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Table 1- The origins of studied populations with their geographical characteristics
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Table 2- Analysis of variance (ANOVA) of the studied traits for two populations during two consecutive years

Ol po (0l
Mean Square

axyd
Sl gl T . e L Gl w0
.0. Bl S ) R ol
df Total Total Peroxidase Ascorbate ol )
phenolics  flavonoids peroxidase Proline  Essential
content oils
ol w3 2 11017.80** 46.86** 710615.55% 3882.89% 2005.62%* 4.54%*
Irrigation regime
Ju 1 547452%  22.24*  755033.55° 231.24%¢ 58.19%  146%
Year
Lo g sl w3
Jbos sl el 2 889.97° 152 6238555 66.84% 3L.04%  0.17°°
YearxIrrigation regime
Sl w3y 9 Jlw S5l Ssby
Block/ Year and Irrigation 12 0.90 011 11.16 0.18 0.05 0.10
regime
Soxe 1 271.48* 967"  1067729.55* 2087.57* 2315% 228
Population
Gl @235 9 oo
Irrigation xPopulation 2 15.02** 277 24136.71* 92.26* 28.17*  117**
regime
Jo 9 Comex
. 1 889.43* 6.38** 66687.89** 114.06%* 70.70%* 0.08**
YearxPopulation
Jlo 9 3kl w255 9 Correxr
Irrigation xPopulation 2 14110 053"  19192.89* 1455+ 30.74*  0.06**
regime Year
ol Sl 12 1.24 0.02 227 0.07 011 0.001
Residual
Sl w06 - 5.02 341 12.21 9.88 8.42 3.17
C.V%

Sy ) ool s )8 s g g ¥

** s significant at 1 probability level.
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Table 3- Mean comparison of the population and irrigation regime interactions for studied traits

J5Jeé J5 wsgigdle Ty Mool ol lgize odbual o 3
Total phenolics Total flavonoids Peroxidase Ascorbate peroxidase  Proline content Essential oils
b (mg TAE/g DW) (mg QUE/gDW)  (umol/min mg protein) (umol/min mg protein) (umol/g FW) (%)
Population
Jey wdle was by oMo wad Jly wde wal Jly ede wal Jly o sl Jly wdle wal
Normal Mild Severe Normal Mild Severe Normal Mild Severe Normal Mild Severe Normal Mild Severe Normal Mild Severe
o)
Mezdeh 75.96° 106.01°13491% 3.14° 593° 7.99° 30844°587.04°69826% 9.87°¢ 16.36° 3895° 141° 254° 2696 101° 137° 1.79?
ez
ailyl
b h 80.68° 109.74°14293% 528° 657° 833% 56961°919.76°1137.68% 19.91° 30.94° 60.02° 1.16° 309" 21.85° 107° 1.86° 274*
yanel

505wl 2o pd B Jleimt mhaws ;0 LSD 5031 Ll 5l (g ,ls cime (g Lol M S i By S JBlas (gl slanaSils jlard Ho 5l s e 00
Means with a similar letter in each row of the treatments had non-significant differences according to LSD Test (p<0.05).
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Table 4- Mean comparison of the population and year interactions for studied traits
J5Js J5 adeigdle STy STy @l Sl
Total phenolics Total flavonoids Peroxidase Ascorbate o9 lgixe olel ey
. (mg TAE/g DW) (mg QUE/g DW) (umol/min mg peroxidase Proline content ~ Essential oils
T protein) (umol/min mg (umol/g FW) (%)
Population .
protein)
yyaa 1. 1vaa Voo 1vaa 1vaa 1. yyaa 1. \yaa Voo
2020 2021 2020 2021 2020 2020 2021 2020 2021 2020 2021
00
98.26° 112.99° 448"  6.89° 343.38° 719.11®  20.97°  22.48% 10.17° 11.43° 114> 1642
Mezdeh
aLol
93.81° 128.42% 6.36° 7.09%  773.90° 977.46% 32.64° 41.27° 6.03> 11.37® 1.74° 2.04¢
Abyaneh
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Means with a similar letter in each row of the treatments had non-significant differences according to LSD Test (p<0.05).
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Table 5- Mean comparison of the population and irrigation regime and year interactions for studied traits

S5 S5 agidls sl

Total phenolics
Jl o (mg TAE/g DW)

Total flavonoids Peroxidase
(mg QUE/gDW)  (umoVmin mg protein)

SloasTy by ),SWJ
Ascorbate peroxidase
(nmol/min mg
protein)

A9 slgie ol a0
Proline content Essential oils

(umolig FW) )

Popula
tion

Year Jly

el aad ey wdle il Jly wdle

Norma Mild  Severe Normal Mild Severe Normal

ol Jlop wdle wad Jly @dle wad Jop el w
ver

Mild  Severe Normal Mild Severe Normal Mild Severe Normal Mild

o

pzoN

waa s
2020 5,

LoUENg
Fiee

& 7051° 10298 121.30% 259° 438" 647% 249.85° 331.64°44867% 929° 17427 3621* 125° 243" 2683 0.78° 1.08" 155°

- 7143° 9804° 11198% 508° 6.15° 7.85% 505.07° 803.19° 101345 18.29¢ 27.39" 52.25% 104" 147° 1557% 101° 155° 267°

UspzeIN
oo

Voo
2021

Uauengy
e

81.42° 10902° 14852% 370° 747" 952* 367.03°84243° 94786* 1046° 15.30° 41697 156° 265" 27.09° 123° 166° 204

80.94° 12145 17387% 547° 699" 881% 634.15° 1036.33" 1261.91° 21.52¢ 34.50° 67.80% 1.29° 4.70° 28.12% 114° 217° 2822

55 0l 2o yd O Jleisl mhaws ;0 LSD 5031 15 51 (g ls sme (g Lol M S i o S JBlas (6lyls slaniSilos less o 5l s 00
Means with a similar letter in each row of the treatments had non-significant differences according to LSD Test (p<0.05).
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Table 6- The composition of essential oils (EOs) in the studied populations

el alol 08 30
bl olus 5 silest Abyaneh Mezdeh
Composition of EOs (%) Retention Jby 2o g Jbos ke g
Index Normal Mild Severe Normal Mild Severe
ool
ors 930 nd nd 0.65 nd nd 0.44
a-Thujene
-o—Lal]
u*' 940 5.04 6.45 10.81 6.42 9.86 8.72
a-Pinene
oS 958 2.26 331 4.09 4.94 363 1.48
Camphene
TS
o= 984 1.66 2.02 1.60 1.24 1.34 1.48
B-Pinene
o 989 059 059 9.90 7.94 8.72 9.73
Myrcene
Tl 1016 11.33 11.81 2.10 nd 3.08 1.62
5-3-Carene
SRR
Sl 1023 nd nd 0.29 nd nd nd
o-Terpinene
o 1032 054 0.72 0.78 053 055 055
p-Cymene
s 1037 1.20 1.16 1.49 133 152 1.30
Limonene
Jye - ~As) 1042 21.27 25.79 24.85 15.95 19.57 20.62
1,8-Cineole
N 1066 053 nd 0.41 0.39 0.34 nd
8-Terpinene
_‘J’JL;"’J 1102 nd nd 0.29 nd 0.35 nd
Linalool
2945 1149 19.08 18.28 23.56 27.00 25.27 29.26
Camphor
e 5 1163 0.52 0.62 0.46 0.39 0.40 0.47
cis-Chrysanthemol
Jsir 1166 2.26 3.17 2.14 1.18 4.34 2.03
Borneol
-F- i 5
J oy 1171 nd nd 0.29 nd nd nd
Terpinen-4-ol
o e 1201 nd nd 0.39 0.37 nd 0.58
Myrtenol
el L
. bl J 1253 nd nd 0.31 nd 0.39 nd
Linalyl acetate
Sl 1290 3.80 3.92 167 1.96 1.35 1.69
Bornyl acetate
Sl Looo 5-WI
- J““‘” w 1343 3.44 2.94 1.86 2.26 2.07 2.25
a-Terpinyl acetate
AR
ol 1364 nd nd nd nd nd 0.43
a-Copaenene
Sl Jol 5
J5 1367 0.75 0.47 0.72 0.72 0.88 0.93
Geranyl acetate
gzl 1415 1.22 1.06 0.88 1.00 1.05 1.28

a-Gurjunene
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Table 6 Continued- The composition of essential oils (EOs) in the studied populations

okl 1429 8.61 4.66 4.22 7.85 6.60 421
E-Caryophyllene
oo LT
yegald 1465 6.65 3.65 3.09 9.17 1.85 331
o-Humulene
o
Js 1503 nd nd nd nd nd 0.46
Ledol
it 1517 0.91 053 0.60 111 0.92 1.02
y-Cadinene
Rl 1521 2.27 1.19 1.54 1.99 2.26 2.52
5-Cadinene
olisr 1525 nd nd nd nd 0.54 0.81
Epizonarene
oo YUl 1542 nd 0.66 nd nd nd nd
a-Calacorene
ot
Jsdsils 1553 nd 0.89 nd nd nd nd
Spathulenol
oSl o 5 1576 nd nd nd 0.37 nd nd
Cryophyllene oxide
Ot o033 1615 nd 1.10 nd nd nd nd
|somyr|st|cm
o
1620 0.53 0.80 nd 0.40 nd nd
Calarene
Jlnspes 1643 0.53 1.55 nd 0.47 nd nd
t-Muurolol
Jyis? 1648 103 nd nd 0.47 nd nd
Fonenol
Jysls=st 1652 nd nd nd 162 nd nd
tau-Cadinol
RH]]
Jyoos: 1657 2.14 0.98 0.99 1.62 1.79 2.16
a-Eudesmol
e 1666 1.01 1.06 nd 0.80 0.75 nd
2-Decyne (CAS)
Jyesd 1679 0.81 0.62 nd 053 0.57 nd
Levomenol
e slagSsyses 24.16 27.12 3212 23.59 29.79 25.32
Monoterpene hydrocarbons
|y % | e
Oxygenated Jls o5l sloce s 4313 47.86 51.98 48.05 46.77 52.96
monoterpenes
S Sl S g 17.39 10.56 8.79 15.96 14.12 11.06
Sesquiterpene hydrocarbons
o O5eST Sl 5 g5 7.31 7.13 253 7.47 4.62 5.14
Oxygenated sesquiterpenes
5 Rl 7.99 7.33 456 4.94 4.69 487
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Abstract

Introduction: Drought is one of the most important abiotic stresses that affects plant growth,
development and biochemical processes of plants such as the production of secondary metabolites
and aromatic chemical compounds. Salvia subgenus Perovskia belongs to the Lamiaceae family and
it has numerous therapeutic properties. In general, the anti-oxidative defense mechanisms are mainly
classified into enzymatic (e.g., guaiacol peroxidase, and ascorbate peroxidase) and non-enzymatic,
i.e., polyphenolic compounds, terpenoids, proline, which can coordinately detoxify excess reactive
oxygen species in the cells. Indeed, water deficit stress can impose profound effects on quality and
guantity of essential oils in aromatic plants.

Materials and Methods: In order to investigate the effects of limited irrigation on polyphenol
contents, antioxidant enzyme activities and essential oil constituents of two populations of S.
abrotanoides viz., Abyaneh and Mezdeh populations, as endemic species of Iran, a randomized
complete block design with three replications was conducted at the Research Farm of Isfahan
University of Technology, in two consecutive years 2020-2021. Water deficit levels included field
capacity (as control), 70% of field capacity (mild stress), and 50% of field capacity (severe stress).
Results and Discussion: The results showed that total phenolic content, total flavonoids, antioxidant
enzymes activities, proline content, and essential oil yield substantially increased with the severity of
stress as compared with well-watered plants. Furthermore, the highest contents of total phenolics,
total flavonoids, and antioxidant activities were obtained in Abyaneh population in comparison to the
other ones at the second year of cultivation. In other words, Abyaneh has a greater capacity in
regulating water deficit stress than the other population. The essential oil content ranged from 1.01 to
2.82% in Abyaneh population and 0.78 to 2.04% in Mezdeh population. The analysis of the essential
oils by GC/MS revealed the presence of a large number of components represented mainly by
oxygenated monoterpenes. Camphor concentration ranged from 18.28% (Abyaneh population and
mild stress) to 29.26% (Mezdeh population and severe stress). The amount of berneol ranged from
1.18% (Mezdeh population and well-watered level) to 4.34% (Mezdeh population and mild stress),
and the level of 6-3-carene ranged from 1.62% (Mezdeh population and severe stress) to 11.81%
(Abyaneh population and mild stress). The highest and lowest amount of 1,8-cineole were found in
Abyaneh population under mild stress level (25.79%) and Mezdeh population under well-watered
level (15.95%), respectively. Among main essential oil compositions, Abyaneh population showed
the highest amount of a-pinene under well-watered level (10.81%), while this population had the
lowest value (5.04%) under severe stress level. Furthermore, the concentration of myrcene were
obtained in the range of 0.59% to 9.90%, in which the highest value was observed for the sample
collected from Abyaneh population under severe stress level, while the sample of this population
under well-watered along with mild stress levels showed the lowest values. In both plant populations,
the proportions of oxygenated monoterpenes were elevated with increasing stress severity while the
sesquiterpenes (sesquiterpene hydrocarbons and oxygenated sesquiterpenes) decreased. In addition,
the percentage of all prominent volatile constituents including 6-3-carene, camphor, 1,8-cineole,
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berneol, myrcene and a-pinene elevated at the levels of mild and severe stress, and it suggested that
water stress conditions improved the quality of the studied essential oils.

Conclusion: Finally, it can be concluded that mild and severe drought stress significantly increased
secondary metabolites, antioxidant activities, and the percentage of prominent volatile constituents,
which provided an insight for improving the qualitative and quantitative status of bioactive
components of S. abrotanoides with moisture-stress management practices.
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