ol polie (com Sl Sronl Slodo 35k 5l (559
ey 5 peedS ale (5 polis @iz o PS5 IS 5 ua
d)_lo)| (\?) Q_ASLFA JL.oL‘ aL:.f ..\.M:))J‘) d5> £ g U‘)—"
slacdile wlgi oo () 4 poddd) ez dwsjo0 S5 4 Koo
Sl 65 alin] a> ax 5 (S Joss 1) Sod YL bens
Y| (1) Conl 00l (5,155 e o ukon owd § olS ol
OB e 0l 53 IS 5 o) pae slapg @39 il
Lo V-0 BC a3 oliee Gl b 52l alosl o
=YL 6yed olie SIS (olo O-F sga [0) yloj cidS
d=1s 50 2LS sl sl 1o s 0505 hles ol s,
Caos 03,5 (o0 Capnganms s 9 b o0 ge25 5 JigSly
SUEe) e R PUUIW GO PN GOV I JR{ BN VWSPUR WA WU PV U
L sl olols OV) amil o Jsko U515 55,5 o
Ol S o0 518 gt WU cod il SlapacilSe
5 oz Hed e Lalpd 5 GlalS Sl (6 ke o5 Sl oad

Je placdglle 5 alez o i (S )l 6




oo 9 3k pude

QY lcwao) ¥ o )lods e § mo (55919550 9 pole B

Reference

1-

Tirani, M., and Kalantary, K.H. 2007.
Evaluation salycilic acid effects on
some growth and biochemical
parameters of rape under water stress.
Biology J. 65: 28-55 (In Persian).
Adavi, Z., Mobli, M. and Razmjo,
K.H. 2006. Effects of salinity level of
irrigation water on African lawn
cultivars (Cynodondactylon) under soil
salinity in Esfahan. Natural Resources
and Agricultural Technology. 10: 179-
190 (In Persian).

Souri, M.K. 2016. Aminochelate
fertilizers: the new approach to the old
problem; a review. Open Agriculture,
1:118-123.

Raskin, 1. 1992. Role of salicylic acid
in plants. Annu. Rev. Plant Physiol.
Plant Mol. Biol. 43: 463-739.

Senaratna, T., Touchell, D., Bunn, E.,
Dixon, K. 2000. Acetyl salicylic acid
(Asperin) and salicylic acid induce
multiple stress tolerance in bean and
tomato plants. Plant Growth Reg. 30:
157-161.

Shahba, Z., Baghizadeh, A., Vakili, S.
M. A., Yazdanpanah, A., and Yosefi,
M. 2010. The salicylic acid effect on
the tomato (Lycopersicum esculentum
Mill.) sugar, protein and proline
contents under salinity stress (NacCl).
Journal of Biophysics and Structural
Biology, 2(3): 35-41.

Sakhabutdinova, A., Fatkhutdinova,
D., Bezrukova, M. and Shakirova,
F.M. 2003. Salicylic acid prevents the
damaging action of stress factors on
wheat plants. Bulg J Plant Physiol, 21:
314-3109.

Asfini  Farahani, M., Paknejad, F.,

Bakhtiari Moghadam, M., Alavi, S.
and Hasibi, A. 2012. Effects of
different amounts and methods of

Sdgid olS 5 50 ¢ Seewcdle ol [0 B,k 51 (YA
bg | peliy g Sliad asile plapyg iz Sl (See
Los) SlacS 2 695 o9 31T st 13 15 o olS
Sl Soe Selmndls sl Jgo oo Vo LY lecd 5l o
Sl 48l bash el las (Fe) anl mals Tagas
P S slr @Uly oSl sl oluS 5 5 Siledle
B0 1y S ] ol Jawgs ooy Wl (glas3g, ol A
Eel (Jgosdon <1+ 0) Shwdlos sl o5 sloacdale
AN i Glacble Jy g e gt S
SO 08 (S ol slwgtd codled Sl wilgs go Jgo e
30 Saiins Cnglie Eel Sohwdlo ol Ko Bb
Sl (S0 p)LS S Culond (atiin 5 35800 oS
y aci; ojlasl (6, S iz j5bds L oS jo Sbwcdlos
Sl St 5 )15 3,1 51 (Y +) ams o 13 30 o
Ohali3 0) (St (a5 S Lyl ol S ah) 0gue 4 i
Loy s 5L Conglite Lytal33l ((TY) Lo S 4y 5955 oLS Conglite
UV an sl fae Sl (FF) o5l oo Sl 31 Lzals (YY)
20,5 0 (YO) 5395 LS 4o

S35 9 099 38, slooassS welas 51 (S plgreas osle
5 Lo i ay Cuoglie dex 5l lalS o aliee L;La:..\.;.;"l)_é
e yobie Coos 2alS (F) (235 (YY) Las Lo
s (V7) pyingll Coow 2alS iz 5 (12 51))
25ls

“ote 5l S Olsie 4 55 0398l &S Ll 5l adS j5boay
00S dgazme Jalys o 5 (655l Gid sleauagd e
Ol ol gk s (1Y) 098 o0 wguime lalS o)
S_is 5 5 g9 o8l el Stdcdlo sl 05,57 a5 0ls
Sl al (2h Jslono b podgl ol 00,5 o0 aly
Ol 93 51 S (658 JYL sl 4 Cod (i Jood

APETIN *4‘936""3!&3"‘ SebewcIlos al o 18 130 0ls

Ol bl g w3k Sae podded (rex 50 (5598 A5 Ol
medale Sl mbie o 2 g p S e Y c e g

el yiaS sl



10

cenrdo| Solcwcdls (S 0 0,5 Ol 51

15

16

17

19

20

21

22-

23-

24-

conditions. Journal of Agronomy and
Crop Science, 195(2): 98-1009.

Parida, A. K. and Das, A. B. 2005. Salt
tolerance and salinity effects on plants:
a review. India Ecotoxicology and
Environmental Safety. 60: 324-177
Tabatabaei, S. J. 2006. Effects of
salinity and N on the growth,
photosynthesis and N status of olive
(Olea europaea L.) trees. Scientia
Horticulturae, 108: 432-438
Marschner, H. 1995. Mineral nutrition
of higher plant. Academic, London.

Prasad, M. N. 1996. Plant
ecophysiology. Johnwiley and Sons,
Inc, New York 542, PP 173-206.

Chaudhuri, M. A. 1997. Effect of short
term NaCl Stress on water relations
and gas exchanges of two jute species
.Biol. Plant. 40: 373-380.

Cuartero, J., and Fernandez-Munoz, R.
1999. Tomato and salinity. Scientia
Horticulturae, 78: 83-125.

Gadallah, M. A., 1999. Effect of
proline and glycinebetaine on Vicia
faba response to salt stress, Biol. Plant.
42: 249-257.

Lee, D. H., Kim, Y. S. and Lee, C. B.
2001. The inductive responses of the
antioxidant enzymes by salt stress in
the rice (Oryza sativa L.). Journal of
Plant Physiol. 158: 737-745.

Vasyukova, N. I, and
Ozeretskovskaya, O. L. 2007. Induced
plant resistance and salicylic acid: a
review. Applied Biochemistry and
Microbiology, 43(4): 367-373.

Bartoz, G. 1997. Oxidative stress in
plants. Acta Physiol. Planta, 19(1): 47-
64.

10

11

12-

13

14-

salycilic acid application on yield and
yield  components of  Cumin.
Agronomy and Plant Breeding J., 8:
69-77. (In Persian).

Bideshki, A., Arvin, M.J. and Darini,
M. 2013. Interactive effects of Indole-
3-butyric acid (IBA) and salicylic acid
(SA) on growth parameters, bulb yield
and allicin contents of garlic (Allium
sativum) under drought stress in field.
Intern. J. Agron. Plant Product., 4(2):
271-279.

Habibi, Gh. 2013. Effect of salycilic
acid on antioxidant systems of some
grape cultivars after cold treatment.
New Cellular Molecul. Biotechnol. J.
3(9): 101-105 (In Persian).

Metwally, A., Finkemeier, I., Georgi,
M., and Dietz, K. J. 2003. Salicylic
acid alleviates the cadmium toxicity in
barley seedlings. Plant Physiology,
132(1): 272-281.

Yalpani, N., Silverman, P., Wilson, T.
M., Kleier, D. A., and Raskin, I. 1991.
Salicylic acid is a systemic signal and
an inducer of pathogenesis-related
proteins in virus-infected tobacco. The
Plant Cell, 3(8): 809-818.

Medina, J. H., Gagnon, H., Piché, Y.,
Ocampo, J. A., Garci, J. M., and
Vierheilig, H. 2003. Root colonization
by arbuscular mycorrhizal fungi is
affected by the salicylic acid content of
the plant. Plant Science, 164(6): 993-
998.

Hussain, M., Malik, M. A., Farooq,
M., Khan, M. B., Akram, M., &
Saleem, M. F. (2009). Exogenous
glycinebetaine and salicylic acid
application improves water relations,
allometry and quality of hybrid
sunflower  under  water  deficit




ol g )b pude

Y ybiamnny VA 0 yloid comns § Laao (559935 9 ke )oY

32

33-

36-

37-

inhibitors and kinetin up — regulate of
PR5 expression in cut- responsive rice.
J. Plant Physiol., 158: 1357-1362.

Dat, J. F., Christine, H. F., Scott, 1. M.
1998. Changes in salicylic acid and
antioxidants during induced
thermotolerance in mustard seedlings.
Plant Physiol., 118 (4): 1455-1461.

Kang, H. M., and Saltveit, M. E. 2002.
Chilling tolerance of maize, cucumber
and rice seedling leaves and roots are
differentially affected salicylic acid.
Physiol. Plant. 115: 571-576.

Ogawa, D., Nakajima, N., Sano, T.,
Tamaoki, M., Aono, M., Kubo, A.,
Kanna, M., loki, M., Kanada, H., Saji,
H. 2005. Salicylic Acid and
accumulation under 03 exposure is
regulated by ethylene in tobacco
plants. Plant Cell Physiol., 46: 1062-
1072

Yalpani, N., Leon, J., Lawton, M. A,
Rackin, 1. 1992. Pathway of salicylic
acid biosynthesis in healthy and virus—
inoculated tobacco. Plant Physiol.,
103: 315-321.

Yang, Z.M., Wang, J., Wang, S. H.,
Xu, L. 2003. Salicylic Acid — induced
aluminum tolerance by modulation of
citrate efflux form roots of Cassia tora
L. Planta, 17: 168-174.

Ahmadi, M., and Souri, M.K. (2018).
Growth and mineral elements of
coriander (Corianderum sativum L.)
plants under mild salinity with
different salts. Acta Physiologia
Plantarum, 40: 94-99.

25-

27

29-

31-

Raskin, 1. 1995. Salicylic Acid, in:
Plant Hormones. Physiology,
Biochemistery and Molecular Biology
2nd Edition.J., Davies ed., Kluwer

Acad. Publ. Dordrech, The
Netherlands.
Borsani, 0., Valpuesta, V., and

Botella, M. A. 2001. Evidence for a
role of salicylic acid in the oxidative
damage generated by NaCl and
osmotic  stress in  Arabidopsis
seedlings. Plant physiology, 126(3):
1024-1030.

Shakirova, F.M., Sakhabutdinova,
AR, Bozrutkova, M.V.,
Fatkhutdinova, R.A., Fatkhutdinova,
D.R. 2003. Changes in the hormonal
status of wheat seedlings induced by
Salicylic Acid and salinity. Plant Sci.,
164: 317-322.

Tari, I, Csiszar, J., Szalai, G,
Horvath, F., Pecsvaradi, A., Kiss, G.,
Szepsi, A., Szabo, M., Erdei, L. 2002.
Acclimation of tomato plants to
salinity stress after a salicylic acid pre-
treatment. Acta Biologica, 46 (3-4):
55-56.

Glass, A.D.M. 1974. Influence of
phenolic acids on ion uptake. IV.
Depolarization of membrane

potentials. Plant Physiol., 54:855-858
Larque, S. A. 1978. The anti
transpirant effect of acetyl salicylic
acid on phaseolus vulgaris. Physiol.
Plant., 43: 126-128

Rakwal, R., Agraval, V. P. 2001.
Jasmonate, protein phophatase 2A



