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Introduction

Satureja bachtiarica is one of the important endemic species and is used in medicinal and food industries.
This plant is rich in essential oil, flavonoids, monoterpene glycosides and trypanocidal terpenoids. The main
compounds of the essential oil from S.bachtiarica L. collected from natural habitats are alpha-pinene, p-cymene,
carvacrol and gamma-terpinene. The environmental factors cause changes in the growth, quantity, and quality of
active substances (such as alkaloids, glycosides, steroids and volatile oils) in medicinal and aromatic plants.
Among environmental stresses, water deficit 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
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 medicinal and aromatic plants, stable quantitative 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 amino acids on the
physiological and phytochemical properties of S. bachtiarica to determine and introduce the best amino acids
under water stress.

Materials and Methods

This investigation was done from spring (May) 2022 to fall (September) 2023 at the Research Farm of
Islamic Azad University, Branch of Shahrekord (latitude. 32°20' N, longitude. 50°51" E, altitude. 2061 m). Based
on the Kdppen climate classification, the climate of the study area is classified as cold and semiarid. This study
was conducted in a randomized complete block design (RCBD) as a split plot layout with three replications.
Irrigation regimes (3-day, 6-day, and 9-day intervals) were assigned as the main plots, while the foliar
application of amino acids (methionine, lysine, phenylalanine, and proline) was designated as the subplots. In
each year, treatments were applied at 3 stages (3 months after sowing, end of vegetation, before flowering,
beginning of flowering and early flowering) and harvesting was done in the complete flowering stage. Weed
control was applied manually during the entire experiment. During the experiment, no fertilizer and no systemic
pesticide and herbicide were used. The harvested shoots were transferred to the laboratory for extracting and
analysis of the leaves and stems of treated plants. For assessment of the total chlorophyll content of S.
bachtiarica, the leaves were extracted with 80% acetone. The absorbance of the extraction was read at 470, 648,
and 664 nm, and the content of total chlorophyll was calculated as mg per g leaf dry weight. Total phenol
content was measured by the Folin-Ciocalteu reagent as reported by Singleton and Rossi. The total phenol
content was expressed as mg of gallic acid equivalent per g leaf dry weight according to standard curves of gallic
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acid. The essential oils were extracted by hydro-distillation and analyzed using GC/MS.

Results and Discussion

Applied amino acids significantly influenced the morpho-physiological and phytochemical characters of
Satureja bachtiarica. In two years, the highest chlorophyll content (1.41-1.54 mg.g™* FW) and total phenol
content (2.45-2.72 mg.g™t FW) were obtained in methionine (2.5 g.I"!) and phenylalanine (100 pM) treatments by
irrigation regimes 3-day interval. The highest essential oil contents (1.09-1.61 %) were obtained from the plants
treated by methionine (2.5 g.I'Y) and phenylalanine (100 uM) treatments by irrigation regime 3 days interval. The
main chemical compounds of essential oil were P-cymene (17.12-19.45 %), gamma-terpinene (18.14-16.87 %)
and Carvacrol (45.12-51.24 %) belonging to cyclic monoterpenes. The treatments had significant effectiveness
on cyclic monoterpens such as alpha-terpinene, gamma-terpinene, germacren-d, carvacrol, thymol and p-
cymene. Increasing of essential oil content/composition by use of amino acids was seen. The main components
of essential oil in plants treated by proline were lesser than other treated plants. In two years of this research
amino acids of methionine and phenylalanine mad the most amounts of carvacrol and essential oil content. The
monoterpene alcohols in volatile oils of the treated plants with amino acids elicitors considerably were higher
than the sesquiterpenes. According to the ratio of monoterpenes alcohol to sesquiterpenes in volatile oils of the
treated S. bachtiarica with different elicitors, the foliar application of amino acids can improve the odor quality
of S. bachtiarica volatile oil.

Conclusions

Foliar application of methionine (2.5 g.I'") and phenylalanine (100 uM) treatments better than other
treatments increased the morpho-physiological and essential oil attributes. Environmental conditions such as
drought play a key role in plant growth and biosynthesis of different metabolic compounds. The observed
variation in shoot yield and phytochemical content of S. bachtiarica during the studied years may related to
differences in photoperiod, temperature, solar radiation, precipitation and occurrence of biotic and abiotic
stresses at different growing seasons. Also amino acids had very important effectiveness on content/composition
of essential oil of S. bachtiarica. Generally, treats of methionine and phenylalanine can be a good strategy to
improve morpho-physiological characteristics and essential oil quantity and quality of S. bachtiarica in the same
climate.
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(Yadegari, 2022) sus Suis JolS jgboay (31,5 gl 4 )0 Y-

Table 1- Soil physicochemical and climatic properties of experimental field

Properties Year
2022 2023
s 82 83
P (ppm)
el 2092 212
K(ppm)
097 0.09 0.8
N (ppm)
) 041 042
EC (dS.m™)
o o 077 085
Organic carbon (%)
pH 74 713
Uk ke 3111 3003
Average rainfall (mm)
> (lee 116 112
Average temperature ¢C)
123 51 oSk 226 218
Average maximum temperature ¢C)
o> B> (5ls 124 -121

Average minimum temperature ¢C)

ol Caa ol 3590 O Wlasuino - Joua
Table 2- Water properties used for irrigation

LS 5 & ! 5 Colan
e o2 5250 ol e B [ o]
HCOx cr Mg2* Ca2t K* Na* dobes (S N
(meq.l’Y)  (meq.lt) (meq.d?) (meq.lt) (meq.d?t) (meq.l?) DS EC P
(mg.IY)  (us.cm™?)
3.42 0.91 1.43 2.28 0.16 0.763 247.93 387 8.11
ol G aaliiw! 3,590 Of Claswin —Y Jgus dolsl
Table 2- Continued- water properties used for irrigation
ol S$9) PR o ol pgedls olaw Ol
NOs Zn Mn Cu Fe Cd S04 COs*
(meg.lt)  (meqg.l?) (megl?) (meg.l?) (meg.?) (megd?)  (meg.ld)  (meg.l?)
23.67 0.001 0.001 0.001 0.009 0 0.001 0.21

chle 1OX b ambe Sy 5 0jg 5 2 pS ke e
sas U5 o Ve (i) 3 pSke) 35 eddabns
Cool (p5) Sy Sgei 55 9 WS 5 2By 19556 D () L)

(Dere et al., 1998)
Chl total (mgr/l) = (20.21 x A645) + (8.02 x A663) ())
(5 0i9 25 2 P e) S 0357 (v)
CxxVexD/Wsx1000
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JS s U5 Sy ol s e ile (SoSolssidese
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o b)) cnl > 35yl gt Rl & poxie (¥ 509,50
290 ) osless (i b iliio 09,5 )3 35 (1d 53 p)5 V/0) (3
Joi2) €85 )18 (ol adls sl g Jidg I JS e J8 JS wlico
(¥
Odan (hsbre 9 wals Cod s Jlo p3 (ulgn ol
i e 4 LSy 59y 6 )kl 590 50 (Y9090 Vo)
Jlo oo 3 &S Jlop> sy (5 03le p)57 33 £35S0 VVIVY)
oleg )3 (5 oo p)5 50 p59See FIA0) (] jlade 08
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Job 5> ylogidg Sl ol bwgi (LS sladiges odgn
iy Jsbre lyisar igy ool b 5 siaglh DV 50
VVa/0 sac .(De Sousa et al., 2020) 1 dwsles ¥ aoleo 5 )b
sl Jga9)8em 3 5950 bl g Jsdge 139
(v)
] (ke 3 359,50) osas ol X[ ) oo wr/11010]
[0/(p5) 905 139X
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Jsloes cilisee slaoylas I il oo /Y & Ll 0 g S0l
P eSS Voo g Ae o F Ve Gan) SIE sl 5l
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Jslxe @ s Jlgd o e /A g a0 cdn SluSin
A5 eSS (Sl bales g BB sled o addy Ar 5 A aslsl
yogibg Sl olSiwd lawg yiegll YO+ o ladiges Gl uw
Sl Sy 5 <3 (el oSy S Koyl 5 sl
5 039 55 4 SYIE sl p5 e a2 o las JS7 6
(Marinova et al., 2005) 1,5,5 auwlbro  slsa pluil
soateds ¢ BLS (sladiges Cutlyyy Sl s pS bl Gl
ool cuaS @ cawl Jils g baiged (gyg cdadlee
Oho g Bab (Sslaer S oSl gle cla)lsl
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sy d pladl (len clalsle s Sis jl an s S
L 503 o 31 28 T e g 3, (LS slagl] 8
o) By b glall 195 CBlo gl S Jioms ssily
o5t L o b b5 st spSlel A3 i oS
e dnlore g (ol ©YIais cols Sl alSilug p) 0elS
(Adams, 2007) cé,8 ©jypo (Sjol Sjs Moy bl il
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595 o )bl 493 3 (1 )3 p )5 VIB) (i 5 (Y ge9,5e Vo)
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Table 3- Combined ANOVA (mean of squares) for the morpho-physiological properties in Satureja bachtiarica Bunge

a0 > 5 .3 5 ¢lox
TR TP Lol aslslas ’s"“" oy GBS RBE s
S.0.vV &3] Number of Stem wtlop UL Prolin'e Total Total <!
o Shoot yield Chlorophyll Phenol RW.C
Ju 1 77.6% 1458+ 1.87m 43.1% 42.1% 34.1%
Year (Y)
(i) s 4 6.2 7.4 1.91 0.98 1.1 1.08
R(Y)
ot 167.2°° 213.9% 33,6 25.02°* 411 39.9%
Irrigation (A)
AxY 2 156.1% 144.6% 22.4% 34.99% 21.5% 25.1%*
ke "‘“”E"’S ol 8 8.04 115 0.81 0.99 1.09 0.64
a
S 8 155.1%* 156.1%* 22.11% 32.61% 58.12% 37.1%
Elicitor (B)
AxB 16 217.88% 148.1% 25.8% 41.5% 25.8% 55.3%
BxY 8 278.1% 168.6% 34.1% 35.1% 33.45% 39.77%
AxBxY 16 4.99m 9.01m 1.1m 1.14m 0.99" 0.14ms
= “L"E"; sl g6 7.8 10.6 1.55 1.95 1.01 0.22
b
el 19.41 18.1 10.5 8.78 9.88 6.77
CV (%)

Sdime pas g Po/oN PSH/00 Jlois] pdaw )3 )y Gixe ad s NS g s e
*, ** significant at p<0.05 and p<0.01 respectively, ns: non-significant.

Skl 93 5 dlsel (Gl 53U Codi (6,0 25 50 BLS (S 9lg2 5dgh y90 Ol ~€ Jgo
Table 4- The morpho-physiological properties in Satureja bachtiarica Bunge. plants affected by elicitors and irrigation
periods

LSS 59y 4w 5kl 59
Irrigation interval 3-day

g | TBReaSe JofS S S S slyo
ol a5 L5 slass | oo "
Jw Lo ] g Proline Total Total Ol o
Year  Treatments ;»ee;: Shoot yield ) Chlorophyll phenol R.W.C
Number of stem (kg.ha'd) (9.9 (Mg.kg™* FW) (%)
FW)
CO;"tfol** 10.6+0.8°™ 256.9+10.7¢  8.11+03¢  118+0.01°  1.99+0.04¢  42.84+2.2
2022 o 1 11.71+0.5¢ 34924105  7.32+0.4°  141+0.06%  201+0.02°  47.85+1.1°
Lysine 2 11.02+0.4° 341.4%11.1°  8.73+0.3°  121#0.01°  1.88+0.02°  4596+2.4°
s 1 11.1240.7¢ 35554157  6.95+0.19  1.41+0.05%  1.95+0.03°  58.98+2.3%




VPP Sl ) ojlesd PR alor (655908 qalio 3 pole) il pole pdi ¥

Methionine 2 10.88+0.9°¢ 345.2414.2° 8.44+0.2°¢ 1.33£0.03° 1.88+0.01¢  55.09+1.4%
oY Jué 1 11.72+0.7b¢ 355.6+20.7% 6.96+0.3¢ 1.38+0.01° 2.08+0.02%¢  57.12+2.52
Phenylalanine 2 10.82+0.5¢ 339.5+10.3° 7.76+0.2°¢ 1.31+0.02° 1.98+0.05¢  54.92+2.3%
Odon 1 10.82+0.6° 347.1£10.7° 7.99+04°¢ 1.29+0.01° 1.88+0.02°¢ 45.7+1.1°
Proline 2 10.1+0.8° 339.24£10.5° 8.43+0.3°¢ 1.18+0.01°¢ 1.79+0.03¢  44.12+1.1°
LSD 0.78 1.00 1.00 0.75 0.89 0.82
C;:tdrol 14.6+0.8% 312.2410.9° 7.32+£0.2°¢ 1.33£0.01° 2.14+0.07*  50.84+1.8°
o 1 16.1+0.72 377.2£20.5® 7.01+0.2¢ 1.53+0.022 2.72+0.212  58.85+2.8%
Lysine 2 14.02+0.6° 367.4+20.1% 7.39+04°¢ 1.39+0.01° 2.32+0.19%  5596+1.7%
Ogse 1 15.1+0.55% 412.23+25.52 6.14+0.2¢ 1.54+0.032 2.66+0.092 62.77+2.6%
2023 Methionine 2 14.88+0.92 401.2+17.22 7.44+0.2°¢ 1.45+0.042 2.44+0.14%  5509+1.8%
oY Jué 1 16.09+0.72 412.21+16.32 6.15+0.4 ¢ 1.51+0.042 2.41+0.12%  62.76+2.12
Phenylalanine 2 15.82+0.552 404.5+15.82 7.11+0.3°¢ 1.44+0.032 2.31+0.06° 59.92+1.82
O 1 14.82+0.62 389.1+14.92 7.22£04°¢ 1.51+0.012 2.31+0.03° 58.7+2.42
Proline 2 13.1+0.8° 377.2+16.52 7.98+05°¢ 1.35+0.02° 2.22+0.04>  52.12+1.6°
LSD 0.99 0.77 0.78 0.98 0.77 0.82
S j9y o s)lel 90
Irrigation interval 6-day
gy | B oS Js JBSS lyne
) 35 ol 45U Slass | oo _—
Jlw Ly low ] <l Proline Total Total Sl o
Year  Treatments ol Shoot yield chlorophyll phenol RW.C
-1
Number of stem (kg.ha)) (E%.\g/;) (mg kg FW) (%)
2022 C;\L;rol 8.50.6¢ 189.1+10.9¢ 9.32+0.4° 1.09£0.01¢ 1.99+0.08¢  35.84+1.3%
3% 1 9.5+0.5% 244.2+10.2¢ 8.32+0.3°¢ 1.21+0.01°¢ 2.45+0.19%  42.85+1.4%
Lysine 2 8.87+0.6¢ 233.4+11.7¢ 9.73+0.5° 1.15+0.03¢ 2.12+0.09*¢  40.96+1.4¢
gk 1 9.1+0.5¢ 251.1+12.1° 8.85+0.5% 1.29+0.01° 2.34+0.08° 43.98+1.5°¢
Methionine 2 8.88+0.4¢ 237.2+11.2¢ 9.88+0.3° 1.13+0.03 ¢ 2.22+0.07°  41.09+0.9«
osYl 1 10.43+0.5° 259.3+14.9°¢ 8.66+0.4°¢ 1.18+0.01°¢ 2.44+0.18%  39.12+1.5¢
Phenylalanine 2 9.82+0.7°¢ 241.5+14.3¢ 9.15+0.5° 1.14+0.02°¢ 2.32+0.11° 37.92+1.2¢
oo 1 9.82+0.4°¢ 249.1+15.1¢ 9.81+0.4° 1.23+0.04°¢ 2.11+0.09%¢ 37.7+1.1¢
Proline 2 8.1+0.5¢ 231.2+14.5¢ 10.55+0.5° 1.15+0.01°¢ 2.02+0.08°¢ 36.12+0.9¢
LSD 0.78 0.99 1.00 0.81 0.98 0.75
C;:’:rol 13.66+0.6° 251.1+14.7°¢ 8.32+0.3° 1.21+0.01°¢ 2.04£0.06°  41.84+0.9%
o3 1 15.5+0.42 350.2+15.5® 8.27+0.2° 1.31+0.02° 2.55+0.082 45.85+1.1°
Lysine 2 14.02+0.3° 332.4414.1° 9.08+0.5° 1.25+0.03¢ 2.49+0.06%  43.96+1.2°
Orsste 1 15.1+0.52 349.1415.7° 8.85+0.4 b¢ 1.35+0.02° 2.61+0.078  55.98+1.1%
2023 Methionine 2 15.88+0.42 332.2+14.2° 9.27+0.5° 1.31£0.01° 2.491+0.09%  53.09+1.3°
oYl b 1 14.22+0.3° 350.3+15.1 % 8.76x0.4°¢ 1.33+0.02° 2.72+0.092 54.12+1.2°
Phenylalanine 2 13.77+0.5° 329.5+14.3° 9.12+0.5° 1.28+0.01° 2.69+0.082 51.92+1.5°
oo 1 15.11+0.62 338.1+15.6° 9.76+0.5° 1.34+0.04° 2.66+0.182 46.7+£1.2°
Proline 2 12.87+0.5" 329.2+145° 10.22+0.6° 1.29+0.01° 243011  43.12#1.1°
LSD 0.89 1.00 1.00 0.88 0.93 0.69
SS9, 4 55kl 59
Irrigation interval 9-day
3 (gl 4L dlani SUE L > Slos s Judo IS JS Js Js Slyow
Jw W lows add <l Proline Total Total P P
Year  Treatments Number of stem Shoot yield chlorophyll phenol RW.C
-1
(kg.ha'd) (‘;%\% (Mg.kg™* FW) (%)
2022 C(;:]L;rol 5.95+0.3¢ 121.55+9.7° 11.22+0.2%  0.99+0.02¢ 1.44+0.09¢ 24.34+0.97
o3 1 8.5+0.5¢ 149.2+9.5f 9.66+0.1° 1.17+0.03°¢ 1.77+0.08° 31.85+1.1°¢
Lysine 2 7.02+0.3°¢ 138.448.1° 10.07+0.4° 1.04+0.01¢ 1.65+0.02%  29.96+0.8°
Ogse 1 7.1+0.4¢ 151.1+8.1¢ 9.85+0.5°" 1.22+0.02°¢ 1.81+0.01¢  32.98+0.7°¢
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Methionine 2 6.88+£0.5¢ 148.2+9.2 10.77+0.2°  1.09+0.01¢ 1.59+0.01¢  30.09+0.6°¢
oYl Jid 1 8.43+0.3¢ 149.3+9.7¢f 9.76+0.4° 1.17+0.01°¢ 1.81+0.02¢  33.12+0.9°
Phenylalanine 2 7.82+0.4¢ 143.5+8.3f 10.91+0.42  1.11+0.02¢ 1.71+0.01¢  31.92+1.1°¢
Odan 1 7.82+0.3¢ 139.1+9.6 11.21+0.4%  1.15+0.02°¢ 1.58+0.02¢ 27.7£0.9°¢f
Proline 2 6.1+0.2°¢ 137.2+8.5F 11.24+0.52 1.01+0.01¢ 1.48+0.01¢ 24.35+1.1F
LSD 0.79 0.99 0.78 0.99 1.00 0.98
Cow\:lhtdrol 6.45+0.2°¢ 181.2+8.9¢ 10.32+0.2° 1.08+0.02¢ 1.45+0.01¢ 24.50.77
o 1 9.67+0.3« 247.249.5¢ 10.41+0.2° 1.24+0.02°¢ 1.91+0.02¢  32.85+0.9¢
Lysine 2 8.02+0.4¢ 226.4+9.1¢ 11.19+0.42  1.11+0.01¢ 1.81+0.01¢  29.96+1.3°¢
Onsste 1 8.14+0.3¢ 251.1+9.3% 10.85+0.5° 1.26+0.01°¢ 1.88+0.01°¢  34.98+1.4%
2023  Methionine 2 8.08+0.3¢ 233.2+8.2¢ 11.14+0.22  1.14+0.02¢ 1.75+0.01¢  30.09+1.1¢
oY Jué 1 9.63+0.5% 248.3+7.7¢ 10.76+0.4°  1.27+0.04%° 1.78+0.02¢  35.12+1.2%
Phenylalanine 2 8.59+0.5¢ 238.548.3¢ 11.14+0.4°%  1.15+0.01°¢ 1.61+£0.01¢  31.92+0.9¢
Odon 1 8.55+0.3¢ 231.147.1¢ 12.08+0.42  1.25+0.01° 1.73+0.01°¢ 29.7+1.1°
Proline 2 7.1+0.2°¢ 227.248.2¢ 12.94+0.5% 1.19+0.02°¢ 1.51+0.01¢ 24.52+0.9F
LSD 0.88 0.98 0.95 0.91 0.81 0.99

Voo o VT i Y g00,Se0 Ver 0 VT Jutb 2 )3 25 i Y gt o) )3 25 VID Y (yisste ot 5 8 e Y il ) )3 p)S VIO (i
NgegySen Voo IV (g V509,00 00 2V (g Y geg S

)5 50880 b (oo sime B! (gylol Jas ) cainn Syt g (gl 45 g ym 40 dlae

l**

**Lysine 1: 2.5 g.I%, Lysine 2: 5 g.I}, Methionine 1: 2.5 g.I'%, Methionine 2: 5 g.I"%, Phenylalanine 1: 100 uM, Phenylalanine 2: 200 uM, Proline 1:
500 pM, Proline 2: 1000 pM
**Numbers in each column with common letter, have not significant difference.
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Soaiss Wy pialdl 4 bgye (Sid (35 515 bl e
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Fariaszewska et al., 2020; Jafari et al., ) 54 0 Juds,IS
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ol 9 edelcunsdy @l wluly (Pradhan et al., 2017) was
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ph 9 LS STy ol (IS ooty 33 il ol (13
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il (L ey & splel 99) wad 5 ke e
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1- Glutamyl kinase
2- Aminolevulinic acid
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6- Carvacrol

7- P-cymene

8- Gamma-terpinene and alpha-terpinene
9- Germacren-D

10- Thymol
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1- Hydroxycinnamic acid
2- Cyclooxygenase

3- Alcohol dehydrogenase
4- Lipoxygenase

5- Xanthine oxidase
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Table 5- Combined ANOVA (mean of squares) for the content and main composition of essential oil of Satureja bachtiarica

Bunge
Ol i 2alio EHEESY Jooud $20,51e)) i Jassly, Ll oosbw- (o "wslM."
SOV df Thvmol Germacren- Alpha- Carvacrol ~camma- o . o Essential
T y D terpinene terpinene y oil
Ju 1 14.1% 10.99+ 32.1% 0.98"s 34.1% 17.71%  14.88*
Year (Y)
(i) )5 4 0.15 0.56 0.78 0.88 1.01 0.71 0.81
R(Y)
ok 2 12.61% 42.6% 25.9% 27.5% 18.1% 35.1% 25.8%
Irrigation (A)
2 14.99* 21.89% 4551 24 4% 40.11% 14.1% 29.1%
AxY
_;houu;; le 8 0.43 0.67 0.76 1.01 0.78 0.82 0.33
a
S 8 10.88% 30.1% 51.1% 38.1% 27.1% 36.07* 35.1%
Elicitor (B)
AxB 16 11.69* 36.8% 45.1% 45 4% 35.3% 25.8% 41.8%
BxY 8 14.89* 30.91% 42.8% 14.45% 27.6% 35.14% 26.14%
AxXBxY 16 0.45 1 0.51m 0.35m 0.61m 0.43 1 0.19™ 0.77m
= ‘5“";; ol 96 0.32 0.78 0.91 0.88 0.48 0.33 0.99
b
P 118 10.6 5.12 7.92 8.05 7.12 6.55
CV (%)

G dme pas g PSe/oN PSe/od Jloin] prdaw )3 )5 xe el gy NS g
*, ** significant at p<0.05 and p<0.01 respectively, ns: non-significant.
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Table 6- The content and main composition of essential oil (%) in Satureja bachtiarica Bunge. affected by amino acids and

irrigation periods.

Irrigation interval 3-day

USG9y 4w )l 59

- 5 . s & oL ol
Jls Loy o oo oSl O -l JasS19,8 ol ]
. Gamma- Essential
Year Treatments Thymol  Germacren-D  Alpha-terpinene  Carvacrol - P-cymene -
terpinene oil
Jals d
c | 0.89+0.05° 0.99+0.09 1.490.1° 34.99+1.2¢ 14.6+1.1° 14.91+¢1.1°  0.880.04¢
ontrol~
o 1 1.28+0.08° 1.6120.08° 2.1#0.12 41.15+1.1° 17.8+¢1.2° 16.69+0.95>  0.98+0.06¢
Lysine 2 1.2240.09° 1.22+0.07° 1.67+0.09 38.55£0.9°¢ 16.2+0.9% 15.12+0.98°  0.930.03¢
Cysie 1 1.01£0.09° 1.59+0.08° 1.76+0.12° 45.12+0.8" 17.9+¢1.1° 16.99+1.1° 1.09+0.02¢
2022 Methionine 2  1.22+0.08" 1.57+0.09° 1.23+0.09° 30.58+0.9° 18.01£0.8* 16.8+0.94"  0.99+0.05%
oYl s 1 1.08£0.09° 1.48+0.07° 1.55:0.08° 45.11+0.9 18.1¢1.1° 17.124¢0.94  1.08+0.03°
Phenylalanine 2  1.01£0.09° 1.33£0.09° 1.18+0.09° 38.22+0.8° 18.01%0.9* 16.69£0.98"  0.97+0.04¢
o 1 1.2740.08° 1.6+0.08° 1.58+0.08° 41.2141.2¢ 16.7+0.9% 14.93+1.1°  0.99+0.05%
Proline 2 0.99+0.08° 1.55+0.06° 1.34£0.09° 39.72+1.1° 15.54+0.9° 14.55+0.99°  0.91+0.04¢
LSD 0.95 1.00 0.88 0.95 0.66 0.87 1.00
Jali b b b
2023 0.99+0.06° 1.45+0.04° 1.55+0.09 40.55+1.2° 13.66+0.9° 16.9£1.2 1.35+0.06
Control
ontro
o 1 1.44%0.07% 1.76+0.03° 1.99+0.09° 47.42¢1.1° 15.8+0.8° 19.55+1.122  1.55#0.052
Lysine 2 1.22+0.08" 1.65+0.05° 1.77+0.1° 44.33+1.2 14.55+0.9° 18.87+1.2%  1.43:0.07°
Ososie 1 1.44#0.09% 1.76+0.04° 2.01+0.09% 48.61£0.9° 16+0.8% 19.11£1.32 1.640.082
Methionine 2  1.34£0.07% 1.57+0.03¢ 1.770.08° 45.51+0.9° 15.77+0.8° 19.01+#1.1%  1.49+0.05%
oY s 1 1.33+0.08% 1.76+0.05° 1.67+0.1° 44.3320.9° 16.8£0.72 18.6741.2%  1.61%0.05°
Phenylalanine 2  1.01£0.07° 1.8120.03° 1.81+0.08? 41.7740.9¢ 15.1+0.9° 18.15+¢1.1%  1.47+0.06%
oo 1 1.41%0.082 1.99+0.04% 1.81+0.09% 43.43+1.1° 14.6£0.7° 17.99+£1.2%®  1.55+0.07%
i 2 1.32+0.09% 1.450.03¢ 1.430.09° 41.91+0.9% 13.2¢0.7°¢ 17.33+0.99°  1.43+0.05%®
Proline
LSD 0.94 0.81 1.00 0.98 0.99 1.00 0.79
S 59y o )kl 59
Irrigation interval 6-day
. . L i ot i~ . awlwl
Jges $>-oS b O -1 J9ST,8 ool .
. Gamma- Essential
Thymol Germacren-D  Alpha-terpinene Carvacrol - P-cymene -
terpinene oil
ol d f c d d d e
Control 0.76+0.07 0.81+0.01 1.010.09 35.11+0.9 10.66+0.6 13.9+0.88 0.71+0.02
on
o) 1 0.99+0.08° 1.110.03¢ 1.510.08° 38.24£0.9° 13.9+0.8° 16.69£0.91°  0.88+0.02¢
Lysine 2 1.01%0.09° 1.0120.02¢ 1.34+0.09° 36.31+0.8¢ 12.1+0.9° 15.12+¢0.93°  0.81+0.01¢
Ot 1 1.03+0.08° 1.2240.01° 1.49+0.08"° 40.43£0.9° 14.7+0.6° 17.11+0.95°  0.89+0.05¢
2022 Methionine 2 0.98+0.08° 1.0120.02¢ 1.24+0.07° 37.510.8° 14.65+0.8" 16.8+0.87°  0.79+0.05%
oYl s 1 0.99+0.09° 0.99£0.014 1.44+0.06° 39.44+0.9° 14.8+0.8° 16.5+1.1° 0.88+0.02¢
Phenylalanine 2  1.01x0.08° 0.89+0.03° 1.18+0.07° 35.23+0.7¢ 13.8£0.9°¢ 16.69+0.98"  0.87+0.05¢
oo 1 0.98£0.09° 0.910.02¢ 1.41+0.08° 39.91+0.7¢ 14.1+0.6" 15.94+0.8¢  0.79+0.03%
Proline 2 0.890.07% 0.86+0.02° 1.24+0.09° 34.81£0.7¢ 12.3240.5° 15.9+0.5¢ 0.750.02°¢
LSD 1.00 0.87 1.00 0.99 1.00 0.78 0.98
Jals b
c | 1.010.08° 1.65+0.04 1.010.09¢ 41.11£0.9° 10.11+0.6¢ 17.99+1.01  1.02+0.04°¢
ontro
R 1 151+0.09° 2.12+0.07% 2.29+0.18% 50.21+1.12 12.8+0.8°¢ 18.69+0.95°  1.36+0.05°
Lysine 2 1.330.07% 1.99+0.08? 1.99+0.11% 49.33£1.1° 11.1+0.6° 18.12+0.88*  1.25+0.04°
202
023 s 1 1.45+0.09° 1.97+0.09% 1.44%0.09° 51.24+0.8° 13.5+0.6° 19.45+1.12 1.330.05°
Methionine 2  1.2620.08" 1.57+0.03¢ 1.46+0.08° 50.66+0.9° 12.8+0.7°¢ 18.91#0.95  1.27+0.04°
oY s 1 1.41#0.118 1.7620.05" 1.46+0.09° 51.23%0.9° 12.9+0.8° 19.01+0.97°  1.31+0.05°
2 1.32+0.08% 1.330.03¢ 1.390.08° 45.41+1.1° 12.21+0.5° 18.77+0.98  1.21+0.03°

Phenylalanine
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don 1 1510.08? 2.110.072 1.41+0.09° 43.21+0.8° 11.66+0.6° 18.99+0.99°  1.26+0.05°
Proline 2 1.33:0.09% 1.99+0.05% 1.27+0.07° 42.55+0.9° 10.91+0.6¢ 18.55+0.89°  1.14+0.04°
LSD 1.00 0.87 1.00 1.00 0.67 0.77 1.00
S 5oy & syl 493
Irrigation interval 9-day
. . T ot 35— LS . ol
Jyed grosln oWl J5:515,6 Gamma oolems Essential
Thymol  Germacren-D  Alpha-terpinene  Carvacrol - P-cymene -
terpinene oil
Jals
Control 0.46+0.05° 0.39+0.05 0.45+0.01¢ 29.23+0.4¢ 5.45+0.33f 10.11+0.55° 0.59+0.01f
ontro
i 1 0.77£0.06¢ 0.76+0.06° 1.01+0.06° 33.14£0.5¢ 9.11+0.25¢ 12.13+0.91¢  0.71x0.02°
Lysine 2 06740074 0.71£0.06° 0.880.06 ¢ 31.18+0.3° 8.02+0.45¢ 11.55+0.9¢  0.690.01°
o 1 07520074 0.89+0.05° 1.12+0.08° 32.2240.4° 10.11+0.6¢ 12.114#0.77¢  0.73%0.02°
2022 Methionine 2  0.65£0.06% 0.5740.06" 1.09+0.07° 30.34+0.5° 9.7740.53¢ 12.08£0.94°  0.69+0.01°
oYl s 1 0.710.08¢ 0.84+0.05° 1.160.05° 32.55+0.4° 10.1x0.61¢ 11.5£0.76°  0.72+0.02°
Phenylalanine 2  0.69:0.07 d 0.7720.06° 1.08+0.04° 29.99:+0.6° 9.96+0.76¢ 11.22+¢0.98°  0.67+0.03°
. 1 0.69£0.06¢ 0.99:0.05¢ 1.14+0.05° 30.85+0.4° 9.15+0.66¢ 11.1240.76°  0.68+0.02°
odon
Proline 2 0.65:0.07% 0.81+0.04° 1.090.06° 30.2240.3° 8.11+0.42¢ 10.98+0.88°  0.61+0.01°¢f
LSD 0.75 0.81 0.79 0.93 0.75 1.00 0.88
ald e e d de f d d
Control 0.6520.03 0.7120.04 0.87£0.07 33.0120.7 6.75+0.33 12.9940.77 0.84%0.03
o5 1 0.91£0.08° 0.99:0.05¢ 1.22+0.08° 36.22+0.6¢ 8.82:+0.44° 14.69+0.95°  0.98+0.05¢
Lysine 2 0.8740.08% 0.89+0.05% 1.01+0.09° 34.55+0.4¢ 7.02+0.55° 13.12¢0.9¢  0.93+0.03¢
BRI 1 0.99+0.08° 0.950.06¢ 1.23+0.08° 38.41+0.7° 8.55+0.48° 14.11+0.86°  1.01%0.04°
2023 Methionine 2 0.88£0.05% 0.86+0.05° 1.11+0.08° 35.3120.6¢ 7.77+0.41° 14.8+0.95¢  0.99+0.03%
oYl s 1 0.91£0.04° 0.910.04¢ 1.25+0.07° 37.28+0.7° 9.45+0.54¢ 15.5¢0.89¢  1.02£0.02°
Phenylalanine 2 0.880.07% 0.88+0.05° 1.180.09° 36.55+0.8¢ 8.96+0.61° 15.69+0.98°  0.97+0.04¢
o 1 1.01+0.06° 0.990.07¢ 1.31£0.07° 37.32+0.6° 7.66£0.52° 12.9+¢091¢  0.95:0.03¢
Proline 2 0.98+0.05° 0.81+0.02¢ 1.28+0.08° 33.02+0.5¢ 7.0120.4°f 11.940.94° 0.8520.02¢
LSD 0.93 1.00 0.99 1.00 0.82 1.00 0.88

Yoo i VT i YgagySuo Voo 1) (VT i o2 3 1.8 g & et il )3 15 YID 9 oigete 52 9 235 g0 ¥ 3 i 0 S VIO (3w
NgogsSen Voo e ¥ gy Vo9 S Be e 2V (g )Y ga9 S0
LG (g0 gime BMS Lg)\.ni Sl aes Syie Aoy (glyld a8 gt o o (golae] s
Lysine 1: 2.5 g.I"}, Lysine 2: 5 g.I}, Methionine 1: 2.5 g.I"Y, Methionine 2: 5 g.I"%, Phenylalanine 1: 100 uM, Phenylalanine 2: 200 pM, Proline 1: =
500 puM, Proline 2: 1000 pM
s=xNumbers in each column with common letters, have notsignificant difference.

.(Shaykh Samani et al., 2023) sa3 o (yiol38l ) uilul g
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bl 0550 Sgo 31 S 5 oAl5Bl i (Y gog,Ses e cdile
b a0l g Jeew dex il e cov lals
Sr9r8 Slampl colo I cailes b lalS ) aial (slasl
byl bl L8 Jde)lS cole 4 SaS ol Wy el
bug Jdo)lS cops I pSele cle (ien S (o
38l STy w3l b e Jdoar Cunl (Ko el (slas
2 o Seidgyin slamil cld Jals Gk 5l 0 I &S
buwg Jd9)l8 <059 jl g 85150 Cadlg)lS a5 slis
Slosgul (i & a0 Jlad 4 S e (xS el b (5euS]
(el ey GalS aS g (o8 Rl awl

Jba lgie |y ol e g jide JYs 5 (S

P e ole Gio Gl 3 5 oS (s ol il
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~S 3 65k 050 ol bl oS i 5 claoss S ol
g LS 1 (59 9 gdaw (il Caw &S lole p wyly )13 s
&S dyeo Hhaidy gycplil b walgs (el 5o ) Guilel lade
ORIl s piwgs Sacdl Sl cuw (Jdg)lS Wy il
45 dalgd bl 3Sles ISl 4 odie Coli 53 9 S i)
.(Danesh Shahrani et al., 2023; Pradhan et al., 2017)
e dlpe (S 3 el (iS5 Pl Sy aw ials
ke g ond Sy 3 ulel sdiSuss clooss 1515 i, YU
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P il oglds 4 Glyice 1) oadylas (alS Guilul
iy g sty Jolge 4 LS Gusly ol 1) absel (slat
Hawrylak ) s> cous 296 0 0LS 0 550 dlgo yiulj8l 4y yoxis oS
cos ag)h HlS 65 dlge polie (Nowak et al., 2021
5 S S Cod dSgpsbay )l alisee jlB, ((Suid i
ol ote edle i a5 oo
wo9dsshwl » Js (il (Rosmarinus officinalis L.)
OluS 5 opwised 8l 1580 (Lavandula angustifolia L.)
Salvia) Sy » " JgdSsl 5 7 iged (ol o5
oy » olSy ol &S Jbp wwdl Lials (officinalis L.
» (Kulak, 2020) scdl il (Ocimum  basilicum L.)

Solejy olS

Thymus ) cpdogl (Alyssum desertorum) aegas gl o\lals
obss8 o (Calendula officinalis) k. i (vulgaris
oj0 saisS o (Yadegari, 2017) (Borago officinalis)
doyd il 4 e ol i (Yadegari, 2022) (Satureja)
(IS g 33500 il 050 dlge Sl (B gy el
olS b uiS o SaS Jlare 5 (09)b LS 4 456 slacdglis
g b )8l Shis asle Jaore gl il g lald 4
cledy baos Gulul Ll 3 (i 5l ol sl wegMeay a8
) bedgbo | oYL cble blS cul olS geigid, » ol
b 3l gt Gacdplie s o b (St G Al
ol 5l (B & Slane g 29 GllS > (Ssbio slojus
Shcdplio &S 5 oS e Shud e it aslisl
Jud g psaio 51 oolatul b Guilul 5,Sles )3 dgup g o 4ol
Loy 2B dlge e sy > Ll Jdba cul Sae oYl
AL By igige fagm b g Sy (2ed) slaoad dla )3y
Hawrylak Nowak et al., 2021; Taraseviciene et al., )
Sy g Mo yd ¢ il g Fuwogid Hd MBI L (Sas i (2020
oy Sais G5 e B sl cou 1) Luilel glesd
e 9 0% ClS (S Olie &5 sl atully lawgie 5 Mo
@55 gl ol ol 3 1) L S5 Sy Jge pl
(Thymus vulgaris) _£b gl (Thymus daenensis)
Satureja sahandica ) sl o), 4 (Askary et al., 2018)
Siawge Olyusd aad iul3sl (Zakerian et al., 2020) (Bornm.

1- Alpha-pinene
2- Limonene
3- Eucalyptol

Wb Oiai & ey ORIy Gn Pl 4 S8
wleS 5 (Ghanbarzadeh et al., 2019; Shafie et al., 2021)
G e N VAR PSR B Ny KAV INE
B350 bl LS5 Gl gy Slamil g ael sl
OBl e olS laclibng S S ) (il (IS joba
Kulak, ) 54 o0 bS5 cpl calo Jotue <l o uilel i
Py Jlasl b laadein 5 5w .(2020; Caser et al., 2019
Mo 4ol Slindis> Sl Jitacs yosil & Slindis> Jiizg3
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o S5 SlaS 5y Gl ol g ooy Rl ) oyl
3 biden 5 jrwen aSul 4 deg b Wlodg HII8,80 55wl
g izl sl Lol g1 s o JyuS ooj by dapsSs
peedgplio )3 5550 (Sl g oyj p gl b @ il 1
S yobas (Ashouri et al., 2023) 39 0 bgiype oS aygl
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