
Moghaddam et al. 
Applied Biological Chemistry            (2023) 66:2  
https://doi.org/10.1186/s13765-022-00750-6

ARTICLE

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Open Access

Influence of climatic factors on essential oil 
content and composition of 20 populations of 
Nepeta binaludensis Jamzad from Iran
Hosien Hashemi Moghaddam1*, Ali Ashraf Jafari2, Fatemeh Sefidkon2 and Sepideh Kalate Jari3 

Abstract 

Nepeta binaludensis Jamzad is an endemic and rare perennial plant belonging to the Lamiaceae family, which grows 
in a limited area in Binaloud Mountain in northeast of Iran. In this study to evaluate the diversity of 20 populations 
(localities) of N. binaludensis and the influence of environmental factors on essential oil (EO) content and composi-
tion, the plant aerial parts were collected at the full flowering stage. The plant materials dried in shade and subjected 
to hydro-distillation for obtaining their EOs. Analysis of the EO was carried out using GC and GC/MS. The oil yields 
were varied from 1.2 to 4.9%. Classification of populations was made based on EO compounds. The results of mean 
comparison between populations belong to different habitats showed that the populations of Darood and Friezy 
with average values of 4.91 and 1.2% had the highest and lowest EO yield, respectively. Twenty-two compounds were 
identified in the oils with 1,8-cineol (25.4–59.0%), 4aα,7α,7aα-nepetalactone (13.8–55.1%), myrcene (2.3–5.5%) and 
p-cymene (1.1–5.7%) as the main components. Result of correlation analysis showed that the oil yield was positively 
correlated with precipitation and negatively with temperature. In addition, 1,8-cineole was positively and nepetalac-
tone was negatively correlated with altitude. Cluster analysis by Ward method categorized the populations into two 
groups. The major compound of the oils in cluster 1 was nepetalactone (with an average of 37.9%), while the oils in 
cluster 2, contained higher percentage of 1,8-cineole (52–59%). Most of the populations in cluster 2, were originated 
from high, cold, rainy, and steep areas.

Highlights 

By increasing the altitude, changes in growth and essential oil composition of the plant are observed
Result of correlation analysis showed that essential oil yield was positively correlated with precipitation, and 
negatively with temperature. In the present study the populations with high-amount of nepetalactone and 1,8 
cineole were identified,
The populations of cluster 2 with higher amount of 1,8-cineole, were growing in the high altitude, cold, rainy 
and sloping areas
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Introduction
The genus Nepeta L. comprises approximately 300 spe-
cies, widely distributed in Eurasia. It is one of the larg-
est genera of subfamily Nepetoideae, family Lamiaceae in 
southwestern Asia. Iran is one of the main origins of this 
genus with 79 endemic species (ca. 77%) (Jamzad et  al. 
[11]).

Nepeta binaludensis Jamzad is an endemic and rare 
perennial aromatic herb which is distributed in a limited 
area in the Binalud mountains in northeast of Iran [18]. It 
grows wild in habitats with 2300 to 2700 m altitude, 350–
370 mm annual rainfall and annual mean temperature of 
6–7 °C [17, 18].

The medicinal properties of Nepeta species are usu-
ally attributed to their essential oil (EO) and flavonoids. 
Literature review showed medicinal properties of sev-
eral Nepeta species in Iran such as, N. ispahanica, N. 
binaloudensis, N. bracteata, N. pogonosperma, and N. 
pungens. Some other species like N. crispa are used as 
culinary herbs [11]. There are some studies showing the 
effects of environmental parameters such as temperature, 
moisture and soil on EO content and composition of aro-
matic plants (Karousou [12]).

There is no report about the effect of climatic factors 
(altitude) on its EO yield and composition of N. binal-
uednsis. However, there are some studies that conducted 
in specific areas with no variation in the altitude. Rustai-
yan and Nadji [19] found 16 components in the EO of N. 
binaluednsis with 1, 8-cineol (42.3%) and nepetalactone 
(25.2%) as a major component, Najafi et  al. [17] identi-
fied 18 constituents with 1, 8-cineol (73.2–77.8%) as a 
major component of N. binaludensis. However, the latter 
authors did not report nepetalactone isomers as the main 
compounds of the EO. Mohammadpour et al. [16] found 
1,8-cineol (68.3%) as the main component of N. binal-
uednsis EO. Asgarpanah et al. (2003) reported nepetalac-
tone (25.0%) and 1,8-cineole (42.0%) [4], Gkinis et al. [9] 
found nepetalactone (25.0%) and more recently, Amir-
mohammadi et al. [2] reported nepetalactone (59.7%) and 
1,8-cineole (19.6%) and Talebi, et al. [22] found 1,8-cineol 
(43.4%,) as a major component of N. binaludensis.

Most of mentioned reports indicate that the major con-
stituents of EO of N. Binaluednsis are more or less the 
same in a different area, but the concentrations of EOs 
may be varied in different habitats, depending on genetic 
factors and their growing habitat. For other Nepeta spe-
cies, Amirmohammadi et al. [2] obtained relatively high 
nepetalactone (73.9% and 55.5) as the main constitu-
ents N. cataria and N. assurgens, respectively. Similarly, 
Srivastava et al. [21] and Ashrafi et al. [5] obtained high 
nepetalactone (57.3 and 53.8) in N. cataria, respectively.

For other medicinal plants there are different relation-
ships between altitude and EO content. The negative 
relationships between altitude and EO were obtained 
for Nepeta nuda L. [14], Origanum vulgare ssp. hirtum 
[24], Thymus migricus [8] [25], Satureja bachtiarica [13], 
T. kotschyanus [10]. In contrast, some positive correla-
tion between altitude and EO content was reported in 
N. pogonosperma (Layegh Haghigi et al. [15]), T. vulgaris 
[23] and T. daenensis Celak [7].

For EO compounds the trends were partly similar as 
the EO yield. Some reports indicating negative relation-
ships between altitude and some oil components, like 
carvacrol in Coridothymus capitatus and Satureja thym-
bra [12] and 1,8-cineole in T. vulgaris [23]. In contrast, 
there were positive relationships between altitude and 
some other EO constituents, such as thymol in C. capita-
tus and S. thymbra [12], linalool in T. vulgaris [23]) and T. 
kotschyanus [10].

The assessment of EO composition related to environ-
mental conditions can provide important insight into the 
factors that determine chemical polymorphism in EO. 
Therefore, the aim of this study was to identify the dis-
tribution areas, and evaluate the EO variation and effects 
of climatic conditions on the EO yield and composition 
of 20 populations of N. binaludensis, as an endemic aro-
matic and medicinal plant in Iran, to introduce the best 
germplasm to domestication and improve breeding 
varieties.

Materials and Methods
The germplasm used in this study included 19 wild popu-
lations of N. binaludensis, collected from the elevations 
of Binalud Mountain and one cultivated population in 
the field of Mashhad’s Agricultural Research Center, 
Iran (altitude 1100  m). The samples of flowering shoots 
of all populations were collected in the range of 2100 to 
2600 m altitude in early July to late August, 2018 (Fig. 1). 
The localities were Gerineh, Dizabad, Shandiz, Shirabad, 
Ferizi, Galamkan, Dowlat abad, Kang, Dehbar, kordine, 
Jaghargh, Feleske, Azghad, Moghan1 and Moghan2. Geo-
graphical coordinates of these localities climatic condi-
tions are shown in Table 1.

For each locality, three replications were collected. The 
plant materials were dried in shade. Then, 60–80 g of the 
dried flowering shoots of each sample was subjected to 
hydro-distillation for 3 h using a Clevenger-type appara-
tus. The EOs analysed using gas chromatography (GC) 
and gas chromatography/mass spectrometry (GC–MS). 
GC analysis was performed using a Thermo-UFM gas 
chromatograph, equipped with Ph-5 fused silica col-
umn (10 m × 0.1 mm i.d., film thickness 0.40 µm). Then 
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a Varian 3400 GC–MS system equipped with DB-5 col-
umn, 30 m in length, 0.25 mm in diameter and 0.25 μm 
in the thickness were used for EO identification, [1] and 
[20]. The data of EO yield were statistically analyzed 
using one-way ANOVA. Mean comparisons were made 
using Tukey’s test at p ≤ 0.05 levels. Since the EO compo-
nents were measured in only one replication, therefore, 
the overall means and standard error of all EO constitu-
ents were computed over 20 populations. Relationships 
among climatic conditions with EO components were 
determined using correlation analysis. Data were also 
subjected to principle component analysis (PCA) and 
cluster analysis (Ward method). The Minitab16 software 
was used for all of the analysis.

Results
Means of localities for EO yield and oil compound
There was significant difference among localities for EO 
yields (p < 0.05). The highest and lowest EO yield with 
average values of 4.9% and 1.2% were obtained in Darood 
and Friezy localities, respectively. The localities of Dow-
latabad, Jagharg2, Jagharg1, Moghan2 and Darrod with 
average values of 3.3, 3.7, 3.8, 4.2 and 4.9%, respectively, 
had the higher EO yields than the other localities.

Totally, 22 compounds were identified using GC and 
GC–MC (Table  2). The most substantial constituents 

in the EO were 1,8-cineol (25.4–59.2%, mean of 42.8%), 
nepetalactone (13.8–55.1%, mean of 32.7%), myrcene 
(2.3–5.5%), α-terpineol (2.0–3.6%), trans-sabinene 
hydrate (0.1–4.4%) and p-cymene (1.1–5.7%).

Correlation between climatic factors and oil compound
Result of correlation analysis showed that EO yield was 
positively correlated with precipitation and negatively 
with temperature (p < 0.05) (Table  3). The higher value 
of EO was obtained in high altitude, cold and rainy areas 
and its value decreased with increasing habitat tem-
perature. Imedicating that domestication of this species 
in the lowland areas with high temperature may lead to 
decrease its EO yield. Based on our results, the highest 
EO yield, was obtained in altitude 2480 m.

Result of correlation analysis showed that many 
EO compound such as α-pinene, sabinene, myrcene, 
p-cymene, 1,8-cineole and δ-tepineol were positively cor-
related with altitude, indicating that the percentage of 
these compounds increased at higher altitude (Table 3). 
In contrast, Nepetalactone was negatively correlated with 
altitude.

Both p-cymene and Tepinen-4-ol were negatively cor-
related with precipitation and positively correlated with 
temperature. γ-terpinene, α-pinene and myrcene were 

Fig. 1 Picture of Nepeta binaludensis in two habitats Binalud mountain, iran
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positively correlated with slope%, indicating that the 
higher values of this compound could be obtained in 
steep areas (Table 3).

Cluster analysis,
Cluster analysis, based on EO components, categorized 
the 20 localities in two groups (Fig.  1 and Table  4). Fif-
teen localities of (Azghad, Dehbar, Dowlatabad, Darrod, 
Ferizi1, Ferezi2, Golmakan, Kordine, Kang1, Kang2, Jag-
harg1, Jagharg2, Moghan1, Moghan2 and Zoshk2) were 
placed in cluster 1 and five localities (Dizbad, Gerine, 
Cultivated, Shirbad and Zoshk1) in cluster 2. The locali-
ties in cluster 2 had higher mean values of altitude with 
ranged from 2457 to 2630  m (Table  1). In comparison 
between clusters, the mean values of 1,8-cineole (38.5 
and 55.6%) and the mean values of nepetalactone (37.9 
and 16.8%) were obtained in clusters 1 and 2, respectively 
(Table  4), indicating that clusters 2 with higher altitude 
had higher 1,8-cineole and lower nepetalactone that was 
in agreement with correlation between both components 
with altitude in Table 3.

Principle component analysis (PCA)
The first four main components accounted for 81% of the 
total observed variation. Results showed the, 8-cineole, 
myrcene, p-cymene positively and nepetalactone were 
negatively correlated with PC1. The climatic factors as: 
temperature, precipitation, altitude and slope correlated 
with PC2. The compounds of δ-tepineol, γ-terpinene and 
α-terpinene correlated with PC3 and finally the com-
pounds of tepinene-4-ol, trans-sabinene hydrate, sabi-
nene and EO yield correlated with PC4 (Table 5).

The 20 localities of N. binaludensis for were scattered 
on PCA1 and PCA 2 (Fig. 2 and Table 5). The first com-
ponent well separated localities similar to cluster separa-
tion. The localities in the right side of the diagram had 
higher values of 1, 8-cineole, myrcene and p-cymene. 
The localities in the left side had higher value of nepeta-
lactone. The second component was associated with 
climatic condition and localities in upper side grown in 
high temperature area. For example in cluster 2 the local-
ities of Dizbad and Cultivated were grown in warmer 
area coupled with low precipitation and localities of Ger-
ine, Shirbad and Zoshk in lower side of the diagram are 
grown in cold temperature coupled with high precipita-
tion (Fig. 2). This result indicated that the distribution of 
localities based on the first two component scores were 
in agreement with cluster analysis (Figs. 2, 3).

Discussion
There was significant difference among localities for EO 
yields (p < 0.05). The seven localities with range of 2.8 
to 4.9% had the higher EO yields than the other locali-
ties. These values were much higher than the oil yield 
(0.8%) that reported by Rustaiyan and Nadji [19] for N. 
binaluednsis.

EO yield was positively correlated with precipita-
tion, and negatively with temperature and the higher 
EO yields were obtained in high altitude, cold and rainy 
areas and its value decreased with increasing habi-
tat temperature. However, this trend was not similar 
in all localities, and there were some exceptions. The 
published data for some Lamiaceae species species 
were also different. Layegh Haghighi et  al. [15] in N. 

Table 3 Correlations among climatic conditions with essential oil yield and composition of Nepeta binaludensis 

a  = significant at 5% probability levels

Essential oil compounds Altitude m asl Annual 
precipitation

Hot season 
raining

Wet season 
temp  °C

Annual temp  °C Slope degree Slope %

α-pinene 0.33 − 0.10 − 0.11 0.14 0.13 0.33 0.37

sabinene 0.32 0.23 0.26 − 0.23 − 0.23 0.25 0.27

myrcene 0.42a − 0.03 − 0.05 0.07 0.07 0.33 0.37

α-terpinene 0.01 0.12 0.12 − 0.14 − 0.13 0.05 0.03

p-cymene 0.41a − 0.34 − 0.35 0.39 0.39 0.10 0.13

1,8-cineole 0.42a − 0.04 − 0.10 0.08 0.09 0.23 0.26

γ-terpinene − 0.01 − 0.01 − 0.12 0.01 0.02 0.48a 0.49a

trans-sabinene hydrate 0.00 − 0.09 − 0.05 0.10 0.10 − 0.04 − 0.03

δ-tepineol 0.44a 0.03 0.06 0.00 0.00 − 0.09 − 0.08

Terpinen-4-ol 0.22 − 0.43a − 0.38 0.45a 0.45a 0.05 0.09

α-terpineol 0.27 − 0.06 − 0.01 0.08 0.08 − 0.11 − 0.10

nepetalactone − 0.44a 0.07 0.12 − 0.11 − 0.12 − 0.24 − 0.27

Oil yield 0.05 0.47a 0.43a − 0.44a − 0.44a 0.03 0.01
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pogonosperma, Torras et  al. [23] in Thymus vulgaris, 
Ghasemi Pirbalouti et al. [7] in both T. vulgaris and T. 
daenensis found positive correlation between altitude 
and EO yield, indicating that domestication of this spe-
cies in the lowland areas with high temperature may 
lead to decrease its EO content. Similarly, we obtained 
the lower EO value (1.8%) from a population that 
was cultivated in the field in low altitude in Mashad 
(1100 m) that the value was much lower than mention 
localities. In contrast, Figueiredo et al. [6] in T. vulgaris, 
Yavari et al. [25] in T. migricus, Habibi et al. [10] in T. 
kotschyanus found negative correlation between alti-
tude and EO yield [10].

In EO analysis, totally, 22 compounds were identi-
fied, The most important constituents in the EO were 
1,8-cineol (25.4–59.2%), nepetalactone (13.8–55.1%), 
These range of differences were related to genetic vari-
ation and climatic conditions of 20 localities. Similar to 
our result, Rustaiyan and Nadji [19] and Asgarpanah 
et  al. [4] found high value of 1,8-cineol (42.3 and 
42.0%), but low amounts of nepetalactone (25.2 and 

25.0%) in the EO of N. binaluednsis, respectively. Najafi 
et  al. [17] and Mohammadpour et  al. [16] found high 
amounts of 1,8 cineole, 77.8% and 69.3%, respectively, 
in N. binaloudensis. In contrast, Amirmohammadi et al. 
[2] obtained a high value of nepetalactone (59.7%) but 
low value of 1,8-cineole (19.6%) in three cultivated 
Nepeta species from Iran. For N. cataria, relatively high 
Nepetalactone (57.3 and 53.8%) were obtained by Sriv-
astava et al. [21] and Ashrafi et al. [5], respectively.

Result of correlation analysis showed that many 
EO compound such as α-pinene, sabinene, myrcene, 
p-cymene, 1,8-cineole and δ-tepineol were positively cor-
related with altitude, indicating that the percentage of 
these compounds increased at higher altitude (Table 3). 
In contrast, Nepetalactone was negatively correlated 
with altitude. Accordingly, Kofidis & Bosabalidis [14], 
found that altitude significantly affected the chemical 

Table 4 Means of essential oil compound of Nepeta binaludensis 
in clusters 1 and 2 and mean of 20 localities in Binalud Mountain, 
Mashad, Iran

The bold numbers are the two main components of the essential oil

Oil compound Cluster 1 (%) Cluster 2 (%) Overall means

α-thujene 0.6 0.8 0.6 ± 0.05

α-pinene 1.2 1.5 1.3 ± 0.07

sabinene 1.1 1.2 1.1 ± 0.06

β-pinene 0.6 0.8 0.7 ± 0.04

myrcene 3.5 4.7 3.8 ± 0.18

α-terpinene 1.3 0.9 1.2 ± 0.07

p-cymene 2.0 4.0 2.5 ± 0.26

limonene 0.5 0.7 0.6 ± 0.03

β-phellandrene 0.3 0.3 0.3 ± 0.01

1,8-cineole 38.5 55.6 42.8 ± 2.2
γ-terpinene 1.1 1.2 1.1 ± 0.08

terpinolene 0.8 0.6 0.7 ± 0.05

linalool 0.4 0.3 0.4 ± 0.11

trans-sabinene-hydr 2.7 3.1 2.8 ± 0.24

δ-tepineol 1.2 1.6 1.3 ± 0.05

tepinene-4-ol 1.3 1.9 1.5 ± 0.10

α-terpineol 2.4 3.0 2.6 ± 0.10

verbenone 0.5 0.5 0.5 ± 0.05

nepetalactone 37.9 16.8 32.7 ± 2.7
E-caryophyllene 0.3 0.3 0.3 ± 0.03

δ-elemene 0.5 0.3 0.5 ± 0.05

cis-β-farnesene 0.2 – 0.2 ± 0.00

Total % 98.6 99.0 99.0.40

Oil Yield % 2.8 2.1 2.6 ± 0.22

Table 5 Matrix of coefficients of Eigenvectors, eigenvalues 
and variance of the first four principal components extracted 
from main essential oil compositions and climatic factors in 20 
populations of Nepeta binaludensis 

a The underline coefficients have significant correlation with the relevant axes

By increasing the altitude, changes in growth and essential oil composition of 
the plant are observed

Result of correlation analysis showed that essential oil yield was positively 
correlated with precipitation, and negatively with temperature. In the present 
study the populations with high-amount of nepetalactone and 1,8 cineole were 
identified,

The populations of cluster 2 with higher amount of 1,8-cineole, were growing in 
the high altitude, cold, rainy and sloping areas

Variable PC1 PC2 PC3 PC4

1,8-cineole 0.34 − 0.10 0.00 − 0.28

myrcene 0.32 − 0.19 − 0.18 − 0.11

p-cymene 0.33 − 0.05 0.14 0.09

nepetalactone − 0.36 0.13 − 0.01 0.19

Wet Season temperature °C 0.20 0.33 − 0.07 0.17

Annual temperature °C 0.19 0.36 -0.10 0.03

Annual precipitation (mm) − 0.18 − 0.37 0.10 − 0.06

Hot season raining (mm) − 0.18 − 0.36 0.14 − 0.02

Altitude − 0.06 − 0.36 0.12 0.19

Degree of slope − 0.01 − 0.31 -0.27 0.12

Slope% 0.01 − 0.30 -0.28 0.11

δ-tepineol 0.25 − 0.08 0.37 − 0.06

γ-terpinene 0.05 − 0.06 -0.48 0.25

α-terpinene − 0.17 − 0.04 -0.31 0.23

Tepinene-4-ol 0.30 − 0.07 0.10 0.42
trans-sabinene hydrate 0.10 − 0.19 0.17 0.30
sabinene 0.18 − 0.12 − 0.23 − 0.49
Oil yield − 0.21 − 0.10 0.12 − 0.34
Eigenvalue 6.38 5.40 2.62 1.78

Proportion 0.32 0.27 0.13 0.09

Cumulative 0.32 0.59 0.72 0.81



Page 8 of 10Moghaddam et al. Applied Biological Chemistry            (2023) 66:2 

composition of essential oil in Lamiaceae taxa. Result 
of correlation analysis showed that myrcene, p-cymene, 
1,8-cineole and δ-tepineol were positively correlated with 
altitude, indicating that the percentage of these com-
pounds increased at higher altitude. Such positive rela-
tionships between altitude and some EO components 
were reported [10, 12, 15, 23]. In contrast, Aćimović et al. 
[3] in Serbia reported that temperature positively and 
precipitation negatively were effective on accumulation 
of 1,8-cineole in Nepeta nuda L. in Rtanj Mountain. It 
seems their result was obtained in a low land in Serbia.

Nepetalactone was negatively correlated with altitude, 
indicating that the higher values of this compound could 
be obtained in low altitude and steep areas.

Result of cluster analysis, showed that nepetalactone 
was the main component with an average value of 37.9% 
in the cluster 1, while 1, 8-cineole was the main constitu-
ent of cluster 2 with an average value of 55.6%. Results of 
PCA showed that the first PC was positively correlated 
with 1, 8-cineole and negatively correlated with nepeta-
lactone. Scatter of 20 localities based on PCA1 and PCA2 
showed, in the first axe the localities in the left side had 
higher values of nepetalactone and localities in the right 

Fig. 2 Dendrogram of the 20 populations of Nepeta binaludensis resulting from the cluster analysis of the main essential oil constituents and 
climatic conditions based on Ward method

Fig. 3 Scatter plot for 20 populations of Nepeta binaludensis and three clusters for the first two principal components



Page 9 of 10Moghaddam et al. Applied Biological Chemistry            (2023) 66:2  

side had higher values of 1, 8-cineole. This result indi-
cated that the distribution of localities based on the first 
component is in agreement with cluster and correlation 
analysis. In this study the localities with high-amount 
of nepetalactone and 1, 8 cineole were identified, which 
can be exploited depending on the purpose of breeding 
and cultivation. The high phytochemical differences in 
EO composition among N. binaludensis localities could 
provide useful information to improve cultivar with high 
yield and biological activity.

Conclusion
The localities of Dowlatabad, Jagharg2, Jagharg1, 
Moghan2 and Darrod with average values of 3.3, 3.7, 3.8, 
4.2 and 4.9%, respectively had higher EO than other ones.

The overall means values of 32.7 and 42.8% of were 
obtained for nepetalactone and 1, 8-cineole, respectively. 
The localities Gerine, Shirbad and Zoshk had higher 
value of 1, 8-cineole in the cold area and two localities 
Dizbad and Cultivated had higher value of 1, 8-cineole 
in the warm area. For nepetalactone, localities of Ferizi1, 
Ferezi2, Jagharg2, Moghan2, Zoshk2 and Kordine with 
a range of 40.6 to 50.4% had higher values than other 
ones. This variation was related to habitats with differ-
ent altitudes, slopes and slopes, and coupled with genetic 
variation. Therefore, in order to introduce the superior 
cultivar, it is necessary to identify the elite localities and 
evaluating them in the similar environment in several 
locations/environments in order to domesticate and 
introduce high-yielding localities.
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