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Introduction

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. Dracocephalum kotschyi Boiss. commonly known as Badrandjboie-Dennaie and Zarrin-
Giah called in Farsi, belongs to the family Lamiaceae, is one of the endangered endemic species in Iran. The main
compounds of the essential oil from D.kotachyi are Monoterpene hydrocarbons category (alpha-pinene, gamma-
terpinene, neral, geranial, nerol, geraniol, limonene, carvacrol and thymol), Oxygenated monoterpenes category (alpha-
campholene aldehyde), Sesquiterpenes (caryophyllene) and geranyl acetate from Acetates of carboxylic acids category.
The extreme harvesting, limited distribution, and no commercial farming of D.kotachyi has led to the danger of its
extinction which is one of the most important challenges. Therefore, this study was done to evaluate the elicitors
(organic and alcoholic) on the morpho-physiological characters and essential oil quantity and quality of D.kotschyi to
determine and introduce the best elicitor.

Materials and methods

This investigation was done in biennial research from spring (May) 2022 to fall (September) 2023 at the Research
Farm of Islamic Azad University Branch of Shahrekord, Iran (latitude. 32°20" N, longitude. 50°51" E, altitude. 2061 m).
Based on the Koppen climate classification, the climate of the area of study is classified as cold and semiarid. Seeds of
D.kotschyi Boiss. (Lamiaceae) were obtained from Forest and Rangeland Institute, lran. Firstly, the seeds were
sterilized and sown on May 2022 and 2023 under greenhouse condition (25°, light 12/12 day/night, 65% RH). After
about 45-50 days from sowing, when the seedlings had 4-6 true leaves with 8-10 cm tall, were transplanted in the
experimental field on 20 May.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 (0.25 and 0.5
gr.I’%, salicylic acid (1.5 and 3 mM), phenylalanine (1000 and 2000 mg.I"})] and alcoholic [(ethanol (10% and 20%),
methanol (10% and 20%), acetone (10% and 20%)] and control level (without any spraying) on the morpho-
physiological characters and essential oil quantity and quality of D.kotschyi In each year, treatments were applied in
stage of Vi-Vs and the sampling was performed in flowering stage. The essential oils were extracted by hydro-
distillation and analyzed using GC/MS and GC-FID.

Results and discussion

According to obtained results, applied organic and alcoholic elicitors significantly (0=1% and 5%) influenced the
morpho-physiological characters and essential oil content/composition of D.kotschyi, however the assayed traits showed
slightly variation during the studied years. In two years, the highest shoot dry matter (140.3-145.1 g.plant?) and
chlorophyll content (2.51-2.55 mg.g* DW) was obtained in salicylic acid (3 mM) and phenyl alanine (1000 mg.I"%)
treatments respectively. In most of measured characters, plants treated with salicylic acid (3 mM), phenyl alanine (1000
mg.I") and ethanol (20 %) were in the same group. Amounts of some characters in plants treated with methanol and
acetone lesser than control plants. The main constituents of essential oil were Neral, Alpha-Pinene, Limonene, Geranial
and Geraniol (alcoholic monoterpenes) that made the most components of essential oil plants. The organic elicitors
effect especially salicylic acid on increasing the total phenol content was higher than the alcoholic ones. Applied
elicitors showed significant effects on essential oil content and composition of D.kotschyi and the highest essential oil
content (1.12-1.18 %) was obtained from the treated plants by salicylic acid (3 mM). According to the biennial results
of the chemical analysis of the essential oils from D. kotschyi by GC/MS and GC-FID, the most important chemical
compounds that determine the quality of D. kotschyi essential oil including a-pinene (21.32-29.22%), geranial (8.34-
15.78%), neral (6.43-13.1%), limonene (4.33-8.76%), geraniol (1.08-2.71%), geranyl acetate (4.11-8.91%), a-
campholene aldehyde (1.32-3.77%) were identified. a-Pinene belonging to monoterpene hydrocarbons was the
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predominant constituent of the D. kotschyi. The most correlation indices were obtained between essential oil content
with shoot dry matter and alpha-pinene.

Conclusions

Foliar application of salicylic acid and phenyl alanine significantly increased the monoterpene alcohols compounds in
essential oils of D.kotschyi so that the content of these compounds in treated plants by organic elicitors 58% was more
than the control plants. Finally, the application of salicylic acid at 3 mM can be a good strategy to improve morpho-
physiological characters and essential oil quantity and quality of D.kotschyi in cold and semi-arid climates.

Keywords: Alpha-pinene, geranial, phenyl alanine, salicylic acid.

éitations: Yadegari, M. (2025). Foliar Application Effects of Elicitors on Morpho-physiological and Essential Oh
Components of Dracocephalum kotschyi Boiss. Plant Production Technology, 24(2), 125-140.
https://doi.org/10.22084/ppt.2024.29935.2137

© 2022 The Author(s). Bu- Ali Sina University Publication. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Online ISSN: 2476-5651 Print ISSN: 2476-6321

- J

126


https://doi.org/10.22084/ppt.2024.29935.2137
http://creativecommons.org/licenses/by-nc-nd/4.0/

VET Bl 5 Gl /VEA-NYO Slomis /33 8yled /5l 5 o i /AL Sl 5 (5551

CPFEM __ ._:::A.CCESS
4. https://doi.org/10.22084/ppt.2024.29935.2137

29013 oS bl 5 (S5 id s S Sy g hE GBS e L34 o O S
(Dracocephalum kotschyi Boiss.) sl8 - ;3

Foliar Application Effects of Elicitors on Morpho-physiological and Essential Oil
Components of Dracocephalum kotschyi Boiss.

£ LS‘)L?-’L’N u\]@-“
VTSV 1 VETIVIV il )l

(son s dlie)

ol el Ol e s S50 L el 0alS 31 Dracocephalum  kotchyi Boiss.  ole L ols wsemnl b oS ps
el ol )5 eilid kS 5 eSS i b e Sl (ST D his S e bl S 3 anlllas
slas sl lea B s el 5 2 HLSS o S s VEY ologe UVENY Cligun)l Sl dlags Oy st Lol G LS
5 070) 038) Tl 5 (s Yo 5V 0) Ol 5 J b1 J ki) Sl slslag i plosl 5185w b ol Jols
dals les 5 (Gl 53 p 8 dee Yore 5000 ) VT L 5 GVsn oo 4 5 o 5 S0) bl sl (20 3 p 5 0/0
A S A gl 250 oS 05 als ol ulel DS 5 5 bl (S h s Slis S (O 2 o)
ezils 36 oS s oS bl 5 (S sdsose Slie n ols e ssba ISU 5 T S e &S sl Ol s
oIS lsme 5 Ve e ae Sl sl Jlag 53 LS 5o p 8 180/ V80T St eole 5 Sas olie o VL
VAASVAY) il Sl o i ol oz 2l 53 0,8 oo Vo (VT b las s (S02 035 55 p S ke Y/Y-01/00)
OS5 a5 gge lap Soodes 5l Wl o Jge esle el sty SV g0 s e Sl el Lol Slas OaLS 51 (Ao s
Slis 35 55 S5 A Ll Ve dee aw e L Sl dad Sl oslinad g OIS sl Sl s e

Mbulb&":‘}w}'sf"w?u\‘b'f“f;@d:;ui))wb\Jé}jjﬁﬁﬁ)jﬂ

el Sl VT L LS5 W 26 AdS glaeslg

/AS o3 el oS bl 5 (SSdnndshise S S hs n sAEs S e 3L IO B0k i 4 gl
NEAY0 (V) TE ( alS o)y 4,505 «l=s (Dracocephalum kotschyi Boiss.)
https://doi.org/10.22084/ppt.2024.29935.2137 .

Commons Creative LiCENSE ;, s oo ol 5 ol (O) ol n s o st 25 3 >

53 1y ek Ol sallis das e o5l| dne o Alttribution (http://creativecommons.org/licenses/by-nc-nd/4.0/)

eyl il e ol s A lie gl Hlimlan g i Jl il ge Gade Sl bgie o)l00 S il 4 sl

k YEVI-IYY 5l LLs YEVI-010Y 1 i g 2SI LL.J

Q\ﬁl g);j@n; «L;d.}kw\ :‘)I AK:;.;‘Q g:;j@,; J}U u_,<:3L§)1 QYJM 9 4.5‘.1\&3 ;;Li,”.ix ;J» ‘)L:,:J; Al

Email: mehrabyadegari@gmail.com J s oy 53 138

ARAY%


https://doi.org/10.22084/ppt.2024.29935.2137
mailto:mehrabyadegari@gmail.com
https://doi.org/10.22084/ppt.2024.29935.2137
http://creativecommons.org/licenses/by-nc-nd/4.0/

Ly o 2ol lendly Glis 3 sz se glaodi S 5 b
G g 3 Jeta 0 Ol 5 ol a1 G b Sl
(Lee-Sae etal., 2011) tuss o 15 Sbeow | Lo sl
Glp bl dsls sz oS Sliis @ olS 53 k) GlacS e
oo 53 QLS S ala den (5555 oS 5l 5 L,
L Sl S e 13 LS eeas b ok G s
51 (Thakur and  Kumar, 2020) &S o ,uxs olS sai
U oS sod 5 by n Sl S e e
Sy el Ol 5 dple Sl aler 1 JSU SlaS e
LSt bS53 SAaSIiss 5 aalll o3 o) soa Uik
5 (s 5 o) wwel Gladed s 5 oedd
Hpd o s OIS il bl s daslda s S
Tl 1B (S S SRS (T O e Oleily 30
ol Sl S Bl culg s 5 Sl
(Nonomura and Benson, 1992) ..l JSI slasS
308 oo dib GRIB & e Jlie 5 JE 2L o
Yaghoubi ) (Alstroemeria hybrida) e oLS S,
s 46 ols 5 il (Kiaseh and  Yadegari, 2015
(Ocimum  basilicum c.v. Keshkeni) Ol o,
oLS 55 usd 4 Jemw il33l (Moghaddam et al., 2018)
Vojodi Mehrabani, ) (Pelargonium graveolens) Mj\)j
oS sl ClS 5 Ol 5 Six esle il58 (2019
Mousavi et ) (Thymus vulgaris L.) &b 25l sl
Celoa (al., 2021
SIS G e @ Ol o b,y S e Lo
5 o1 Jetd oSl o OF 6131 513500 0530 T iy
3 Sehedle Al L les s Ol BB Ol S
Uil 4 e (Thymus daenensis Celak) _oUs :pio sl
Abdi et al., ) Sax 4 Joxs 5 pulel OS5 5 Sl
Pennisetum ) 0, &4 S rhe e le Al (2022
sles 5 il (Mathur and  Vyas, 2007) (typhoides
(Cynara scolymus) 358 oS (sudsls b
oelel OlsS 55 Sualal Aul5el o(Zamani et al., 2016)
Yadegari, ) (Salvia officinalis) dlfﬁ,a ool obls
Gorni et al., ) (Achillea millefolium L.) ol sl 5 (2018

(Dracocephalum kotschyi Boiss.) «LS ..,5 (2020

VYA

BB Sy g ghh) GBS e AL s 1,84
dodle .\

Sl ALS Gbresl gl o 855 51 (S Olslas esl 5l
by ol & gl 0,8 Yerr 5 s Yoo 0486 &S
b L U3 w5 b b olS s el il pl 5l casleds
L 2s.l> 0lLS 5l Dracocephalum kotchyi Boiss.  .le
do ll dir Glane ile LS Lol Ol e s 550
Fr oS 5 S ey S date s Ble b oo
Sy oleed LS 5 (Mozaffarian, 2008) ol 3
3 b Sl eaaplisl glady sl (S5 Jols olS 55 52
Sz slge op fege LB 55SVE 5 SIS 655l B
WL W ised Wl Sls s el
e ol Josp QST Jsaels T el
Ashrafi et al., ) cwl Clal fw 5 5 b8 (o
b ssd= B oS el alS (2017, Fallah et al., 2020
St osle Ol GRIBIL e 5 e Jamie SO 4
Shaykh-Samani et ) &l o il jublel do s o alS
Shrs 5 ool 0alS 5 Sles 5 ai; sla S5 .(al., 2023
3 e bt 5 S35 dex |
0T blize Sl 5 e 5 aows Ol uis (S5 Jelss
sbcsla, 51 S (Thakur and Kumar, 2020) coala
S o3litel (535U N puams S 5 oS S 03
Olie & Gldy S e 3,55 ol Ay SlaS s
2y el LS 5 catle ol glachle js 5 s 5ue
oolie & s 0l 5 sdto 5y b St o3 e
GBS a das e el | a4l slaodple VL
S8 dmes e b e L b SLS S sl
bl s e Sel by e W G
53 SSdngd Sk rames 5 a8l gbodpbe
Alavi Samany et al., ) Lss o OLLS ;3 (S3lsh; 50
il e obekily Eal53l .(2022; Zhao et al., 2005
Culg s S plss 5 mhae SR (g8 S EalS
Gl Gy S el S H S s Shes il
L oS ks .(Yadegari, 2018; Kheiri et al., 2020)
Ll s s dislen Jelge ale Lt (S
31 las semes s Jed Sl ool Gl el Sl
3 S e pde oS s by sasl sl sk



VET Bl 5 Gl /VE0-NY0 Slomis /33 8yled /5l 5 o i /AL Sl 5 (5551

la B9y 93080 .Y

e o A

ST oSSl hasny Sl asspe o S ey
VY i Lo Slasie b5 S,ed dals ol
0) 5 ax > 00 oldlar Jgb 5 Jlad aids Yo 5 ax s
Sedle b s s o Sl T gl 5 30 i
Ceigma) Dlg o dlegss Sosea VENY 5 VEY el
K G S st VE0Y (slasgs) 5l B V80 Glo
S5 e skt LIS a2 b I s ekt s
5o il Sl el Slopas 43S el
eslodal Y Ui s ol Of Sles s 5 ) Jsis
0L S 3 Sl eddag olS opus (S p il slaslis
55 5 ol Cigosyl Vo @)U 35 Jdsl dl s Olgral S
cuilS mlel glacs S s ole il Yo s pss b
0 ks, o Aol el (oll alolidl 5 s
Lodsas S 5s e Sl Vo ciis) g 4kl 5 resile
ol a e 55 olS Ly A e 3 ilhae oSas S
Hhdsle Cus a3 L S S Ll 2 S ocia
ao b5 dals ek g5y of b oL slowe .0 ol
RERRSE NSRS

bl olasis Y-Y
V) sk Jols Il aly lajles ey Jl 5o b
Yo 5 00) sl 5 (Aoys Yoo V) J5b1 (s Yo
53 p S 010 50 /Y0) OlisxS Jols JT 4l 5 (Ao
T s s (Ve ke a5 o 5 SO Skl
sHuddee) dals Sl 5 (55 p S e Yo 5 Vve)
e Jgloms g gl s Ol ass ool gl (O
A S S St 005 Jo LY
S0 0 wam 5l dalisay 550 slad glows O
Aol ag Sl s o STANY) Sl s
wd e p S TV GV e o 5 S Sl
OF 5 8 VM GV gn oo SChedlo il J gl
b o2l b e 5 03503 o Aoy Ve b1 ST s L

9 */Y0 ubj:.:s Sag 61}5 ..,Lie.,UL.u) J,:':J‘_;L:a Yoo >

Y4

Thymus ) a5 slas S (Shaykh-Samani et al., 2023)
Mohammadi et al., ) (Thymus vulgaris s kotschyanus
(Momeni et al., 2020) Thymbra spicata L. +LS 5 (2019
S dlgen (JT S e s 5l OGS el ol
(Rubia tinctorum) .U s, O s 5151 ml53l Eel oS e
Artemisia ) 4w s JMJT «(Vasconsuelo et al., 2004)
SlasS! L;Laﬁ;ﬂ Jls (Putalun et al., 2007) (annua
Nicotiana ) 055 olS LSS 5 U sl VT L
Jed s oL «(Falcon-Rodriguez et al., 2009) (tabacum
Esmaeilzadeh ) (Linum album) diw OLS Ay sl s
sa S olul 5 Slee (bahabadi and  Sharifi, 2013
(Ocimum  basilicum s Ocimum ciliatum) Ol ,
Satureja ) o;,. 5 (Hawrylak-Nowak et al., 2021)
el (Alizadeh et al., 2020) (hortensis L.

5 el Slosyl 5 I b e 5l YT s
Job e 53 (PAL) UL sl VT e 5l iy Ol g
Govindaraju and Indra ) s,ls gAdS 28 Aol s
ol s S el S5 sl & (Arulselvi, 2018
Glazes S s)ls DS ulel 4S5 S 5 Sles
. «(Rajabzadeh et al., 2024) (Rosa damascena Mill.)
Rahmani Samani et al., ) (Salvia officinalis L) S
Aghaei et al., ) (Hyssopus officinalis L.) Ly 5 (2019
Sl ! (J 5 b e cloas 5158 (2021
DS 5 5 pelel SRl 4 e VT Ji 5 Ol S
(Satureja hortensis L.) o560 sl oS L
KIS oS 3y g 3 Shes 5 (Poorghadir et al., 2020)
Esmaeilzadeh bahabadi and ) (Carthamus tinctorius)
Cewloa (Sharifi, 2013

wrrly ol G 0sSU mle e n wer sl
LS ) Ol 5 Jsbe (Jgbl i e (5 108
S ) 058 5 VT s (Sl Al 5 (IS
plowil ol s bl 5 (S5 ghose i (]
Sy S e B S 3 s ) e
S nsiosn Do palie VL 025l sl
A planil ol 5 eiled CedS 5 S



BB S M, GBS e 3L s I 311,854

A ol S 53 5SS /00 50 /Y0 35 4 ad ysp S /0
Tablel: Physicochemical and climatic properties of experimental field.
Characters 2022 2023
P (ppm) 82 83
K (ppm) 209.2 212
N (ppm) 0.09 0.08
EC (ds.m?) 0.41 0.42
Organic Carbon (%) 0.77 0.85
pH 7.4 7.3
Average rainfall (mm) 311.1 276.3
Average temperature (C°) 11.6 11.9
Average maximum temperature (C°) 22.6 24.8
Average minimum temperature (C°) -12.4 -10.1
Table 2: characters of used water for irrigation
HCOs Cl Mg Ca K Na TDS EC pH
meq/I mg/l ms/m
3.44 0.93 1.45 2.31 0.18 0.543 245.2 366 7.4
Continued Table 2: characters of used water for irrigation
NO; Zn Mn Cu Fe Cd SOy CO3
meq/I
24.55 0.001 0.001 0.001 0.008 0 0.001 0.22
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Table 3: Complex analysis variance of variation of morpho-physiological characters in D.kotschyi

S.0.v? D.FY Total phenol Eﬁ:glrophyll Relative Water Content ﬁ:;t?;rmy
Year 1 0.4 0.51" 0.25" 2.2m

R(Y) 4 0.6™ 0.36" 0.176" 41.01"

T 12 12.9™ 4.9™ 4.3™ 65.02"

E 60 0.8 0.1 0.05 11.71
CV % 5.98 6.15 4.56 7.4

2 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

Table 4: Means of morpho-physiological characters in D.kotschyi plants affected by elicitors.

Total phenol ~ Total Chlorophyll . Shoot Dry Matter
Year Treatment (Mg.g™* DW) (mg.g DW) Relative Water Content (g.plant)
Control 1.33+0.06 ¢ 1.18+0.03f 50.7+1.4°¢ 95.1+1.2°
Methanol 10 1.44+0.05° 1.1940.01 ¢ 55.3+1.3¢ 108.5+2.3¢
20 1.69+0.1¢ 1.66+0.03 ¢ 58.4+1.2°¢ 121.1+2.1°¢
Ethanol 10 2.05+0.02° 2.09£0.02 ¢ 59.3+1.3°¢ 119.9+1.2°
20 2.46+0.06° 2.51+0.01° 65.5+2.2 % 133.88+1.2°
Acetone 10 2.08+0.07° 1.81+0.06 ¢ 54.6+1.5¢ 108.8+1.4¢
20 1.99+0.07°¢ 1.73+0.03¢ 52.9+1.2¢ 119.4+2.3°¢
2022 LSD 1.00 1.00 0.78 0.88
*Salicylic 1 1.76+0.03¢ 2.57+0.042 60.1+¥1.4¢ 130.3+3.4°
Acid 2 2.54+0.05° 2.51+0.022 68.3+2.3° 140.3+3.2°
Phenvlalanine 1 2.53+0.062 2.55+0.052 66.4+2.4° 129.9+2.9°
Y 2 159+0.6¢ 2.11%0.07% 63.1+1.1° 110.9+1.8¢
Chitosan 1 1.99+0.04° 1.81+0.02¢ 64.7+1.2° 133.7+£3.2°
2 1.77%0.05¢ 1.89+0.03° 61.5+1.6° 100.9+1.2¢
LSD 1.00 1.00 0.77 0.87
Control 1.41+0.05¢ 1.19+0.04 ¢f 49.8+1.2°¢ 99.1+2.5¢
Methanol 10 1.77+0.03¢ 1.21+0.02¢ 56.5+1.5¢ 111.8+2.9¢
20 2.06+0.08° 1.73+0.01¢ 57.6+2.5°¢ 118.2+2.3°¢
Ethanol 10 1.99+0.04° 2.02+0.03°¢ 60.7+2.2¢ 120.1+2.1°¢
20 2.22+0.05° 2.44+0.02° 68.5+1.2° 136.9+2.1°
Acetone 10 2.12+0.03" 1.85+0.08° 55.9+1.9¢ 122.8+¢1.2°¢
20 1.96+0.09°¢ 1.76+0.04 ¢ 53.5+1.4 % 123.5+3.3°¢
2023 LSD 1.00 1.00 0.95 0.76
*Salicylic 1 1.81+0.04° 2.44+0.022 61.1+1.2° 137.1+1.2°
Acid 2 2.59+0.03°? 2.59+0.06 2 67.8+1.8° 145.1+5.1¢2
Phenvialanine 1 241+0.04% 2.51+0.022 65.8+2.2 % 138.1+3.12
y 2 1.62+0.05¢ 1.57+0.01¢ 62.2+1.4° 108.2+2.2¢
Chitosan 1 2.03+0.06° 1.84+0.05¢ 63.2+1.9° 139.8+3.4¢
2 1.89+0.08° 1.93+0.047 ¢ 60.7+1.7¢ 110.1+1.8¢
LSD 0.95 1.00 0.98 0.85

*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1000 mg.I%, Phenylalanine 2: 2000 mg.|~,
Chitosan 1: 0.25 g.I'%. Chitosan 2: 0.5 g.I"t - Numbers in each column that have same word, have same group
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Table 5: Complex analysis of variance of variation of essential oil content and main compositions in D.kotschyi

SOv? DFY Neral Limonene Alpha- Carvacrol ~ Caryophyllene Gamma- P- E_ssentlal
Pinene Terpinene  Cymene oil

Year 1 0.01" 0.72ns 0.14"s  Q0.1"s 0.4ns 58" 0.1n 27"

R(Y) 4 0.007" 1.75" 7.3" 8.54™ 2.28" 0.36" 0.245"  9.66™

T 12 03" 772" 6.89™ 467" 3.9™ 2,97 1.2 14.9™

E 60 0.002 05 0.08 0.09 0.65 0.1 0.07 11

CV % 6.6 8.12 7.14 5.67 6.14 5.8 4.83 6.4

Continued Table 5: Complex analysis of variance of variation

of essential oil content and main compositions in

D.kotschyi

Alpha campholene Geranic acid Geranyl . .
SOV DF Eucalyptol Aldehyde methyl ester acetate Geraniol Geranial Thymol
Year 1 0.72m 0.14m 0.1 1.4 0.8™ 0.1 1.5
R(Y) 4 12.3" 7.22™ 9.8™ 14.6™ 3.86" 0.176" 1.05"
T 12 1.01° 6.05™ 8.2™ 17.9™ 8.9 1.6™ 7.9"
E 60 05 0.08 0.09 1.8 11 0.05 0.3
CV% 3.74 7.55 5.12 8.6 6.53 4.88 5.82

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

Table 6: Means of main chemical composition (%) in D.kotschyi plants affected by elicitors (2022-2023)

Neral Limonene Alpha-Pinene Carvacrol Caryophyllene Gam_m a- P-Cymene E_s sential
Terpinene oil
Treatment 2022

Control 65:0.8°  5.76:0.7°  21.32¢12° 0.94+0.06°  0.85£0.08° 0.78:0.08°  0.990.01°  0.84%0.03°
Metharol 10 75:06%  544:08  23.32411° 121£0.01¢  1.3240.09° 1.81+0.06° 1.91+0.02°  0.85£0.05¢
20 8.02£#0.4°  7.73+11°  2573+14° 1.73:0.03°  1.44+0.06° 1.39+0.05°  1.76£0.02*  0.9640.01°
b
Ethanol 10 11.1+0.8® 7.85:0.7°  24.85+15° 1.85£0.02°  1.33£0.06° 138:0.04° 1360.01° O-99%003
20 12.86£1.1% 7.44+0.9°  27.44%1.2° 221301°  1.55£0.03° 1.44+0.05° 1.924#0.01°  1.09+0.05%
Acetone 10 6.43:0.6° 4.76:0.7°  22.76£1.1° 1.18+0.06°  1.08£0.07% 1.1£0.08¢  1.69£0.02*  0.88+0.03¢
20 7.8240.6°  455+0.7%  21.76+14° 1.88£0.05°  1.44+0.04° 122+0.07° 1.45:0.03°  0.92+0.04°

LSD 0.24 0.96 1.00 1.00 055 0.95 0.88 02
Salioviic Acigx 1 11825068 7768070 27764140 1.18+0.06°  1.08+0.07% 1.82:0.07°  1.42+0.02°  0.83+0.09¢
y 2 131#0.8  82240.9°  29.22+15° 201:0.1°  1.86£0.06% 2.0240.04*°  1.14%0.02°  1.12+0.04®
Shenvialanine L 1221#05° 80108  28.01+16° 1.78+0.05°  1.64+0.08° 191+01®  0.11#0.01'  1.11#0.03
y 2 11.7840.7* 657+0.6°  26.57+1.3° 1.11£0.07¢  1.2240.02° 1.44+0.05° 0.75£0.02°  0.92+0.05°
1 11.82+0.8° 8.76£0.7°  27.11#14° 2.2240.08°  1.49+0.09" 21#0.08  0.69£0.01°  1.09+0.02°
i b
Chitosan 2 10.8240.6° 7.76£0.7°  26.76:1.2° 2.18+0.06°  1.1140.07% 196:01°  0.69+0,02¢ 099%0.03

LSD 0.78 0.77 1.00 1.00 0.94 0.97 0.99 055

Neral Limonene Alpha-Pinene Carvacrol Caryophyllene '?:rrginr:;e P-Cymene Eislsentlal

Treatment 5023
Control 65:0.87  4.33:t0.7°  22.23:1.20 1.85:0.07°  0.98+0.08° 0.81#0.02°  1.22¢0.01°  0.87%0.02°
10 85:0.9°  544+0.8°  2532+11° 221£0.01*  1.15+0.09° 1.07:0.01°  1.33:0.02°  0.96£0.05°
b
Methanol 20 9.02+0.4% 673:01°  24.73+1.3° 2730.03° 153:0.02°  124+005° 076+002¢ 0-99t0.01
Ethanol 10 11.97+0.3° 7.85:0.7°  25.85+15° 1.85£0.02°  1.11+0.06% 1.39+0.04° 1.36£0.01°  0.98+0.03°
20 12.88£0.9° 8.44+0.9°  27.44%10.2° 2.44+0.06°  1.41+0.03* 1774005  0.92+0.03%  1.04£0.04°
Acetone 10 882+06° 476070  22.76+1.49 1.18+0.04  1.21+0.05° 1.05£0.06° 0.69+0,02¢  0-89£0.09
20 955:0.7° 4.99+0.8  23.76+1.1¢ 2.18£0.05®  1.44+0.06° 1.21+0.07° 0.88£0.03  0.95:0.05°
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LSD 0.29 1.00 0.98 1.00 0.88 0.87 0.99 0.44
b d c b d b . 0.89+0.09°
salicvlic Acid 1 9.82+0.8°  4.83:0.66% 24.76x1.1 2.1540.01°  1.08+0.06 1.88+£0.07°  1.11#0.03°
y
2 11.99#0.7* 7.2240.9°  28.22+1.2° 2.2240.03%  1.99+0.07° 2.11#0.08°  1.02+0.01°  1.18+0.04%
1 11.87+0.9° 801+0.8°  28.32+1.4° 2.56+0.05°  1.33%0.02° 1.98+0.08°  1.04+0.01°  1.07+0.03°
Phenylalanine 976070  663:06®  2557+1.1° 2.11£0.03"  1.35£0.02° 176+005° 133s001° 0-98£0.05°
1 10.82+0.8° 7.88+£0.7°  27.76x1.4® 2.18+0.05"  1.41%0.06™ 1.120.08¢  1.22+0.02" 1.03+0.01°
Chitosan 2 893:+0.9° 651+0.6™  26.76+1.3" 2.06£0.04"  1.31+0.05° 0.89:007% 1314003 099%0.02°
LSD 0.82 0.77 0.95 1.00 0.99 0.89 0.94 0.88
Eucalyptol ,;Lzr;;\éceampholene Geranicacid  Geranyl acetate Geraniol Geranial Thymol
Treatment 5002
Control 1.55+0.04¢ 1.810.1° 2.78+0.06" 4.81+0.08¢ 1.910.07¢ 10.91+0.4¢ 1.02+0.02?
Methanol 10 2.44+0.05° 1.32+0.2¢ 2.21+0.08¢ 6.48+0.09> 1.81+0.08¢ 11.91£0.4° 0.99+0.03®
20 2.65+0.08° 2.7240.1° 3.73+0.03° 5.77+0.06° 2.44+0.05" 11.7640.2° 0.58+0.01%
Ethanol 10 2.78+0.04° 2.85£0.2° 3.85+0.02° 6.75+0.08" 1.77+0.04¢ 12.3640.6° 0.86+0.03"
20 3.06+0.06° 3.440.1° 5.44+0.07° 7.88+0.03 1.38+0.05' 14.9240.4 1.04+0.05°
Acetone 10 2.49+0.04" 2.44£0.2° 3.67+0.08° 5.55+0.04° 1.82+0.05¢ 10.92+0.4¢ 0.91+0.02%
20 2.32+0.05° 3.02£0.1% 2.41£0.04¢ 4.91£0.05¢ 1.66+0.03° 11.55£0.3° 0.94£0.03°
LSD 0.91 0.87 0.88 0.69 0.81 0.72 0.66
Salicylic 1 2.81+0.04° 2.76+0.1° 2.18+0.05¢ 6.08+0.06° 2.1+0.07° 13.69+0.3° 0.96:+0.09%
Acid 2 3.25£0.02° 3.22+0.3 4.44%0.08° 8.89+0.09° 2.3+0.04° 15.7940.3 1.11+0.04*
Phenylala 1 3.05+0.05° 3.01£0.4% 3.98+0.05™  8.91+0.08 1.56+0.04° 14.11£0.7* 1.17+0.03
nine 2 2.57+0.06° 3.5740.5° 2.11+0.07¢ 6.35+0.02° 1.44+0.09" 12.7520.1° 0.92+0.05%®
Chitosan L 3.35£0.05° 3.44£0.1° 3.67£0.1° 6.78+0.02" 1.82+0.03¢ 13.9240.4° 1.03+0.022
2 2.19+0.07° 3.03+0.3% 2.44+0.2° 5.55+0.08° 1.55+0.05° 12.9240.7° 0.96+0.01°
LSD 1.00 0.95 0.75 0.85 0.88 0.85 0.77
Eucalyptol ,:i:jr;r;]a;gzmpholene Geranicacid ~ Geranyl acetate Geraniol Geranial Thymol
Treatment 5023
Control 1.88+0.01¢ 1.77+0.19 2.32+0.02¢ 4.11+0.08¢ 2.05+0.03° 8.55+0.4° 1.01+0.012
Methanol X0 2.44+0.02° 2.32£0.2° 2.44£0.01° 4.4820.09% 1.75+0.08¢ 9.91£0.7¢ 0.5+0.02¢
20 2.69+0.04° 2.75£0.4° 3.73+0.03° 4.88+0.06¢ 2.61£0.05° 10.760.8¢ 0.56+0.03¢
Ethanol 10 2.85+0.02° 1.85+0.5° 3.91+0.02° 5.75+0.05° 2.28+0.03" 11.3640.6° 0.88+0.01°
20 3.11£0.01° 3.44£0.4 4.9920.1%° 6.55+0.03" 2.71£0.04 14.93£0.4 0.93+0.02°
Acetone 10 1.45£0.02¢ 2.44£0.3 3.88+0.07° 5.55+0.09° 1.91+0.05¢ 8.34£0.3° 0.77£0.01°
20 2.06+0.03° 2.78+0.2° 2.93+0.08 5.98+0.04° 1.81+0.02¢ 9.77+0.4¢ 0.93+0.02%
LSD 1.00 1.00 0.77 0.55 0.76 0.88 0.2
Salicylic 1 2.76+0.05° 2.61£0.3 2.55+0.06" 6.08+0.07° 1.99+0.06 12.6920.3° 0.81+0.09"
Acid 2 3.26+0.06° 3.2240.5° 5.22+0.09° 8.86+0.08" 1.1240.04¢ 15.78+0.4 1.14+0.04?
Phenylala 1 2.15£0.07° 2.88+0.4° 2.61+0.05¢ 6.64+0.04 1.81+0.05¢ 13.1120.7° 0.88+0.03"
nine 2 3.48+0.09° 3.77£0.5° 2.92+0.07% 6.35+0.02° 1.66+0.07¢ 15.7520.9 1.10.05*
Chitosan 3.44+0.08° 3.11+0.4° 3.8240.2° 6.55+0.03" 1.77+0.08¢ 14.9240.42 0.88+0.05"
2 2.08+0.06° 2.55£0.2° 2.44£0.1° 5.89+0.08° 1.94+0.05¢ 13.6620.8° 0.76+0.05"
LSD 0.99 1.00 0.99 0.88 0.73 0.99 0.88

*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1000 mg.I"}, Phenylalanine 2: 2000 mg.l%,
Chitosan 1: 0.25 g.I". Chitosan 2: 0.5 g.I"X — Numbers in each column that have same word, have same group
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Table 7: Simple correlation indices between morpho-physiological attributes, essential oil content and the main

constituents of essential oil under growth elicitors.

Egsential Alpha Limonene Neral eranial Geranyl Total Total Relative Shoot Dry
Year oil pinene @) @) ©) acetate phenol Chlorophyll Water Matter(10)
(1) (2) 6) (1) (8) Content(9)
2022 1 1
2 088" 1
3 081" 071" 1
4 077" 0.91 0.88™ 1
0.69™ 051 0.71" 0.88" 1
6 071" 0.44~ 0.55™ 0.23= 0.21™ 1
7 088" 0.55™ 0.81" 0.45"  0.39" 0.32m 1
8 076" 0.66™ 0.88™ 0.66™ 0.33™ 0.21" 0.44" 1
9 058" 0.22™  0.44" 0.55™ 0.79™ 0.74™ 0.71™ 0.88™ 1
10 0.92" 0.88 0.91" 0.66™ 055 045 0.33" 0.67™ 0.56™ 1
Year Eisisentlal ';Irﬁ)ehni I(_?:)m onene z\élsral ?gz;mial Gai:reatg%/el ;t?et:?llol Ecr)ltlecl)lrophyll \Flz\?all?e“rve ﬂ];?;ra%
(1) (2) (6) (7) (8) Content(9)
2023 1 1
2 088" 1
3 0.77" 0.88™ 1
4  0.65" 0.94™ 0.78™ 1
5 071" 0.59™ 0.79™ 077" 1
6 072" 0.33"  0.68™ 0.21" 055" 1
7 062" 0.77" 0.88™ 0.33" 0.66™ 0.21" 1
8 0.71" 0.69™ 0.85™ 0.82™ 055" 0.11"m 0.32m 1
9 0.59™ 0.11™ 0.33™ 0.66™ 0.66™ 0.66™ 0.66™ 0.91™ 1
10 0.91™ 0.77"" 0.88™ 077" 077" 0.65 0.44 0.81™ 0.77" 1
*, ** significant at P=0.05 and P=0.01 levels of probability respectively, ns: not significant.
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