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Introduction

Hyssopus officinalis L. belongs to the family Lamiaceae, and is one of the endangered endemic species in Iran.
This plant is rich in essential oil, flavonoids, monoterpene glycosides, trypanocidal terpenoids, rosmarinic acid, and
linolenic acid6. The main compounds of the essential oil from H. officinalis L. collected from natural habitats are a-
pinene, Sabinene, 3-Carene, Beta-Pinene, Cis- Pinocamphone, Myrtenol, Pinocamphone and Camphor. 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 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 organic elicitors on the physiological and phytochemical properties of
H.officinalis 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 at the Research Farm (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. The present study was conducted in a randomized complete block design
(RCBD) with three replications to investigate the effect of foliar application of different organic elicitors (chitosan,
salicylic acid and phenylalanine) with control level (without any spraying) on the physiological and phytochemical
characters of H. officinalis L. In each year, treatments were performed in 3 stages (end of vegetative, beginning of
flowering and 50% of flowering) and in full flowering, harvesting was done. 3 irrigation regimes (4, 6, 8 day interval)
in main plots and foliar application of elicitors in sub plots were done. The essential oils were extracted by hydro-
distillation and analyzed using GC/MS.
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Results and Discussion

According to obtained results, applied organic elicitors significantly influenced the physiological and
phytochemical characters of H. officinalis L. However the assayed traits showed slightly variation during the
studied years. In two years, the highest chlorophyll content (17.12-17.31 mg.Kg* FW) and total phenol content
(1.77-1.81 mg.g! DW) were obtained in chitosan (0.5 mg.I"Y) and phenyl alanine (1000 mg.I'!) treatments
respectively. In most of measured characters, plants treated with chitosan (0.5 mg.I) and phenyl alanine (1000
mg.IY) were in the same group. Amounts of some characters in plants treated with phenyl alanine (2000 mg.I%)
and salicylic acid (3 mM) lesser than control plants. The main constituents of essential oil were Sabinene, 3-
Carene, Beta-Pinene, Cis- Pinocamphone, Myrtenol, Pinocamphone and Camphor (cyclic monoterpenes) that
made the most components of essential oil plants. Among of elicitors, the chitosan effect on increasing of
physiological and phytochemical characters such as the chlorophyll content was higher than other elicitors.
Applied elicitors showed significant effects on essential oil content and composition of H. officinalis L. The highest
essential oil content (0.89-0.91 %) was obtained from the treated plants by chitosan (0.5 mg.I"). According to the
biennial results of the chemical analysis of the essential oils from plants treated with treatments by GC/MS, the
most important chemical compounds that determine the quality of H. officinalis L. essential oil including Beta-
Pinene (17.93-18.53 %), Pinocamphone (24.97-25.12 %) and Cis-Pinocamphone (42.87-45.12 %) were identified.
Cis-Pinocamphone belonging to bicyclic monoterpene was the predominant constituent of essential oil of H.
officinalis L.

Conclusion

According to the results of this study, water deficit stress caused significant phytochemical changes in the H.
officinalis L. essential oil. The main constituents of the volatile oils of H. officinalis L. were Sabinene, 3-Carene,
Beta-Pinene, Cis- Pinocamphone, Myrtenol, Pinocamphone and Camphor were identified in the H. officinalis
essential oil. Generally, Foliar application of chitosan and phenyl alanine significantly increased the monoterpenes
compounds in essential oils of Hyssopus officinalis L., so that the content of these compounds and essential oil
content in treated plants by organic elicitors 63% was more than the control plants. Finally, the application of
chitosan at 0.5 mg.I"* can be a good strategy to improve physiological and essential oil quantity and quality of H.
officinalis L. in cold and semi-arid climates.
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Table 1- Physicochemical and climatic properties of experimental field

Olpo g Jlw
Properties Year
2022 2023
. 82 83
P (ppm)
- 209.2 212
K (ppm)
9% 0.09 0.08
N (ppm)
e o 0.41 0.42
EC (ds.m)
ot 0.77 0.85
Organic Carbon (%)
el 7.4 7.3
pH
Al s 3111 309.3
Average rainfall (mm)
2 ol 116 112
Average temperature (°C)
Apdy slod (:S5ke
Average maximum 22.6 218
temperature (°C)
AeS (slod (Lo
Average minimum -12.4 -12.1

temperature (°C)

ol Caa oaliiwl 3590 f Claswin -F Joio
Table 2- The properties of irrigation water

iy, P N oS colw
s e oS ey e . & o]
- CI Mg2+ Ca2+ K* Na* J”bu éi)"sn - |:|
HCOs (meq.Ih) (meq.It) (meq.I) (meq.I) (meq.I') DS EC P
(meg.I') (mg.IH) (us.cm™)
3.42 0.91 1.43 2.28 0.16 0.763 247.93 387 8.11
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Table 2 Continued- The properties of irrigation water

Ol i &9 e o o w03l W @by s
NOs zZn Mn Cu Fe cd SO4* COs*
(meq.I") (meg.I") (meq.I") (meq.I") (meq.I") (meg.I") (meg.I") (meg.I")
23.67 0.001 0.001 0.001 0.009 0 0.001 0.21
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Table 3- Combined ANOVA (mean squares) for physiological properties in Hyssopus officinalis L. subsp. angustifolius Bieb.

Ol s 2olio silan s odem JSTJO-::;I,E b Judg,l5 a Judg 5 JTsO‘i;f o
S.0.V, dfy Proline chlorophyll Chlorophyll b Chlorophyll a phenol R.W.C
Ju 1 141" 9.28" 0.93" 11.5™ 0.14" 114~
Year (Y)
(i) o5 4 08 0.86 117 0.15 1.22 0.6
R (Y)
Irrig:t;‘;‘] ® 2 182" 8.9™ 146" 7.9” 26.05™ 15.9™
AxY 2 11.08"™ 388" 765" 17.77" 12.88™ 21.04”
helulos Sl 8 1.01 017 0.17 0.56 121 0.17
Ea
E"jit;’;"(B) 6 22.8™ 3.2™ 12.09™ 15.87™ 15,77 16.1"
AxB 12 1092 11" 8.8~ 2014 14.89™ 19.3”
BxY 6 9.67" 107" 6.34™ 15.20™ 11.96™ 9.89"
AXBxY 12 0.82 0.07" 0.9™ 1,00 1.1m 0.09"
o2 dL"’E")‘ gl 72 05 0.09 08 11 0.87 0.11
b
Sl 3.74 5.12 8.6 6.53 5.88 445
CV (%)

#% NS
¢

o B gV Jlas! paws )3 (g)b pxe (o) xe pis g ¥
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.
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Table 4- The physiological and phytochemical properties in Hyssopus officinalis L. subsp. angustifolius Bieb. plants affected
by Elicitors by irrigation interval 4 day

Jlw o T 5 Jadg s b Judg 5 a Judg 5 55 Jgid O o Slgino
Year Treatm:ent* Proline Total chlorophyll ~ Chlorophyllb  Chlorophylla  Total phenol RW.C
(Hg.g™ FW) (mg.kg™ FW) (mg.kg' FW)  (mg.kg'FW)  (mg.kg™' FW) (%)
CJ):tS | 22.77+0.6% 13.99+0.8% 4,01+0.01° 9.99+0.7¢ 1.14+0.02° 58.99+1.2°
ontro
Sl el 1 21.89205° 14.55+0.6° 4.02+0.02° 10.4+0.5 1.16+0.03° 59.11+1.1°
Salicylicacid 2 19.1+09f 14.1+0.8% 5.01+0.02%® 9.1+0.6% 1.17£0.01° 59.1+1.3°
2022 oY s 1 16.58+0.6% 13.58+0.5°¢ 4,02+0.01° 9.58+0.9° 1.77+0.02% 60.22+1.4%®
Phenylalanine 2  17.66x0.5 13.78+0.7¢ 5.02+0.01%® 8.78+0.4 1.21+0.01% 60.32+1.5%®
Oligs 1 18.82+0.4f 14.82+0.8" 4.01+0.02° 10.82+0.7° 1.22+0.01¢ 61.42+1.1°
Chitosan 2 16.56x0.9°¢ 15.11+0.6° 5.02+0.03% 10.11+0.8% 1.21+0.01% 63.5+0.92
LSD 0.78 1.00 1.00 0.97 0.99 0.66
Ciﬁol 23.21+0.3 ¢ 12.87+0.3°¢ 4.12+0.02° 8.75+0.2¢ 1.16+0.01° 54.02+0.8°
Slalo sl 1 224404 13.64+0.5°¢ 4.34+0.01° 9.31+0.1% 1.17+0.02°¢ 59.23+1.3°
Salicylicacid 2 20.31+0.5° 14.23+0.6 4.42+0.01° 9.81+0.2° 1.18+0.02° 58.31+1.1°
2023 oY s 1 176306 17.31+0.7° 5.7+0.02? 11.63+0.3° 1.21+0.01% 57.91+1.2°
Phenylalanine 2  18.71x0.4 f 16.82+0.4% 4.91+0.01% 11.91+0.2%® 1.18+0.01° 60.55+1.3%
Oliss 1 17.65x0.3f 16.91+0.32 5.22+0.012 11.71+0.4° 1.23+0.02¢ 61.64+1.4°
Chitosan 2 15.99+0.4°¢ 14.53+0.5° 4.51+0.02° 10.03+0.3° 1.19+0.02°¢ 62.8+0.9°
LSD 0.91 1.00 0.95 1.00 0.97 0.74

S 9 a5 Y s om0 a5 IYD N isS omd 3 pS Y Y YT b ond 0 a5 ) ) YT b Ve e ¥ Y Sl dusl Y90 oo V0 1 Spmudlis sl
L e 09,5 (ghyly s aliie Bgy () gt > &S golacl
*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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Table 5- The physiological and phytochemical properties in Hyssopus officinalis L. subsp. angustifolius Bieb. plants affected
by Elicitors by irrigation interval 6 day

Jlw Lo oo S5 Jedg 5 b Jdg k5 a Judg S 55 Jgd <l (o Slgpmo
Year Treatment* Prq}lne Total chlf)lrophyll ChIoroplhyII b Chloroehyll a Total plhenol R.W.C
(Hg.g™ FW) (mg.kg™ FW) (mg.kg"FW)  (mg.kg” FW)  (mg.kg™ FW) (%)
Js 27.91+1.1°¢ 14.12+0.8" 2.02+0.03¢ 12.1+0.5% 1.15+0.2°¢ 52.9+1.1°
(Control)
Sl Spuol 1 28.65+1.3 15.55+0.6° 3.0240.04°¢ 12.53+0.4% 1.17+0.1°¢ 55.38+1.2"
Salicylicacid 2~ 27.73+0.8° 15.1+0.8"° 3.01+0.05° 12.1+0.3% 1.18+0.1°¢ 56.42+0.9°
2022 oY b 1 28.63£1.1° 14.58+0.5° 3.08+0.02° 11.5+0.5° 1.21+0.2¢% 57.39+0.8°
Phenylalanine 2 29.71+0.9% 15.78+0.7° 3.02+0.03¢ 12.7140.4% 1.34+0.1¢ 58.44+0.7°
Ahigas 1 27.07+0.8° 16.82+0.8% 3.81+0.02" 13.01+0.6% 1.51+0.2¢ 59.55+0.8°
Chitosan 2 28.63+0.7% 17.1240.6° 4.01+0.03° 13.1240.72 1.26+0.2¢ 59.64+1.1°
LSD 0.94 0.95 1.00 0.99 1.00 0.86
(Control) s 28.12+0.8% 14.25+0.7% 2.15£0.02¢ 12.1x0.3* 1.23+0.01% 52.43+1.2°
Slelllo sl 1 28.92+0.9% 15.14+0.8° 3.15£0.05° 12.01+0.4° 1.290.02¢ 55.62+1.4%
Salicylicacid 2  28.820.7% 15.82+0.8" 3.8+0.04% 12.02+0.3° 1.49+0.03° 56.55+1.3°
2003 oY s 1 29.02+0.8* 14.93+0.9° 3.9+0.03" 11.04+0.5° 1.81+0.02* 58.39+1.1°
Phenylalanine 2 29.17+0.7% 15.94+0.9° 3.82+0.03% 12.12+0.4® 1.72+0.01%® 58.12+1.1°
liens 1 28.11+0.9¢ 16.92+0.8° 3.52+0.02¢ 13.41+0.6% 1.66+0.02° 54.15+1.2°
Chitosan 2 28.54+1.1° 16.25+0.7% 4.15+0.01° 12.11+0.7%® 1.54+0.01% 57.22+0.9°
LSD 0.84 0.98 1.00 1.00 0.89 0.95
IO 30nS md 3 e VDY ligaS ind 3 e S Y Y VT b gm0 p)S VY YT s Vge e ¥ Y Sl sl (Yoo (uo VB 1) Siliandlio dpusl
A pes
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 11g.l'1, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2:
05g.I
Numbers in each column that have same word, have same group.
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Table 6- The physiological and phytochemical properties in Hyssopus officinalis L. subsp. angustifolius Bieb. plants affected
by Elicitors by irrigation interval 8 day

] . a Jadg,l5 55 Jgd ]
o o o2 S Jedosls b Jubg 5 Chlorophyll Total Ol o (5lgim0
W Proline Total Chlorophyll b (mg.kg a phenol R.W.C
Year Treatment (Mg.g* chlorophyll 1 ' 1 1 "o/
) FW) FW)
S 28.98+0.9% 11.01+0.5¢ 2.01+0.2¢ 9.01+0.3¢ 1.15+0.02°¢ 50.02+0.9°
(Control)
Sl sl 1 31.92:0.8°  12.62+06° 3.11£0.1° 9.5140.4° 1.280.02° 51.52+0.9%
Salicylic acid 2 32.771.1% 13.55+0.7 ¢ 3.65+0.2% 9.89+0.3° 1.12+0.01°¢ 52.55+0.8°
2022 oYl 1 30.02+0.7° 12.7440.5°¢ 3.64+0.05°¢ 9.11+0.5% 1.55+0.03 51.41+0.7%
Phenylalanine 2  30.69:0.8" 12.63+0.7°¢ 3.13+0.1°¢ 9.53+0.4° 1.58+0.01° 53.62+0.9°
Oliss 1 30.11+0.9° 13.57+0.6°¢ 3.17+0.1°¢ 10.4+0.6™ 1.63+0.01° 52.31+0.8°
Chitosan 2 31.88+0.8% 13.44+0.6° 4.14+0.2° 9.31+0.7¢ 1.59+0.01° 53.44+1.1¢
LSD 0.95 1.00 0.88 0.95 0.96 1.00
S 29.55+0.9° 11.14+0.3¢ 2.14+0.01¢ 9.01+0.2¢ 1.17+0.03¢ 48.91+1.1¢
(Control)
Slodloswl 1 3262:0.8°  10.92£0.4¢ 2.020.02¢ 8.91+0.3¢ 1.23£0.02% 50.52+0.9¢
Salicylicacid 2  34.1+11° 11.55+0.2¢ 2.56+0.03¢ 9.01+0.3% 1.25+0.01¢ 49.55+0.7¢
2023 oY s 1 32.39+0.7% 11.7440.6¢ 2.75+0.02¢ 9.02+0.4% 1.59+0.02° 52.69+0.7¢
Phenylalanine 2  29.58+0.8" 12.22+0.5% 2.23+0.01¢ 10.02+0.4° 1.61+0.01 49.98+1.1¢
" 1 33.25+0.9° 12.57+0.7¢ 2.47+0.0¢ 10.11+0.5° 1.63+0.03° 51.48+0.7%
oligs 31.630.8
Chitosan 2 P 13.14+0.3¢ 3.01+0.04° 10.14+0.4¢ 1.55+0.02" 50.37+0.9¢
LSD 1.00 1.00 0.95 1.00 0.95 1.00

S 0 eSS i 3 psS IYB Y s i) 0 e S Y Y oYl i i) 0 a5 ) ) oYl s Ve e ¥V Sl sl Y50 o V0 1) Sl s
it dldie 09,5 (ghyld citud alie By gy g o > &S (goluel
*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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Table 7- Combined ANOVA (mean squares) for the essential oil content and main constituents in Hyssopus officinalis L.
subsp. angustifolius Bieb.

&l 4,3 ol . G)IS—T' =l _. ) = . . .
et @51 Essential U".ﬁl“ 3- Beta- oFelgy J5 e : Oy 2988
S0V, df oil Sabinene Carene  Pinene ~ Cis- Myrtenol  Pinocamphone  Camphor

pinocamphone

- - - - - . "

1 22.1 7.44 2,93 8.95 0.220s 151 11.93 7.93
Year (Y)
() S5 4 18 055 0.11 0.12 0.51 0.72 0.24 0.45

R (Y)

d)l:eW

Irigation 2 252" 561" 146" 10.9” 1411 149" 211" 17.6™

@

J: id\’(l*f‘ 2 37.12" 433" 544~  2251% 11.12% 19.11" 5.99" 10.04™
db

Lolgbes 8 234 021 0.11 0.33 101 0.22 0.21 0.24
Ea

Sy
Elicitor 6 318" 4117 411" 2117 1417 141" 2411 24.30"

(B)

x L5)L.‘j
S o 12 2954" 332" 10.8™ 19.17 12.4% 223" 148" 21.8"
AxB
JL;;;”“ 6 15.44™ 255" 9.88" 188~ 9.88" 11.12" 10.14™ 11.08™
X gyl
XS 12 1.02% 0.09™ 0.120 0.05" 0.91" 0.15™ 0.09™ 0.42%
AxBxY
ls
wishes T2 15 0.11 0.43 0.43 0.65 0.24 0.12 0.55
Ep
Sy o
10.12 34 . 422 4. 11 . 71
& o 0 6.3 8.6 33 6 6.6 5

o3 B gV Jleis! maw jd (g)b gxe (o) Gixe pis i * g

#% NS
¢

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.
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Table 8-The essential oil content and main chemical composition (%) in H.officinalis L. plants affected by elicitors with
irrigation interval 4 day

T

Year Treatment* Essential oil Sabinene 3-Carene Beta-pinene Cis- Myrtenol e P Camphor
Pinocamphone
= 0.69£0.05¢ 1605005 124019 141501 B 390080 18.9+0.9° 150,01°
.69:0. .69:0. 240 .10 d 940, .90, 50,
(Control) 4£0.5
Sabodlos ol 1 0.7+0.02¢ 1.94+0.1¢9 1.2+0.19 14.5+0.2°¢ 36.420.6¢ 4.7+0.01° 20.8+0.8° 1.6+0.02°
salicylic acid 2 0.71+0.01¢ 1.9740.2° 1.3£0.1% 15.3+0.3¢ 37.1+0.8°¢ 4.790.0° 19.740.7% 1.71#0.03°
2022 oVl b 1 0.71x0.08° 1.99+0.3° 1.540.2° 16.2+0.2° 38.1£0.5° 4.85£0.03° 24.97:0.6°  1.890.01°
Phenylalanine 2 0.72+0.03 2.030.1° 1.540.1°¢ 16.4+0.5° 38.7+0.7°¢ 4.91+0.052 23.7240.7% 1.7240.022
g 1 0.74+0.04¢ 2.11+0.1°¢ 1.6£0.1¢ 15.1+0.2°¢ 39.1+0.8% 5.01+0.01* 22.4+0.6% 1.74+0.01%
Chitosan 2 0.76+0.02¢ 2.1740.1° 2.1:0.1° 15.4+0.3¢ 39.76:£0.6 5.12+0.02% 23.6+0.6° 1.76+0.022
LSD 0.95 1.00 1.00 0.9 1.00 0.95 0.98 1.00
(C(;Jr:;il) 0.71+0.01¢ 2.69+0.05° 2.06+0.02° 14.22+0.4° 36.4+1.1% 4.85+0.1° 18.42+0.7° 1.52+0.01°
Sl 10 1 0.74£001° 321:01°  214%011°  14.50:0.5° 38.4+1.4° 4.1240.1¢ 22.1:0.8" 1.2¢0.01¢
salicylic acid 2 0.720.02¢ 2.97:0.1% 1.930.1° 16.030.2° 35.11.2¢ 4.44+0.05° 23.14+0.65%  1.2520.02¢
2023 oVl s 1 0.89:0.03 3.4420.1° 2.660.1° 16.09+0.3° 41.2¢1.2° 4.32£0.1° 24.01£0.64°  1.33:0.01°
Phenylalanine 2 0.85:£0.02% 2.95£0.2% 2.51#0.1° 16.24+0.5b 39.7+1.40¢ 4.5520.1° 24.31¥0.65°  1.41%0.03°
g 1 0.88+0.03? 3.11+0.12 2.55+0.05% 15.56+0.4% 39.78+1.1% 4.22+0.1° 22.5+0.6" 1.45+0.02°¢
Chitosan 2 0.91+0.022 2.85+0.1° 2.11+0.1° 15.49+0.6° 42.87+1.5% 3.99+0.05¢ 24.10.72 1.5+0.01°
LSD 0.88 1.00 0.95 1.00 0.95 1.00 1.00 0.95
Sl 3 a5 10X lienS omd ) p S IV (ignS o) 3 p S Y Y VT b o 3 )5 Y ) YT i Vs (e ¥ Y (Sl ol Vg0 o V/0 ) Silinnls ]
ik dylio 09,5 () i alie Bgy> gyl ygiw o yd a5 golael
*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.
395 0 5kl 593 9 M) SlaS o ;IL o gy il oses SiluS 5 g uilw] -1 Jogs
Table 9-The essential oil content and main chemical composition (%) in H.officinalis L. plants affected by elicitors with
irrigation interval 6 day
98015 9ig s
Js logs W it A ot o Jss S hols
2% o o o Beta- i 7 Pinocampho e
Year Treatment* Essential oil Sabinene 3-Carene - Cis- Myrtenol P Camphor
pinene Pinocamphon ne
e
(COJr:;ZI) 0.69+0.01¢ 2.69+0.01° 1.9+0.02° 15.69+1.1° 35.4+1.1¢ 4.17+0.1% 15.42+0.7¢ 1.55+0.01°
Sobls ol 1 0.75+0.02° 3.01+0.02° 2.22+0.02% 16.86+1.2° 38.53+1.2° 4.23+0.2° 17.1+0.9°¢ 1.51+0.02°
salicylicacid 2 0.7120.03° 255+0.01°  1.98+0.03° 16.01+0.9° 36.1:+1.1 4.13+0.05¢ 15.14+0.8¢ 1.21+0.02¢
2022 oVl b 1 084:004° 312002  25120.01°  17.98:0.8°  44.63x14° 4.55£0.1° 20.0120.7" 1.420.02°
Phenylalanine ~ 2 0.79%0.01° 2.9+0.01° 2.43+0.022 16.99+1.1° 42.7+1.5% 3.88+0.05¢  23.31+0.85%  1.49+0.01°
g 1 0.85+0.03* 3.11+0.01° 2.31+0.042 17.56+0.92 43.92+1.2% 3.92+0.1¢ 20.5+0.9° 1.45+0.02°¢
Chitosan 2 0.89+0.04% 2.91+0.02° 2.05+0.02° 18.53+0.8a 45.12+1.12 3.99+0.05¢ 23.1+1.1% 1.59+0.02°
LSD 1.00 1.00 1.00 0.95 0.95 0.95 1.00 1.00
(COJr:;r-:JI) 0.61+0.01° 2.12+0.01° 1.7+0.02% 14.77+0.9° 36.4+1.1% 3.99+0.1¢ 19.77+1.1% 1.43+0.01°
Sllos ol 1 0.72+0.01% 2.32+0.01° 2.32+0.02° 16.94+0.8° 39.1+0.9¢ 4.01+0.1¢ 21.1+1.1° 1.29+0.01°
salicylicacid 2 071#0.02¢  221#0.02°  1.77+0.01° 16.54+1.1° 37.1+1.1° 3.77+0.2¢ 20.88+0.7° 1.22+0.03¢
2023 oY1 1 0.82+0.02° 2.58+0.03" 2.42+0.01% 17.03+0.9% 42.85+0.8% 4.2+0.2% 23.53+0.6% 1.55+0.03"°
Phenylalanine 2 0.81+0.01° 2.4+0.01% 2.43+0.01% 16.55+1.1° 42.11+1.2° 3.92+0.2¢ 22.2+0.6® 1.32+0.01°¢
g 1 0.73+0.04¢ 3.2+0.02¢ 2.12+0.02° 17.11+0.8% 39.5+1.1% 4.2+0.1% 23.5%0.72 1.45+0.04°
Chitosan 2 0.86+0.022 3.3+0.032 2.090.01° 17.93+1.12 42.12+1.3b 4.87+0.1 25.12+0.8¢ 1.19+0.04¢
LSD 0.95 1.00 0.95 1.00 1.00 0.95 0.95 0.87

)3 )5 0 oS nd 33 a8 VDY (lignS ad j3 p) S VY VT i ol )3 )5V Y VT i Ve oo YoV Sl sl (Y go oo /0 1) Silimndlis ]
ik Ao 09,5 () i aliie Bgy> glyd g o 40 a5 golusl

*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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Table 10-The essential oil content and main chemical composition (%) in H.officinalis L. plants affected by elicitors with
irrigation interval 8 day

e

(9805 gt~ e

J e . Ol o5-v _ Jeime 9B 29808
Year Treatment* Esse_nnal Sabinene 3-Carene _Beta— . Cis- Myrtenol Pinocamphone Camphor
oil pinene pinocamphone

(Control) s 0.65+0.02% 1.92+0.02% 1.12+0.04¢ 12.59+1.14 33.89+1.4¢ 3.77+0.1¢ 19.1+0.7°¢ 1.12+0.01¢
Slonllos ol 1 0.69+0.0119 2.02+0.01¢  2.21+0.04% 14.88+0.8° 37.1+#1.2¢ 4.01+0.2¢ 18.1+0.8° 1.22+0.02¢
Salicylic acid 2 0.72+0.03% 2.11+0.03°¢ 2.01+0.01° 15.59+1.2° 39.77+0.9 3.99+0.2¢ 13.14+0.9° 1.33+0.03°¢
2022 oYl s 1 0.84+0.02° 2.44+0.04% 1.51+0.03°¢ 17.11+0.9° 38.88+0.8°¢ 4.55+0.1° 15.53+0.89 1.41+0.04°¢
Phenylalanine 2 0.75+0.03° 2.55+0.01° 1.88+0.01° 17.55+0.8° 40.12+1.1° 4.77+0.2° 20.2+0.7° 1.29+0.01%
g 1 0.81+0.02° 3.01+0.03? 1.99+0.03° 17.86+0.9° 41.16+1.2° 4.81+0.3 19.5+0.8¢ 1.67+0.03°
Chitosan 2 0.71+0.01¢ 2.95+0.04  2.23+0.01° 17.91+1.22 42.55+0.9° 4.31+0.2° 18.12+0.6° 1.65+0.03°

LSD 0.95 0.98 0.95 0.95 0.95 1.00 1.00 1.00
(Control) Jzs 0.65:0.01% 2.21+0.01° 1.71+0.02" 12.59+1.24 36.8+1.1% 4.39+0.02° 14.17+1.14 1.23+0.014
Sdomalls gl 1 0.61+0.01° 2.37+0.01° 1.69+0.04" 14.45+0.8° 35.1+1.149 4.11+0.02¢ 18.96+0.8°¢ 1.1740.024
Salicylic acid 2 0.59+0.02¢ 2.21+0.02¢ 1.55+0.02°¢ 12.83+1.4¢ 34.12+0.9¢ 3.92+0.03¢ 17.14+1.2°¢ 1.18+0.01¢
oYl Jus 1 0.63+0.02° 2.44+0.04° 1.71+0.03% 15.01+1.1¢ 37.71+0.7¢ 4.43+0.03° 19.53+0.9°¢ 1.32+0.04°¢
2023 Phenylalanine 2~ 0.61x0.01° 2.63+0.03° 1.82+0.02° 14.91+0.8° 38.81+1.1° 4.12+0.04¢ 21.240.7° 1.29+0.02%
Ol 1 0.7+0.03¢ 3.19+0.02* 1.92+0.02° 15.21+1.2° 39.12+0.9°¢ 4.41+0.04° 19.81+1.2%¢ 1.51+0.01°
Chitosan 2 0.65:0.02% 2.91+0.03° 2.02+0.01° 15.11+0.9° 38.91+0.7°¢ 4.22+0.03¢ 21.12+0.9° 1.42+0.02°¢

LSD 1.00 0.95 0.95 1.00 0.98 0.95 0.96 0.88

s o 38 olisl 1) 3 p S IO s o 3 psS YO N i ol 3 e Y eV b il 3 S ) 1 VT b Ve Lo ¥V Sl sl ¥ se s V0 ) (Silidl gl
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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.I" Numbers in each
column that have same word, have same group.
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