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Abstract

Introduction: Satureja mutica commonly belongs to the family Lamiaceae, is one of the important
species in Iran. This plant is rich in essential oil, flavonoids, monoterpene glycosides, trypanocidal
terpenoids. The main compounds of the essential oil from S. mutica collected from natural habitats are
alpha-pinene, thymol, Beta-thujone, carvacrol, alpha-terpinene, gamma-terpinene and germacren-d.
The environmental factors cause changes in the growth, quantity, and quality of active substances
(such as alkaloids, glycosides, steroids and volatile oils) in the medicinal and aromatic plants. Among
environmental stresses, water deficit stress plays an important role in the biosynthesis of secondary
metabolites in medicinal and aromatic plants in arid and semi-arid regions like Iran. Drought stress
has detrimental effects on plants growth and yield and can upset the balance between the antioxidant
defense system and free radicals by stimulating a series of biochemical reactions, where free radicals
cause cell damage. In sustainable production systems of the medicinal and aromatic plants, stable
guantitative and qualitative functions can be achieved under conditions of environmental stress and it
is possible to improve the production of secondary metabolites in these plants under adverse
environmental conditions. Therefore, this study was done to evaluate the organic and alcoholic
elicitors on the physiological and phytochemical characters of S. mutica to determine and introduce
the best elicitor under water stress.

Materials and Methods: This investigation was done from spring (May) 2022 to fall (September)
2023 in Shahrekord, Iran (latitude. 32°20" N, longitude. 50°51" E, altitude. 2061 m). Based on the
Kdppen climate classification, the climate of the area of study is classified as cold and semiarid. The
present study was conducted in a randomized complete block design (RCBD) with three replications
to investigate the effect of foliar application of different elicitors of organic (chitosan, salicylic acid,
phenylalanine) and alcoholic (ethanol, methanol, acetone) and control level (without any spraying).
Three irrigation regimes (3, 6, 9 day interval) in main plots and foliar application of elicitors in sub
plots were done. In each year, treatments were applied in 3 stage (before flowering, beginning of
flowering and flowering in 50% completing) and harvesting were done in complete flowering. The
essential oils were extracted by hydro-distillation and analyzed by using GC/MS.

Results and Discussion: According to obtained results, applied elicitors significantly influenced the
morpho-physiological and phytochemical characters of Satureja mutica. In two years, the highest

| @ Cey ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).


https://cropscience.uoz.ac.ir/
https://doi.org/10.22034/csrar.2024.431219.1389
https://doi.org/10.22034/csrar.2024.431219.1389

chlorophyll content (1.29-1.31 mg.g*FW) and total phenol content (2.23-2.11 mg.g*FW) were
obtained in chitosan (0.25 mg.I), phenylalanine (1 mg.I) and ethanol (10 %) treatments by irrigation
regimes 3 and 6 day interval, respectively. The highest essential oil contents (1.31-1.21 %) were
obtained from the plants treated by chitosan (0.25 mg.I?), ethanol (10%) and salicylic acid (1.5 mM)
by irrigation regime 3 day interval. According to the biennial results of the chemical analysis of the
essential oils from by GC/MS, the most important chemical compounds that determine the quality of
S. mutica essential oil included alcoholic monoterpenes such as Thymol (41.12-41.3 %), P-cymene
(32.1-33.9 %), gamma-terpinene (18.91-19.11 %), Carvacrol (3.12-3.91 %) and Alpha-terpinene
(3.12-2.93 %) made the most components of essential oil plants. Thymol belonging to phenolic
monoterpenoid was the predominant constituent of essential oil of Satureja mutica. Proline content in
irrigation regime of 9 day interval more than other regimes and in other hand, the irrigation regime of
3 day interval with chitosan and ethanol treatments was leaser than other treatments. Foliar application
of chitosan (0.25 mg.I"%), ethanol (10 %) and salicylic acid (1.5 mM) significantly increased the
monoterpene alcohols compounds in essential oils of S. mutica.

Conclusion: Morpho-physiological and essential oil of Satureja mutica had significant differences by
elicitors and irrigation regimes. Foliar application of chitosan, ethanol and salicylic acid significantly
increased the cyclic monoterpene alcohols compounds in essential oils of S. mutica so that the content
of these compounds in treated plants by elicitors approximately 65% was more than the control plants.
Finally, the application of chitosan at 0.25 gr.I''can be a good strategy to improve morpho-
physiological characters and essential oil quantity and quality of S. mutica in cold and semi-arid
climates.
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Table 3- Complex analysis variance of mean of squares of essential oil content and the main components of essential oil of Satureja

Ol b @001 4250 Jgond -0 5kyx W JoSloyls el oLl sl el
Sov* DFY  ThymolGermacen-DAlpha-TerpineneCarvacrol Beta-thujone Gamma-Terpinene P-CymeneEssential oil
Juw 1 233" 2.8 2777 0.055"™ 0.091" 0.079" 277 5.33"
Year (Y)
(J) 1S5 4 0.065 0.044 0.023 0.061 0.081 0.009 0.06 0.55
R(Y)
&k 2 134 4317 2.24™ 0.077™ 0.051" 277 1.55™ 2.99™
Irrigation(A)
Jbe ¥ Ll 2 162" 112" 3.65™ 0.044" 0.042" 2.44™ 1.88" 277
AxY
shelgles S glas 8 0.021 0.03 0.043 0.082 0.04 0.043 0.022 0.023
Ea
S e 12 143 223" 2.99™ 0.088™ 0.045™ 1.99” 1.49” 1.99”
Elicitor (B)
S X sl 24 1.66" 1.93" 3.52™ 0.081™ 0.033" 244" 1.88™ 2777
AxB
JUX S e 12 121" 4217 377 0.071™  0.021™ 2.66" 12.7" 2.66™
BxY
JuxS =g ll 24 0011 0.12% 0.11" 0.077™ 0.014m 0.091" 0.033™  0.044™
AxBxY
sbo,S glas 144 0.021 0.11 0.15 0.095 0.043 1.44 0.045 0.22
E3C
Ep
(1) Sy a8 7.12 6.5 5.33 7.44 4.45 8.55 8.91 3.44
C.V*

% NS
<

Do, 0 5 ) Jleil e )8 (g)ls ge gl ge pae s g 4 T

Z SOV: source of variation, Ydf: degree of freedom, *CV: coefficient of variation, *, ** significant at P=0.05 and P=0.01 levels of probability

respectively, ns: not significant.
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Table 4- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 3 day interval (1% year)

Sles Jsedd -0k AW JaSle)ls gl oL Gmle- g bl
Treatment Thymol Germacen-D Alpha- Carvacrol Beta- Gamma- P-Cymene Essential oil
Terpinene thujone Terpinene
Jrs 32.5£0.6% 0.76+0.01°  2.32+0.03°  2.04+0.06° 0.85£0.01*  15.78+0.4° 22.18+0.9°  0.84+0.03°
Control

Jsle 10 35.5:0.9° 0.44:0.02° 2.35:0.01° 3.09£0.01% 0.99+0.02° 18.81+0.3°  23.66+0.8° 0.85:0.02°
Methanol 20 33.02+0.4% 0.73+0.02°  1.81+0.02¢  2.73+0.03° 0.81+0.02®  17.3920.5°  24.51+0.9° 0.96+0.01°

Jstl 10 38.9+0.9® 0.85+0.02° 2.85+0.01°  2.85x0.02° 0.89+0.02°  16.38+0.4°  31.31+0.9° 1.31+0.03?
Ethanol 20 36.88+0.8° 0.44#0.01° 2.1240.03°  2.21+0.02¢ 0.79+0.03®  17.44+05°  23.92+0.7° 1.09+0.01°
O] 10 36.43+0.7° 0.76x0.02° 2.89+0.01*  2.99+0.06° 0.91+0.03*®  18.1+0.6%®  27.69+0.8° 0.88+0.03°
Acetone 20 34.82+#0.6° 0.55+0.01¢ 1.81+0.01¢ 2.65+0.05° 0.88+0.03®  16.22+0.4°  24.22+40.7° 0.92+0.01°
LSD 0.66 0.99 0.77 0.98 1.00 0.88 0.93 0.2
Selewdlo asl 1 31824069 0.76£0.02"  3.12+0.02%  3.12+0.06° 1.01+0.02°  17.82+0.3"  25.69+0.8° 1.21+0.02°
*Salicylic Acid 2 33.1+0.58% 0.22+0.01¢  2.29:0.01°  2.91x0.01° 0.81+0.01®  16.02+0.4™  23.14+0.9% 1.12+0.04%
oV s 1 3221405 0.11+0.03°  2.98+0.03°  2.95+0.05° 0.91+0.02°  16.91+05°  29.37+0.7° 1.11+0.03%®
Phenylalanine 2 31.7820.8¢ 0574#0.02° 257+0.01° 2.62+0.07° 0.81+0.02®  17.44+05°  26.75:0.9°  0.92+0.01°
RUTEAS 1 36.82+0.8° 0.76+0.01" 1.88+0.02¢  2.77+0.08" 0.85+0.012  16.1+0.4° 32.1+0.8%  1.31+0.02°
Chitosan 2 33.82+0.7¢ 0.66+0.02° 1.76+0.01¢ 2.31+0.06% 0.71+0.01°  17.9620.5%  29.78+0.9° 0.99+0.03°

LSD 0.99 0.85 0.77 0.98 0.94 0.99 0.55 0.55
il 3 5 IO Y g i 5 S VY oW eid o 8 V) VT st Ve oo VT Skl sl Y0 s VO ) Skl
iz ailiie 09,5 )l aiie alin By, gl aiw o 0 a5 golael ——— X 0 0 5 /0 Y S
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

gl
Numbers in each column that have same word, have same group.
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Table 5- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 3 day interval (2" year)

. . g - W7 gy i, 55— Lo .
Sless Jeod 63-0 Sy "’:Jl‘fh JasSla,ls u;’Byt "’(:”' oobw- bl
Treatment Thymol  Germacen-D pha- Carvacrol eta- amma- P-Cymene Essential oil
Terpinene thujone Terpinene
N

Control 33.5+0.7° 0.81+0.02®  1.32+0.03°  2.21+0.01¢ 0.44£0.03° 15.78+0.3°¢ 20.1140.91% 0.84+0.03°
ontro

Jsile 10 36.5+0.6® 0.66+0.03® 2.32+0.01°  2.91+0.01° 0.41+0.03° 16.81+0.6" 21.21+0.95¢ 1.12+0.02%®
Methanol 20 35.02+0.8° 0.73+0.02° 2.73x0.01°  2.61+0.02° 0.33+0.03¢ 17.39+0.35°  22.76+0.96% 0.96+0.01°

Jebs! 10 34.1+0.8° 0.85+0.01%  1.85+0.03¢  3.77+0.02* 0.42+0.01°  18.38+0.44%  29.9+0.93* 1.12+0.03*
Ethanol 20 29.88+0.9° 0.55+0.02¢  1.44+0.03°  3.14+0.03® 0.32+0.01¢  18.44+0.35%  25.44+0.88° 1.09+0.01°
O] 10 35.43+0.6° 0.81x0.01® 2.76+0.02°  3.09+0.01* 0.44+0.01° 17.1+0.38"° 26.69+0.78° 0.98+0.03°
Acetone 20 30.82+0.9 0.86+0.03  1.76+0.01¢  3.01+0.05* 0.77+0.02°  16.22+0.47°  24.91+1.04° 0.89+0.04>
LSD 0.69 0.74 0.88 0.88 0.88 0.94 0.66 0.95
Slewdlo ol 1 32.8240.6% 0.76+0.02°  1.86+0.01¢  3.91+0.05° 0.66+0.01° 19.01+0.5° 21.14+0.91% 1.21+0.01°
*Salicylic Acid 2 34.1£0.7¢ 0.55+0.04¢  1.22+0.02°  3.45+0.01° 0.56+0.01°  18.02+0.4 @ 22.33+0.84¢ 1.12+0.01%*
oY1 s 1 33.21+0.5° 0.82+0.01*° 1.01+0.01"  2.99+0.05° 0.91%0.02? 15.91+0.3°¢ 23.11+1.01% 1.14+0.03®
Phenylalanine 2 32.78+0.8% 057+0.02¢ 2.57+0.01°  2.55+0.02° 0.33+0.01¢ 17.44+0.5° 22.55+0.77% 0.92+0.01°
RUTs 1 35.82+0.8° 0.85+0.01° 1.11+0.01°"  3.01+0.03" 0.85:0.02% 15.1+0.5°¢ 31.69+0.88% 1.21+0.02?
Chitosan 2 34.82+0.7° 0.76£0.03° 1.76+0.02¢  2.18+0.01¢ 0.22+0.01°¢ 16.96+0.4° 26.41+0.99° 0.99+0.02°

LSD 0.65 0.88 0.88 0.95 1.00 0.91 1.00 0.78
i 53 5 YD) Gl i 5 8 Y Y oaWT b i 5 8 ) ) T b Ve e ¥ Y Sl el Yo e VIO ) Sl s
iz il 09,5 l)lo aiiws alin By, Sl aiw o 0 aS golael - X 0 5 510 Y lieS
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

-1
g.l
Numbers in each column that have same word, have same group.
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Table 6- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 6 day interval (1% year)

Slod Jsedd -0l W JaSle)ls gl bl pele-g ouilel

Treatment Thymol Germacen-D Alpha- Carvacrol Beta-thujone Gamma- P-Cymene Essential oil
Terpinene Terpinene
Jrs 34.5£0.8° 0.79+0.01*  1.32+0.01° 2.14+0.08¢ 0.65+0.02°  14.31+0.7%  27.41+0.88" 0.66+0.03¢
Control

Jyle 10 38.5#0.7° 0.77+0.02° 1.42+0.03°  2.91+0.01° 0.87+0.032 15.81+0.8°¢ 25.91+0.99° 0.89+0.02%
Methanol 20 34.02+0.4°¢ 0.89+0.03° 1.7340.01¢  2.73x0.05° 0.73+0.02° 16.39+0.35°  24.33+1.02° 0.71x0.01°
Jsitl 10 39.1+1.01* 0.99+0.04° 1.85+0.02¢  2.85+0.02° 0.89+0.03° 17.38+0.34" 32.1+0.77% 0.99+0.03°
Ethanol 20 36.88+1.1° 0.66+0.02° 1.44+0.01°¢  2.21#0.01¢ 0.780.02° 18.44+0.35%  30.78+0.88* 0.81+0.01°
O] 10 38.43+0.6° 0.81+0.01*  2.76+0.04°  2.18+0.02¢ 0.93+0.01%°  16.1+0.48°  25.69+0.99° 0.88+0.03°
Acetone 20 35.82+0.77° 0.71#0.03°  1.76+0.03¢  2.08+0.05¢ 0.79+0.02* 17.22+0.3>  22.11+1.02¢ 0.68+0.02%

LSD 0.55 0.75 0.98 1.00 0.55 0.77 0.75 0.94
Sebeecdlo sl 1 34.8240.7°  0.79£0.01%  1.96+0.02°  2.18+0.05¢ 0.91+0.01% 15.82+0.3°  30.55+1.01° 1.14+0.01%®
*Salicylic Acid 2 32.1x0.8! 0.88+£0.02®  1.22+0.01°¢  2.55+0.02° 0.81+0.03"  16.02+0.4™  25.14+0.88° 1.02+0.04"
oY1 s 1  39.21+0.8° 0.63x0.03" 2.01+0.03¢  2.78+0.02°> 0.87+0.02° 18.91+0.3° 29.44+0.77° 1.1120.03%®
Phenylalanine 2 37.78%0.7° 0.59+0.01™  157+0.02¢ 211x0.01° 0.78:0.01®  18.04+0.4%  28.75:0.69° 0.95:0.01°
OleeS 1  41.12#0.8° 0.76x0.02° 2.11+0.01¢  2.22+0.02¢ 0.92+0.01° 16.1+0.3% 29.34+0.99° 1.29+0.02°
Chitosan 2 38.82+0.7% 056+0.03° 1.76+0.01¢ 2.18+0.03' 0.84+0.02%  17.96+0.4%  26.11+0.88° 1.05+0.01°

LSD 0.93 0.82 1.00 0.98 0.98 0.66 0.65 0.66
il 3 5 IO g i 5 S VT T s o 8 V) VT st Ve oo VT Skl sl Y0 s VO ) Skl
iz ailiie 09,5 )l aiie alin By, gl aiw o 0 a5 golael ——— X 0 0 5 /0 Y S
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

gl
Numbers in each column that have same word, have same group.
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Table 7- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 6 day interval (2" year)

B B S - (N > . .W —LaJT > "—~l.‘£.3 . .w Ny .
Sless Jyes ¢ oty oy Jossla s O%% o R P bl
Germacen-  Alpha- Beta- Gamma- L
Treatment Thymol . Carvacrol R . P-Cymene  Essential oil
D Terpinene thujone Terpinene
s

Control 37.5+0.9° 0.76£0.01° 2.32+0.01° 2.94+0.04° 0.65+0.02° 14.78+0.38° 28.25+0.99"°  0.67+0.03¢
ontro

Iyl 10 39.5#0.7% 0.81+0.02° 252+0.02° 2.21+0.03¢ 0.89+0.02% 16.81+0.36° 27.31+1.02°  0.99+0.01°
Methanol 20 37.02+0.4° 0.73+0.03°® 223+0.01°¢ 2.73+0.05° 0.78+0.02®° 17.39+0.45° 26.76+0.89°  0.81+0.02°
Jsl 10 39.1+0.8%® 0.85+0.02° 1.85+0.03¢ 2.85+0.02® 0.85+0.02% 18.38+0.34%  25.52+0.78°  1.03+0.01°
Ethanol 20 37.88+0.9° 0.44+0.01° 2.44+0.01° 221+0.09¢ 0.79+0.01* 16.44+0.35" 24.92+0.88°  0.82+0.01°
O] 10 35.43:0.6° 0.91+0.04° 2.76+0.02° 2.18+0.06¢ 0.94+0.01% 16.1+0.4° 23.38+0.99°  0.88+0.01°
Acetone 20 34.82+0.7° 0.69+0.01° 1.76+0.03¢ 2.88+0.05* 0.91+0.01* 17.22+0.37® 2551+1.02°  0.74+0.02°

LSD 0.95 0.88 0.93 0.96 0.69 0.55 0.77 0.88

Sbedlo sl 1 41.20+0.9*  0.88+0.01° 2.73+0.01® 2.18+0.08Y 0.94+0.01%  16.82+0.3° 33.9+0.892 1.19+0.01°
*Salicylic Acid 2 38.1+0.8° 0.63+0.02° 2.22+0.01¢ 2.01+0.01® 0.66+0.02° 17.02+0.52°  29.14+0.95°  0.89+0.01"
T s 1 39.21+05° 1.01+0.03® 2.93+0.01* 2.78+0.05° 0.89+0.01°  19.11+0.4°  30.44+0.79®  1.11+0.03°
Phenylalanine 2 37.78+0.6° 0.81+0.04* 257+0.02° 2.11+0.02¢ 0.68+0.02° 18.01+0.3%®  26.75+0.88*  0.92+0.01°
RUTs 1  41.3+0.8% 0.76£0.01® 2.77#0.01* 2.22+0.08" 0.91+0.02° 15.1+0.4°¢ 33.9+0.872 1.18+0.02°2
Chitosan 2 39.82+0.75° 0.54+0.02° 2.41+0.03° 2.01+0.01%® 0.77+0.01°  16.96%0.6°  30.71+0.91®  1.09+0.01°

LSD 0.65 0.91 1.00 0.91 0.99 0.59 0.63 0.95
i 53 5 YD) Gl i 5 8 Y Y oaWT b i 5 8 ) ) T b Ve e ¥ Y Sl el Yo e VIO ) Sl s
iz il 09,5 l)lo aiiws alin By, Sl aiw o 0 aS golael - X 0 5 510 Y lieS
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

-1
g.l
Numbers in each column that have same word, have same group.
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Table 8- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 9 day interval (1% year)

e W e ai—e s G-
oy JosSTa,ls oy d oy

Sl Jeod 305k Ao Bet o oube-g el
Treatment Thymol Germacen-D p' & Carvacrol e_ & a”?ma' P-Cymene Essential oil
Terpinene thujone Terpinene
NER

Control 31.99+0.9° 0.09+0.02°¢  1.12+0.01°  2.01+0.06% 0.63+0.02° 14.21+0.3% 21.01+0.81% 0.45+0.03
ontro

Jole 10 33.5+0.7¢ 0.33£0.01°¢ 2.32+0.03°  2.21+0.01Y 0.89+0.03*  16.81+0.41°  26.99+0.77* 0.78+0.01°
Methanol 20 30.12+0.8° 0.11#0.01® 2.12+0.01° 2.11+0.03% 0.66+0.01° 17.39+0.5° 25.44+1.01°  0.66+0.02¢

Jsib 10 34.1#05° 044+0.01° 1.99+0.02° 2.22+0.02¢ 0.88+0.02° 18.3820.46%  25.3620.67° 0.99+0.03"
Ethanol 20 33.88+0.7° 0.32£0.02° 144#0.03¢ 2.010.01% 071:0.03°  16.44%03°  24.31+0.92° 0.65+0.02¢
s 10 35.43+0.6* 052+0.03° 1.76£0.96¢ 2.18+0.06¢ 0.99+0.02°  15.1+02°  22.11+0.88¢ 0.88+0.03°
Acetone 20 33.8240.7° 03120049 1.14+0.01°  2.08+0.05¢ 0.65:0.01°  16.22+05°  20.9+0.99¢ 0.62+0.01¢
LSD 0.85 0.88 0.95 0.96 0.88 0.66 0.99 077
Seleodls ol 1 34.82407° 0.31#0.02¢  1.96:0.01°  2.18+0.06° 093#0.02%  15.82+0.5°  28.11+1.3° 0.6620.02¢
*Salicylic Acid 2 32.1#0.89 021+0.01¢ 122+0.02°  233+0.01° 0.86+0.01° 16.02+0.3™  26.77+1.1° 0.55+0.01
ooV Laé 1 3321#05° 0.41#0.02° 149+0.03%  278+0.05° 094+0.01°  16.91+04b  20.11+0.89 0.75+0.03°
Phenylalanine 2 31.7840.8° 033+0.01¢ 114+0.01° 2.11+0.07% 064%0.02°  17.44+0.3"  20.87+0.78¢ 0.61+0.01¢
s 1 3482405 041:001°¢ 1.18+0.02¢ 2.22+0.08¢ 0095:0.01° 17.96£0.4%  26.69+0.88° 0.8820.01°
Chitosan 2 32.14207¢ 0.3020.02¢ 1.76+0.01¢ 218+0.06° 061+0.01°  16.1+0.5%  2455+1.1¢ 0.69+0.02%

LSD 1.00 0.92 0.95 0.91 0.88 0.55 0.88 0.55
d 30 w8 YO N lienS i 0 e Y Y VT s i o e 5 ) ) YT L Ve ek V¥ el ol Voo (Lo VO 1) SClcdl o]
Al wline 09,8 ()l iis dlin B > gl g o 0 aS golael - (0 008 <[0T l5enS
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5
o] j— Numbers in each column that have same word, have same group.
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Table 9- Means of essential oil content and main chemical composition of essential oil of Satureja mutica plants affected by elicitors
and irrigation regimes by 9 day interval (2™ year)

Y —Lﬁ.‘T . "—’L:Q .. . ‘.f
Oy JoSlgls  OFF TR oAl

st s s ool Alpha Beta: Gamma ol e
Treatment Thymol Germacen-D P Carvacrol R . P-Cymene Essential oil
Terpinene thujone Terpinene
Jrs

c | 30.5£0.7¢ 0.11+0.02®  1.32+0.01°®  1.91+0.06° 0.73+0.02°  15.78+0.22°  26.99+0.92° 0.66+0.02°
ontro|

Jgte 10 315+0.6¢ 0.44+0.01° 1.41+0.02° 221+0.01¢ 0.79£0.02® 16.81+0.31°  25.91+0.89° 0.79+0.01°
Methanol 20 29.91+0.8° 0.22+0.02¢  1.73+0.02¢  2.13+0.03' 0.59+0.02" 16.39+0.4° 24.76+0.77°  0.69+0.02¢
Jgb! 10 34.1+0.9° 0.51%0.01¢ 1.85+0.01¢ 2.31+0.02% 0.63+0.02°  17.38+0.55°  26.36+0.85*° 0.81+0.03°
Ethanol 20 32.88+0.8¢ 0.38+0.02%  1.44+0.02°  2.21+0.01Y 0.47+0.01° 16.44+0.3° 25.92+0.99° 0.78+0.01°¢
10 34.43+0.5° 0.49+0.03° 1.76+0.089  2.18+0.06° 0.51+0.01¢  17.98+0.4® 20.99+1.2¢  0.75+0.03°

A‘:;:,e 20 31.82+0.8% 0.35+0.01¢  1.41+0.03® 2.01+0.05% 0.38+0.01%  16.22+0.34° 19.9+1.19  0.68+0.01¢
LSD 0.88 0.73 0.88 1.00 0.99 0.88 0.77 0.99
R 1 31.82+#0.6% 0.55+0.02° 1.93+0.02° 2.18+0.06% 0.61+0.01°  16.82+0.55°  28.69+1.2° 0.77+0.01°

Sebewdle 5 30140.7¢ 033+0.01¢  099+0.017  233+0.01° 056+0.01° 13.92+40.47¢  22.77+0.95° 0.65+0.01°

*Salicylic Acid
oe¥T Juss 1 33.21205° 0.38+0.01%  1.08+0.01°"  2.78+0.05* 0.41+0.02° 16.91+0.36"  28.11+0.93° 0.66+0.03¢
Phenylalanine 2  30.78+0.8° 0.31+0.02¢  1.03x0.03"7  2.11#0.07¢ 0.11+0.01°  15.44+0.41° 26.99+0.87* 0.51+0.01¢
RUTS% 1 34.82+0.7° 0.29+0.01¢  1.11+0.02® 2.22+0.08% 0.38+0.02*  18.01+0.38®  26.69+0.99° 0.77+0.02°
Chitosan 2 30.82+0.5° 0.19+0.01®  1.04+0.017  2.18+0.06° 0.33+0.01°¢ 17.96+47° 24.69+1.2°¢  0.69+0.01%

LSD 0.95 0.66 0.92 0.78 0.77 0.99 0.55 0.99
i 53 5 VDY (g il 5o 5 VY VT b il 5o 81 ) T b Ve e ¥ Y Sl sl Y50 (oo VIO ) Sl
s dliie 05,5 ()l s alie By, sl eiw o 0 a5 golael - 1] o 6 5 /DY lieS
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I%. Chitosan 2: 0.5

-1
g.l
Numbers in each column that have same word, have same group.
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Table 10- Complex analysis variance of mean of squares of morpho-physiological characters in Satureja mutica

Oledi e @liTazy (alsp el Sis ool gy Judo s Js Js g5 T (i (5gimo
SOV* DFY Shoot Dry Matter Proline  Total Chlorophyll  Total Phenol R.W.C (%)
[
J 1 2417 0.78™ 29.1" 35.1" 33.1"
Year (Y)
L) S5
Wl 4 0.77 1.55 0.45 0.55 16
R(Y)
L
o= 2 18.9™ 257" 32.4™ 445" 44.9™
Irrigation(A)
Lo X g ,Lol
Jlo Xl 2 155~ 22.56™ 322" 24.6™ 181"
AxY
eboo 5 sl
shels E’S ¢ 8 0.29 0.23 077 0.99 0.33
S e - - - - "
- 12 122 18.2 288 34.12 29.9
Elicitor (B)
S X o, Lol
SRS 24 155™ 20.23" 33.2" 23.7" 456"
AxB
Lxs
JS e 12 111" 24.56™ 33.44™ 24.67" 165™
BxY
X S eX g, L]
JLr Sl 24 0.12" 0.85" 1.120 0.87" 0.13"
AxBxY
5 oo 5 ol
A . = 144 0.33 131 155 0.75 0.22
b
Ol i
e 18.32 9.12 6.65 7.33 6.84
C.V* (%)

Z SOV: source of variation, Ydf: degree of freedom, *CV: coefficient of variation, *,

respectively, ns: not significant.

ns

oy 05 ) Jloil s o (5l sine s fosian pae i 4 5
*, ** significant at P=0.05 and P=0.01 levels of probability
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Table 11- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes by 3 day

interval
Jis s Judg ls Js O (o glgine
Total phenol (mg.g* FW) Total Chlorophyll (mg.g™* FW) Relative Water Content (%)
™ AR VE-Y VFe AEAS VFe AR
Year 2022 2023 2022 2023 2022 2023
Jps 1.21+0.01°¢ 1.01+0.01f 1.22+0.04® 1.18+0.03* 49.8+1.2% 48.7+1.4°
Control
Jsilee 10 1.67+0.01°¢ 1.44+0.02¢ 1.21+0.02° 1.19+0.01° 56.5+1.5% 55.3+1.32
Methanol 20 1.16+0.02f 1.69+0.01°¢ 0.91+0.01° 0.79+0.03° 57.6+2.52 49.99+1.2%
Jsl 10 1.99+0.02% 2.05+0.012 1.02+0.03% 1.29+0.02° 50.7£2.2%® 58.61+1.3%
Ethanol 20 1.22+0.02°¢ 2.06+0.02% 1.14+0.02° 1.01+0.01% 48.5+1.2° 49.81+2.2%
Oygiees] 10 2.02+0.01%® 2.08+0.01° 1.15+0.08 2 1.21+0.01° 55.9+1.92 54.6+£1.52
Acetone 20 1.56+0.01% 1.99+0.02%® 1.16+0.04* 0.81+0.03° 53.5+1.42 47.9+1.2°
LSD 1.00 0.95 1.00 0.88 1.00 0.78
Sl ol 1 1.81+0.01° 1.76+0.01°° 1.13+0.02° 1.18+0.01° 51.1+1.2® 50.1+1.4%®
*Salicylic Acid 2 1.55+0.01 % 2.04+0.02? 0.89+0.06° 1.21+0.02° 57.8+1.82 48.3+2.3°
oY1 s 1 2.21+0.02° 2.03+0.01° 1.01+0.02%® 1.31+0.032 55.8+2.22 46.4+2.4°
Phenylalanine 2 1.62+0.01°¢ 1.59+0.01°¢ 0.87+0.01° 1.01+0.01%® 52.2+1.42 43.1+1.1°
Oligas 1 1.99+0.02% 1.99+0.02%® 1.29+0.05° 1.29+0.02° 59.67+1.9° 58.61+1.2%
Chitosan 2 1.19+0.01°¢ 1.77+0.01°° 0.96+0.04° 0.95+0.01° 50.7+1.7® 51.5+1.6%®
LSD 0.95 0.85 1.00 1.00 1.00 0.86

i 53 S YO lieS i o m S Y Y YT s gnd o 8 ) ) YT b Ve e T Y Skenndlo ol ¢ ¥oe e VO ) Selie L o
iz il 09,5 )l s alin By, gl eiw o 0 a5 golael ——— X 0 6 5 /0 Y S
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

g.I*
Numbers in each column that have same word, have same group.
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Continued-Table 11- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes
by 3 day interval

(9.m™) Shoot Dry Matter olga elasl Sis oolo (Mg.gt FW) Proline
AL A 9
Ju VEe VEeY VE- VEeY
Year 2022 2023 2022 2023
34.9+2.5° 35.1+1.2° 8.1+0.2¢ 8.7+0.2°
Jrs
Control
Jsibe 10 35.87+2.9° 35.9+2.3% 8.5+0.3¢ 7.55+0.1%
Methanol 20 35.242.3"° 32.1+2.1° 9.1+0.1% 8.3+0.2¢
G 10 41.5+2.1% 40.65+1.2° 7.65+0.2° 8.15+0.1°
Js
Ethanol 20 39.9+2.12 35.8+1.2%® 8.99+0.2°¢ 9.55+0.1°
O] 10 32.8+1.2° 30.8+1.4° 8.8+0.3¢ 7.51+0.2
Acetone 20 33.5+3.3"° 28.99+2.3° 9.4+0.2° 8.4+0.1°
LSD 0.76 0.88 0.96 0.88
Sl ol 1 37.1+1.2% 37.99+3.4% 8.1+0.2¢ 7.99+0.1°
*salicylic Acid 2 35.1%2.1" 34.88+3.2" 8.5£0.3° 9.1+0.1%
T s 1 38.1+3.12 39.9+2.92 7.45%0.1 7.49+0.2¢
Phenylalanine 2 35.942.2%® 30.9+1.8%® 8.65+0.2°¢ 8.11+0.3"°
OlygsS 1 41.51+3.4% 40.65+3.2° 7.15+0.2¢ 7.48+0.14
Chitosan 2 36.01+1.8% 35.99+1.2% 8.8+0.3° 9.7¢0.2°
LSD 0.85 0.87 1.00 0.99

S pS YO N S i s a S VY VT b o o S ) ) YT i Vee e ¥V Sekeadlo sl ¢ Yse (s 10 1) Selewdl sl
iz i 09,5 )l s aline By > )l gw oy AT golael - 0 )5 /DY l5enS (]
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"*. Chitosan 2: 0.5

-1
g.l
Numbers in each column that have same word, have same group.
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Table 12- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes by 6 day

interval
Jid s Judg ks g5 T (o (glgimo
Total phenol (mg.g™* FW) Total Chlorophyll (mg.g* FW) Relative Water Content (%)
J VFe AR VFe VFe VF AR
Year 2022 2023 2022 2023 2022 2023
Ci;:;l 1.55+0.05 1.61+0.01°¢ 0.98+0.01° 0.99+0.03% 35.8+1.5¢ 41.7+0.91"
Iyl 10 1.91+0.03° 1.99+0.01%® 0.88+0.02° 1.01+0.01% 46.5+1.4° 48.3+1.1°
Methanol 20 1.88+0.08" 1.66+0.01°¢ 0.72+0.01°¢ 0.86+0.03° 47.6+1.3° 45.4+0.9°
Jsit! 10 1.99+0.04 % 2.04+0.02° 1.02+0.01%® 1.09+0.02° 40.7+1.2"% 51.3+1.4®
Ethanol 20 1.1440.05 1.89+0.01° 0.65+0.02°¢ 0.87+0.01° 435+1.4° 455+1.3°
gl 10 2.32+0.03° 2.02+0.02° 0.85+0.02° 1.01+0.06%® 459+1.2° 51.6+1.2%®
Acetone 20 2.11+0.09? 1.89+0.01° 0.76+0.01" 0.73+0.03° 33.5+1.1° 42.9+1.1°
LSD 0.65 1.00 0.96 1.00 0.67 0.78
Sedewcdlo ol 1 1.99+0.04 % 2.05+0.03° 1.01+0.02%® 1.02+0.04%® 41.1+1.4% 50.1+1.4®
*Salicylic Acid 2 2.22+0.03? 2.04+0.01° 0.84+0.02° 0.81+0.02° 48.8+1.2° 48.3+1.3°
oYl s 1 2.23+0.04° 2.11+0.01° 0.71+0.02°¢ 1.02+0.05%® 45.8+15° 46.4+1.4°
Phenylalanine 2 1.93+0.05° 1.89+0.01° 0.77+0.03" 0.91+0.07° 42.2+1.3% 43.1+1.1°
OligS 1 2.14+0.06* 1.99+0.04 % 0.84+0.02° 1.01+0.02%® 43.2+1.2° 44.7+1.2°
Chitosan 2 1.99+0.08 % 1.14+0.05¢f 0.63+0.01°¢ 0.89+0.03° 34.7+1.1° 415+1.1%
LSD 0.95 0.87 0.78 1.00 0.88 0.77

i 0 pS YO e id 5 @S Y Y VT L o o8V 1) T b Vs e TV Sl sl ¢ Vse (e VO ) Skl a
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I'%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

g.It

Numbers in each column that have same word, have same group.
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Continued-Table 12- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes
by 6 day interval

(9.m?) Shoot Dry Matter lga plail i sobo (Mg.g™* FW) Proline ;g
Ju VE VE-Y VE- VE-¥
Year 2022 2023 2022 2023
JAs 30.1+1.3"% 25.1+1.1 9.1+0.5% 9.7+0.6"°
Control
Jole 10 31.8+1.2° 30.5+1.9% 10.15+0.8° 10.66+05°
Methanol 20 30.2+1.1° 27.1+1.8¢ 11.01+0.7% 10.98+0.6®
Jsil 10 32.1+1.7° 31.9+1.5% 10.79+0.6° 10.15+0.5°
Ethanol 20 31.9+1.8° 28.88+1.3¢ 11.09+0.5% 10.55+0.6°
Ol 10 32.8+1.2° 30.8+1.2% 9.8+0.6"° 10.3+0.7°
Acetone 20 30.99+1.9% 28.4+1.1° 11.0240.7 % 10.99+0.6®
LSD 1.00 0.69 0.88 0.77
Sl ol 1 37.1£1.7% 32.3+1.5° 10.51+0.5° 9.99+0.6°
*Salicylic Acid 2 35.1+1.1° 30.3+1.8% 11.01+0.7 % 11.02+0.5%
YT s 1 38.142.2° 36.9+2.1% 10.1x0.8° 9.240.7%
Phenylalanine 2 33.2+#1.5° 32.9+1.4° 10.98+0.9% 10.11+0.6°
OlygiS 1 35.8+1.3% 33.7+#1.3° 9.88+0.5° 9.61+0.6"°
Chitosan 2 32.1+1.1° 30.9+1.1% 10.9940.6 % 11.01+0.5%®
LSD 0.95 1.00 0.94 0.58

i o pF YO S id 5 w8 VY VT L i o o5 ) 1) T b Vs e VT ekl al Ve (s 1O ) Skl s
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5

gl
Numbers in each column that have same word, have same group.
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Table 13- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes by 9 day

interval
Jis s Judg ls Js O (o glgine
Total phenol (mg.g™* FW) Total Chlorophyll (mg.g* FW) Relative Water Content(%)
J AR AR VFe AR VFe AR
Year 2022 2023 2022 2023 2022 2023
Jss 1.13+0.01 ¢ 1.01+0.01° 0.47+0.01¢ 0.51+0.01¢ 21.8+0.9¢ 21.31+0.8¢
Control
Iyl 10 1.19+0.02°¢ 1.22+0.01°¢ 0.51+0.02¢ 0.79+0.01° 30.5+1.3¢ 25.3+0.95¢
Methanol 20 1.31+0.01°¢ 1.19+0.02°¢ 0.73+0.01°¢ 0.66+0.03° 27.6+1.1¢ 28.4+0.99¢
Jsit! 10 1.32+0.02°¢ 1.11+0.02° 0.62+0.03°¢ 0.79+0.02° 30.7+£1.2¢ 29.3+0.89 %
Ethanol 20 1.19+0.01°¢ 1.46+0.02¢ 0.52+0.02¢ 0.58+0.01° 28.5+1.2¢ 25.5+0.99¢
gl 10 1.14+0.02 ¢ 1.13+0.01°¢f 0.65+0.02°¢ 0.75+0.06° 25.9+0.98¢ 34.6£1.1°
Acetone 20 1.15+0.01 ¢ 1.01+0.02f 0.51+0.01¢ 0.55+0.03 20.91+1.1¢ 32.9+1.2¢
LSD 0.98 1.00 0.78 0.65 0.95 0.77
Sedewcdlo ol 1 1.11+0.01° 1.44+0.03¢ 0.88+0.02° 0.67+0.04°¢ 31.1+1.2° 30.1+1.1
*Salicylic Acid 2 1.01+0.02f 0.99+0.01f 0.74+0.01°¢ 0.58+0.02°¢ 27.8+1.1¢ 28.3+0.88¢
oYl s 1 1.14+0.02 ¢ 1.53+0.01¢ 0.51+0.02¢ 0.75+0.05°¢ 35.8+1.2¢ 26.4+0.99¢
Phenylalanine 2 1.12+0.01° 1.39+0.01¢ 0.57+0.01°¢ 0.55+0.01 22.2+1.4¢ 23.1+0.88¢
OligS 1 1.14+0.02° 1.65+0.01°¢ 0.74+0.02° 0.74+0.02° 33.2¢1.2¢ 34.7+1.2°
Chitosan 2 1.13+0.01¢f 1.55+0.02 % 0.53+0.01¢ 0.69+0.03°¢ 28.7+0.99¢ 21.5+1.1¢
LSD 0.95 0.88 0.55 0.78 0.74 0.89

id 0 )5 VO Y Gl i e e SY Y oY1 Jusd o o AR T s Yo sheo V¥ Sl sl (Vg (oo 10 ) SCl Il sl
iz il 09,5 )l s alin By, gl eiw o 0 a5 golael ——— X 0 6 5 /0 Y S
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"X. Chitosan 2: 0.5

g.I*
Numbers in each column that have same word, have same group.
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Continued-Table 13- Means of morpho-physiological characters in Satureja mutica plants affected by elicitors and irrigation regimes
by 9 day interval

g2 pluil oS o0l R3]
Shoot Dry Matter (g.m?) Proline (ug.g* FW)

Ju VE- \E-Y VE- VE-Y

Year 2022 2023 2022 2023
JAs 16.27+1.2° 15.1440.88f 10.81+0.7° 10.88+0.3°

Control

Jole 10 20.8+1.8°¢ 24.5+0.94¢ 11.02+0.9% 10.85+0.4°
Methanol 20 16.24+1.47 21.1+1.01° 12.1+0.8? 11.99+0.42
Jgbs! 10 20.1+1.3°¢ 23.9+1.1¢% 11.05+0.9% 10.15+0.5°
Ethanol 20 18.9+1.5°¢ 21.88+0.89° 11.88+0.8? 11.55+0.52
Ol 10 22.8+1.2° 20.8+1.1° 10.8+0.9° 10.88+0.6°
Acetone 20 19.5+1.1¢ 15.1340.99f 11.03+0.8% 12.4+0.52

LSD 0.81 0.91 0.88 0.98
Sl ol 1 24.1+0.89¢ 24.3+0.95¢ 10.1+0.6° 11.99+0.52
*Salicylic Acid 2 22.1+1.1°¢ 22.3+1.1°¢ 12.66+0.52 12.39+0.7°
oY1 s 1 24.1+0.99¢ 26.9+1.1° 11.1+0.6%® 10.2+0.6°
Phenylalanine 2 22.2+1.2°¢ 21.9+0.89¢ 11.65+0.82 11.11+0.6°
OligS 1 24.8+1.1% 23.7£0.99 % 10.88+0.7° 10.61+0.5°
Chitosan 2 23.1+1.1°¢ 20.9+1.1°¢ 11.8+0.6° 11.7+0.5¢

LSD 0.99 0.78 1.00 0.71
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5
o] j— Numbers in each column that have same word, have same group.
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