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Abstract

Salicylic acid (SA) is known as an influential signal molecule in plant responses to
environmental stresses. In this study, the effects of SA as a pre-treatment of psyllium
(Plantago ovata) seeds on seedling growth, photosynthetic pigments, proteins and amino
acids, and accumulation of soluble sugars and starch in response to salinity stress were
investigated. Psyllium seeds were soaked with 0 and 500 uM SA for 24 h and sown in the
research greenhouse of Iranshahr University in 2019, and the seedlings were exposed as a
factorial design to 0, 25, 50, 100, 150 and 300 mM NacCl at 3-day intervals for 20 days. The
results showed the seedling growth rate, photosynthetic pigments including chlorophylls
and carotenoids, protein concentration as well as accumulation of soluble sugars and starch
were severely reduced due to salinity stress. However, the accumulation of free amino acids
and proline increased in response to salt stress. SA treatment improved the length of the
shoot, increased the amount of pigments, decreased the amount of amino acids, and caused
the accumulation of proteins and proline. In addition, an increase in the amount of non-
reducing sugars and starch, which was associated with no change or decrease in the
concentration of reducing sugars at high salinity levels, occurred in response to SA. These
results show that priming the seeds with SA before sowing can increase the plant tolerance
to salinity stress through the accumulation of non-reducing sugars and proline and thus
maintain the turgor pressure of cells.
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Table 1- Analysis of variance of the effect of psyllium seeds pretreatment with salicylic acid on seedlings growth

characteristics in response to different salt levels.
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Table 3- Analysis of variance of the effect of psyllium seeds pretreatment with salicylic acid on photosynthetic
pigments of seedlings in response to different salt levels.
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2.553 0.473 2.57E-05 0.00221 0.000386 0.000753 22 Residual
9.106 1.014 0.000445 0.0247 0.00226 0.0114 35 Total
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Figure 1- Effect of different salinity levels on chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and
chlorophyll a/b ratio (D) in seedlings pretreated or untreated with salicylic acid. Values are the mean of three

replicates + SE of three separate measurements. Different letters indicate significant differences between the various
treatments at P<0.05 according to the Duncan test.
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Figure 2- Effect of different salinity levels on total carotenoid content (A) and chlorophyll/carotenoid ratio (B) in
seedlings pretreated or untreated with salicylic acid. Data are the mean of three replicates + SE of three separate
measurements. Different letters indicate significant differences between the various treatments at P<0.05 according to

the Duncan test.
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Table 4- Analysis of variance of the effect of psyllium seeds Pretreatment with salicylic acid on biochemical
characteristics of seedlings in response to different salt levels.

Sl o Sils
N slaus ) _ P s
s , sl glas o Lol g Jslows 055 - s pia
s 5 315!
0.000819™ 0.000677" 0.1125" 0.000309"™ 0.02148"™ 0.028™ 1.077" 2 Block
0.00935™ 0.000568"™ 0.975™ 0.0819™ 4.314" 2.309" 18.385™ 1 SA
1.408™ 0.0745™ 1.865™ 0.0147™ 0.312" 1.024™ 20.724™ 5 Salinity
0.116™ 0.00876™ 0.161" 0.00187" 0.514" 0.401™ 6.794" 5 SA x Salinity
0.0244 0.00191 0.0315 0.000177 0.0711 0.0271 0.366 22 Residual
0.235 0.0132 0.339 0.00482 0.29 0.288 4707 35 Total

)‘J@Mﬁ.ﬁ)o.os 0.01 ch‘ﬂ BN )‘JLS."“ s 5 A{ns }* ‘**
** * S significant at level of 0.01 and 0.05 and not significant respectively.

ol 53 Gos=b Al pdsb o lanSy o Aol 5o T Oljen s 655 25,50 (IS 5bay
Cl ol sdaliie s slacST> 5 0Lals
(Misra and Dwivedi, 1990; Mishra et al.,
«JL> I, .2008; Misra and Saxena, 2009)

Jlte Ol ey ol Soglite oS 6 5 4w JS
o3 Gimeza 9 as sl 5o S el 5uaT O e
JJL})J‘W’ ‘wh&‘y\éjﬁﬁw’ 5

Lo 055 g s Ol s o okl | & glane Sl s _
TR S o T (El- el 03,5 1y 215" Giza 168 w5 55

sl g v oges J > ladwl gl

Pl e o0 T b s ekl e eyl ,Les i Bassiouny et al., 2005)
SS9y s g e S Ol a3
S ol 355 6315 s (protein turnover)
s 48Tl Jghw IS clads) 5 51 S

ol e T (6 5km ga Lol 53 1) age s

Ldd ralS o g el SThdlo L o il

Qlkdmi.;)ﬁ;;lqg\&mzc}lyﬁu,;w



Ve b i 5 e Soled oas s Jle 01yl LS i s

Yy

Ol .and Saxena, 2009; Li et al., 2014)
Jme Ol s (6055 sl 5 S s 1 e
Sl 3 5 lize (225 Tl 4 e QLS
el He 51 S (Misra and Gupta, 2005)
L5 o Sosh 5 b 03 s p e 2l
33 Jess Lguwj slacdles 53 w31 it
Sl Rl il oy A s L g s
b Al s s s 50 Js slage 5T
STV gy Jn OT oS 2 gl 5T
o ) Cadezes OLaLE 5 s f—e e
L (Misra and Saxena, 2009) ..e
los¢5 Js = s (Misra and Gupta, 2005)
Sos= s Lol 4 C>5 (Madan et al., 1995)
PSRt il bl aalllan s Sl sl
Lo ylad iy (slmas sd 53 s g Ol e
Calien sk )3 4l Ay 5 el Sl
) 6B Sl 31l Kby U135 e (55 55
o Al S a8 L bl (o) OLaLE
Aol Sl L o sl ke oS 53 (i
(Misra ol ods odalive (g 58 Lol o s
S 4y uls 4y 4 5 L and Saxena, 2009)
Slass 5 st ASKan & ey o ol 4 cocka
o 03 ) 1S lls el Sl
S 285wt Ol g or el sl 035 s
A6 Gl 3 Yl el oSl g iy
Ol I3 o 5 oS 05 ke (Sl 5T
Oljn o S Clale g o ol ol 3 s
i el Sl v g b 5T ol Sl

el 03 g

53 o 3T dslws ol 3 5 La s 1y TS0
[(Hildebrandt, 2018) 45" L&l i Jsb
g e L b e glal e 515
KON PRSP GRS I S RGN R PR P

(Khedr et al., 2003; Hildebrandt et al.,
2015; Huang and Jander, 2017,

03 a5 Ol 2als” Hildebrandt, 2018)
Lot 2T Oljs o b o7 0 il (slaazal
I e S S 5 ol
AU e pas ol s i85 b o
23 L85y Ol s 2530 53 el Sl
(= SalS L aS )b e Sl
e 02230 (sl 03 5 ol it ladl gine T
oL b 4 a5 Yt 5 i S5
Sl 25 J b 5s e 5T
53 05 il (slaazalS 53 s pazd Ol
S S o b pen 5555 55 4 ey
S S s dan 53 S )b oS Iy
odaline Lol 45 gai U (g,leT Llowd 31 (g )ls sna
e sl Sl e s (F JSK2) i
Sos s denr 53 g e LS 513
w8 oyl iy (sLads sai L i lie o
L ooyl iy O 53 ol 5 (a3 (5 S
) o o & atnly L5, K ol Sl
23 59y g Ol 45 ) sba 01> LS
o sie VU (6550 sk b 4l Slas o
330 Dslite LS (o T Bl 51 i b 5 ol
S ol Jions 53 s A 3550 55 (F JS8)
Slallas OIS )3 5y 58 A5 & Juows il 5
(Perez-Alfocea et ol a3 § &y 50 (63U 5
al., 1993; Misra and Gupta, 2005; Misra



VY sk A e el ol 5 SK5 58 el deul Sl L (Plantago ovata) o iul olS s sl i ]

Q‘)&»ﬁ 3 5 Olaa|

>

N

(6]
|

N

Total soluble protein
(mg g™ FW)

B

:A
@
g
S o
T®T O
s E
s E

4,

c a
b b

) 3
g ~ s 6 c ¢ e c
g i : ;
E‘TE’2* &
® B
i3
Ev
R

0 13 T T T

0 25 50 100 150 300

Salt treatment (mM)
L;LAA_?;AL;?J:(C) :\)TA:_u‘ﬁT}(B)J_{wS}ﬁG(A) dwﬁ)ﬁdlﬁfu&udjj_&c}bﬁ\—rp
Sl 0L e g ol SEE 1SS a5 Kl ¢ yslie ol ¢Sl 0505 58 b oy led i b 5 0ddyled i
sl 13 0 03T sl P<0.05 o 3 s (glaslas o Sl ae Ve

Figure 3- Effect of different salinity levels on the amount of soluble protein (A), total protein (B) and free amino acid
(C) in seedlings pretreated or untreated with salicylic acid. Values are the mean of three replicates + SE of three
separate measurements. Different letters indicate significant differences between the various treatments at P<0.05
according to the Duncan test.
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Figure 4- The effect of different salinity levels on the proline content of seedlings pretreated or untreated with
salicylic acid. Data are the mean of three replicates + SE of three separate measurements. Different letters indicate
significant differences between the various treatments at P<0.05 according to the Duncan test.
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Figure 5- Effect of different salinity levels on the amount of reducing sugars (A), non-reducing sugars (B) and starch
(C) in seedlings pretreated or untreated with salicylic acid. Values are the mean of three replicates + SE of three
separate measurements. Different letters indicate significant differences between the various treatments at P<0.05

according to the Duncan test.
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