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crop productivity, poses a danger to global food security together
with other significant environmental factors like drought and heat.
Recently, 77 million hectares (5%) or over 1.5 billion hectares of the
world’s total cultivated soil have been damaged through high salt
content and are no longer suitable for cultivation. Salinity has an
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efficiency brought on by stress. SA regulate plant development; it
protects plants from environmental stress like salt stress. Salicylic
acid positively impacts a plant’s capacity for withstanding biotic and
abiotic stress as well as defensive responses. Origanum majorana
medicinal plant is a perennial herb that grows in different regions of
the world, its main habitat is the Mediterranean basin and belongs to
the Lamiaceae family. This study was conducted with the aim of
investigating the role of salicylic acid on seed yield, morphological
and physiological characteristics of marjoram medicinal plant under
salt stress conditions.
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Materials and Methods: In order to investigate the effect of salicylic acid on the quantitative
and qualitative characteristics of marjoram medicinal plant under salinity stress conditions, a
factorial experiment was conducted in the form of a completely randomized design with three
replications in pots during the year 2015-2016 in the Agricultural and Natural Resources
Research Greenhouse. West Azerbaijan was implemented. The first factor is salinity stress at
four levels (0 (distilled water), 50, 75 and 100 mM caused by sodium chloride salt) and the
second factor is salicylic acid at four levels (0, 0.5, 1 and 1.5 mM). The studied traits included
plant height, thousand seed weight, seed and biological yield, essential oil percentage and yield,
proline content, malondialdehyde content and antioxidant enzymes. SAS 9.1 statistical software
was used to analyze the variance of the data. The mean comparison of traits was done using
Duncan's test at the probability level of 5%.

Results and Discussion: The results showed that the traits evaluated in the present study were
affected by the simple effects of salicylic acid and salinity stress. The research results showed
that salinity stress decreased plant height (14.61 %), thousand seed weight (1.16 %), seed yield
(16.07 %) and biological yield (19.11 %), proline content (14.14 %). 7 %), the percentage of
essential oil (17.91 %), the yield of essential oil (31.18 %) and antioxidant enzymes content.
Also, the use of salicylic acid improved the mentioned traits. The use of salicylic acid increased
the activity of the aforementioned antioxidant enzymes and the accumulation of proline. Salinity
stress caused morphological and physiological changes in Marjoram medicinal plant and the
antioxidant defense system of the plant also responded to this stress. Also, salicylic acid reduced
the harmful effects of salinity stress and by affecting the plant's antioxidant defense system, it
improved plant growth under stress conditions.

Conclusion: Therefore, it can be suggested that the consumption of this substance in plants
exposed to stress is a factor to eliminate or reduce the effects of stress. The use of 1.5 mM
salicylic acid can be recommended to improve and increase the morphological and physiological
characteristics of marjoram medicinal plant.
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Table 1. Physical and chemical properties of experimental soil.
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Table 2. Variance analysis of the effect of different salinity stress and salicylic acid treatments on the studied
traits of marjoram

Mean of squares

Number of  Weight of

S.0.V Df I—Il);?n}z ¢ S;:::Iil (}ilrty branches 1000 Blog(élgécal Grain yield
& & per plant Seeds Y
Block 2 83.53 790.56 151.03 1.58 15103.52 3375.14
Salinity stress (S) 3 60.68%* 1597.27*%* 2992.15%* 0.84%* 299215.19**  31545.58**
Salicylic Acid (SA) 3 17.27* 279.16** 430.97* 0.05" 43097.19* 3737.57**
SAXS 9 3.51m 577 180.38™ 0.004" 18038.15" 621.44ns
Error 30 5.48 7.05 123.20 0.22 12320.94 291.54
CV % - 6.68 222 6.84 1.16 6.84 2.68

VWA W] CE‘N 03,15 gme 9 4l3 gme e L5 5 4w g% S
ns, * and ** are non-significant and significant at 1% and 5% probability levels, respectively.
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Table 3. Variance analysis of the effect of different salinity stress and salicylic acid treatments on the studied
traits of marjoram

Mean of Squares

Essential Oil Essential Oil

S.0.V Df Prolin MDA CAT SOD .
Percentage Yeild
Block 2 18.57 4.05 0.08 2402.35 0.07 6.08
Salinity stress (S) 3 11.89%* 3.19 0.09%* 712.73"s 0.12%* 19.25%*
Salicylic Acid (SA) 3 2.79%* 1.81%* 0.02%* 373.16™ 0.04** 4.28%*
SAxS 9 0.58" 0.07" 0.004"s 164.37" 0.006" 0.62
Error 30 0.52 0.26 0.002 164.37 0.005 0.43
CV % - 2.23 5.44 7.02 13.20 6.04 8.34

70 97 Jlax| CE'" 03,15 gme g 4l3 sme b L5 5 4w g% S

ns, * and ** are non-significant and significant at 1% and 5% probability levels, respectively.

40 35 b a a a
35 ! b b c 30
~ 30 g
= 25
& 25 o
L0 = 20
en 20 =
g Z 15
s B E
5 10 210
o
5 5
0 0
0 50 75 100 0 0.5 1 1.5
Salinity (mM sodium chloride) SA (mM)

930 19 3 Slgioe 3 Skl unil § (S395 1T pSilio dugllio Y I

Fig. 7. Comparison of the average effect of salinity and salicylic acid on marjoram prolin

15406 iglle e oy Slomadlos ol 5 (6995 G o el 4238 @l 4 a2l 1l (3 glle

Ol o 5 Sle dulie (1 Jgdo) 2t I gime 151163 lle lje 2 lajles oy lite 5 izzen 239y I ixe
28l Jlags |y ke (a8 g 391 a2 Vg o 00 Jlas 4y Lo aillied lle lime ey oS 0>
Ole Gliee pyin a5 W0 )S sdalie 5 Sludls jwl lajlos Lbd 1A JSKS) b olaid] 555 4 pdw



i

| (S . , :
‘L S kol aobdediiga / ;) Kia 5ol 5/ (B parl o St s 36

g Sl gyl gime (5)lel glis ;g oV e b oS 29 Sl d Vg0 o VO Jlos 4 bg e 4501 6
sl (63 oyglle ke g Ao (sd ol el sl (sl 05,5 o )18 5 Il 3 (B (oS ] (gl (A
ol 35500 s gl ol 0gde W G5 b &5 wuSThge oS0l e G233 L Jsbe
a3l aadllios le Mg g i (gmlinnsS]y sl 1ol glle ale LS 5 Lid slatd Ggslias]y,
S5l sl JIGly silesly b sl (Sae bl dl 85 0 (5155 a8l o gpwlina] (25 ©jlad e sl
S 20 15 ) Bl el gy ol )3 Ll 99 amdll 63 glle (I3l le g 03905 ($ S5l loiayz (gmelinas]y,

.(Movahhedi Dehnavi et al., 2017) A 6055 (53945 I

12 12
10 b 10 . be ab !
=N =
= =8
3 e
£ g o
g
<: Na”
A 4 < 4
p= a
5 =
2
0 0
Salinity (mM sodium chloride) SA (mM) )

973 30 AT (63 Ogllo (S0 1 ubamdles il 9 (S350 15T (3uSloo dugllio A T
Fig. 8. Comparison of the average effect of salinity and salicylic acid on marjoram MDA

WSy 5 sl a8l s Guibyly 355 ol 13U gewd duewST g (glgie 9 SYUL oo 35T glgime
Sl 5 Sogb DA o B izmed 3,55 I gine S Tgn (e cdo ] blize Sy Sl s
dglie (¥ Jgiz) A )l dne o SYBE i o bojless (p Jlie 319 390 Jlo gtme YK lise o Sihudl
Voo loss |y oliie (n S 9 39 6398 (AT g Dl & bgrye JYBLS (e oyt & 0 Ui Slie (:50Le
GOk & )5 eamlie 15 Sl dul glajlogs Blod j1L(A JS5) ol olazil 565 & modes 1,157 Voo Lo
S ime (6yll glds Yoo Lo VB g +/0 (sla)los b a5 59y Sibiwdlio sl ;¥ g0 oo V sl 4 bgs po VB )00
g eolio yuw SB SeslS Jols cud )l 00 Yb 5 O3l g jl oolatwl b a8 iy by cpdises (A JSS) ol
olS oolaiwl Cs (Yo e gl SB Jolore 3 o o slaaslS g (o3 dlge (ol 18 HLS] 15 5 (6l
e Ol o 4 53 59,5 o0 (S sl LS (sl s LB 4ol ol g8 5 sl jl g ansS oal s
[(Zeineldin and dakheel, 2012) 35,5 o o5 ;3 39390 330 g polic



_ . (o Ve
QUSRI SR VAP W-PAPSPRVA T~ T T %%«

0.8

a 0.8
b
0.7 0.7 a a a
C
—~ 06 d 06 b
= =
=~ 05 0.5
20 o0
DD ~
g 0.4 ?:—D 04
= 03 03
< >
© 02 U 02
0.1 0.1
0 0
0 50 75 100 0 0.5 1 1.5
Salinity (mM sodium chloride) SA (mM)

P9 0 SYB Slgizme » bl il § S35 B aSlo dulin A b
Fig. 9. Comparison of the average effect of salinity and salicylic acid on marjoram CAT

390 g il dopd oy Silpdl ol 5 ()98 LT Jlosd i)l )8 @S b il o3

S s o5 lio (S auslin {1 yi2) 353,55 focsne (3ol ) bl o3 1 ke 0o He 51 Jy
355 4 o 215 Vg0 oo Vee e 1) e 3nS 9 392 (6398 GIS (g e 4 by il Ao o 5 i
ot 4 bigpyo il )3 5 st 45 53,5 otlie 35 bl dpal sl oy blod 51 (Ve JSi5) ol oluas]
S 5w g g il ()b e (g)lel Sglis Yo o V0 g [0 elajle b oS 39 Sl gl g0 i )
(1 JS3) o oLl 358 & Kool el Gonn 03 o |y e e 5 39 45,5 8 5l 03,5
S Canlsl 5 bl lime «S535l58 )90 Gluoguad p (ggu i )»b )y b (Y+)¥) Khodambashi 5 Archangi
5 5 85 45 33,5 0 oS bl iz 8IS el )5 & (5 5 85 Sy 5 ] 4t oy oS 53

Ol cdsllas
1.6 14 a a
a
~ a o b
9 1.4 ab b S12
o 1.2 o
g - g !
= =
S 208
2,038 2,
= 206
S 06 72
< o
= 204
5 04 5
& 02 0.2
0 0
0 50 75 100 0 0.5 1 1.5
Salinity (mM sodium chloride) SA (mM)

P95 30 sl 038 3 ol ! 9 (S35 (uSiloo duslin )+
Fig. 10. Comparison of the average effect of salinity and salicylic acid on marjoram essential oil percentage



v (2P 2 ) .
‘L ‘E%; abiobed apbidediiga / ;) Kia 5ools 5 /e (B parls s St s 36

ool 3,Sles Cho ol Slawdlo g (6ya (15 Hlasd a5 2 LS il yls o0 bt 1 milw] 3,Sdes
&S ol s Slas (1 SKhe duslie (Y Jgis) 00,55 4 sxe (uilol 3 Sles b jlos oo blate 3l Jg 340 4l xe
295 4 e IS Vg e Voo slai |y e (35687 9 092 (690 LIS (g les 4 bgrpe bl 0,SMes o i
s & by ilwl 3 Slas oy iy a5 10,5 ssalin 56 Sl Sl sl los Llod 51V JSKE) ol olass]
Rezaei- .(V) JSb) oy olazd] 565 b ol Siliwdls G punn 9 slai 1) Jlade o a8 g 23g0 43,3 1,5 ¢ lal 09,5
o blyd > alialow bl g0 Slas linl 0Sles p Sliwadlo dpwl 31wy b (Y+VY) Pirzad g Chiyaneh

0,5 &l obuws olS uilwl i (isl38) cel ] Sl &S 153505 by

10 a 9
9 b ¢ ‘
£ 8 c g,
g0 B
= 7 d 2
D . < °
5 =
S 2 3
Zs >
5 4 N
— =
153 <
1 =
0 0
0 50 75 100 0 0.5 1 1.5

Salinity (mM sodium chloride) SA (mM)

97 0 il & Khos » el ol 3 (8390 T uSiln duglin 1) JSE
Fig. 11. Comparison of the average effect of salinity and salicylic acid on marjoram essential oil yield

STl 8 s 5 A5 5925550 290 olS ) (Sidss 5 (S55lo8 90 Sl Sl s (6590 ST

s 2 530 L g 3> (2alS 1) (69 i pde Sl Sl sl ccpizmen 21> Gnly S ol A 5 oS

Ol By oS 3900 Sl Olgiiee 9y ol )5 OIS Ll D 53 olST A0 dgie e 0lS (S STl gLb
il oo 5 Sl JalS Ly g @) (sl el (i om0 3 LS o 0l

References

Acosta-Motos, J., Ortufio, M., Bernal-Vicente, A., Diaz-Vivancos, P., Sanchez-Blanco, M., and J.
Hernandez. 2017. Plant responses to salt stress: Adaptive mechanisms. Agronomy. 7: 18.

Aebi, H. 1984. Catalase in vitro. Methods Enzymology. 105: 121 —126.

Ali, Z. H., and F. H. Ali. 2022. Influence of salicylic acid on the physiological properties of two
Petunia species. AIP Conf. Proc. 2398: 040032.



< L (S VY
QUSRI SR VAP W-PAPSPRVA T~ T T ﬁlo

ool

Archangi, A., and M. Khodambashi. 2014. Effects of salinity stress on morphological
characteristics, essential oil content and ion accumulation in basil (Ocimum basilicum) plant under
hydroponic conditions. Journal Science & Technology. Greenhouse Culture. 5(17): 125 -138.

Ashraf, K., Siddiqi, E. H., Bhatti, K. H., Igbal, 1., Nasir, M., Hassan, A., Aslam, K., and S. Mehmood.
2023. Role of salicylic acid in the alleviation of salt stress on pea cultivars using growth, biochemical
and physiological attributes. GU Journal of Phytosciences. 3: 94 — 101.

Assaha, D. V. M., Ueda, A., Saneoka, H., Al-Yahyai, R., and M. W. Yaish. 2017. The role of
Na' and K" transporters in salt stress adaptation in glycophytes. Frontiers in Physiology. 8: 509.

Avalbaev, A. M., Bezhorkov, M. V., Kildibekova, A. R., and R. A. Fatkutdinova. 2009. Wheat
germagglutinin restores cell division and growth of wheat seedlings under salinity. Bulb. Journal
Plant Physiology. Special Issue. 257 - 263.

Banon, D., Lorente, B., Ortund, M. F., Bafion, S., Sanchez-Blanco, M. J., and J. Alarcon. 2022.
Effects of saline irrigation on the physiology and ornamental quality of Euphorbia Ascot Rainbow
and its relationship with salinity indexes based on the bulk electrical conductivity. Scientia
Horticulturae. 305: 111406.

Barsa, S. M. A., Pannu, I. A, and 1. Afzal. 2013. Evaluation of seedling vigor of hydro and
matriprimed wheat (Triticum aestivum L.) seeds. International Journal of Agriculture and Biology.
5(2): 121 —123.

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

Beauchamp, C., and I. Fridovich. 1971. Superoxide dismutase: Improved assayand an assay
applicable to acrylamide gels. Analytical Biochemistry. 44: 276-287.

Broumand, M., Gazanchian, A., and A. A. Ameri. 2012. The effect of seed priming on improving
alfalfa seedling germination and growth. Journal of Seed Science and Technology. 3(1): 10-22.

Costa, A. A., Paiva, E. P, Torres, S. B., Souza Neta, M. L., Pereira, K. T. O., Leite, M. S., SA, F.
V. S., and C. P. Benedito. 2022. Osmoprotection in Salvia hispanica L. seeds under water stress
attenuators. Brazilian Journal of Biology. 82: €233547.

Dkhil, B. B., and M. Denden. 2010. Salt stress induced changes in germination, sugars, starch and
enzyme of carbohydrate metabolism in Abelmoschus esculentus L. (Moench.) seeds. African Journal
of Agricultural Research. 5: 1412-1418.

El-Banna, M. F., AL-Huqail, A. A., Farouk, S., Belal, B. E. A., El-kenawy, M. A., and A. Abd El-
Khalek. 2022. Morpho-physiological and anatomical alterations of salt-affected Thompson seedless
grapevine (Vitis vinifera L.) to brassinolide spraying. Horticulturae. 8: 568.

Elhindi, K. M., Almana, F. A., and M. A. Al-Yafrsi. 2023. Role of humic acid on inducing salt
tolerance of Ivy Geranium (Pelargonium peltatum L.) plants. Horticulturae. 9: 1012.



vy (o -
S ablokd aobide@liga /) Kir 500l 5 /e (B oarls o Sl w56

El-Taher, A. M., Abd El-Raouf, H. S., Osman, N. A., Azoz, S. N., Omar, M. A., Elkelish, A., and
M. A. M. Abd El-Hady, 2022. Effect of salt stress and foliar application of salicylic acid on
morphological, biochemical, anatomical, and productivity characteristics of cowpea (Vigna
unguiculata L.) plants. Plants. 11: 115.

Fornes, F., Belda, R. M., Carrion, C., Noguera, V., Garcia-Agustin, P., and M. Abad. 2007. Pre-
conditioning ornamental plants to drought by means of saline water irrigation as related to salinity
tolerance. Scientia Horticulturae. 113: 52—59.

Fouad, A., Hegazy, A. E., Azab, E., Khojah, E., and T. Kapiel. 2021. Boosting of antioxidants and
alkaloids in Catharanthus roseus Suspension cultures using silver nanoparticles with expression of
CrMPK3 and STR genes. Plants. 10: 2202.

Geesing, D., and U. Schmidhalter. 2014. Influence of sodium polyacrylate on the water-holding
capacity of three different soils and effects on growth of wheat. Soil Use and Management. 20: 207-
209.

Hanan, E. D. 2007. Influence of salicylic acid on stress tolerance during seed germination of
Triticum aestivum and Hordeum vulgare. Biological Research. 1: 40- 48.

Hayat, S., Fariduddin, Q., Ali, B., and A. Ahmad. 2005. Effect of salicylic acid on growth and
enzyme activities of wheat seedlings. Acta Agronomica Hungarica. 53: 433-437.

Heath, R. L. and L. Packer. 1968. Photoperoxidation in isolated chloroplasts. 1. Kinetics and
stiochiometry of fatty acid peroxidation, Archives of Biochemistry and Biophysics. 125: 189— 198.

Kaya, M. D., Okcu, G., Atak, M., and Y. Kolsarici. 2006. Seed treatments to overcome salt and
drought stress during germination in sunflower (Helianthus annuus L.). European Journal of
Agronomy. 24: 291-295.

Medjahed, F., Merouane, A., Saadi, A., Bader, A., Cioni, P.L., and G. Flamini, 2016. Chemical
profile and antifungal potential of essential oils from leaves and flowers of Salvia algeriensis
(Desf.): A comparative study. Chilean Journal of Agricultural Research. 76(2): 195-200.

Moghadam, M., Saifzadeh, S., and A. H. Shirani-Rad. 2013. Investigating the effect of planting date
on the agronomic characteristics of different cultivars of winter canola. The 12th Iran Plant Breeding
and Breeding Congress. Islamic Azad University, Karaj branch.

Movahhedi Dehnavi, M., Niknal, N., Behzadi, Y., Mohtashami, R., and R. Bagheri. 2017.
Comparison of physiological responses of linseed (Linum usitatissimum L.) to drought and salt stress
and salicylic acid foliar application. Iranian Journal of Plant Biology. 9(3): 39-62.

Ondrasek, G., Rathod, S., Manohara, K. K., Gireesh, C., Anantha, M. S., Sakhare, A. S., Parmar, B.,
Yadav, B. K., Bandumula, N., and F. Raihan. 2022. Salt stress in plants and mitigation
approaches. Plants. 11: 717.

Peng, Y., Yang, J., Li, X., and Y. Zhang. 2021. Salicylic acid: Biosynthesis and signaling. Annual
Review of Plant Biology. 72: 761-791.



< . (@0 | Ve
QUSRI SR VAP W-PAPSPRVA T~ T T ﬁlo

ool

Renta, N — W. 2012. Herb yield and chemical common oregano vulgare essential oil according to
the plant development stag. Kert polotea. 55(3).

Rezaei-Chiyaneh, E., and A. Pirzad. 2014. Effect of salicylic acid on yield, component yield and
essential oil of black cumin (Nigella sativa 1.) under water deficit stress. Iranian Journal of Field
Crops Research. 12(3): 427-437.

Roby, M. H. H., Sarhana, M. A., Selima, K. A. H., and K. I. Kalela. 2013. Evaluation of antioxidant
activity, total phenols and phenolic compounds in thyme (Thymus vulgaris L.), sage (Salvia
officinalis L.) and marjoram (Origanum majorana L.) extracts. Industrial crops products. 43: 827 —
831.

Safari, M., Mousavi-Fard, S., Rezaei Nejad, A., Sorkheh, K., and A. Sofo. 2022. Exogenous salicylic
acid positively affects morpho-physiological and molecular responses of Impatiens
walleriana plants grown under drought stress. International Journal of Environmental Science and
Technology. 19: 969-984.

Senarenta, M. G., Luque, S. F., and O. J. Rubidio. 2000. Effect of salicylic acid and planting
densities on grain number and yield of maize. Agricultural Science. 17: 3-10.

Sousa, V. F. O., Santos, A. S., Sales, W. S., Silva, A. J., Gomes, F. A. L., Dias, T. J., Gongalves-
Neto, A. C., Faraz, A., Santos, J. P. O., and G. L. Santos. 2024. Exogenous application of salicylic
acid induces salinity tolerance in eggplant seedlings. Brazilian Journal of Biology. 84: €257739.

Verma, R.S., Sashidhara, K.V., Yadav, A., and A. A. Naqvi. 2010. Essential oil composition of
Majorana hortensis (Moench) from subtropical India. Acta pharmaceutica Siencia. 5: 19 — 22.

Yang, W., Zhou, Z., and Z. Chu. 2023. Emerging roles of salicylic acid in plant saline stress
tolerance. International Journal of Molecular Sciences. 24: 3388.

Zahedi, H., Shirani-Rad, A. H., and H. R. Tohidi-Moghadam, 2012. Zeolite AND selenium
application and their effects on production and physiological attributes of canola cultivars under
water stress. Published as ARTICLE in Agrociencia. 46(5): 489-497.

Zeineldin, F. 1., and Y. Y. Aldakheel. 2012. Hydrogel polymer effects on available water capacity
sandy soils at Al-Hassa, Saudi Arabia. CSBE/SCGAB 2006 Annual Conference and percolation of



