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Abstract
Background and objectives: Applying biotic and abiotic elicitors effectively enhances the
biosynthesis and accumulation of valuable plant metabolites. This study aimed to assess the
combined effects of yeast extract, salicylic acid, culture filtrate, and a cell homogenate derived
from Serendipita indica on the essential oil content, chemical composition, and selected
physiological characteristics of lemon balm (Melissa officinalis L.).
Methodology: The experiment used a completely randomized design with 15 treatments and
three replications in the research greenhouse at Malayer University in 2021. The experimental
treatments included foliar application of distilled water (control), salicylic acid (320 mg L™ %),
yeast extract (1 g L™ 1), salicylic acid (320 mg L~ 1) combined with yeast extract (1 g L™ 1),
salicylic acid (320 mg L™ 1) combined with culture filtrate (Y2 v/v), yeast extract (1 g L™ %)
combined with culture filtrate (Y2 v/v), salicylic acid (320 mg L~ 1) combined with cell
homogenate (40 or 80 mg L™ %), yeast extract (1 g L™ *) combined with cell homogenate (40 or
80 mg L™ 1), salicylic acid (320 mg L~ 1) combined with yeast extract (1 g L™ %) and cell
homogenate (40 or 80 mg L™ 1), salicylic acid (320 mg L™ 1) combined with culture filtrate (*2
v/v) and cell homogenate (40 mg L~ 1), yeast extract (1 g L™ 1) combined with culture filtrate (%2
v/v) and cell homogenate (40 mg L~ 1), and the combination of salicylic acid (320 mg L™ 1), yeast
extract (1 g L™ 1), culture filtrate (Y2 v/v), and cell homogenate (40 mg L~ 1). The elicitors were
applied as foliar sprays to the aerial parts of lemon balm plants at the 40% flowering stage.
Essential oil was extracted by hydrodistillation using distilled water and analyzed by gas
chromatography—mass spectrometry (GC-MS). Essential oil content and chemical composition
were determined, along with physiological traits, including photosynthetic pigments (chlorophyll
a, chlorophyll b, total chlorophyll, and carotenoids), proline, malondialdehyde, soluble sugars,
total phenolic compounds, and total flavonoids. Pearson’s correlation coefficients (r) were
calculated to assess the relationships among the measured traits.
Results: A total of 38 chemical compounds were identified in the essential oil extracted from the
aerial parts of lemon balm. The major constituents of the essential oils were citronellal (6.1
13.5%), trans-carveol (5.0-10.6%), citral (3.9-10.1%), linalool (4.2-9.3%), and y-3-carene (4.2—
9.2%), respectively. The combined treatment consisting of salicylic acid (320 mg L~ 1), yeast
extract (1 g L™ 1), culture filtrate (%2 v/v), and cell homogenate (40 mg L™ 1) produced the most
pronounced increases in essential oil content and the concentrations of its major constituents.
Compared with the control, this treatment increased essential oil content by 63% and increased
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citronellal, trans-carveol, citral, and linalool by 2.20-fold, 2.12-fold, 2.59-fold, and 2.21-fold,
respectively. The lowest values for these traits were recorded in the control treatment. The elicitor
treatments significantly affected soluble sugar, malondialdehyde, proline, and flavonoid levels.
Correlation analysis revealed significant positive correlations at the 1% probability level between
essential oil content and the major essential oil constituents linalool (r = 0.971*%*), trans-carveol
(r =0.983**), citronellal (r = 0.988**), and citral (r = 0.984**). In contrast, essential oil content
was significantly negatively correlated with y-3-carene (r = —0.990**). Heatmap analysis of the
studied traits revealed a clear separation between the control and the combined biotic and abiotic
elicitor treatments.

Conclusion: The results indicated that essential oil content and the concentrations of its major
constituents in lemon balm were influenced by elicitors, including salicylic acid, yeast extract,
culture filtrate, and cell homogenate. Overall, the combined application of two or more elicitors
effectively enhanced essential oil production and the accumulation of its major constituents,
particularly linalool, trans-carveol, citronellal, and citral, in lemon balm.

Keywords: Citral, fungus, medicinal plant, Melissa officinalis, salicylic acid, yeast extract.
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Figure 1. Mean comparison of the combined effect of salicylic acid, yeast extract, culture filtrate, and cell
homogenate of Serendipita indica on the content of Mellisa officinalis essential oil main compounds

Control: Distilled water, SA: Salicylic acid (320 mg.I""), YE: Yeast extract (1 g.I""), CF: Culture filtrate (v/v), and
CH: Fungal cell homogenate (mg.1").

Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 1. Mean comparison of the combined effect of salicylic acid, yeast extract, culture filtrate, and cell
homogenate of Serendipita indica on the content of Mellisa officinalis essential oil compounds

Treatment Essential oil compound (%6)
13- a- l-octen-3- myrcen a- p- - 1,8- 1,36,
. . limonene . octatrien
octadiene  pinene ol e phellandrene  cymene cineole o
Control 1.60 3.10 1.80 2.50 2.70 2.10 3.60 1.70 2.00
ontro +0.06"  +0.06°  +0.02% +0.00% 0,07 +0.03%  +0.10° +0.02¢  +0.09%
SA 1.90 3.10 1.50 2.10 2.60 2.20 2.80 1.80 1.60
320 +0.06*  +0.06%  +0.06%¢ +0.10%  +0.020 +0.03®  +0.06" +0.03b° +0.06%¢
VE 1.30 2.60 1.70 2.60 3.30 2.40 2.50 2.20 1.80
! +0.05%  +0.05°  +0.06 +0.00>  +0.30 +0.038  +0.10°¢  +0.06° +0.00b¢
SALtYE 1.60 2.30 1.40 2.00 1.70 1.80 2.10 1.30 1.20
sa0m TEL +0.03%  +0.00%¢  +0.06% +0.10°  +0.01f +0.09%  +0.01¢9  +0.01¢f +0.06°
SALtCH 1.50 2.10 1.60 2.40 2.30 1.60 2.30 1.15 2.00
320740 +0.06>¢  +0.06%  +0.00"d +0.009  +0.05¢¢ +0.06°  +0.06°F  +0.02f +0.06%
VE1+CH 1.70 2.60 1.80 1.90 2.70 2.40 2.60 1.80 2.10
1o +0.00%  +0.05°  +0.06% +0.06°  +0.06% 01020 +0.09% +0.04bc +0.09°
1.30 2.30 1.70 2.50 2.90 1.80 1.70 1.90 1.40
SAwotYEr#CH0 L6 g5e 10050 +0.020c +0.06  +0.07° +0.10%  +0.03" +0.06b¢ +0.06%
SALtCH 1.50 2.00 1.40 2.00 2.30 2.40 2.00 1.50 1.60
320780 +0.06>¢  +0.06°  +0.06% +0.20°  +0.08¢¢ 0,058 +0.02Fh  +0.04¢% +0.06¢
VE+CH 1.70 2.06 1.90+0.04  2.40 2.60 1.60 2.20 1.80 1.30
e +0.06%  +0.06® @ +0.06%¢  +0.09b +0.02¢  +0.0249  +0.10b +0.02¢
1.40 2.40 1.60 1.90 2.00 1.80 1.70 2.00 1.70
SAw0tYEHCHe (630 4000 £0.04%¢ 10016 0.06% $001%  +016"  005%  +0.01°
VELYCE 1.20 2.60 1.50 3.00 1.70 2.20 2.40 1.80 1.60
e +0.06°  +0.12  +0.03% +0.20°  +0.09 +0.10%  +0.01°¢  +0.02b +0.07%
S At CE 1.60 2.10 1.40 2.50 2.30 1.90 2.10 1.50 1.20
sa0ve +0.01%¢  +0.06%  +0.03° +0.06%  +0.02¢¢ +0.06%  +0.06°9  +0.03¢% +0.06°
1.70 2.30 1.70 2.20 2.80 1.60 1.90 2.20 2.00
YE#ACF+CH L5 00% 4000  #0.06™  #0.06%¢ 003 $0.03° #0039 +0.02°  +0.06%
1.30 2.00 1.60 2.60 2.20 1.80 2.60 1.70 1.40
SAat/CHHCHO (600 4011 +0.06¢ +0.04>  +0.05% +0.03%  +0.10% +0.10¢ +0.06%
SAs0+YE1+4C 150 2.60 1.40 2.10 2.50 2.00 1.70 1.30 1.70
F+CHao +0.060¢  +0.04®  +0.06% +0.00%  +0.06b9 +0.06¢  +0.05" +0.08¢f +0.03¢
?ﬁﬁ;‘“on time 7.6 9.8 105 11.0 118 122 126 12.9 135
?Sltfn“on index 948 1013 1034 1048 1071 1082 1094 1102 1116
3-methyl- bicyclo[
> cis-  2(methyl-2- p- ) . 221 . . .
Treatment terpinene  sabinene  2butenyl  thujone 5-hepten-1-ol heptan- isopulegol  isoborneol  citronellol
acetat) 2-0ne
Control 2.60 1.90 1.70 2.80 1.90 2.50 3.10 2.60 2.10
ontro +0.068  +0.06%  +0.00¢ +0.008  +0.06% +0.068  +0.06° +0.062 +0.06¢
SA 2.00 1.60 2.20 2.40 2.20 1.90 2.60 2.20 2.40
320 +0.06%¢  +0.009¢  +0.10% +0.068°  +0.062 +0.06%  +0.06P +0.01b° +0.10%
VE 2.50 1.90 2.40 2.70 1.80 2.10 2.20 1.60 2.50
! +0.03*  +0.06%  +0.022 +0.062  +0.06b +0.06  +0.06° +0.06¢ +0.062
SALtYE 1.80 1.70 1.80 1.60 1.20 1.70 1.40 2.60 1.90
sa0m T +0.06%  +0.06"¢  +0.06% +0.00¢  +0.06¢ +0.06%  +0.08f +0.062 +0.08¢
SAumtCH 1.60 1.50 1.40 2.00 1.50 2.10 1.60 2.20 1.70
82040 +0.00¢F  +0.03¢  +0.00°f +0.06°  +0.10 +0.05°  +0.06%f  +0.08% +0.06°%9
2.40 1.70 2.40 1.90 2.20 2.40 2.10 2.00 1.80
YE1+CHao

+0.09% +0.06"¢  +0.06° +0.06° +0.062 +0.062 +0.03° +0.06% +0.05°
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3-methyl- bicyclo[
Treatment i;rpinene g:lsbinene ;g:::::ﬁ % fhujone 5-hepten-1-ol ﬁfbgn_ isopulegol  isoborneol citronellol
acetat) 2-one
SAz20+YE1+CHs4 1.70 1.50 1.20 1.60 1.90 1.50 1.70 1.60 1.40
0 +0.06¢f +0.00¢ +0.04f +0.03¢ +0.06% +0.05¢ +0.06% +0.03¢ +0.10"
SAs0+CHao 2.00 1.70 2.20 2.00 1.60 2.30 1.60 2.10 1.60
+0.05¢4  +0.04%¢  +0.06% +0.10°  +0.10° +0.06®  +0.06%f +0.10% +0.06""
YE;+CHo 2.20 1.60 2.00 1.60 1.80 2.00 1.80 1.80 1.50
+0.06" +0.06°  +0.00b° +0.02¢ +0.06" +0.06° +0.064 +0.09de +0.00%"
SAz20+YE1+CHs 1.60 1.80 1.90 1.40 1.30 1.70 2.20 1.60 1.90
0 +0.04¢f +0.05%¢  +0.02¢ +0.06¢ +0.064 +0.10d +0.07¢ +0.06¢ +0.03%
YE+CF 2.40 1.80 2.20 2.00 1.80 2.00 1.70 2.00 1.90
+0.06% +0.06%¢  +0.05% +0.06° +0.06% +0.06°¢ +0.05¢% +0.06%d +0.06%
SAm0+CF 1.80 1.60 1.30 1.90 2.20 2.10 2.50 2.30 2.60
+0.064% +0.06%4  +0.06¢f +0.04¢ +0.062 +0.05% +0.02° +0.06° +0.108
YE1+¥%2CF+CHs  1.50 1.50 2.30 1.60 1.20 1.60 2.20 2.10 2.30
0 +0.02f +0.00¢ +0.052 +0.06¢ +0.064 +0.06¢ +0.06°¢ +0.10% +0.030¢
SAz0t+%CF+CH  2.10 2.00 1.50 1.40 1.50 2.00 1.70 1.70 1.80
40 +0.05¢ +0.102 +0.06¢ +0.06¢ +0.06% +0.10¢ +0.06% +0.03¢ +0.06™"
SAz0+YE1+%C  1.60 1.50 1.20 1.50 1.90 1.70 1.50 1.30 1.10
F+CHao +0.06¢f +0.06¢ +0.05f +0.03¢ +0.03% +0.06% +0.05¢f +0.06f +0.10!
?ﬁﬁ;‘t'o” time 14.1 14.8 15.7 163 17.4 178 182 20.4 2138
?slt)"‘”“"” index 4135 1155 1180 1197 1228 1239 1250 1313 1354
=\ Jode anls
Continued Table 1. Mean comparison of ...
Essential oil compound (%6)
Treatment 1,3,8-p- 3,6- carvacrol caryophyl
menthatr  octadienoi  thymol  carvacrol lene calamenene
. . acetate caryophyllene -
iene c acid epoxide
Control 1.70 1.40 3.50 2.10 1.50 1.90 1.80 2.10
+0.06™" +0.059" +0.062 +0.06° +0.06% +0.06% +0.04¢ +0.062
SAm0 1.80 2.30 2.90 2.10 1.50 1.40 1.70 2.10
+0.06%9 +0.052 +0.07° +0.05° +0.08¢ +0.07% +0.00% +0.032
YE; 2.00 1.50 2.50 2.40 1.90 2.00 2.20 1.70
+0.10%¢ +0.06"h +0.06° +0.068 +0.062 +0.06% +0.10% +0.06%¢
SAs0+YEL 2.50 1.80 2.20 1.60 1.20 1.60 1.40 1.50
+0.062 +0.06%¢ +0.08% +0.08% +0.06¢f +0.08¢ +0.08f +0.08%9
SA0+CHao 1.80 1.40 2.40 1.90 1.60 1.40 1.90 1.60
+0.03%9 +0.059" +0.04¢d +0.06% +0.06% +0.06% +0.03¢ +0.06%
YE1+CHao 2.10 2.00 2.50 1.70 1.40 1.30 2.10 1.90
+0.060d +0.09% +0.05°¢ +0.10%d +0.05%¢ +0.05¢ +0.02% +0.05%¢
2.00 1.80 2.30 1.40 1.80 1.50 1.90 1.70
SAsotYErtCHO g ggee +0.06¢ +0.09¢  +0.05¢  +0.04%® +0.09¢ +0.05% +0.10¢¢
SAs0+CHao 1.90 2.10 2.50 1.90 1.30 1.60 1.50 1.80
+0.064- +0.06% +0.06°¢ +0.06% +0.06%F +0.06¢% +0.05¢f +0.060d
YE1+CHso 2.00 1.70 2.90 2.40 1.80 2.10 1.70 1.40
+0.00%¢ +0.06%F +0.06° +0.062 +0.06% +0.062 +0.06% +0.06™"
1.50 1.90 1.70 2.00 1.50 1.30 2.10 1.30
ShartYB#CHo 5 ogn +0.030d +0.10f +0.106  +0.07 +0.10° +0.10b +0.09¢"
YEL+1CF 1.60 1.60 2.00 2.10 1.30 1.80 2.10 1.70
+0.069" +0.09%9 +0.05¢ +0.05° +0.05¢F +0.03% +0.02% +0.05%¢
SAs0+YCF 2.20 1.40 2.20 1.00 1.50 1.30 2.40 1.50
+0.07%° +0.069 +0.10% +0.00¢ +0.06% +0.10¢ +0.082 +0.10%9
1.90 1.70 3.00 1.70 1.00 1.60 1.10 2.00
YE+7%CF+CHao +0.06% +0.06%F +0.06° +0.06%d +0.06f +0.06% +0.069 +0.06%
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1,3,8-p- 3,6- carvacr E- caryophyl
Treatment menthatr  octadienoi  thymol  carvacrol ol caryophyllen lene calamenene
iene c acid acetate e epoxide
2.30 1.30 1.70 1.20 1.60 1.50 1.70 1.20
SAsot/CF+CHo 5 jga +0.05" +0.06f +0.06 +0.06% +0.06¢% +0.06¢% +0.06"
SAs0+YE1+%C 1.50 1.80 1.50 1.30 1.40 1.90 1.30 1.40
F+CHao +0.05" +0.06¢° +0.07f +0.08f +0.07°¢ +0.10% +0.03f0 +0.10f
REte?rtT']?:)“me 22.4 24.2 25.1 255 26.0 29.8 30.3 30.7
Rete”t'lgln) index 1579 1425 1453 1478 1513 1607 1625 1639
Treatment hum(ﬁlene gerrg%cren p-ionone bisal(:;olen eugenol  a-muurolene cubgl-)ene o(llyzf)\r:}\,evr;t
Control 1.00 3.20 1.50 2.20 1.40 1.30 1.60 0212
+0.06f +0.062 +0.06¢f +0.062 +0.065d +0.06% +0.062 +0.021
SAwm 1.00 2.70 1.20 1.90 1.50 1.60 1.00 0.269
+0.09f +0.05P +0.059 0074 +0.06%° +0.00P +0.06%f +0.049
VE: 2.10 1.90 2.00 1.70 1.40 1.80 1.40 0.231
+0.06° +0.06¢ +0.06  +0.06%f  +0.03b +0.042 +0.08% +0.0f
SAuotYEL 1.80 1.60 2.40 2.10 1.60 1.30 1.20 0.312
+0.08P +0.06¢ +0.082 +0.05% +0.07% +0.05% +0.065 +0.020¢
S AartCHa 1.20 2.00 1.90 1.50 1.30 1.00 1.10 0.310
+0.06% +0.05¢ +0.065 +0.08f +0.03%¢ +0.00¢" +0.05%¢ +0.03¢
VE14CHao 1.40 3.00 1.40 1.80 1.40 1.20 1.30 0.255
+0.05%¢ +0.092 +0.050  +0.04¢  +0.09°d +0.06%¢ +0.06" +0.07"
SAs20+YE1+CHa 1.80 2.60 1.70 2.00 1.20 1.10 1.20 0.312
0 +0.06" +0.05P +0.10%  +0.09%¢  +0.09¢% +0.03%f +0.000 +0.020¢
S AartCHa 1.30 2.20 1.50 1.60 1.50 1.30 1.40 0.303
+0.06%¢ +0.06° +0.06¢f +0.03¢F  +0.128¢ +0.05¢ +0.10% +0.02¢
YEL+CHa 1.50 1.30 1.70 1.50 1.00 0.90 1.20 0.201
+0.06° +0.061 +0.06% +0.08f +0.00° +0.03¢f +0.090 +0.04f
SAs+YE1+CHs 1.40 2.10 1.30 1.90 1.20 1.10 0.80 0.323
0 +0.10%¢ +0.03% +0.100  +0.06"¢  +0.06% +0.06f +0.00f +0.020°
VEL+%CF 1.40 2.10 1.30 1.90 1.40 1.20 0.80 0.293
+0.05% +0.09° +0.050  +0.04>d  +0.030d +0.06%¢ +0.07f +0.02¢f
S Awt YiCF 1.00 1.90 1.20 2.20 1.70 0.90 1.10 0.303
+0.06f +0.06¢ +0.099 +0.052 +0.092 +0.00f +0.02¢¢ +0.0¢e
1.80 1.50 2.10 1.70 1.20 1.10 1.00 0.306
YE#LCF+CH0 5 g3p +0.06¢f +0.06P +0.03%f  +0.08¢% +0.07%f +0.10%f +0.02¢
SAsz+ACF+CH 1.30 1.10 1.80 1.20 1.50 1.00 0.90 0.334
40 +0.06¢¢ +0.069 +0.06°% +0.099 +0.06%¢ +0.00¢f +0.00¢f +0.0%
SAs0+YE1+%4C 1.10 1.20 1.40 1.80 1.30 1.20 1.00 0.345
F+CHao +0.10°" +0.059 +0.07%  +0.06%¢  +0.05% +0.06%¢ +0.05% +0.,022
Rem?ﬂ‘i’r:‘)“me 317 329 33.1 34.0 35.1 36.6 40.2
Rete”t‘g[‘) index 1675 1721 1740 1764 1808 1872 2038

Control: Distilled water, SA: Salicylic acid (320 mg.I"), YE: Yeast extract (1 g.I™), CF: Culture filtrate (v/v), and CH: Fungal cell homogenate (mg.?).

Means (+ standard error) with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 2. Mean comparison of the combined effect of salicylic acid, yeast extract, culture filtrate, and cell homogenate of
Serendipita indica on Mellisa officinalis physiological characteristics

Chlorop  Chlorop Cth:th Caroteno Soluble Malondiald Proline Total Total
hyll a hyll b ids sugars ehyde phenol flavonoid
Treatment yll
-1 -1 -1 -1 -1 -1
e R REORY meew MR WO megew mgiew
Control 1.06+ 0.60 2.27 0.68 32.40 0.48 0.86 9.49 1.04
0.01° +0.042 +0.07° +0.01° +0.81¢f +0.00¢ +0.02¢ +0.40° +0.06%
SAs0 111+ 0.49 2.09 0.79 49.92 0.81 1.19 9.70 0.88
0.00° +0.01° +0.02? +0.01° +1.45° +0.01% £0.10% +0.65° +0.01¢
YE: 1.13 0.54 221 0.79 35.58 0.82 1.38 9.66 1.44
+0.01° +0.06° +0.13? +0.00? +0.91°¢ +0.02% +0.30° +0.46° +0.40¢
SAs0+YE; 1.07 0.48 2.03 0.75 30.22 0.66 1.36 9.67 2.40
+0.03° +0.09° +0.20° +0.02° +0.13% +0.04°¢ +0.06° +0.07° +0.39%
SAs20+CHao 1.07 0.43 1.93 0.76 39.17 0.98 0.91 9.74 1.49
+0.03? +0.06° +0.15° +0.02? +2.89° +0.10% +0.10% +0.30? +0.09¢
YE1+CHuao 1.01 0.36 1.72 0.74 28.32 0.52 1.28 9.73 1.79
+0.05° +0.05% +0.16* +0.02? +1.15f +0.12% +0.10? +0.40? +0.08°
SA3z20+YE1+CH4 0.94 0.36 1.65 0.67 35.67 0.59 0.92 9.70 1.45
0 +0.11° +0.11° +0.33? +0.07* +0.81"¢ +0.09% +0.02% +0.05? +0.25%¢
SAs20+CHso 0.99 0.35 1.69 0.72 39.34 1.08 0.88 9.65 1.10
+0.08° +0.05* +0.18? +0.04* +3.46° +0.10? +0.08% +0.15° +0.15%
YE1+CHao 112 0.64 2.39 0.77 30.57 0.82 1.15 9.75 1.10
+0.01° +0.12° +0.24° +0.02? +0.33%" +0.20" +0.14%¢ +0.40° +0.00%
SAsz20+YE1+CHs 1.05 0.38 181 0.75 36.75 0.73 1.32 9.74 1.69
0 +0.042 +0.06° +0.15° +0.03? +1.59% +0.02% +0.02° +0.24° +0.29%
111 0.60 231 0.77 29.90 0.62 1.36 9.71 0.96
YE+%CF +0.01° +0.09? +0.19° +0.00? +1.73¢ +0.02%¢ +0.20° +0.11° +0.13¢%
SAss+YCF 1.07 0.40 1.86 0.78 36.50 0.63 1.13 9.79 127
+0.04* +0.04? +0.11° +0.01° +0.29%4 +0.03%* +0.13*¢ +0.09? +0.27%¢
YE1+%2CF+CHa 1.08 0.52 212 0.77 38.97 0.63 1.15 9.70 0.86
0 +0.03? +0.15* +0.32° +0.01° +0.59° +0.30%* +0.10*° +0.70? +0.10°
SA320+%CF+CH 1.03 0.43 1.88 0.75 39.00 0.72 0.93 9.67 1.07
20 +0.06° +0.12° +0.31° +0.03? +0.00° +0.12% +0.03% +0.17° +0.02¢%
SAsz20+YE1+%C 1.02 0.36 1.74 0.76 29.51 0.55 1.28 9.71 0.86
F+CHao +0.06° +0.07° +0.20? +0.04* +0.87% +0.04% +0.06° +0.20? +0.03°

Control: Distilled water, SA: Salicylic acid (320 mg.I™%), YE: Yeast extract (1 g.I*), CF: Culture filtrate (v/v), and CH: Fungal cell homogenate (mg.I"%).
Means (+ standard error) with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. Correlation of Melissa officinalis shoot traits under the combined effect of salicylic acid, yeast extract,
culture filtrate, and cell homogenate of Serendipita indica

—_— (3]
— 5 _ a) s 2 2 e 3
@ S D @ = = o «© = 2
_ = & & § 3 % ¢ 3 5 T 5 2 2 £ 8 % B¢ 2%
Triat E s § § = =z ¢ 5 £ & 5 &5 5 2 8§ o 23 5 §
s T & £ £ g ¢ £ S £ £ 5 5 5 £ = 28 &5 =
A 3 ™ = @ 5 S = = = - I B S =
o = o © > < < < S S 2 =
+— b)) o o *5 b [
= IS
essential oil 1
a-pinene -0.623™ 1
3-carene -0.990” 0.632" 1
limonene -0.747" 0574 0.765™ 1
linalool 0.985™ -0.604""-0.993"-0.735™ 1
isopulegol -0.684™ 0.582™ 0.701™ 0.618™ -0.707 1
trans-carveol 0.983™ -0.598""-0.983"-0.738™ 0.984™ -0.701™ 1
citronellal 0.988™  -0.637""-0.994™"-0.747"" 0.993"" -0.713"" 0.985™ 1
citral 0.984™ -0.611"-0.991""-0.726" 0.991"" -0.690" 0.980™" 0.991™ 1
thymol -0.725  0.479™ 0.750™ 0.566™" -0.752™ 0.591™" -0.741"-0.758™-0.731™ 1
germacrene-D -0.668™  0.482™ 0.653™ 0.494™" -0.651™ 0.573" -0.650"" -.658"" -0.702"70.492™ 1
chlorophyll a -0.224 0.219 0.225 0.203 -0.218 0.191 -0.233 -0.245 -0.197 0.241 -0.103 1
chlorophyll b -0.3117 0.252 0.325" 0.290 -0.311" 0.169 -0.333" -0.335" -0.293 0.362" -0.024 0.738™ 1
total chlorophyll -0.306" 0.257 0.318" 0.284 -0.305" 0.182 -0.327" -0.331" -0.285 0.352" -0.043 0.832"°0.988"" 1
carotenoids 0.067 0.005 -0.086 -0.077 0.084 -0.007 0.087 0.058 0.104 -0.068-0.32270.860"0.388"0.512" 1
soluble sugars 0.046 -0.036 -0.017 0.065 0.026 0.263 0.026 -0.004 -0.012 0.192 0.075 0.144 -0.045 -0.005 0.225 1
malondialdehyde 0.095 -0.365" -0.120 -0.172 0.123 -0.281 0.074 0.109 0.103 0.028 -0.147 0.041 -0.113 -0.084 0.168 0.386™ 1
proline -0.017 0.170 -0.018 -0.175 0.029 -0.062 0.007 -0.012 0.030 -0.300"-0.178 0.299" 0.133 0.176 0.387"" -0.262 -0.189 1
phenols 0.069 -0.154 -0.128 -0.180 0.156 -0.113 0.150 0.124 0.126 -0.113 -0.075 0.023 0.090 0.080 0.103 0.027 0.138 0.184 1
flavonoids 0.004 -0.217 -0.028 -0.157 0.022 -0.228 0.012 0.029 0.021 -0.182 0.114 -0.001 -0.016 -0.013 -0.031 -.321" -0.0130.31970.127 1

“and " significant at 5 and 1% probability levels, respectively.
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Figure 2. Heatmap of the combined effect of salicylic acid, yeast extract, culture filtrate, and cell homogenate of
Serendipita indica on chemical composition, essential oil content, and some physiological traits of Melissa

officinalis under greenhouse conditions
Control: Distilled water, SA: Salicylic acid (320 mg.l""), YE: Yeast extract (1 g.I""), CF: Culture filtrate (¥/v), and CH: Fungal cell homogenate

(mg.I'").

Colors from dark gray to red represent mean values from low to high.
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