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Table 1. Sampling sites characteristics of Salvia multicaulis

No. Sampling site Coordinate Altitude (m)
S1 Asad abad I;ig f?. gg 2107-2123
S2 Hamekasi Eﬁg (5)3 22 2120-2135
S3 Gamasiab Igig 35' gi 1850-1876
S4 Abbas Abad I]::Iig g;' ig 2036-2070
S5 Ganjnameh Igig 32. :2}’3 2183-2196
S6 Gian I]::Iig (l)??' gg 1714-1724
S7 Ekbatan Dam Igig gg' ﬂ 2019-2040
S8 Heidareh Igig ;2 gg 1986-1992
S9 Boghrati Igig 2;' ;2 2135-2154
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Table 2. Results of different soil parameters evaluation in different study habitats in Hamadan province
Sampling sites
Item
S1 S2 S3 S4 S5 S6 S7 S8 S9
Na? 10.4+1.15 6.9+0.90 8.1+1.26 4.6+0.30 9.2+460 16.1+2.30 19.6%x1.22 17.3+1.22 16.1+2.30
Mg? 7.8+0.60 6.0+0.40 7.8+0.60 54+0.60 54+0.60 19.8+0.60 13.2+0.50 7.8+0.60 13.2+0.40
ca® 17.0£1.00 17.0+1.00 17.0#1.00 13.0+1.00 15.0+3.00 12.0#1.00 12.0+2.00 20.0+3.00 10.0+1.00
K? 115.3+0.66 429.7+0.66 418.3+0.66 93.0+0.70 52.7+0.66 519.3+0.66 551.0+1.00 509.0+1.00 419.0+1.00
p? 1.8+0.11 7.0+£0.11 17.1+0.11 4.1+0.11  3.6x0.11 5.1+0.11 10.90£0.10  33.5%0.11 3.9+0.11
0.C> 18+0.11 1.3+0.11 2.1+0.11 0.4£0.03  0.2+0.00 0.6+0.01 0.6+0.02 0.9+0.02 1.2+0.14
EC’ 0.1+0.00 0.1+0.00 0.1+0.01 0.1+0.00  0.1+0.00 0.2+0.02 0.2+0.10 0.1+0.02 0.2+0.01
pH 7.6x0.01 7.8+0.01 7.5+0.11 7.6+0.04  7.5+0.01 8.2+0.21 8.1+0.32 7.9+0.22 8.1+0.21

a: mg.L’l; b: %; c: dS.m?, O.C.: Organic Carbon, S1: Asad abad, S2: Hamekasi, S3: Gamasiab, S4: Abbas Abad, S5: Ganjnameh, S6: Gian, S7: Ekbatan Dam,

S8: Heidareh, S9: Boghrati.
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Table 3. Salvia multicaulis essential oil compounds

Compounds Percentage of compounds in essential oils
Compounds

structure RI s1 s2  s3 S4 S5 s6  s7 S8 S9
a-pinene 924 24.8 51 321 27.9 9.5 30.3 122 13 26.3
camphene - 946 45 - 6.2 4.1 21 5.5 13 - 3.9
p-pinene S % 974 1.9 - 2.2 15 0.6 2.0 0.4 - 1.6
myrcene % § 988 1.9 - 15 14 0.7 11 - - 1.0
a-phellandrene g 2 1002 6.6 11 6.3 6.0 2.9 7.0 2.9 2.3 21
p-Cymene é 1020 0.4 - 07 - - 0.7 - - 0.4
1,8-Cineol 1026 131 4.0 12.1 1.3 1.0 7.0 3.9 7.3 17.2
y-terpinene 1054 0.5 - 0.4 0.5 - 0.6 - - 0.3
camphor - 1141 0.9 0.9 24 0.5 0.6 21 1.0 24 0.8
borneol % 1165 2.0 2.9 4.3 2.0 2.3 21 2.6 7.6 24

terpinen-4-ol :% 1174 0.3 - 0.3 - - - - 0.7 -

o

myrtenol 1194 - 0.8 0.7 - 0.8 - - 14 0.5
bornyl acetate 1284 11.3 8.1 7.0 8.8 16.2 10.3 11.2 124 12.8
myrtenyl-acetate 1324 0.4 - 0.3 - 2.3 0.7 - 0.6 0.8
a- copaene 1374 - - 0.5 - 0.6 - - - 0.4
B -caryophyllene 1417 150 406 116 216 91 178 376 322 112

[ -copaene 1426 - - 0.5 - - - 0.6 - -
calarene 1428 14 25 0.6 2.2 0.8 - 2.8 2.7 0.4
aromadendrene -g _§ 1439 0.7 1.7 0.5 0.8 0.6 0.8 1.4 1.4 0.5
a -humulene E.’_ g 1452 0.6 0.9 - 0.7 - - 11 1.2 0.3
o -amorphene % E 1483 0.6 0.6 - 0.5 0.9 - 11 0.7 0.5
J- cadinene %- 1522 12 3.0 0.7 2.3 3.8 0.7 24 2.3 0.7
a -cadinene 1534 0.9 - 2.2 2.0 0.6 0.9 0.9 2.9 0.9
a -calacarene 1548 1.2 3.5 13 1.7 3.2 1.7 2.2 2.4 14
germacrene B 1560 16 4.5 13 4.1 8.2 24 3.6 5.7 2.1
spathuneul 1577 1.0 0.8 - 11 5.0 - 1.9 0.9 1.0
caryophyllenol oxide B 1582 14 9.3 1.6 3.0 11.2 2.1 2.6 4.7 2.9
viridiferol % 1592 0.5 15 04 0.5 1.6 0.7 0.7 0.8 0.6
carotol % 1594 1.1 2.0 0.4 1.9 4.6 0.7 1.7 1.9 0.9
S-eudesmol 1649 0.6 1.0 0.2 0.7 15 0.6 0.7 0.7 0.7
Total 96.4 948 98.3 97.1 90.7 97.8 96.8 96.5 94.6
Essential oil content (%) 0.3 0.2 0.2 0.4 0.6 0.2 0.2 0.5 0.2

S1: Asad abad, S2: Hamekasi, S3: Gamasiab, S4: Abbas Abad, S5: Ganjnameh, S6: Gian, S7: Ekbatan Dam, S8: Heidareh, S9: Boghrati.
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Table 3. Eigenvalues and contribution cumulative ratio in RDA analysis

Axes 1 2 3 4 Total variance
Eigenvalues 0.5 0.3 0.1 0.1 1.0
Species-environment correlations 1 1 1 1
Cumulative percentage variance of species data 48.2 74.1 86.7 94.8
Sum of all eigenvalues 1.0
Sum of all canonical eigenvalues 0.9

Sob s sl S JT o S Ssbosen 5 Sl
Lo 2YL s ot M L p 5 o s ¢ ol
Casby g aish plas S ldS gus b, Jas
05/\»«-&-“ S zmals esSan adnly Sal 5 e
PA'SE clﬂw 5 f_u-"')‘ 5 b0 sSt Slain 5 om Cute
S ol o saalin el slytma 5 sb s
(blas 5o amals 0wkl o 1 Jlads o YL

(el 233 il sl yime RDA lss ol
cuals Los e 5ol b (Seos 5 cote (S
5 ool Bl elel lpme sl sl
i ossnlie O adbie o ulel Gl op sYL
o i s YU S K gmimer () JS3)
§ yaza 52 o5 S saalis S EC 5 Luslil ol gms
5 e Sasbs b VL et Saecan by isise



Y P PO O |

gble gauas 5>
Sl L eSS sanas s o
ol 058 53 5o bl s bl bl JS s sas
Gblie Sie Sy cn e (Y JS2) was sy S
u"jg;‘jg’“‘*“ YL as (G2) £ °3J§ BLRY fa
S isse 2o b e 5 en sk
S ol o ssba bl ol 5 o ae- i ) g;%.v.,.—\f’ﬂ
omb s )8y so s (G1) Jsl ey 8 bl 5o (ol 5o

ooy

abal, Lo clﬂ-w 5! 8-53)\ L g’v.;))«\n-“ sy 5
zals ¥ oadkie s ) Ol o YL 5 azls w}&&é
Sasad Loy 5 5e e nage Ol o= W]
ssbomed 5 SBesiie s I SL YL con
AP 9 QT BB Q—.’.)’Y\% 5 culs e w)l:)
et Oren ohia el Ll sl
5 e Cusby b S all, K g sSan

Bt VG s obasas S5 ey S5se 4o S eadlin Vo,
5
o o
s
9
(e] SOxy
BorAdet
. - /""
SMbno Cine 01.
= EO
~ Altitude
Apinene CaryqOxi
dphell,, _Barneol
wesss- Essential oil compounds
sl Environmental factors S) SSespui
O  sampling sites .S‘H_\f(h'o (7) N o
o Bearyo 2
-—
'
-1.0 1.0

RDA ;JUT s Salvia multicaulis a8 (bl oS 5 a5 - JS&

Figure 1. Distribution of Salvia multicaulis essential oil compounds in RDA analysis
SHydro: total hydrocarbon compounds; SOxy: total oxygenated compounds; SSesqui: total sesquiterpenes; SMono: total monoterpenes;
Bcaryo: p-caryophyllene; Borneol: borneol; CaryoOxi: caryophyllene oxide; EO: essential oil content; Cineol: 1,8-cineol;
Aphell: a-phellandrene; Apinene: a-pinene; BorAcet: bornyl acetate
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Figure 2. Cluster analysis of Salvia multicaulis different study habitats in Hamadan province based on essential

oil major compounds
Bootstrap values (100 replicates) are presented at each node (Coph. corr. 0.85)
(S1: Asad abad, S2: Hamekasi, S3: Gamasiab, S4: Abbas Abad, S5: Ganjnameh, S6: Gian, S7: Ekbatan Dam, S8: Heidareh, S9: Boghrati)
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Abstract

The Salvia species are of great importance in food, pharmaceutical, and cosmetic industries
for their secondary metabolites. Although the production of secondary metabolites is encoded
by the plant genetic, however, environmental factors have a great influence on their production
and composition in plants. In this study, to investigate the effects of some climatic factors,
topography, and soil parameters on Salvia multicaulis essential oil composition, the plant
samples were collected from nine different habitats in Hamadan province during the flowering
season. The soil samples were also taken for each plant in the sampling sites. The essential oil
was extracted by hydrodistillation (Clevenger apparatus) and its composition was identified by
GC and GC/MS. The soil factors were measured according to the relevant protocols and the
climatic records were collected from the meteorological stations of Hamadan province. The
RDA analysis was used to investigate the effects of different environmental factors on the
essential oil composition. Clustering of the studied habitats was performed based on the major
compounds of essential oils using the Wards method. The essential oil composition was
different in different habitats. The compounds a-pinene (1.3-32.1%), a-phellandrene (1.1-7%),
1,8-cineole (1-17.2%), bornyl acetate (7-16.2%), and g-caryophyllene (9.1-40.6%) were the
major ones of this plant essential oil. The RDA results showed that the essential oil content and
oxygenated terpenoids percentage increased with increasing altitude, but the hydrocarbon
terpenes percentage had an inverse correlation with altitude. The monoterpenes had a positive
correlation with the relative humidity, rainfall, and soil organic carbon, but the sesquiterpenes
had an inverse relationship with these factors and showed a positive correlation with phosphorus
and to some extent with calcium of the soil. The studied habitats clustered into two distinct
groups with predominance of monoterpenes and sesquiterpenes in the essential oil. These
findings could be important for commercial exploitation of sage with the aim of extracting
specific secondary metabolites in its essential oil.

Keywords: Essential oils, Salvia multicaulis Vahl., medicinal plants, soil elements,
climatic factors.



