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Abstract

Background and objectives: In different ecosystems, factors such as altitude, rainfall,
temperature, lighting, humidity, and soil nutrients are essential variables that affect the
metabolism and accumulation of secondary metabolites. Therefore, it is vital to know the factors
affecting the active substances of medicinal plants. Therefore, researchers try to increase the
production of effective substances by different methods. We can mention the research
conducted in the field of the effect of ecological factors on the essential oil compounds of
different populations of Nepeta crispa, Salvia sharifii, Satureja rechingeri and Stachys pilifera.
This study investigated the relationship between climatic, topographical, and edaphic
parameters as necessary factors that influence the morphological traits and essential oil
compounds of the medicinal endemic species Dracocephalum ghahremanii Jamzad.
Methodology: Three habitats of D. ghahremanii were selected in Semnan province with
different environmental conditions, and 15 plots of 4 m2 were established by systematic random
method. In each plot, the plant height, canopy diameter, cover, biomass and leaf area of the
studied species were measured. Flowering branches were collected from natural habitats with
three replications, and essential oils were extracted using a hydrodistillation method using a
Clevenger apparatus. GC-FID and GC/MS identified the essential oil compounds. Five soil
samples were randomly taken from inside the plots in each habitat, and some soil
physicochemical parameters, including pH, EC, OM, N, P, K, lime and soil texture, were
measured. Analysis of variance and comparison of data mean was done using SPSS software.
The most important environmental factors affecting morphological traits and essential oil
compounds were determined using the correlation analysis method in SPSS software and the
principal component analysis (PCA) method in Minitab software. The conservation status of
this species was determined using the IUCN method and based on the criteria of EOO and AOO
using GeoCAT software, as well as data related to population size and habitat quality.

Results: Comparing the average morphological traits of D. ghahremanii showed that the
highest and lowest values of morphological traits are related to the Tash region with an altitude
of 3043 meters and Tang Kavard with an altitude of 2032 meters, respectively. Variance
analysis of morphological traits also showed a significant difference between the plants of the
three regions in terms of leaf area at the level of 1% and in terms of plant height, canopy
diameter, canopy cover and biomass at the level of 5%. The analysis of D. ghahremanii
essential oil showed that its chemical composition differs in three regions. In Tang Kavard
region, (E)-B-Farnesene, trans-Cadina-1(6),4-diene and (E)-Caryophyllene, in Dibaj region,
(E)-p-Farnesene, trans-Cadina-1(6),4-diene and Caryophyllene oxide, and Tash region,
Caryophyllene oxide, a-Vetivone and Carvone hydrate were identified as dominant compounds.
Analysis of the variance of common essential oil compounds of this species also showed a
significant difference between the averages of these compounds at 0.1%. Physicochemical
parameters of D. ghahremanii habitats had significant differences. Variance analysis of the
values of these parameters showed that there is a significant difference between the three
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regions in terms of OM, N, P, K, lime, sand and silt at the level of 0.1%, pH at the level of 1%
and EC and clay at the level of 5%. Correlation between the characteristics of this species with
some environmental factors showed that altitude, annual precipitation, annual temperature,
minimum temperature of the coldest month, maximum temperature of the hottest month, lime,
OM, N, P, sand and silt have the most significant correlation with morphological characteristics
and essential oil compounds. Considering that the area occupied by this species in the studied
populations (AOO) is 0.750 km2 and its presence area in the province (EOQO) is 691.046 km2,
its conservation status in Iran was determined as Critically Endangered (CR).

Conclusion: As a general conclusion, the increase in altitude has increased the functional
characteristics (morphology and phytochemistry) of D. ghahremanii. Despite the relative
similarity of the dominant compounds in the essential oil of this species, the composition of the
essential oil (percentage of major and minor components) was different in the three investigated
regions. Among the environmental parameters, altitude, annual precipitation, OM, N, P, K and
silt were the most critical factors affecting the morphological traits and the percentage of
oxygenated terpenes, which can indicate the importance of high altitude habitats in terms of
essential oil content and compounds with higher antioxidant properties for this plant. Based on
these findings, the maximum temperature of the hottest month, the minimum temperature of the
coldest month, and the absolute minimum temperature of lime and sand were the most
important parameters affecting the percentage of hydrocarbon terpenes. These results can be
significant for extracting D. ghahremanii essential oil from natural habitats or commercially
cultivating this plant to extract the secondary compounds in its essential oil.
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Table 1. Sampling sites characteristics of Dracocephalum ghahremanii

Sampling site Longitude (E) Latitude (N) Altitude (m)
Shahmirzad, Tange Kavard 53°28'39" 36°02'37" 2032
Damghan, Dibaj 54° 14" 42" 36° 27" 30" 2490
Kuh-e Shahvar, Tash 54°43'24" 36°35'44" 3043
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Table 2. ANOVA of habitat effects on morphological traits in Dracocephalum ghahremanii

S.0.V. d.f. - - M.S. -
Height Canopy diameter Canopy cover Leaf area Biomass
Habitat 2 9.317* 45.171* 0.772* 0.047** 51.461*
Experimental error 42 1.801 9.102 0.177 0.003 8.986
C.V. (%) 16.2 118 24.9 18.8 12.4

*and ** : significant at 5 and 1% probability levels, respectively

Dracocephalum ghahremanii (S35, Slio o8ty 5, 31 (nle anslio =Y Joa>

Table 3. Means comparison of habitat effects on morphological traits in Dracocephalum ghahremanii

. Habitat
Trait —
Tange Kavard Dibaj Tash
Height (cm) 9.0+1.9° 10.7+1.0% 11.6+0.72
Canopy diameter (cm) 29.2+1.7° 31.9+2.12% 35.2+4.52
Canopy cover (%) 1.7+0.2° 2.0+0.3% 2.5+0.62
Leaf area (cm?) 0.4+0.1 0.5+0.12 0.6+0.12
Biomass (g) 27.8+2.6 31.6+2.6% 34.2+3.6°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 4. Essential oil compounds of Dracocephalum ghahremanii in different habitats

Tange

No. Compound RI Compound group Kavard Dibaj Tash
1 a-pinene 940 MH 0.8 - 0.7
2 B-pinene 982 MH 1 - 0.7
3 cis-sabinene hydrate 1077 oM - - 1
4 linalool 1101 oM - - 0.6
5 n-nonanal 1106 AO - - 0.7
6 a-campholenal 1126 oM - - 0.5
7 trans-pinocarveol 1141 oM - - 2.6
8 trans-verbenol 1144 oM - - 0.7
9 isoborneol 1158 oM - - 0.5
10 terpinen-4-ol 1171 oM - - 4.3
11 myrtenal 1204 oM - - 5.8
12 carvone 1243 oM - - 0.7
13 bornyl acetate 1289 oM - - 33
14 p-menth-1-en-9-ol 1294 oM - - 0.9
15 thymol 1299 oM 1.1 0.6 1.4
16 carvacrol 1303 oM 1.4 0.6 1.3
17 methyl geranate 1329 oM - 0.2 1.3
18 eugenol 1357 Ar 0.9 - -
19 (2)-p-damascenone 1365 SH - 0.7 -
20 B-bourbonene 1372 SH 3.4 18 2.1
21 methyl eugenol 1407 Ar - 0.6 0.5
22 (E)-caryophyllene 1427 SH 11 4.3 4.3
23 carvone hydrate 1434 oM 11 3.7 6.1
24 dictamnol 1437 (OF] - - 1.6
25 ahHimachalene 1451 SH 3.8 0.9 0.6
26 geranyl acetone 1457 oM 1.2 - 0.9
27 (E)-p-farnesene 1458 SH 26.9 27.1 15
28 cis-cadina-1(6),4-diene 1468 SH 0.6 - -
29 trans-cadina-1(6),4-diene 1481 SH 15.3 16.3 5.1
30 (E)-B-ionone 1489 0os 0.9 - 1.2
31 [-selinene 1501 SH 14 11 11
32 germacrene A 1519 SH 4.1 0.9 16
33 trans-calamenene 1540 SH - 1.4 -
34 cis-calamenene 1550 SH - 2.81 0.85
35 germacrene B 1557 SH 3.8 0.7 0.1
36 spathulenol 1572 (OF] 2 4.8 5.3
37 caryophyllene oxide 1576 (OF] 2.8 11.2 16.2
38 B-himachalene oxide 1612 (O] 1.6 - -
39 dillapiole 1618 (O] - 3 -
40 1-epi-cubenol 1623 (O] - - 1.2

RI: Retention index, MH: Monoterpene Hydrocarbons, OM: Oxygenated Monoterpenes, SH: Sesquiterpene Hydrocarbons, OS:
Oxygenated Sesquiterpenes, AO: Oxygenated aliphatics, Ar: Aromatic compounds, Fa: Fatty acids, Es: Esters
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Continued Table 4. ...

Tange

No. Compound RI Compound group Kavard Dibaj Tash
40 1-epi-cubenol 1623 (O] - - 1.2
41 (E)-sesquilavandulol 1630 (O] 0.2 11 4.3
42 a-cadinol 1654 (O] 1 - 1.8
43 intermedeol 1662 oS 0.7 24 -
44 khusinol 1678 (OF] 0.6 2 -
45 germacrone 1691 oS - 0.91 -
46 n-heptadecane 1697 AH 1.9 - -
47 a-vetivone 1845 oS 4.4 4 10.2
48 (Z,2)-farnesyl acetone 1865 (O] - 18 -
49 n-nonadecane 1902 AH - 0.2 -
50 hexadecanoic acid 1954 Fa 0.6 2 -
51 nootkatinol 2083 0os 2.4 - -
52 methyl octadecanoate 2121 Es 2.7 25 5.6
Total 99.7 99.6 99.5
Monoterpene hydrocarbons (MH %) 1.7 0 1.4
Oxygenated monoterpenes (OM %) 49 51 32.7
Sesquiterpene hydrocarbons (SH %) 70.3 58.1 17.3
Oxygenated sesquiterpenes (OS %) 18.6 31.2 42
Others (%) 4.1 5.2 6.1

RI: Retention index, MH: Monoterpene Hydrocarbons, OM: Oxygenated Monoterpenes, SH: Sesquiterpene Hydrocarbons, OS:
Oxygenated Sesquiterpenes, AO: Oxygenated aliphatics, Ar: Aromatic compounds, Fa: Fatty acids, Es: Esters

%
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Tange Kavard Dibaj Tash

Main essential oil compound

mSH mOS OM =MH Ofthers

il oKy s, > Dracocephalum ghahremanii (3l 2025 ).Si5 seS 5 Jool ooy 8 s yime Y K2

Figure 2. Main essential oil compound groups content of Dracocephalum ghahremaniiin different habitats
MH= Monoterpene Hydrocarbons, OM= Oxygenated Monoterpenes, SH= Sesquiterpene Hydrocarbons,
OS= Oxygenated Sesquiterpenes
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Table 5. ANOVA of habitat effects on essential oil compounds in Dracocephalum ghahremanii

S.0O.V. df.  (E)-p-Farnesene trans-Cadina-1(6)4-  Caryophyllene (E)- a-Vetivone
diene oxide Caryophyllene
Habitat 2 1085.587*** 186.878*** 228.898*** 75.354%*** 59.841***
Experimental g 4.606 0.847 0.464 1.007 1.095
C.V. (%) 68 43 56.9 52.4 494
S.0.V. d.f. Methyl Carvone hydrate Spathulenol Germacrene A B-Bourbonene
octadecanoate
Habitat 2 15.514%** 31.602*** 16.013**= 13.653*** 4.024%**
EXpi"r'rrgf”ta' 6 0.464 0.262 0.682 0.310 0.241
C.V. (%) 44.9 59.7 42.1 67.8 36.8
S.0.V. d.f.  a-Himachalene (E)-Sesquilavandulol Germacrene B
Habitat 2 15.429*** 23.559*** 19.509***
Experimental o 0.348 0.192 0.332
error
C.V. (%) 89.6 93.8 99.6

**and ***: significant at 1 and 0.1% probability levels, respectively

Dracocephalum ghahremanii jwlal sbeoS 5 L o5, Sl 0le anylio -5 Joi>

Table 6. Means comparison of habitat effects on essential oil compounds in Dracocephalum ghahremanii

Habitat
Compound —

Tange Kavard Dibaj Tash
(E)-p-farnesene 26.9+2.62 27.1+2.62 1.5+0.5P
trans-cadina-1(6),4-diene 15+0.82 16.3+1.12 5.1+0.8°
caryophyllene oxide 2.8+0.5¢ 11.2+0.7° 16.2+0.72
(E)-caryophyllene 11+1.42 4.3+0.8° 4.30.7°
a-vetivone 4.4+0.7° 4.0+0.6° 10.2+1.52
spathulenol 2+0.3° 4.8+0.8% 5.3+1.12
carvone hydrate 1.14+0.3¢ 3.740.5° 6.1+0.62
methyl octadecanoate 2.7+0.7° 2.5+0.6° 5.6+0.82

B-bourbonene 3.410.62 1.8+0.4° 2+0.4°
germacrene A 4.1+0.82 0.9+0.3° 1.6+0.5P
(E)-sesquilavandulol 0.2+0.1° 1.1+0.1° 4.3+0.72
a-himachalene 3.8+12 0.9+0.3° 0.6+0.1°

germacrene B 3.8+12 0.740.2° 0.1+0P

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 7. ANOVA of soil physicochemical parameters in Dracocephalum ghahremanii habitats

M.S.
S.O.V. d.f.
pH EC oM N P
Habitat 2 0.033** 0.005* 11.526*** 4.196%** 1.948***
Experimental error 12 0.004 0.001 0.003 0.004 0.010
C.V. (%) 1.2 7.5 57.2 80.1 14.9
M.S.
S.O.V. d.f. - -
K Lime Sand Silt Clay
Habitat 2 24726.317*** 865.193*** 526.337*** 371.667*** 15.000*
Experimental error 12 23.242 7.330 3.833 4.333 4.500
C.V. (%) 33.6 39.9 137 41.1 14.4

n.s., *, ** and ***: non-significant, significant at 5, 1, and 0.1% probability levels, respectively

Dracocephalum ghahremanii duati.zijj SB ol 55 58 5L el 5L u&u b lie —A Js0x

Table 8. Means comparison of soil physicochemical parameters in Dracocephalum ghahremanii habitats

. Habitat
Soil parameter —
Tange Kavard Dibaj Tash
pH 7.6+0.12 7.5+0% 7.4+0.1°
EC (dS.m™) 0.6+0? 0.5+02 0.5+0?
OM (%) 0.5+0°¢ 2.9+0P 3.3+0.18
N (%) 0.1+0° 0.8+0.1° 1.9+02
P (mg.LY) 2.940.1¢ 3.6+0.1° 4.240.12
K (mg.L?) 127.3+3.8° 146.6+3.5° 257.646.52
Lime (%) 41.1+3.3° 29.6+1.8° 14.9+2.7¢
Sand (%) 76.0+1.62 62.0+1.6° 56.0+2.5¢
Silt (%) 9.0+2.2¢ 20.0+2.7° 26.0+0.72
Clay (%) 15.0+1.62 18.0+1.22 18.0+3.02

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 9. Pearson correlation between morphological traits and essential oil compounds of Dracocephalum
ghahremanii with environmental parameters

_ Annual Annual Maximum Minimum Abs_olute A_bs_olute
Altitude S temperature of  temperature of maximum minimum
precipitation  temperature hottest month coldest month  temperature temperature
Hieght .705** .616* -.596* -.622* -.624* -.583* -.610*
Canopy diameter .788** .645** -.810** - 758** -.800** -512 - 750**
Canopy cover .765** .709** -.693** - 752%* -.673** - 731%* -.822%*
Leaf.area .824** .855** - 716** -.646** - 732%* - 732%* - 753**
Biomass .739** 754** -.655** -.569* -.659** -537* -.506
(E)-p-Farnesene -.870** -.818** .836** .913** 739** .706** .857**
Caryophyllene oxide 971** .921** -.921** -.864** -.937** -.683** -.803**
trans-Cadina-1(6),4-diene | -.816** -.746** .823** .931** 710** .619* .850**
(E)-Caryophyllene -.793** - 787** .801** .618* .868** 438 577*
a-Vetivone .810** T70** - 799** -.925** -.689** -.684** -.785**
Methyl octadecanoate .802** .755** - 742%* - 770%* -.648** -.696** -.769**
Carvone hydrate 967** .925** -.938** -.904** -.930** -.694** -.815**
Spathulenol .807** .820** -.790** -.648** -.829** -.483 -.753**
Germacrene A -.648** -.607* .631* 490 148** .293 445
B-Bourbonene -.659** -.550* .698** .533* .807** .236 449
a-Himachalene -.810** - 776** .845** .694** .913** .389 .688**
(E)-Sesquilavandulol .934** 871** -.900** -.968** -.835** - 731** -.851**
Germacrene B -.860** -.813** .847** 749** .905** 489 740**
Myrtenal 876** 827** -.821%** -.892** - 724%* - 742%* -.898**
Terpinen-4-ol .869** .826** -.807** -.876** - 711** -.745%* -.899**
Bornyl acetate .844** .765** -.854** -.942** -.759** -.624* - 776%*
= Jas aalsl
Continued Table 9. ...
pH EC oM N P K Lime Sand Silt Clay
Hieght -.299 -475 .700** .708** .680** .601* -.692** - g51** .569* .603*
Canopy diameter -.682** -.348 713** .785** J71** J43*%*  -802**  -751**  Bl6** .208
Canopy cover - 715%* -.542* .668** .758** .733** J735%* - 709%* - 767**  746** 482
Leaf.area -.684** -479 792%* .802** .816** 738** - 728**  -820*%*  8l1** .505
Biomass -573* -.168 725%* 727 T41** .651**  -.653**  -692**  |712** .313
(E)-B-Farnesene .598* 292 -.615* -808**  -827**  -974**  B6B** 692%* - T714%* -.308
Caryophyllene oxide ST77** -.584* .968** .961** .961** 854%* - 045** - 969**  945** .599*
trans-Cadina-1(6),4-diene 572* .268 -541* -853** - 774**  -049*%*%  849** .631* -.674** -212
(E)-Caryophyllene .798** .614* -.949** - 765** - 845** -.591* .760** 917**  -904** -.538*
a-Vetivone - 732%* -.334 .556* .847** 762** .926**  -803**  -683**  .680** .379
Methyl octadecanoate -.572* -.031 .537* .824** T57** 905** - 758** -.600* .682** .073
Carvone hydrate -.802** -.586* .915** .974** .953** .896**  -.954** - 049**  Q]15** .617*
Spathulenol -.582* -551* .893** .786** 874** B67** - 794** - 832**  g72** .327
Germacrene A ATT J13*%* - 871** -.605* -.660** -.389 .669** J94%* - T718**  -.664**
B-Bourbonene .502 .649** - 832** -.628* -.659** -.428 .709** J792%* - 729%* -.623*
a-Himachalene .604* J758**  -038**  -792** - 851** -.632* .856** .898**  -.862** -.594*
(E)-Sesquilavandulol -.748** -.453 751** .952%** .885** 966**  -925**  -835**  Bl6** .510
Germacrene B 578* 718**  -953**  -B840**  -874**  -691** = .892** .906**  -.869** -.603*
Myrtenal -.585* -.227 .618* .899** .841** 977**  -854** - 683**  737** .205
Terpinen-4-ol -.567* -212 .611* .891** .836** 969**  -B842** - 673**  731** .185
Bornyl acetate -.687** -.324 .608* .878** 792%* 937**  -866**  -706**  711** .366

*and **: significant at 5 and 1% probability levels, respectively
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Figure 3. PCA ordination diagram of variables in Dracocephalum ghahremanii habitats
Alt= Altitude, Asp= Aspect, Slo= Slope, Ann.tem= Annual temperature, Max.tem.hot= Maximum temperature of the hottest month, Min.tem.col=
Minimum temperature of the coldest month, Ab.max.tem= Absolute maximum temperature, Ab.min.tem= Absolute minimum temperature, An.pre=
Annual precipitation, pH= potential of Hydrogen, EC= Electrical conductivity, OM= Organic matter, N= Nitrogen, P= Phosphorus, K= Potassium,
Lime= Calcium oxide, San= Sand, Sil= Silt, Cla= Clay, Hei= Height, Can.dia= Canopy diameter, Can.cov= Canopy cover, Le.are= Leaf.area, Bio=
Biomass, E.B.Far= (E)-B-Farnesene, Car.oxi= Caryophyllene oxide, tra.Cad= trans-Cadina-1(6),4-diene, p.Car= (E)-Caryophyllene, o.Vet= a-
Vetivone, Met.oct= Methyl octadecanoate, Car.hyd= Carvone hydrate, Spa= Spathulenol, Ger.A= Germacrene A, p.Bou= 3-Bourbonene, a-Him= o-
Himachalene, E.Ses= (E)-Sesquilavandulol, Ger.B= Germacrene B, Ter= Terpinen-4-ol, Myr= Myrtenal, Bor.ace= Bornyl acetate.
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