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Abstract

Background and objectives

According to the studies, environmental factors can affect the secondary metabolites in plants,
including the essential oil and its chemical composition. therefore, it is essential to understand the
effect of these factors and which of the environmental factors have a more effective role on the
guantity and quality of secondary compounds extracted from plants. the purpose of this study is
to investigate and compare the effect of physical and chemical properties of soil and climate
factors including temperature and rainfall on the chemical composition of the essential oil of the
medicinal species of Stachys lavandulifolia in the northern and southern aspects of Bagh tilak
rangeland of Sari.

Methodology

The present research was conducted in Baghtilak rangeland, which is one of the summer pastures
of Mazandaran province. in order to take samples, plant samples were taken according to the
patchy distribution of the plant in the region, the aerial branches of the plant were randomly
collected in three selected spots with three repetitions from the northern and southern aspects in
late June.then the soil samples were also collected at the base of the plant from a depth of 0-30
cm. after the samples were transferred to the laboratory, the essential oils of the plants were
extracted by clevenger and their composition was determined by GC and GC/MS. Soil samples
were also measured and evaluated based on existing guidelines. also, the required meteorological
information was obtained from the Kiyasar meteorological station. in order to analyze the
guantitative and qualitative data of soil and essential oil, the normality of the data was first
checked using the Kolmograph-Smirnov test. after confirming the normality of the data, using the
independent T-student test, the comparison of plant chemical compositions and soil quality
indicators in the two northern and southern spects was performed by SPSS version 22 software,
and the relationship between the plant chemical composition data was analyzed. It was done with
soil quality indicators and climatic data by PCA principal component analysis method in PC ord5
space.
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Results

The results showed that the yield of essential oil in the southern aspect is significantly higher
(P<0.05) than the northern aspect. Also, among the compounds obtained from the essential oil,
the compounds a-Pinene, a-Fenchene, p-cymene, Sabinene, Thymol, a-Thujene, Limonene,
GermacreneD, bicyclogermacrene, cis-sabinene hydrate with the highest amount have a
significant difference from they showed themselves in two aspects. the data obtained from
principal component analysis into main components in relation to soil and climatic factors with
essential oil compounds indicate that soil chemical factors including EC, OM, Mg, MWD, bulk
density, sand and silt have a stronger relationship compared to other factors. also, in this analysis,
soil factors such as apparent specific gravity, pH, Ca, sand, and the climatic factor of temperature
have a positive and direct relationship with Sabinene, B-Pinene, Myrcene, a-phellandrene, p-
cymene, Limonene, cis-sabinene hydrate compounds, thymol, Germacrene D, bicyclogermacrene
and Phytol. also, soil factors such as EC, OM, bulk density, silt, Cao, P, Na, SAR and precipitation
climatic factor have a negative and inverse relationship with Cyclofenchene, 1-8-Cineole, cis-
ocimene, a- Terpineol, Terpinene-4-acetate, Bicyclo, Caryophyllene and Hexadecanoic acid were
established.

Conclusion

The result of this research shows that the quantitative and qualitative performance of medicinal
plants is affected by factors such as the type of species, climatic characteristics, soil characteristics
and topographical conditions, and the effect of environmental factors on the components of
secondary metabolites can be due to the different effects of these factors on The biosynthetic
pathways of these compounds in the plant. also, the present study showed that the yield of
essential oil obtained from the Stachys lavandulifolia plant in the southern aspect of Baghtilak
rangeland is significantly higher than the northern aspect, so it is recommended to consider more
for the exploitation of this aspect.
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Figure 1- Geographical location of Baghtilak area of Sari
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Table 1- Comparison of quality indicators of Stachys lavandulifolia plant in two northern and southern aspects
using independent t-test

Essential oil compounds Abbreviation Northern aspect ~ Southern aspect T statistic Kl
Cyclofenchene Cyclof 2.70 1.80 4.93" 896
a -Thujene a-Thu 4.60 3.70 5.51" 928
a-Pinene a-Pin 3.20 1.20 24.49™ 935
a-fenchene a-fen 4.20 3.20 6.12" 945
Camphene Cam 2.50 1.30 14.69™ 947
Sabinene Sab 3.03 1.20 15.25™ 970
B- Pinene B- Pin 2.30 2.20 0.48 ™ 974
Myrcene Myr 2.39 2.56 20.82™ 986
a-phellandrene a-phe 1.07 1.90 9.54™ 1000
p-cymene p-cym 2.10 3.13 9.72™ 1020
Limonene Lim 3.80 1.10 20.91™ 1025
B- phellandrene B- phe 0.93 1.10 0.69M 1026
1-8-Cineole 1-8-Cin 1 1.10 0.86™ 1027
cis-ocimene cis-oci 1.20 1 244 1036
cis-sabinene hydrate cis-sab 3.90 3.70 1.54m 1098
Linalool Lin 2.20 1 3.86" 1099
a-Terpineol a-Ter 2.13 1.16 7.75" 1192
thymol thym 2.03 3.20 8.03" 1290
Terpin-4-ol acetate Terp 1.30 2.40 6.73" 1340
a-Copaene a-Cop 0.96 1.30 1341 1372
Germacrene D Ger 3.80 4.26 3.50" 1478
bicyclogermacrene bic-ger 3.10 3.70 4.64" 1495
Bicyclo[4.4.0]dec-1-ene, 2-isopropyl-5- bicy 1.16 2.20 7.11" 1503
methyl-9-methylene

y-cadinene y-cad 2.86 3 1.51m 1513
Spathulenol Spath 1.80 0.13 13.86™ 1589
Caryophyllene oxide Caryo 1.90 2.10 0.84"m 1613
(Z-E)-farnesol cis-far 2.16 1.20 6.65" 1697
B-Bisabolole B-Bis 1.64 2.10 3.16" 1719
Phytol Phyt 1.30 1.06 1.32m 1949
) Hexadecanoic acid (Palmitic acid Hexad 1.20 1.26 0.35M™ 1964
Heptacosane Hepta 2.30 2.06 2.64m 2700
Stigmasterol Stig 1.22 0.13 6.03" 3332

sum of compounds - 71.98 62.45 7.59" -

percentage of essential oil - 0.045 0.050 3.14" -

) CL‘“ 53 b g st a0 K cl:.~ 53 )b me 3 / (6515 fme pae NS
ns: non-significance/ **: significant at one percent level/ *: significant at five percent level
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Table2- Comparison of average soil physical and chemical factors in two northern and southern aspects based on
independent t-test

Soil factors Abbreviation Northern aspect  Southern aspect degree of T statistic
freedom
sand (%) sand 55.93 56.76 4 0.28"
clay (%) clay 21.49 20.38 4 2.30M™
silt (%) silt 22.57 22.86 4 0.09m
humidity (%) humid 9.66 6.33 4 7.07"
Bulk density (gr/cm3) B-dens 1.40 1.57 4 1.28™
Soil stability index or MWD MWD 0.84 0.85 4 0.35™
pH pH 6.87 7.35 4 0.82m
EC(ds/m) EC 0.51 0.42 4 3.54"
Organic Matter (%) oM 4.60 3.11 4 5.39"
N (%) N 0.17 0.23 4 1.96M
P (%) P 4.53 5.12 4 2.48"
K (%) K 7.33 8.09 4 3.317
Ca (%) Ca 8.96 2.64 4 2.75m™
Mg (%) Mg 4.60 1.52 4 16.45™
Na(%) Na 21.87 20.38 4 1.111ms
Cao (%) Cao 0.52 0.49 4 1.71m
SAR SAR 2.66 1.44 4 5.16"

A2 s CL“ BY) )\.su,:u 3% /o < CLoN 9 )bo,:u ] /‘_;)\.so,:u s NS
ns: non-significance/ **: significant at one percent level/ *: significant at five percent level

PCA Judov )3 o) soe Ol e o 5 0525 p3lie =¥ oo
Table 3. Eigenvalues and contribution of axis changes in PCA analysis

AXIS Eigenvalue Percentage of variance Cumulative percentage of variance
1 35.57 65.88 65.88
2 8.56 15.86 81.74
3 6.12 11.33 93.07
4 2.74 5.09 98.16
5 0.98 1.84 100

s, 586 s .5, Phytol , bicyclogermacrene ool Sise e b, 80 51 K p 2B e
o saia 035 o) ool ( (So S culaa s 5l S SlaS 5 b el S Gt 5 S s bl
5 e ok e e i Sal e (s 2l boaz s L Joan) as ol b ule 4 452 il
LS5 b iS5 e s Sl el bole 0 e 5 SU sl T Jois s eas 4l s
a- cis-ocimene (1-8-Cineole .Cyclofenchene Ly ol Jale 5 i aeadS can sl (g 2 0 paine
Bicyclo . Terpinene -4- acetate .Terpineol $- Pinene Sabinene o LS 5 b adbitess 5 Coie bl )|
.%,1> Hexadecanoic acid , Caryophyllene [Limonene p-cymene .o-phellandrene Myrcene

Germacrene D thymol .cis-sabinene hydrate
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Figure 2- Relationship between environmental factors and essential oil compounds in PCA analysis
(full names of abbreviations are given in Tables 1 and 2, BN and BS represent the northern and southern
aspects of Baghtilak rangeland, respectively).



e SISV Jalse SV 0--

L e oo 5 St anls 53 5lead sl (255 sl ol il OS5 5 SB olil sl e ay a3 @5 - Jsus
sl &g

Table 4- The results of analysis into climate components, soil and essential oil compounds Stachys lavandulifolia
plant collected from the two northern and southern aspects of Sari Bagh Tilak rangeland.

Second Third

characteristics First component Fourth component  Fifth component
component component
Cyclofenchene 0.13 0.03 -0.17 -0.01 -0.25
o -Thujene 0.16 -0.17 0.07 -0.05 -0.07
a-Pinene -0.06 -0.17 0.14 0.15 -0.15
a-Fenchene 0.12 0.12 -0.09 -0.19 -0.15
Camphene 0.11 -0.19 -0.08 -0.04 -0.16
Sabinene -0.02 -0.08 -0.05 0.25 -0.15
B- Pinene 0.12 0.08 0.21 -0.14 -0.01
Myrcene 0.21 -0.03 -0.03 -0.11 -0.07
a-phellandrene -0.06 0.01 0.14 0.27 0.13
p-cymene 0.05 -0.13 0.17 0.09 0.23
Limonene -0.11 -0.09 0.20 0.05 -0.10
f- phellandrene -0.14 0.13 -0.11 0.17 -0.08
1-8-Cineole -0.13 0.07 -0.20 0.14 -0.07
cis-ocimene 0.01 0.11 -0.13 -0.28 0.01
é cis-sabinene hydrate 0.11 -0.11 0.13 0.21 -0.07
§_ Linalool 0.11 -0.05 -0.17 -0.18 -0.16
5 a-Terpineol 0.01 -0.11 0.17 -0.25 0.01
© thymol -0.04 0.21 -0.13 -0.09 0.14
Terpinene -4- acetate 0.12 0.03 -0.25 -0.05 0.07
a-Copaene -0.18 -0.04 -0.18 0.06 0.08
y-cadinene 0.03 0.19 0.17 -0.13 -0.02
Germacrene D 0.21 -0.09 -0.02 0.05 0.04
bicyclogermacrene 021 -0.03 -0.12 0.02 0.04
Bicyclo 0.01 -0.03 -0.29 -0.05 0.14
Spathulenol -0.16 -0.09 0.09 -0.17 -0.14
Caryophyllene 0.15 0.04 -0.20 0.09 -0.11
Hexadecanoic acid -0.08 -0.22 0.05 -0.02 0.17
Cis-farnesol -0.11 -0.15 0.03 -0.22 -0.07
B-Bisabolene 0.19 -0.10 -0.13 0.01 0.05
Phytol -0.04 -0.02 -0.11 0.29 -0.14
Heptacosane 0.12 0.13 0.17 0.07 -0.16
Stigmasterol -0.19 -0.05 0.05 0.13 -0.16
Humidity -0.18 -0.14 -0.09 -0.08 -0.03
g MWD -0.14 -0.03 0.04 -0.24 0.16
8 Density -0.08 0.24 0.05 0.01 0.05
3 pH 0.18 0.02 0.04 0.20 0.10
EC -0.01 -0.26 0.02 0.05 -0.04
Cao 0.01 -0.23 -0.13 -0.04 0.10
P 0.01 0.17 -0.20 0.14 -0.02
K 0.18 -0.16 -0.05 0.01 0.07
N 0.17 -0.03 -0.17 0.12 0.10
Ca 0.17 0.08 0.04 0.04 0.24

Mg 0.07 0.03 0.12 0.07 0.36
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characteristics First component Fourth component  Fifth component
component component
Na -0.21 -0.10 -0.01 -0.01 0.10
SAR -0.20 -0.12 -0.05 -0.01 -0.01
Clay 0.16 -0.16 0.11 -0.04 0.03
Sand -0.02 0.25 -0.08 -0.03 -0.08
Silt -0.21 -0.04 -0.07 0.10 0.05
oM 0.04 -0.24 -0.03 -0.05 -0.13
. Precipitation -0.20 -0.04 -0.15 0.01 0.06
Climate

Temperature -0.12 0.20 0.12 -0.01 -0.05
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