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Introduction
Hyssopus officinalis L. belongs to the family Lamiaceae, is e of the end emic species

in Iran. This plant is rich in essential oil, flavonoids, monoterpene glycosides, tr cidal terpenoids,
rosmarinic acid, and linolenic acid6. The main compounds, of the om H.officinalis L.
collected from natural habitats are a-pinene, Sabinene, 3-C i , Cis- Pinocamphone,
Myrtenol, Pinocamphone and Camphor. The environmenta changes in the growth,
quantity, and quality of active substances (such as alkaloids, steroids and volatile oils) in

the medicinal and aromatic plants. Among environmgental stresses, water deficit stress plays an
important role in the biosynthesis of

and semi-arid regions like Iran. Drought i | effects on growth and yield and can
upset the balance between the antioxidant defens free radicals by stimulating a series of

age. ffbsustainable production systems of
qua‘t“wctions can be achieved under
conditions of environ ible to\nprove the production of secondary
metabolites in these plantsWgder adverseenvironmehtal conditions. Therefore, this study was done to

evaluate the orgag‘tors the physiglogical phytochemical properties of H.officinalis to

determine and introdtice the citor un ress.
Materials and
This investi spring (May) 2022 to fall (September) 2023 at the Research
(latitude. 32°20 e. 50°51" E, altitude. 2061 m). Based on the Koppen climate

mplete block design (RCBD) with three replications to investigate the
of different organic elicitors (chitosan, salicylic acid and phenylalanine)
with contr out any spraying) on the physiological and phytochemical characters of
H.officinalis L. Mg each year, treatments were performed in 3 stages (end of vegetative, beginning of
flowering and 509gof flowering) and in full flowering, harvesting was done. 3 irrigation regimes (4,
6, 8 day interval) in\ain plots and foliar application of elicitors in sub plots were done. The essential

oils were extracted By hydro-distillation and analyzed using GC/MS.
Results and Discussi
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.IY) and phenyl alanine
(1000 mg.I"Y) treatments respectively. In most of measured characters, plants treated with chitosan
(0.5 mg.I"Y) and pheny! alanine (1000 mg.I) 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

\



1. 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 applicatiomrf chitosan at 0.5 mg.I’

! can be a good strategy to improve physiological and essential oil quantity and qualigy of H.officinalis

L. in cold and semi-arid climates.
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Tablel. Physicochemical and climatic properties of experimental field.
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Jw 2022 2023 EXT

Year Properties
82 83 P (ppm)

209.2 212 K(ppm)

0.09 0.08 N (ppm)

041 042 EC (ds.m-1)

0.77 0.85 Organic Carbon (%)

7.4 7.3 pH

311.1 309.3 Average rainfall (mm)

116 112 Average temperature (C°)

22.6 21.8  Average maximum temperature (C°)
-12.4 -12.1  Average minimum temperature (C\
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Table 2. Water properties used for irrigation.

HCOy cr Mg?* Ca* K* Na- WA TDS H
(meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (meg/lit) (mg/lit) P
3.42 0.91 1.43 2.28 0.16 0.763 8.11
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Table 2. Continued water properties used
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Table 3. Complex analysis of variance of mean of squares of physiological properties in Hyssopus officinalis
L. subsp. angustifolius Bieb.

Olwii glie @20 odgn didg i 5 b Judg s a Judg 5 s Slgow
SOV, 8330 Proline Total Chlorophyll b Chlorophyll a Total ol ;
DF Chlorophyll Phenol R WC
y VV.
J 1 141" 9.28™ 0.93™ 115" 0.14" 114"
Year (Y)
(JW) ,1,5 4 0.8 0.86 117 0.15 1.22 0.6
R(Y)
bl 2 18.2" 8.9" 14.6™ 79" 26.05™ 15.97
Irrigation(A)
Jlo Xl 2 11.08™ 3.88" 7.65" 17.77" 12.88"™ 21.04™
AxY




lollas 5 sllas 8 101 017 0.17 056 121 017
Ea

S e 6 22.8™ 3.2 12.09™ 15.87" 15.77" 16.1™
Elicitor (B)

S yomeX gl 12 10.92™ 117 8.8™ 20.14™ 14.89™ 19.3"
AxB

JUoX S e 6 9.67™ 1.07™ 6.34™ 15.22™ 11.96™ 9.89™
BxY

JWX S e gLl 12 0.82™ 0.07™ 0.9™ 1.09™ 1.1m™ 0.09™
AXBxY

= sl gls 72 0.5 0.09 0.8 11 0.87 0.11
Ep

ol s oy 3.74 5.12 8.6 6.53 5.88 4.45
CV (%)

o8 5V Jlainl g 3 ) M e pis i 4% 50
Z SOV: source of variation, ¥df: 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 physiological and phytochemical properties in Hyssopus off L. subsp.

y

angustifolius Bieb. plants affected by Elicitors by irrigati

ooy Jedo 5 JS Jgd Js Slypeo

JLw Blos Proline Total Total O s

Year Treatment Chlorophyll Phenol RW.C
pg.grt FW %

(Control) J,=s 22.77+0.6% 9.99+0.7°  1.14+0.02° 58.99+1.2°
Sl ool 1 21.89+0.5 ¢ 10.4+0.5%  1.16+0.03° 59.11+1.1°
Salicylic Acid 2 19.1+0.9f 9.1+0.6%  1.17+0.01°  59.1+1.3°
N 1 16.58+06" 01° WN958£09° 17740028  60.221.4%
ST s .
Phenylalanine 2 17.66+0.5 +0.00 W /8+0.4°  121+0.01%  60.32+15"
s 1 14.82+0.8 4014008  10.82+#0.7°  1.2240.01¢  61.42+1.1°
: 2 15.11+0.6° 5.02+0.03®  10.11#0.8%  1.21+0.01%  63.5+0.9°
Chitosan
LSD A .00 0.97 0.99 0.66
(Control) s W 12.87% 8752029  1.16+0.01° 54.02+0.8°
Sibedlo LI ‘ 13.64+0. 434+0.01°  931+0.1%  1.17+0.02° 59.23+1.3"
salicylic Acid vg, 2 14.23+0.6 % 4424001  9.81+0.2°  1.18+0.02° 58.31+1.1°
WY1 b 1 17.3120.7° 5.7+0.02? 11.63+0.3Y  1.21+0.01% 57.91+1.2°
2023 2 16.82+0.4% 49140.01*  11.91+0.2®  1.18+0.01¢ 60.55+1.3%

16.91+0.3° 5.22+0.01° 11.71+0.4°>  1.23+0.02¢  61.64+1.4°
14.53+0.5° 4.51+0.02° 10.03£0.3°  1.19+0.02°  62.8+0.9°

1.00 0.95 1.00 0.97 0.74

Chitosan
LSD

S 2 e S Y Y VT b nd 3 )5V Y YT s Ve (e V¥ Sl il Vg0 oo VD 1V Sl sgnol
Wt dliie 09,5 (ghyld ditud lie By ()b aiw o 3 &S (oolael =) 5 p 8 /0 Y ljenS
*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. Means of physiological and phytochemical properties in Hyssopus officinalis L. subsp.
angustifolius Bieb. plants affected by Elicitors by irrigation interval 6 day

oo dudg s J5 b Jedy ks a Jedg i Jgd I Sy

Jw B)los Proline Total Chlorophyll  Chlorophyll Total O s
Year Treatment” Chlorophyll b a Phenol R W c
pg.grt FW mg.Kg! FwW %

(Control)  Jys 27.91+1.1° 14.12+0.8% 2.02+0.03¢ 12.1+0.5% 1.15+0.2°¢ 52.9+1.1°
Salondlos dpuo! 1 28.65+1.3% 15.55+0.6° 3.02+0.04°¢ 12.53+0.4° 1.17+0.1¢ 55.38+1.2
Salicylic Acid 2 2773:08°  151:08" 301#0.05°  121+03®  1.18+01°  56.42+0.9°
oYl b 1 28.63x1.1° 14.58+0.5° 3.08+0.02¢ 11.5+0.5° 1.21+0.2%  57.39+0.8°

2022 2 2971#09®  1578+0.7° 3.02+0.03¢ 12.71#0.4°  1.34%0.19  58.4440.7°

Phenylalanine

\u



Siss 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°
2 28.63+0.7% 17.12+0.6° 4,01+0.03° 13.12+0.7% 1.26+0.2¢ 59.64+1.1°

Chitosan
LSD 0.94 0.95 1.00 0.99 1.00 0.86
(Control) J,=8 28.12+0.8°  14.25%0.7% 2.1520.02°¢ 12.1£0.3®  1.23x0.01® 52.43£1.2°
Sl s 1 28.92+0.9*  15.14+0.8° 3.1520.05°¢ 12.01£0.4°  1.29+0.02¢  55.62+1.4%
Salicylic Acid 2 28.82+#0.7*  15.82+0.8° 3.840.04% 12.0240.3%  1.49+0.03°  56.55+1.3°
(T s 1 29.02+0.8%  14.93+0.9% 3.9:0.03% 11.04+05°  1.81+0.02*  58.39+1.1°
2023 97T ab b e b b b
Phenylalanine 2 29.17#07 15.94+0.9 3.82+0.03 12.1240.4%  1.72+0.01®  58.12+1.1
Sisis 1 28.11+0.9° 16.92+0.8° 3.52+0.02¢ 13.4140.6°  1.66£0.02®  54.15+1.2°
Chitosan 2 2854+1.1°  16.25+0.7% 415+0.01°  12.11+0.7%  154+0.01%* 57.2240.9°

LSD 0.84 0.98 1.00 1.00 0.89 0.95

P S IY0 N ieaS omd 13 a8 Y Y sVl b nd 3 )5V 1) YT L Vae e ¥ Y Siludls ol Vg0 eo V0 2V Sl ls sl
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*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I?, Phenylalanine‘ 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.

R Judo s JS

Jw b )lo Proline Total O o
Year Treatment Chlorophyll Phenol RW.C
pg.grt FW %
(Control) Jus 28.98+0.9%  11.01%05° 9012037  1.15#0.02° 50.02+0.9°
Sl sl 1 31.92:08°  19BRw06° 951+0.4°  1.2840.02¢ 5152+0.9%
Salicylic Acid 2 3277+11®  13.5548.7° 9.89+0.3°  1.1240.01¢ 52.55:+0.8°
oYl g 1 30.02+0.7°  12.74#05° 9.11+05%  155+0.03* 51.41+0.7%
2022 Phenylalanine 2 30.69+0.8° WR.53+0.4° 1.58+0.01°  53.62+0.9°
s 1 30.11#09° 1357406 0.1\ WLom+06>  1.63+0.01° 52.31+0.8°
Chitosan 2 13.4420.6° 9.3120.7° 159+0.01"  53.44+1.1°
LSD 0.95 0.96 1.00
(Control) J =5 9.01+02%  1.17+0.03° 48.911.1°
LT W R 8.91+0.3¢ 1.23+0.02%  50.52+0.9¢
Salicylic ABi, 9.01+0.3¢  1.25+0.01°  49.55+0.7¢
RN IRE ‘1 9.02+0.4%  1509+0.02°  52.69+0.7°
2023 ppenylalanine -2 2.23+0.01¢ 10.02+0.4°  1.6120.01°  49.98+1.1°
1 12.57+0.7% 2.47+0.0° 10.11#0.5°  1.63+0.03°  51.48+0.7
13.1420.3° 3.01+0.04° 10.14+0.4°  1.55%0.02°  50.37+0.9¢
1.00 0.95 1.00 0.95 1.00

id 3 p)SeIY QU P;Y:Y&YTVQA‘):J)APS\:\ &QYTVL:;A‘)\!,ALA?\“:YMLQ%J Yoo (o V0 N Sluwdlis ol
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*Salicylic Acid 1: 1.5 mM\8alicylic 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"'——— ers in each column that have same word, have same group.
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Table 7. Complex analysis of variance of mean of squares of the essential oil content and main constituents in Hyssopus
officinalis L. subsp. angustifolius Bieb.

Ol ps 2alio a, awlwl ol o8-y ] 0980l G- s o e 9l 9l
SOV, «5 .:l}i Essential Sabinene 3- l.3eta- ) Cis- Myrtenol  Pinocamphone  Camphor
DF, oil Carene Pinene Pinocamphone
J 1 22,17 7.447 2.93™ 8.957 0.22™ 15.17 11,93 7.937
Year (Y)
(JWs) ,1,5 4 18 0.55 0.11 0.12 0.51 0.72 0.24 0.45
R(Y)
&bl 2 25.2" 5.617 14.6™ 10.9™ 14.11™ 14.9™ 211" 17.6™
Irrigation(A)
JWX gl 2 37.12™ 4.33" 5.44™ 2251 11.12™ 19.11™ 5.99™ 10.04™
AxY
olisles S slas 8 2.34 0.21 0.11 0.33 1.01 ‘2 0.21 0.24
E
J;u 6 31.8" 411" 14.11™ 2117 24,117 24.32™
Elicitor (B)
S X gl 12 29.54™ 3.327 10.8™ 19.17 21.8"
AxB
JUoX S e 6 15.44™ 2.55™ 9.88™ 18.8™ 10.14™ 11.08™
BxY
JUX S X gL 12 1.02" 0.09™ 0.12" 0.05"™ 0.42"
AxBxY
A S gl 72 15 0.11 0.43 0.43 0.24 0.12 0.55
E
ul).,,.,bw,g 10.12 6.34 8.6 4.22 4.33 6.11 6.6 7.15
CV (%) \

A}

‘\‘
S el 5sShe Slaglio A Jgn

) Jlois] e 53 ()l (me ((g ) ime pas i 4 g
cant at P=0.05 and P=0.01 levels of probability

## NS
¢

omposition (%) in H.officinalis L. plants affected by
erval 4 day

Jus o carl gy e s oSz y9ielS
Year Treatment* 3-Carene  Beta-Pinene Cis- Myrtenol Pinocamphone Camphor
Pinocamphone
(Control) J5 1.2+¢0.19 14.120.1°0 35.4+0.59 3.920.05¢ 18.940.9° 1.540.01°
Sl 1 1.2+0.19 145402 °¢ 36.40.6 9 4.7+0.01P 20.820.8P 1.620.02°
Salicylic Acid 1.3+0.1%d 15.320.3 ¢ 37.1+0.8° 4.790.0% 19.70.7%¢ 1.7140.032
2022 oYl b 1.99+0.3 ¢ 1.5+0.2°¢ 16.2¢0.2° 38.1+05°¢ 4.85+0.03% 24.97+0.6 2 1.89+0.012
Phenylalanine 2.03+0.1°¢ 1.5¢0.1°¢ 16.4£0.5° 38.740.7°¢ 49120052  23.7220.7%  1.7240.022
oligs 2.1140.1°€ 1.6+0.1°¢ 15.1+0.2 39.1+0.8¢ 5.01+0.012 22.420.6% 1.74+0.012
Chitosan 2.1740.1°¢ 2.120.1° 15.4+0.3 ¢ 39.76+0.6%° 5.12+0.02% 23.6+0.6% 1.76+0.022
LSD 1.00 0.9 1.00 0.95 0.98 1.00
(Control) Jzs 019 2.69+0.05°  2.0620.02° 14.22+0.4° 36.4+1.1¢d 4.85£0.12 18.42+0.7° 1.52+0.01°
bl 20l 1 1¢ 3.2140.12 2.140.11° 14.59+0.5° 38.4+1.4 ¢ 4.12+0.19 22.1+0.8° 1.2¢0.019
Salicylic Acid 2 2d 2.9740.130 1.93+0.1° 16.03£0.2° 35.1+1.29 4.442005°  23.14+0.65%°  1.25+0.029
oY1 b 1 .89+0.032 3.44%0.18 2.6620.1% 16.090.3° 4124120 4.32+0.1° 24.01+0.642 1.3340.01°¢
2023 Phenylalanine 2 0.85:0.02% 2.95+0.280 2.5140.12 16.24+0.5° 39.7+1.40° 4.5540.1P 24.31+0.65%  1.41%0.03°¢
obiss 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° 2254060 1.45+0.02 ¢
Chitosan 2 0.91+0.022 2.850.1° 2.110.1° 15.49+0.6 42.87+1.5% 3.99+0.05¢ 24.1+0.7% 1.5£0.01°
LSD 0.88 1.00 1.00 0.95 1.00 1.00 0.95

Yl 3 p)S 0N lienS o )3 )5 VDY e md 1 S Y Y VT b ol 50 2,8V 1) VT b Ve e VY Sl el Vge o /0 1) Sidpanndls ]
A bl 09,5 (ghyl> A alie Bgy> (lyld gt o y> oS olael
*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 9. Means of the essential oil content and main chemical composition (%) in H.officinalis L. plants affected by
elicitors with irrigation interval 6 day
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Year Treatment* Essential Sabinene 3-Carene Beta- - Cis- Myrtenol Pinocampho Camphor
oil Pinene Pinocamphone ne
(Control) Jzs 0.69+0.019  269+0.01°  1.9+0.02° 15.60+1.1° 35.4+1.19 41720.1%0  15.4240.79 1.5540.01°
Sl sl 1 0.75+0.02° 3.01£0.022  2.22+0.02% 16.86+1.2° 38.53+1.2° 4.23+0.2° 17.140.9° 1.51+0.02°
Salicylic Acid 2 0712003%  255:001°  1.98x0.03°  16.010.9 36.1+1.1¢d 413+0.05%  15.14+0.89 1.2120.029
022 i g 1 084:004°  3.12+002°  251+001%°  17.98+0.8% 4463142  455:01° 20012070  1.42+0.02°
Phenylalanine 2 079:001°  29:001° 24320028  16.99+1.1° 42.7+1.5% 3.8820.05¢  23.31:0.85%8  1.49:0.01%
g 1 085:0.03%  3.11+0.01%8  2.31:0.042  17.56:0.9%8  43.92+1.2% 3.92+0.19 20.5:0.9° 1.45+0.02
Chitosan 2 0.89+0.04%  291#0.02°  2.05:0.02°  18.53%0.8a 45.12+1.12 3.99+0.05¢  23.1+1.1% 1.50+0.02P
LSD 1.00 1.00 1.00 0.95 0.95 0.95 1.00 1.00
(Control) s 0610018  2.12+0.01°  1.7+0.02°  14.770.9° 36.421.1% 3.9920.19  19.77#1.1P¢ 1.43+0.01°
Sl s 1 072400019  2324001°  2.32¢0.022  16.94:0.8° 39.140.9¢ 4.010.1¢ 21.1+1.1° 1.29+0.01 ¢
Salicylic Acid 2 07120029  221+002° 1772001  16.54+1.10 37.141.1° 3.7720.2¢ 20.88+0.7° 1.2240.039
oY1 s 1 082:002°  258+003° 24240017  17.0320.9%°  42.85:0.8% 4.2+0.2% 23531062 1.5540.03°
2023 Phenylalanine 2 08140010  24%0.01°  243+001%  1655:11P  4211+12° 303000 22206 1.3240.01¢
Ol 1 073:0.04° 3240028  21240.02°  17.11+0.8% 39.5+1.1°¢ 4,240,130 23.5+0.72 1.45+0.04 ¢
Chitosan 2 086+0.022 330032  200+0.01°  17.93+112  42.12+¢13P 4.87+0.12 1.19+0.04 9
LSD 0.95 1.00 0.95 1.00 1.00 0.95 0.87
il 0 p)S 0N l5gnS o )3 )5 IVD Y lienS i)y p S Y Y VT b o 3 5,5V ) YT b Ve (e Y Sl o MO 1) Sl Al

WX Lo 0915 L;UJ s
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"}, Phenylalanine 2: 2 g.I"%, Chitosan I'%, Chitosan 2: 0.5 g.I*
Numbers in each column that have same word, have same group.

Table 10. Means of the essential oil content and main chemical composi H.officinalis L. plants affected by
elicitors with irrigation in
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Year Treatment* Essential Sabinene Myrtenol  Pinocamphone Camphor
oil

(Control) s 0.65:0.029¢  1.92+0.02¢d 3.7720.19 19.140.7°¢ 1.12+0.019
Sl sl 1 069:0.019 2.02+0.01°¢ : 4.010.24 18.1+0.8¢ 1.2240.02 9
Salicylic Acid 2 2.11+0.03 ¢ 1.2° WBO.7740. 3.99+0.24 13.14+0.9¢ 1.33+0.03 ¢
oVl Jed 1 4420.04%C  1.5840. \L1:+0. 38.88+0.8 ¢ 4.5540.1° 15.5320.8 9 1.41+0.04 ¢

2022 Phenylalanine 2 40.1241.1° 47702 20.2¢0.7° 1.29+0.01¢
lisisS 1 41.16£1.2° 4.81+0.32 19.5+0.8 ¢ 1.6740.03°
Chitosan 2 . 42.55+0.9"° 4.31£0.2° 1812406  1.65:0.03°
LSD .95 0.95 1.00 1.00 1.00
(Control) =5 12.59+1.2¢ 36.8+1.1¢d 4.3920.02¢ 14.17+1.19 1.23+0.01 9
Sl 10 1.69£0.04°¢  14.45:0.8° 35.1+1.19 41120029  18.96:0.8° 1.1740.029

Salicylic Aci 15520.02¢ 12.83x1.49  3412:099  3.92+0.03¢ 17.14+1.2°¢ 1.18+0.019
oYl b 1712003  15.0121.1° 37.71+0.7°¢ 4.43+0.03¢ 19.53+0.9 ¢ 1.32+0.04 ¢
2023 Phenylalanine 1.82¢0.02°  14.91208°  38.81:1.1°  4.12:0.04¢ 21.2+0.7° 1.29:0.02
oligs 3.19+0.022  1.92¢0.02P  1521#1.2¢ 39.12+0.9°¢ 4.41%0.04° 19.81+1.2 ¢ 1.510.01 P
Chitosan 2.9140.03°  2.02:0.01°  15.1120.9° 38.91+0.7 4.22+0.03¢ 21.12+0.9° 1.42+0.02 ¢
LSD 0.95 0.95 1.00 0.98 0.95 0.96 0.88
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d 2: 3 mM, Phenylalanine 1: 1 g.I'%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.IX. Chitosan 2: 0.5 g.I*
ord, have same group.

*Salicylic Acid 1: 1.5 mM, Salicylic
Numbers in each column that have
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