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Abstract

Introduction: Marjoram, with its scientific name (Origanum majorana L.), is considered one of the
most important and best-selling medicinal and spice plants in Iran and the world. Environmental
stresses are one of the important factors in reducing the production of agricultural products in the
world. Under natural and agricultural conditions, plants are constantly exposed to various stresses,
which is one of the obstacles to the potential production of water deficit, which has a negative effect
on the growth and physiological traits of plants. Therefore, one of the possible ways to increase
tolerance to drought stress is inoculation with useful microorganisms. These organisms form a colony
in the rhizosphere of the plant and increase the growth of the plant through direct and indirect
mechanisms. Arbuscular mycorrhizal fungi increase host plant drought tolerance through
physiological mechanisms of nutrient uptake and biochemical mechanisms related to hormone
synthesis, osmotic regulation, and antioxidant systems. Salicylic acid is a phenolic compound and an
essential plant hormone that plays an important role in stress defense and growth regulation. Several
studies have investigated the effect of using salicylic acid in plants and have come to the conclusion
that salicylic acid causes resistance to a variety of non-biological stresses. The increase in salicylic
acid production, along with the decrease in auxin biosynthesis, coordinates plant defense responses,
reduces the adverse effects of drought and salinity stress by improving physiological parameters,
membrane integrity, and photosynthetic efficiency. For this purpose, an experiment was conducted
with the aim of investigating the growth and physiological response of marjoram to the application of
mycorrhiza and salicylic acid under drought stress conditions.
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Materials and Methods: This experiment was carried out as a split-factorial design in the form of a
basic randomized complete block design with three replications. The experimental factors include the
main plot of different levels of drought stress (35, 70, and 90% of the field capacity) and the secondary
plot with two factors, the first factor including mycorrhizal fungus with two levels (without inoculation
and inoculation with Glomus hoi species) and the second factor of concentrations Salicylic acid was
different at three levels (zero, 100 and 300 mg/L). One month after planting, salicylic acid treatment
was done as foliar spraying. The foliar spraying was repeated twice on the aerial parts of marjoram
plants before flowering. The control treatment was considered without foliar spraying and with
distilled water.

Results and Discussion: In this study, the traits of plant height, shoot dry weight, shoot fresh weight,
number of lateral branches, ion leakage, relative leaf water content, proline, and soluble sugar were
investigated. In the 70% field capacity treatment, the application of mycorrhizal fungus and foliar
spraying with 300 mg/L salicylic acid increased shoot dry weight by 25.2% and the shoot fresh weight
by 6.1% compared to the control (no application). The results showed that ion leakage decreased by
25.5% in the treatment with mycorrhizal fungus application and foliar spraying with 100 mg/L
salicylic acid compared to the control. The highest amount of proline was obtained in the 35% field
capacity treatment, measuring 2.15 mg/g, which showed an increase of 29.15% compared to the 90%
field capacity treatment.

Conclusion: In general, the results of this study indicate that the application of mycorrhiza and foliar
spraying with salicylic acid can help improve the growth and performance of marjoram under drought
stress conditions. Therefore, it is recommended to use inoculation with the mycorrhizal fungus G. hoi
and foliar spraying with a concentration of 300 mg/L salicylic acid for marjoram production in areas
with water scarcity.
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Figure 3- Comparison of mean effects of drought stress,

mycorrhiza, and salicylic acid foliar application on fresh weight of

marjoram shoots

IRCH KR IRV IS (YT

WS oy 0 Jlosx! mhaw s LSD Q}.o)'-l ookl Sy B9, gyl sl Silo

Means followed by similar letters show non- significant difference according to LSD tests at 5% level.

Py S
o ool Sl T ol Lt aools il g 4y gl
il w0 sl Selcdls g 15259500 ¢ Seis 235
Y 4.3L?5.> J_,La...g);l e g )IQG;.M oy SO
O g Sl Sl il 59500 g sl Sl ¢ St
S iy Jletml s b (g s o 1 59500 x (Sl
ol s (eSiles a—alie @l (V Jouz) o5 o e
5 =) Cady b a0 YO jled (o Sgr Cadd (e (s
2 Olie S g a0, FAIA (lied 152 )58e eils pus
Olymedn 15255500 b el g ool)5 Cadyb o0)0 A0 Jlacs
2l b oswliamsds zuls (O JSi) del Cawdds auo,s VANV

O GRIPI L (Se St Gl (e ety slaiagh
o (Ramzan et al., 2023) sx_sls Jlgs oo Sis
Juisay 5 355 0n Joloo 5Ll Called ;5 PEST o S25
wlse Gl Bl 5o Jsho slis syl glagaslis o
SUN) o5 o ol G & Jsboo S50 5l G oot sl a8
adgi g gl s 25 sl L S_as s (et al., 2020
e sl Q%_..ul.xﬁ_.‘.flﬁ ‘Q}:_..SI olﬂ sl K,
S e g L (6358 9 WS (o0 g | sk slalas
Ansari et al., 2019; Shiade et al., ) was o il38l 1,

(2024

il AL sl
(S i osles il aS ol Lt Laosls il s 4
50,0 o Jlaxol gl 50 dp ol Sl 5 15 55500
ol Sl 5 sl Kl x St 5 ailS g0 1
O Al 3l g ooy0 SO Jleisl mha w50 155500 x
ay il a0l Sladl x9S0 x S5
J9uz) wivg: Jlo gime (e e (il a3l olawi oo
Syl ooy el jo il a3l slaws o iies (Y

5 Sl Sl I b b oo Jayl i jo a5 04y 2155

Ceblag gyl pre BN 15y 168 il pae Ly iy
—2hsbre 9 15,5500 gadli Lol (i mlss ioren
il asls slass jo yiuldl melas dan o ol STl Il
=h) Cedyb as 0 YO o (il a3l (g eS al csalin
Al Sl I 5 ool pas g 15 950 C.JLLJ 59N 9
2O Cadgdzme o Seitd il oyl jo (F JSo) sl sy
Sazee par—ads Judsay ok Jlexal 4y ol b 0,
Ol immsid 035l RalS b ady; o) @l 4y Sl jaieg S
(Guo et al., 2020; Plouznikoff et al., 2016) «—xbL
0,95 Job RalS L (gush, s aS awn il jlebl ladse
oy @lo el 5B A 395 )0 & e e g ok W
b cow 1) bl glaas s slaws g oo Lil> slaasls>

(Nufez Barrios et al., 2005) vas . 1,8



olyed g 1l AbS

@BOmg E100mg [@300mg

. 60 - 3
a
£ 50 - ab __ °
8 d cd d i be
‘2 © 40 A .
- O
2 5304 ¢© e
3 —_
()
.9 4(—61 20 .
A 5 10
.{3 g
8 01
e No sy I1osSeeLzdl [ No mlicsn  1sSee bzl | No mlosn 1 sSae b i
2 inoculation Inoculation inoculation Inoculation inoculation Inoculation
mycorrhiza mycorrhiza mycorrhiza
=105 @b a2 35 =) sk aa 2 70 =) ik aa 0 90

Sis s
Drought stress
G970 (il 3L Slan el Selpd L (25U Jglono 9 132 59500« Slis (i Jiliio 5T (paSilio dunlio —F S0
Figure 4- Comparison of mean interactions of drought stress, mycorrhiza, and salicylic acid foliar application on the number of
lateral branches of marjoram
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Figure 9- Comparison of the average effect of drought stress on the proline content of marjoram
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Figure 12- Comparison of the average interaction effect of drought stress and salicylic acid on the soluble sugar content of marjoram
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