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Treatment
Compounds RI al; PGP AM  PGPR o LS B H SAS G F S G
R F +AMF  sis +PGPR AMF PGPR+AMF
Monoterpenes Hydrocarbons (%)
a-pinene 936 0.33 025 031 0.38 0.35 0.32 0.35 0.38
Sabinene 976 0.04 0.09 0.04 0.09 0.12 0.08 0.09 0.13
p-pinene 979 0.18 022 0.16 0.15 0.15 0.21 0.26 0.17
Myrcene 991 4.04 502 533 522 5.39 5.63 5.35 5.42
o-phellandrene 120 - 0.15 0.21 0.21 0.27 0.34 0.35 0.33
101
0-3-carene 1 0.08 - 0.05 0.05 0.05 - - -
102
p-cymene . - 0.02 - 0.06 0.17 0.03 0.05 0.11
102
0-cymene . 0.19 0.14  0.09 0.05 0.27 0.13 0.07 0.21
1
Limonene (1)3 - - - - 0.07 - 0.04 0.16
103
B-phellandrene 1 0.21 0.11  0.12 0.21 0.37 0.21 0.15 0.12
. 103
y-terpinene 3 0.47 0.35 0.39 0.22 0.41 0.21 0.29 0.32
. 110
Terpinolene 0 - 0.88 0.75 1.13 0.61 1.06 0.92 1.04
Oxygenated Monoterpenes (%)
Linalool liO 1.11 0.51  0.68 0.42 0.58 0.42 0.36 0.41
. 114
Trans-thujone . 1.12 027 0.55 0.22 0.39 0.53 0.46 0.45
. 114
Cis-verbenol - 0.21 045 041 0.64 1.23 1.13 1.08 1.38
114
Camphor g 0.48 0.65 0.61 0.68 0.63 0.61 0.61 0.61
115
Isopulegol 5 - 1.25 092 1.32 1.09 1.38 1.44 1.62
Citronellal 1;6 8.87  11.08 ! 13'5 13.12 7.01 8.25 9.21 9.63
116
Lavandulol 9 - 025 035 0.44 0.41 0.39 0.45 0.63
. 118
Methylchavicol 0 0.34 0.08 - 0.11 0.16 0.25 0.31 0.72
118
Estragol 4 - - 0.11 0.05 0.08 0.07 0.08 0.07
. 119
Citronellol g 2.39 1.95 1.68 2.05 2.11 1.54 1.55 2.36
119
Nerol g - 036  0.29 0.07 0.61 0.21 0.15 0.32

Pulegone 119 1.25 1.54 1.57 1.84 1.75 1.62 1.58 1.67
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Neral 1(2)3 28.02  23.05 222'0 22.51 25.44 20.02 20.09 19.38
. 124

Chavicol 3 1.52 - 0.22 0.38 1.12 0.45 0.46 0.74
. 124

Geraniol . - 1.82  1.61 2.17 2.15 1.82 1.95 2.38

a-citral 127 4046 3592 3;'3 36.11 36.18 36.58 37.19 36.08
138

Neryl acetate 5 - - - - 2.28 2.15 1.87 2.09
139

Geranyl acetate 0 - .13 1.19 1.82 0.81 1.68 1.59 2.08

Sesquiterpenes Hydrocarbons (%)

Trans-caryophyllene 1:1 2.01 3.04 3.01 341 2.41 3.54 3.55 3.55
145

Aromadendrene ) - - - 0.22 - 0.19 0.09 0.36
148

a-curcumene 4 - 0.36 0.32 - 0.24 0.42 0.49 0.34
149

o-amorphene 4 0.18 0.18  0.29 0.43 0.28 0.21 0.33 0.45
. 167

d-cadinene 5 0.41 021 032 0.37 0.52 0.14 0.14 0.29

Oxygenated sesquiterpenes (%)

Tumerol 1;0 0.09 0.11  0.09 0.16 0.08 0.07 0.09 0.23
. 210

Caryophyllene-oxide 8 2.12 145  1.82 2.34 2.24 2.39 1.92 2.39
. 210

Tumerone-dihydro 9 0.28 0.59 0.46 0.52 0.29 0.52 0.35 0.41

. . 94.8
Total identified (%) 96.4 9348 3 99.17 98.32 94.8 95.31 99.03
Groups of compounds (%)
Monoterpenes Hydrocarbons 5.54 723 745 7.77 8.23 8.22 7.92 8.39
I.

Oxygenated Monoterpenes 85.77  80.31 8 70 83.95 84.03 79.1 80.43 82.62
Sesquiterpenes 26 379 394 443 345 45 4.6 4.99
Hydrocarbons

Oxygenated Sesquiterpenes 2.49 2.15 237 3.02 2.61 2.98 2.36 3.03

PGPR: plant growth-promoting rhizobacteria, AMF: arbuscular mycorrhizal fungi
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Study the effects of symbiotic microorganisms on growth, percentage and chemical

composition of essential oil of Lemon balm (Melissa officinalis L.) under drought stress
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Abstract

In order to study the effects of the use of symbiotic microorganisms on growth traits,
essential oil content and chemical compositions of the essential oil of lemon balm (Mellisa
officinalis L.) under drought stress, a factorial experiment was conducted in a completely
randomized design with three replications during 2021. Drought stress at two levels (100%
field capacity (FC) and 50% FC) as the first factor and seed inoculation with symbiotic
microorganisms at four levels (no inoculation, inoculation with Azospirillum brasilense,
inoculation with Glomus mosseae and inoculation with A. brasilense + G. mosseae) were
considered as the second factor. The results showed that drought stress reduced plant height,
number of leaves per plant, concentration of photosynthetic pigments and enhanced the
essential oil percentage. Inoculation of symbiotic microorganisms under non-stress
conditions did not cause significant changes in the content of photosynthetic pigments,
whereas it improved the height and number of leaves per plant. The application of each of
the symbiotic microorganisms individually or in combination significantly increased plant
height, number of leaves per plant, and photosynthetic pigment content in plants under
drought stress. However, simultaneous inoculation of symbiotic microorganisms (bacteria +
fungus) resulted in the highest plant height, number of leaves per plant, photosynthetic
pigment content, and essential oil percentage under both stress and non-stress conditions.
According to the findings of the present study, simultaneous application of plant growth-
promoting bacteria and mycorrhizal fungi can help increase growth, improve photosynthetic
pigment content, and enhance essential oil percentage of lemon balm under drought stress.

Keywords: Azospirillum, Drought stress, Essential oil, lemon balm, Mycorrhiza
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