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Research and Full Abstract:

Length Article Ferula assa- foetida L. is an endangered and important medicinal plant in Iran. The knowledge
Received: of its ecological relationships will lead to plant conservation and reproduction objectives and
8 March 2023 better economic performance. This research was aimed to investigate the relationship between soil
Revised: factors and plant morphology and oil components of the F. assa- foetida under habitat conditions
3 January 2024 in Kerman province in 2021. Morphological and latex traits of 20 plant stands were evaluated
Accepted: in a plain area. Soil samples were also taken from a depth of 0 — 30 cm under plant stands for
28 January 2024 analyzing its physiochemical properties. In order to identify the ecological relationships between
Published online: soil and plant factors, the data were subjected to Pearson correlation and Principal Component
15 October 2024 Analysis (PCA). The results showed that morphological traits of the F. assa- foetida stands and

quantitative and qualitative traits of latex had significant relationships with soil fertility traits
© The Author(s) 2024 (i.e. Nitrogen, Phosphorus and Organic Matter). Plant factors i.e. leave diamete, thousand seed

weight, root diameter, and seed production per plant were positively correlated with soil fertility
factors (P < 0.01). Moreover, from 21 components identified in the F. assa- foetida volatile
essential oil, Bicyclo 3.1.1, heptane, 6, 6—dimet ..., Carbonothioic dihydrazide, Thiopropionamide
and Naphthalene, 1, 2, 3, 5, 6, 8 a- hexahy were positively correlated with soil fertility factors
(P < 0.01) and in contrast, n- Propyl sec-butyl disulfide and 1, 3, 6 — O ctatriene, 3, 7- dimethyl
were negatively correlated with soil fertility factors (P < 0.01). In general, the morphological traits
and the quality of plant latex are under the direct influence of both the fertility and the physical
traits of the soil; so, the results are important for management and economic purposes.
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Introduction et al., 2019; Moghaddam and Farhadi, 2015) as well as food

. . . . and beverages, etc. (Malekzadeh et al., 2018; Pavela et al.,
Ferula assa- foetida L. is an endangered endemic and im- 2020)

portant perennial medicinal herb which produces asafetida
with local names of “anghuzeh” is native to Iran and cen-
tral Asia (Saadatfar et al., 2020; Zomorodian et al., 2018).
Exudes from the plant root/stem, asafetida is important for
pharmacological and industrial applications (Hassanabadi

Almost all parts of the asafetida have medicinal effects
and are used for different purposes. However, asafetida
performance could be improved through proper selection
and management of the plant growth condition. Generally,
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growing the plant in soils with better conditions in terms of
nutrients will improve the plant performance (Saydi et al.,
2016; Abreu Pestana et al., 2020). Therefore, improving
plant growth conditions or selecting better conditions will
increase plant performance, especially the quality and quan-
tity of essential oil (Ardakani et al., 2023).

The plant growth/ mechanism and development are usually
elicited or inhibited by different environmental conditions
(Li et al., 2020; Ardakani et al., 2023), and it is necessary
to identify ecological attributes and also, enhance the quan-
tity and quality of plant products (Saadatfar et al., 2020;
Shanjani and Hoseini, 2022). Generally, the environment
consists of a set of relationships between living and nonliv-
ing things where each species influences its environment
and in turn, gets influenced by it (Xie et al., 2019). There-
fore, by investigating the effect of environmental factors on
plants, ecological and economical goals may be achieved
(Souza et al., 2017; Li et al., 2020).

Among the environmental variables, edaphic factors play
an important role in plant community structure and func-
tion (Bazanjani et al., 2017; Ward et al., 2016; Niari et al.,
2022). In general, through variations of the physical and
chemical soil properties, variability in microclimate creates
micrositess with specifici edaphic factors for plants (Redel-
stein et al., 2018; Su et al., 2019). On one hand, a micro
change is enough to change ecosystem functions in terms
of physical, chemical, and biological traits (Branton and
Robinson, 2019; Zibulski et al., 2016).

So far, most of the studies have been conducted on the re-
lationship between environmental parameters, i.e. soil and
climate, and the formation of plant populations/types, and
the range of variations in the evaluated traits has been re-
ported to be very wide i.e. (El-Wahab et al., 2018; Haight
et al., 2019; Huang et al., 2020; Li et al., 2021).

In almost all of these studies, the scale of the investigated
variations in soil or other environmental factors was very
wide; for example, the elevation change factor in an inves-
tigated area had a wide range of several hundred m or the
changes of some soil properties have been reported to be
more than 50% at times. Therefore, it should be noted that
micro changes in environmental traits also cause drastic
changes in the vegetation or performance of plants (Zibul-
ski et al., 2016; Joly et al., 2017). Also, so far ecological
studies regarding the relationship between the quality of
secondary productions of medicinal- industrial plants and
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soil traits under natural conditions have not been conducted.
On the other hand, the relationship between variations in
soil quality traits and plant performance in their origin habi-
tat was rarely seen. However, in any case, investigating the
relationship between soil properties and the performance of
plant species in the origin habitat of plants can be taken into
consideration in making decisions for the cultivation and
propagation of plant species, especially medicinal species,
and guarantee the success of biological trials (Jahantab et
al., 2022; Yazdanshenas et al., 2019).

According to the above mentioned, medicinal and industrial
ferula plant is important from various aspects so that the
economy of local communities in many rural areas depends
on this plant, and improving the performance of the plant by
considering the empowerment of communities can be effec-
tive in improving the ecological conservation and livelihood
of the local people. Thus, the aim of this study was to investi-
gate the relationship between the functional (morphological
traits, i.e. height, canopy cover, number of leaves, seed
production) and physiological traits (i.e. biomass, plant’s
organ moisture and essential oil components) of the F. assa-
foetida and soil properties in the origin habitat of the plant in
the arid areas of Iran’s Kerman province. The results of this
research can be useful for proper rangeland management in
terms of plant conservation, restoration and utilization.

Materials and methods

Study area

The experiment was carried out in a natural habitat of
F. assa- foetida in Ravar rangelands in Kerman province
(31.2633° N, 56.8072° E). Study area with 11535 km? is
located in the northeast of the Kerman province. This site
located at elevation of 1700 — 1770 m above sea level. The
area is located in an arid climate with long-term mean pre-
cipitation of 98 mm and the mean annual temperature of
16.5 °C. This area is covered mainly by asafetida plant
stands, which is harvested by local communities for various
purposes, especially to sell asafetida latex for livelihood
(Figure 1).

Methodology

The experiment was carried out at the beginning of July in
2021. In order to eliminate the effects of topography on
the performance of plants, a plain area (UTM; 3333256 —

(©)

Figure 1. General view of the F. assa- foetida (A), the special tool for gathering the plant latex (B), and the latex secreted

from the cut place on the root (C).
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557086) with an elevation of 1730 m above sea level and
slope of 2% was selected for sampling. Due to the fact that
ferula species reproduce and produce seeds in the last year
of their life, in this study, plant stands with inflorescence
were used for comparison so that the selected bases do
not differ from each other in terms of age. Sampling was
done by selecting 20 plant stands in the natural habitat of
Ferula in the study area. Moreover, latex of plant stands
was sampled to study oil components. Soil samples were
also collected from plant stand undersory from a depth of
0—30 cm and were transferred to the soil laboratory of the
Islamic Azad university, Tehran.

Data collection
Morphological traits

Morphological traits of asafetida stands were evaluated
in the origin habitat of asafetida. Traits included aerial
biomass (AB), aerial parts moisture content (APMC), num-
ber of leaves (NL), leaf diameter (LD), leaf length (LL),
inflorescence height (IH), inflorescence diameter (ID), diam-
eter canopy cover (DCC), number of compound umbrellas
(NCU), number of seeds per umbrellas (NSU), thousand
seed weight (TSW), root diameter (RD) and seed production
per plant (SPP).

Latex traits

Amount of latex was evaluated and the obtained informa-
tion was recorded. The moisture content was measured after
cutting plant aerial parts for measuring biomass. The latex
samples were taken from the plant stem (Figure 1). The
latex was sampled, kept in closed cans and transferred to
the lab and the components of volatile oils were measured
using GC-MS method described previusly (Joshi, 2017).
The essential oil was analyzed using model 6890 gas chro-
matography coupled with an Agilent model 5973- N mass
spectrometry, equipped with an HP-5MS capillary column
and phenyl methyl siloxane phase (30 m x 0.25 mm i.d. x
film thickness 0.25 um). The ionization energy was 70 eV.
The temperature was programmed from 60 to 246 °C with
arate of 3 °C/min. Injector and detector were maintained
at 250 °C. Samples (1 uL) were injected with a split ratio
of 1:50. Helium used as a carrier gas with a flow rate of 1.5
mL/min. Retention indices were determined using retention
times of nalkanes (C8-C25) which were injected after the
essential oils under the same chromatographic conditions.
The essential oil components were identified based on data
published in the literature. 21 components that had the
highest percentage were selected for analysis.
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Soil analysis

The soil samples were dried at shadow and sieved through
a 2 mm filter. Factors of pH (using Swiss Metrom 826
pH meter apparatus), potassium (K) (using soil potassium
filimeter), electrical conductivity (EC) (using PET 103 EC
meter), lime (CaCO3) (using calcimeter instrument), gyp-
sum (CaSOQy,) (using sodium carbonate method), phosphor
(P) (using Hach model dr2800 spectrophotometer), organic
matter (OM) (using Walkley- Black method), nitrogen (N)
(using Kjeldahl method), soil moisture (SM), texture (sand,
silt, and clay%) (using hydrometer method) were measured.

Data analysis

Data were checked for normality through the Kolmogorov—
Smirnov test; then, data were submitted to a PCA to sum-
marize variations in plant traits, oil components and soil
variables using the PC- ORD. Pearson correlation was also
performed between the studied parameters for soil and plant.

Results

PCA for morphological traits vs. soil properties

Evaluating the morphological traits of the asafetida showed
significant variations in some vegetative factors i.e. AB, LD,
IH and ID. The relationships between soil and asafetida veg-
etative traits and oil components were significant (P < 0.05).
For instance, some factors such as the OM showed signifi-
cant differences so that the maximum and minimum amount
of OM was evaluated as 0.88 and 0.32%, respectively.
Based on the findings, the first 3 axes justify the values of
34.52, 50.20 and 63.66% of the variance and the relation-
ship between the vegetative traits of the plant and soil traits
(Table 1).

Some factors such as N, K, P, SM and clay% have been
placed in one group in terms of their impact and relation-
ship with the functional traits of the asafetida. Moreover,
traits such as the amount of silt, CaCO3z and CaSQO4 have
shown a negative relationship with the ferula stands traits.
The result showed that in PC1, most of the plant traits with
eigenvector values more than 0.7 were correlated with soil
fertility factors (N, P and K). In PC2, APMC showed a
significant correlation with K. Factors OM, P and clay were
positively correlated with almost all plant factors evaluated.
Lime and sand factors also showed significant negative cor-
relations with plant traits (Table 2, Figure 2). In PC1 and
PC2, factors LD and K had the longest gradient length with
0.84 and 0.78, respectively. Also, in PC1 and PC2, K and
P/CaCO3 have the lowest gradient lengths with lengths of
0.22 and 0.03, respectively.

Table 1. Variance extracted for first 5 axes for soil and plant factors in the study area.

Axis Figenvalue % of Variance Cum.% of Var.  Broken-stick Eigenvalue
1 4.143 34.52 34.52 3.103
2 1.881 15.67 50.20 2.103
Plant-soil relationships 3 1.684 13.46 63.66 1.603
4 1.077 8.97 72.64 1.274
5 0.977 8.08 80.72 1.020
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Table 2. Eigenvector of the plant and soil traits for the first three PCA axes.

Ebrahimian et al.

Parameter Abbrv. PC1 PC2 PC3
Aerial biomass AB -0.76 0.12 0.09
Aerial parts moisture content APMC -0.28 -0.77 -0.35
Number of leaves NL -0.73 0.46 -0.21
Leave diameter LD -0.84 -0.17 0.26
Inflorescence height IH -0.70 -0.30 -0.13
Inflorescence diameter ID -0.72 -0.19 -0.25
Diameter Canopy cover DCC -0.79 -0.08 -0.15
Seed production per plant SPpP -0.82 0.38 -0.07
Number of compound umbrellas NCU -0.66 -0.16 -0.59
Number of seeds per umbrellas NSU -0.70 0.19 -0.42
Thousand seed weight TSW -0.77 0.22 -0.01
Root diameter RD -0.80 -0.13 0.16
Leave length LL -0.74 -0.23 0.51
Soil parameter PC1 PC2 PC3
Electrical Conductivity EC 0.44 0.55 0.42
Soil Acidity pH 0.49 0.52 -0.04
Organic Matter OM -0.70 0.42 0.08
Nitrogen N -0.73 -0.20 0.37
Phosphorus P -0.57 -0.03 -0.48
Potassium K -0.22 0.78 0.45
Sand Sand 0.43 -0.56 0.57
Silt Silt 0.76 0.21 -0.42
Clay Clay -0.69 -0.07 -0.16
Calcium carbonate CaCO3 0.43 0.03 0.15
Soil Moisture SM -0.52 -0.14 0.52
Calcium sulphate CaSOyq4 0.79 -0.30 0.21

The bold and underlined coefficients have significant correlation with the relevant axes.

PCA volatile oil components vs. soil properties

Based on the findings, the first 3 axes justify the values of
43.24, 54.46 and 63.52% of the variance and the relation-
ship between the vegetative properties of the plant and the
soil properties, respectively (Table 3).

Also, volatile oil components of the first axes including
Bicyclo[3.1.1]heptane, 6, 6-dimet ... (Eig. Value = 0.84),

80 +

Axis 2

40 +

Sand

(I) 1‘() 4’0 ' (wIU
Axis 1
Figure 2. PCA two-dimensional ordination diagram for the
soil and plant variables (Abbreviations of plant vegetative
traits are presented in Table 2).

1, 3, 6-Octatriene (Eig = 0.85), 2- Methyl-1(Eig = 0.87),
Disul (Eig = 0.83) and Carbonothioic dihydrazide (Eig =
0.87), and the second axes including (-)- Ari (Eig = 0.69),
Limonen (Eig = 0.51) and Thioph (Eig = 0.53) showed the
most values (Table 4).

These compounds are related to the soil traits and the value
of the gradient shows the intensity of the relationship and
the positive or negative gradient of the direction of the rela-
tionship so that in the first axis, except lime and silt, fertility
factors (such as N and OM) had a positive relationship with
many essential oil compounds such as Thiopropionamide
and Carbonothioic dihydrazide.

A total 21 compounds were identified in the latex samples.
Some compounds.i.e. Carbonothioic dihydrazide and Bicy-
clo[3.1.1]heptane, 6, 6- dimet with 37.0 and 13.0%, respec-
tively, had the highest percent values (data not shown). Bicy-
clo[3.1.1]heptane, 6, 6- dimet ... (Eig = —0.84), Limonen
(Eig = —0.72), 1, 3, 6 — O ctatriene (Eig = 0.85), n-Propyl
sec-butyl disulfide (Eig = 0.83), Carbonothioic dihydrazide
(Eig = —0.87), Disulfide (Eig = —0.83), 2- Methyl-1- iso-
propyl(dimethyl)si. (Eig = 0.87), Thiopropionamide (Eig
= —0.8974) and Naphthalene, 1, 2, 3, 5, 6, 8a-hexahy ...
(Eig = —0.77) had the most gradient length (Table 4).
Figure 3 shows the PCA analysis of the relationships be-
tween volatile oil components and soil factors in the study
area. Based on the results, traits of K and the amount of
sand had no relationship with the components of the volatile
oil. On the other hand, some soil factors such as OM, P, and
clay had significant relationships with Naphthalene, Disul-
fide, Carbonothioic dihydrazide components. Components
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Table 3. Variance extracted for first three axes for soil factors and oil components in the study area.

Axis Figenvalue % of Variance Cum.% of Var.  Broken-stick Eigenvalue
1 9.080 43.24 43.24 3.645
2 2.352 11.21 54.46 2.645
Oil-soil relationships 3 1.902 9.06 63.52 2.145
4 1.553 7.39 70.91 1.812
5 1.452 6.93 77.85 1.562

of 1, 3, 6 — O ctatriene, n- Propyl sec- butyl disulfide and 2-
Methyl-1- isopropyl(dimethyl)si have also been related to
percent of CaCO3, CaSOy and silt.

Correlation between traits

Based on the results, most of the plant factors, i.e. LD, LL,
IH, ID, DCC, TSW, RD and SPP showed positive relation-
ships with soil fereitiy (N, P and K). Moreover, there were
negative correlations between CaCO3 and CaSO4 and plant
traits (P < 0.01) (Table 5). Soil texture also had significant
relations with plant traits where clay was significantly cor-
related with plant traits such as LD (R = 0.94).

The results of Pearson correlation between the soil factors
and oil components are shown in Table 6. Components
i.e. [Bicyclo[3.1.1]heptane, 6, 6- dimet...], [Carbonothioic
dihydrazide], [Thiopropionamide], and [Naphthalene, 1, 2,
3, 5, 6, 8a- hexahy] were positively correlated with soil
fertility factors (P < 0.01) and in contrast, [n-Propyl sec-
butyl disulfide] and [1, 3, 6-Octatriene, 3, 7-dimethyl-] were
negatively correlated with soil fertility factors (P < 0.01).

Discussion

Knowledge of the ecological factors, i.e. soil properties and
climatic factors influencing the plant performance is essen-
tial for the conservation, management, and rehabilitation of
rangeland ecosystems conditions (Arrekhi et al., 2022). In
this research, the results showed that there were significant

pH
80 1 oM

Silt
(1S)-alp
Naphthal — Disu/di

Thiopro
Carbonot

Axis 2

4

S

Limonen

Clay
Bicyclol

N Naphthal
CaSO4

Sand

Axis 1

Figure 3. PCA two-dimensional ordination diagram for the
volatile oil components and soil variables (Abbreviations
are presented in Table 4).

relationships between growth factors of the ferula stands
and soil traits. In other words, according to the soil traits,
especially its fertility, the vegetative traits of the ferula had
also changed. Although these variations influenced plant
morphological factors, they had caused changes in the quan-
tity and quality of the produced latex. Generally, growth
of plant, after its germination, is under the influence of
macro/micro-environmental factors, i.e. nutrient conditions
(Joly et al., 2017) that formed the production and accumula-
tion processes of plant primary and secondary metabolites
(Bazanjani et al., 2017; Karimi et al., 2020).

Investigating the relationship between the asafetida plant
growth traits under natural conditions in the origin habitat
showed that soil fertility even at a very low scale (for exam-
ple, the 5% of the difference) causes this herbaceous plant
to grow in a short period of time and to produce seeds before
the arrival of the dry season. In this way, in the places where
the soil had better conditions in terms of fertility properties,
asafetida growth traits such as IH, AB, NSU and TSW and
also the latex production increased.

Overrally, even micro changes in environmental factors
could influence plant functions (Peng et al., 2012; Solomou
and Sfougaris, 2015). In this regard, soil traits play an im-
portant role in nutrient flow for vegetation (Moeslund et al.,
2013). Moreover, depending on the soil conditions, higher
humidity will result in more biomass in ferula (Jafari et al.,
2019). Moisture is directly related to nutrient flow in soil.
In fact, depending on the geographical location, available
nutrients influenced plants primary and secondary functions
through humidity flow (Zuleta et al., 2018).

Furthermore, in this area, the components of Bicy-
clo[3.1.1]heptane, 6, 6- dimet n- Propy, 3, 7- dimethyl-,
Carbonothioic dihydrazide, Thiopropionamide, and Naph-
thalene, 1, 2, 3, 5, 6, 8a- hexahy... showed significant
relaitonships with soil fertility (P < 0.05). Generally, the
synthesis and accumulation of secondary metabolites are
very complex, which are affected by many factors including
internal developmental genetic circuits and by external en-
vironmental factors, i.e. light, temperature, water, salinity,
etc. (Daneshkazemi et al., 2019; Li et al., 2020).
Similarly, Bazanjani et al. (2017) also studied the correla-
tion between environmental factors with volatile oil com-
ponents and reported that environmental variables signifi-
cantly influence oil components, i.e. total phenolic content.
Previous stadies also mentioned that essential oils of the
asafoetida were directly influenced by macro and micro
environmental variables (Sardrodi et al., 2017; Hassanabadi
et al., 2019).

In addition to the studied plant factors, some soil properties
showed a significant relationship with the secondary product
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Table 4. Eigenvector of the plant and soil traits for the first three PCA axes.

Parameters

Abbryv. PC1 PC2 PC3

Amount of latex
(1S)-alpha-Pinene,
Bicyclo[3.1.1]heptane, 6,6-dimet
B-myrcene,

Thiophene, 2,3,4-trimethyl-,
Limonen,

1,3,6-Octatriene, 3,7-dimethyl-,
n-Propyl sec-butyl disulfide,
Carbonothioic dihydrazide,
2-Methyl-1,3-dithiacyclopentane,
Disulfide,

1,2-Dithiane, bis(1-methylpropyl),
2-Methyl-1-isopropyl(dimethyl)si.,
(-)-Aristolene,

Thiopropionamide,

Naphthalene, decahydro-4a-methyl...,
Disulfide, dibutyl,
1,4,7,-Cycloundecatriene, 1,5,9,
(+)-Epi-bicyclosesquiphellandrene,
1,2-Benzenediol, 3,5-bis(1,1-dim
Naphthalene, 1,2,3,5,6,8a-hexahy...,
cis-.alpha.-Bisabolene,

Latex -0.86 0.11 031
(1S)-alph  -0.69 034  0.00
Bicyc -0.84 -0.02 0.00
B-myrc  -0.62 035 023
Thioph 0.66 -0.53 0.00
Limo -0.72  -051 0.23
1,3,6-0ct  0.85 -0.03 0.00
n-Propy 0.84 022 -0.05
Carbon -0.87 -0.16 0.07
2-Methyl  0.21  -0.17 -0.77
Disul -0.83 0.11 -0.20
1,2-Di 057 -036 0.10
2-Methyl- 0.88 0.11  0.00
(-)-Ari 039 0.69 0.08
Thiopr -0.90 0.02 -0.12
Naphth -0.65 040 -0.20
Disud -0.17 024  0.15
14,7-Cy -0.67 -040 0.03
(+)-Epi- 0.16 030 0.76
1,2-Ben 0.07 -0.51 0.24
Naphl,2  -0.77 020 0.27
cis-.alpha  -0.17 0.28  -0.60

Soil parameter

PC1 PC2 PC3

Electrical conductivity
Acidity

Organic matter
Nitrogen
Phosphorus
Potassium

Sand

Silt

Clay

Calcium carbonate
Soil moisture
Calcium sulphate

EC 044 055 042
pH 049 052 -0.04
oM -0.70 042 0.08
N -0.73 -020 037
P -0.57 -0.03 -0.48
K -022 078 045
Sand 043 -0.56 0.57
Silt 076 021 -042
Clay -0.69 -0.07 -0.16
CaCOs3 043 0.03 0.15
SM -0.52  -0.14 052

CaSOy 0.79 -030 0.21

The bold and underlined coefficients have significant correlation with the relevant axes.

Table 5. Pearson correlation between soil factors and plant traits.

Factors EC pH OM N P K Sand Silt Clay CaCO3; SM CaSOy
ABT -0.32 -0.30  0.91%* 0.44 0.74%%  0.55%  -0.74*%*  -0.52*%  0.76%*  -0.65%* 0.46 -0.91%%*
APMC  -0.02 -0.03 0.41 0.21 0.02 0.21 0.12 -0.02 0.01 -0.12 0.30 -0.11

NL -0.02 -0.03  0.90%* 0.37 0.65%%  0.60*  -0.84%* 0.38 0.63* -0.44 0.41 -0.887%*
LD -0.52*  -0.51* 0.21 0.78%*%  (0.93** 0.15 -0.21 -0.85%*  0.94%*%  -0.65%* 0.77**  -0.51*
IH -0.42 -0.43 0.31 0.68%*  0.77%%  0.49* -0.37 -0.72%*  0.80*%*  -0.70%*  0.70%** -0.41

ID -0.38 -0.37  0.74%*%  0.52*  0.68**  0.55% -0.61%* -0.52*%  0.66%*  -0.68%*  0.50%  -0.89%*
DCC -0.41 -043  0.71%*  0.60*  0.66%*  0.51* -0.52°% -0.54% 0.68*%  -0.67**  0.62*%  -0.79%*
SPP -0.52*%  -0.50*  0.59* 0.61*% 0.70**  0.49*  -050*  -0.53* 0.74** -0.75*%*  0.62*  -0.80**

NCU 0.21 023 0.68%* 0.01 0.23 0.71%**
NSU 0.31 033 0.63%* 0.02 0.21 0.77%%*

TSW -0.21 -0.23 0.74% 0.49% 0.61% 0.50%*
RD -0.54*%  -0.52%  0.56%  0.74%F  0.71%* 0.36
LL -0.54*%  -0.55*%  0.53*%  0.68**  (.73%* 0.01

-0.93%* -0.35 0.20 -0.23 0.06 -0.77%*
-0.93%* -0.31 0.18 -0.28 0.04 -0.71%%*
-0.62% -0.50%  0.66%*  -0.66%*  0.51*%  -0.88%*
-0.35 -0.90%*  0.74*%%  -0.71**  0.71*%*  -0.61*
-0.43 -0.84%* 0.73%%  -0.85%*  0.67**  -0.62*

! Abbreviations of traits are presented in Table 2; Significance: *=P<0.05;**=P<0.01.

components. Soil fertility properties such as N, P, OM, silt
and SM were directly related to Naphthalene, decahydro-
4a-methyl and 1, 3, 6-Octatriene, 3, 7- dimethyl compo-
nents. In previous study, Saadatfar et al. (2021) reported
that there were positive and significant correlations between

latex yield with the silt, OM, N and P, negative correlations
between sulfurous compounds, a- Pinene, - Pinene and
Limonene with moisture, and positive correlations between
these parameters with the amount of lime (Saadatfar et al.,
2021). Generally, SM and soil physicochemical properties
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Table 6. Pearson correlation between volatile oil components and soil traits.

Traits EC pH OM N P K Sand Silt Clay CaCOs3 SM CaSO4
(1S)-alph!  -0.61* -0.58%  0.77%* 0.47 0.57* 0.27 -0.37 -0.80%*  0.59%  -0.74%* 0.44 -0.74%%*
Bicyc -0.81%*%  -0.78*%*  0.56*  0.78**  0.89**  0.11 -0.11 -0.87#%  0.92%  -0.74%F  0.77+* -0.23
B-myrc 0.14 0.12 -0.04  0.67%* 0.33 0.08 0.11 0.14 0.42 0.13 0.66%* 0.47
Thioph -0.31 -0.33 0.52% 0.21 0.45 -0.20 -0.32 -0.45 0.34 -0.44 0.23 -0.75%*
Limo -0.71%%  -0.82%* 0.32 0.87#*%  0.72%%  -0.32 -0.38 -0.78%%  0.74¥*  -0.72%*  (.88%* -0.44
1,3,6-Oct 0.52% 0.65**  -0.61* -0.84** -0.88*%* -0.32 0.29 0.74%%  -0.92%* 0.85 -0.79%%* 0.39
n-Propy 0.61* 0.71%%* -047  -0.88** -0.87**  0.35 -0.10 0.77+*%  -0.85%*  0.72%%  -0.85%* 0.44
Carbon -0.72%% - -0.77%* 0.21 0.86%*  0.72%*%  -0.28 0.18 -0.77%% - 0.76%*  -0.72%*  (0.82%* -0.18

2-Methyl 0.52%* 0.42 -0.31  -0.78*%*  -0.81**  0.33 -0.23 0.81**  -0.81**  0.79%%  -0.76%* 0.33
Disul -0.61*%  -0.72%* 0.22 0.67%%* 0.58* 0.21 -0.05 -0.74%% 0.55%  -0.76%*  0.64%*  -0.65%*
1,2-Di 0.13 0.14 -0.21 0.31 0.21 0.03 0.13 0.07 0.13 0.04 0.33 0.14

2-Methyl- 0.62%* 0.72%% 0.34 0.44 0.38 0.07 0.12 0.92%* 0.41 0.85%%* 0.42 0.23
(-)-Ari 0.01 0.11 0.21 0.12 0.11 0.02 0.13 0.08 0.08 0.12 0.13 0.21
Thiopr -0.74%*% - -0.78%*  0.77%%  0.67**  0.66**  0.48 -0.46 -0.65%*  0.62%  -0.66%*  0.65%*  -0.65%*

Naphth -0.62*%  -0.69%* 0.13 0.79%*%  0.77%%  -0.32 -0.44 -0.87%% 0.79%*  -0.77%  0.77**  -0.52%
Disud -0.34 -0.47 0.78**  0.72%%* 0.56*  0.61* -0.71*%% -0.77*%%  0.84** -0.76%*  0.68**  -0.48*
1,4,7,-Cy 0.11 0.21 0.32 0.15 0.02 0.11 0.10 0.08 0.08 0.07 0.14 0.21
(+)-Epi- 0.01 0.10 0.22 0.24 0.14 0.31 0.14 0.04 0.22 0.06 0.22 0.22
1,2-Ben 0.01 0.11 -0.12 0.31 0.22 0.12 0.21 0.03 0.23 0.11 0.30 0.31

Naphl,2  -0.67**% -0.71*%* 0.32 0.87#%  0.76%*  0.38 -0.18 -0.86%%  0.74%*  -0.88**  0.90%* -0.38

cis-.alpha 0.01 0.11 -0.10 0.12 0.03 0.02 0.03 0.02 0.11 0.12 0.08 0.14
Latex -0.56%* -0.55% 0.54*  0.72%¥*  0.77**  0.01 -0.42 -0.88%%  0.75%*  -0.88**  0.71**  -0.58*

! Abbreviations of traits are present in Table 4; Significance: *=P<0.05;**=P<0.01.

are important in changing plant available nutrients, which
can change plant functions (Suchodoletz et al., 2013; Yaz-
danshenas et al., 2018).

Although low fertility and moisture reduced the dry matter
production, stressful conditions, i.e. soil propertices, and
moisture stimulated the synthesis of secondary metabolites
in plants (Bistgani et al., 2017; Moghaddam and Farhadi,
2015). In this research, soil texture also showed a significant
relationship with the ferula volatile oil component. In this
regard, Saydi et al. (2016) reported that the composition of
the mineral and chemical fertilizer containing N and P sig-
nificantly increases the volatile oil in Carum plant. In fact,
fertilizer application improves all soil physical and chemi-
cal properties and plant performance as well. On the other
hand, Ardakani et al. (2023) studied the effect of different
soil textures on morphological traits and the amount of es-
sential oil of Lippia citriodora medicinal plant and reported
that the physical properties of soil determine how the plant
interacts with the soil, absorption of water and nutrients,
root penetration, and the activity of microorganisms which
is important in supporting plant growth and essential oil.
Overall, different micro environmental conditions affect the
metabolic pathways and biosynthesis of active substances,
and as a result, various primary and secondary metabolites
are biosynthesized under different environmental conditions
(Souza et al., 2017; Shanjani and Hoseini, 2022). And a
suitable environment for organisms is mainly defined soil
physicochemical properties create a microhabitat that play
an important role in plant functions (Ward et al., 2016;
Abreu Pestana et al., 2020; Tajik et al., 2020). This in-
formation can be considered for selecting target points for
the protection, cultivation, propagation and exploitation of
medicinal plants with more target oil components. Suit-
able environmental condition can increase asafoetida per-
formance used to select populations with specific volatile

oil components (Karimi et al., 2020).

Conclusions

In this study, the relationship between soil and morpholog-
ical traits and latex production of F. assa- foetida under
habitat conditions was evaluated in an arid area. The
results showed significant relationships between plant
growth factors, oil components and soil traits. Based on
the findings, the asafetida growth and the reproductive
traits are directly affected by the soil fertility in the natural
habitat of the plant. In other words, in places with higher
SM and higher amount of P and N, the factors of AB,
LD, SPP and TSW significantly were increased. Also, in
relation to the changes in the quality traits of latex produced
by the plant, components of Bicyclo[3.1.1]heptane, 6, 6-
dimet n- Propy, 3, 7-dimethyl-, Carbonothioic dihydrazide,
Thiopropionamide, and Naphthalene, 1, 2, 3, 5, 6, 8a-
hexahy showed the highest values and were strongly
influenced by soil fertility factors (P < 0.01). However,
future researches are necessary to study the effect of
soil compaction traits and root morphology on plant
performance and quantitative and qualitative properties of
produced latex in F. assa- foetida plant. Also, the effect of
latex exploitation methods and the impact of exploitation
times can be taken into consideration with economic goals
in the future.

Acknowledgements

We are grateful to department of forest, range and watershed
management, faculty of natural resources and environment,
Science and Research Branch, Islamic Azad university for
their help and support this research.

2008-9996[https://dx.doi.org/10.57647/j.jrs.2024.1404.34]


https://dx.doi.org/10.57647/j.jrs.2024.1404.34

8/10 JRS14 (2024)-142434

Authors contributions
All authors have contributed equally to prepare the

paper.

Availability of data and materials

The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

Conflict of interests

The authors declare that they have no known com-
peting financial interests or personal relationships
that could have appeared to influence the work
reported in this paper.

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 license, and indicate if changes were
made. The images or other third party material in
this article are included in the article’s Creative
Commons license, unless indicated otherwise in
a credit line to the material. If material is not
included in the article’s Creative Commons license
and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will
need to obtain permission directly from the OICC
Press publisher. To view a copy of this license, visit
https://creativecommons.org/licenses/by/4.0.

References

Abreu Pestana L. F. de, Souza A. L. T. de, Tanaka M. O.,
Labarque F. M., Soares J. A. H. (2020) Interactive
effects between vegetation structure and soil fertility
on tropical ground-dwelling arthropod assemblages.
Applied Soil Ecology 155:103624.

Ardakani M. A. Hakimzadeh, Haghjoo M., Moradi G., Es-
fandiari M. (2023) Investigating the effect of different
soil textures on morphological traits and the amount of
essential oil of Lippia citriodora medicinal plant. Wa-
ter and Soil Management and Modelling 3 (1): 14-25.
(In Persian)

Arrekhi A., Gharmakher H. Niknahad, Kimura S. D.
Bellingrath, Bloch R., Bachinger J., Hufnagel J. (2022)
Relationship among Plant Measurements of Salsola
turcomanica (Litv) and Soil Properties in Semi-arid
Region of Golestan Province, Iran. Journal of Range-
land Science 12 (2): 168-178.

Ebrahimian et al.

Bazanjani S. Nasiri, Razavizadeh R., Olumi H. (2017) Eval-
uation of content of phenylpropanoid compounds of la-
tex and chemical composition of essential oil of Ferula
assa-foetida L. in some natural pasturelands of Ker-

man, Iran. Journal of Plant Research (Iranian Journal
of Biology) 30 (3): 674—687. (In Persian)

Bistgani Z. E. Emami, Siadat S. A., Bakhshandeh A., Pir-
balouti A. G., Hashemi M. (2017) Interactive effects of
drought stress and chitosan application on physiologi-
cal traits and essential oil yield of Thymus daenensis
Celak The Crop Journal 5 (5): 407-415.

Branton C., Robinson D. T. (2019) Quantifying topographic
traits of wetlandscapes. Wetlands 40 (2): 433-449.

Daneshkazemi A., Zandi H., Davari A., Vakili M., Emtiazi
M., Lotfi R., Masoumi S. M. R. (2019) Antimicrobial
activity of the essential oil obtained from the seed
and oleo-gum-resin of Ferula assa-foetida against oral
pathogens. Frontiers in Dentistry 16 (2): 113-120.

El-Wahab R. H. Abd, Al-Rashed A. R., Al-Dousari A.
(2018) Influences of physiographic factors, vegetation
patterns and human impacts on Aeolian landforms in
arid environment. Arid Ecosystems 8:97-110.

Haight J. D., Reed S. C., Faist A. M. (2019) Seed bank
community and soil texture relationships in a cold
desert. Journal of Arid Environments 164:46-52.

Hassanabadi M., Ebrahimi M., Farajpour M., Dejahang A.
(2019) Variation in essential oil components among
Iranian Ferula assa-foetida L. accessions. Industrial
crops and products 140:111598.

Huang Y., Ren H., Wang J., Liu N., Jian S., Cai H. (2020)
Relationships between vegetation and soil seed banks
along a center-to-edge gradient on a tropical coral is-
land. Ecological Indicators 117:106689.

Jafari S. Hossein, Sepehry A., Soltanloo H., Karimian A.
A. (2019) Effect of topography and soil properties on
distribution of Ferula pseudalliacea (Bitter Asafetida)
in Yazd Province, Iran. Journal of rangeland science 9
(2): 184-195.

Jahantab E., Yazdanshenas H., Saray A. A., Matinkhah S.,
Khazaei M. (2022) Seed burial depth, seedling emer-
gence, and height as affected by animal trampling in
marl soils. Plant Ecology 223 (4): 493-506.

Joly F. X., Milcu A., Scherer-Lorenzen M., Jean L. K.,
Bussotti F., Dawud S. M. (2017) Tree species diver-
sity affects decomposition through modified micro-
environmental conditions across European forests.
New Phytologist 214 (3): 1281-1293.

Joshi R. K. (2017) GC—MS analysis of the essential oil of
Ocimum gratissimum L. growing desolately in South
India. Acta Chromatographica 29 (1): 111-119.

2008-9996][https://dx.doi.org/10.57647/j.jrs.2024.1404.34]


https://creativecommons.org/licenses/by/4.0
https://dx.doi.org/10.57647/j.jrs.2024.1404.34

Investigating the relationship...

Karimi A., Krahmer A., Herwig N., Hadian J., Schulz H.,
Meiners T. (2020) Metabolomics approaches for ana-
lyzing effects of geographic and environmental factors
on the variation of root essential oils of Ferula assa-
foetida L. Journal of Agricultural and Food Chemistry
68 (37): 9940-9952.

Li J., Chen H., Guo K., Li W,, Feng X., Liu X. (2021)
Changes in soil properties induced by pioneer vegeta-
tion patches in coastal ecosystem. Catena 204:105393.

Li Y., Kong D., Fu Y., Sussman M. R., Wu H. (2020) The
effect of developmental and environmental factors on
secondary metabolites in medicinal plants. Plant Phys-
iology and Biochemistry 148:80-89.

Malekzadeh M., Angourani H. R., Yazdinezhad A., Has-
san M., Abiodun F., Hazrati S. (2018) Evaluation of
volatile oil in indigenous populations of Ferula gum-
mosa Boiss. Journal of Essential Oil Bearing Plants

21 (1): 206-213.

Moeslund J. E., Arge L., Bgcher P. K., Dalgaard T., Sven-
ning J. C. (2013) Topography as a driver of local terres-
trial vascular plant diversity patterns. Nordic Journal
of Botany 31 (2): 129-144.

Moghaddam M., Farhadi N. (2015) Influence of environ-
mental and genetic factors on resin yield, essential
oil content and chemical composition of Ferula assa-
foetida L. populations. Journal of Applied Research on
Medicinal and Aromatic Plants 2 (3): 69-76.

Niari M. Taheri, Ghorbani A., Moameri M., Ghafari S.,
Bidarlord M. (2022) Investigating environmental fac-
tors affecting plant distribution in QezelOzan-Kosar
rangelands (Ardabil Province), Iran. Journal of Range-
land Science 12 (4): 341-358.

Pavela R., Morshedloo M. R., Lupidi G., Carolla G., Bar-
boni L., Quassinti L. (2020) The volatile oils from
the oleo-gum-resins of Ferula assa-foetida and Ferula
gummosa: a comprehensive investigation of their in-
secticidal activity and eco-toxicological effects. Food
and Chemical Toxicology 140:111312.

Peng W., Song T., Zeng F., Wang K., Du H., Lu S. (2012) Re-
lationships between woody plants and environmental
factors in karst mixed evergreen-deciduous broadleaf
forest, southwest China. Journal of Food and Agricul-
ture and Environment 10 (1): 890-896.

Redelstein R., Dinter T., Hertel D., Leuschner C. (2018)
Effects of inundation, nutrient availability and plant
species diversity on fine root mass and morphology
across a saltmarsh flooding gradient 9:1-15.

Saadatfar A., Jafari S., Tavassolian 1. (2020) Effect of
edaphic conditions on phytochemical latex yield of
bitter asafetida (Ferula assa-foetida L.) medicinal
plant in two natural habitats in Kerman province. Eco-
phytochemical Journal of Medicinal Plants 8 (1): 1—
15.

JRS14 (2024)-142434  9/10

(2021) Improving biochemical traits, oleo-gum
yield and compositions of asafoetida (Ferula assa-
foetida L.) essential oil using 24-epibrassinolide in
Kerman natural habitats (Iran). Journal of Medicinal
Plants 20 (77): 93-107.

Sardrodi A. Farhang, Soleimani A., Kheiry A., Zibaseresht
R. (2017) Essential oil composition of Achillea aucheri
Boiss at different growing altitudes in Damavand, Iran.
Journal of Agricultural Science and Technology 19 (2):
357-364.

Saydi Z., Fateh E., Ayenehband A. (2016) The effect of
different sources of nitrogen and organic fertilizers on
soil properties and essentioal oil properties of Ajowan.
Journal of Crop Production 9 (2): 175-192. (In Per-
sian)

Shanjani P. Salehi, Hoseini L. Falah (2022) Germination
Responses of Ferula assa-foetida and Ferula gummosa
Boiss. Seeds to Continuous Cold Stratification. Journal
of Medicinal plants and By-product 11 (1): 9-16.

Solomou A. D., Sfougaris A. I. (2015) Determinants of
woody plant species richness in abandoned olive grove
ecosystems and maquis of Central Greece. Commu-
nications in Soil Science and Plant Analysis 46 (1):
317-325.

Souza T. da. S. de, Silva Ferreira M. F. da, Menini L., Lima
Souza J. R. C. de, Parreira L. A., Cecon P. R., Ferreira
A. (2017) Essential oil of Psidium guajava: Influence
of genotypes and environment. Scientia Horticulturae
216:38-44.

Su W., Yul., Zhang G., Shi Z., Wang L., Zhao G., Zhou R.
(2019) Forest Ecology and Management Comparison
of the canopy and soil seed banks of Pinus yunnanensis

in central. Forest Ecology and Management 437:41—
48.

Suchodoletz H. von, Glaser B., Thrippleton T., Broder T.,
Zang U., Eigenmann R. (2013) The influence of Saha-
ran dust deposits on La Palma soil properties (Canary
Islands, Spain). Catena 103:44-52.

Tajik S., Ayoubi S., Lorenz N. (2020) Soil microbial com-
munities affected by vegetation, topography and soil
properties in a forest ecosystem. Applied Soil Ecology
149:103514.

Ward R. D., Burnside N. G., Joyce C. B., Sepp K. (2016)
Importance of microtopography in determining plant
community distribution in Baltic Coastal Wetlands.
Journal of Coastal Research 35 (5): 1062—-1070.

Xie X., He Z., Chen N., Tang Z., Wang Q., Cai Y. (2019)
The roles of environmental factors in regulation of ox-
idative stress in plant. BioMed research international,
https://doi.org/10.1155/2019/9732325

2008-9996[https://dx.doi.org/10.57647/j.jrs.2024.1404.34]


https://doi.org/10.1155/2019/9732325
https://dx.doi.org/10.57647/j.jrs.2024.1404.34

10/10 JRS14 (2024)-142434

Yazdanshenas H., Jafary M., Tavili A., Arzani H., Azarni-
vand H. (2019) Effect of drought and salinity stress on
morpho-physiologycal variation of the Iranian endemic

Stachys multicaulis Benth. in different soil textures.
Journal of Rangeland Science 9 (3): 246-258.

Yazdanshenas H., Tavili A., Jafari M., Shafeian E. (2018)
Evidence for relationship between carbon storage and
surface cover traits of soil in rangelands. Catena
167:139-146.

Zibulski R., Herzschuh U., Pestryakova L. A. (2016) Vege-
tation patterns along micro-relief and vegetation type
transects in polygonal landscapes of the Siberian Arc-
tic. Journal of Vegetation Science 27 (2): 377-386.

Zomorodian K., Saharkhiz J., Pakshir K., Immeripour Z.,
Sadatsharifi A. (2018) The composition, antibiofilm
and antimicrobial activities of essential oil of Ferula
assa-foetida oleo-gum-resin. Biocatalysis and Agricul-
tural Biotechnology 14:300-304.

Zuleta D., Russo S. E., Barona A., Barreto-Silva J. S., Car-
denas D., Castafio N. (2018) Importance of topography
for tree species habitat distributions in a terra firme for-
est in the Colombian Amazon. Plant and Soil 450:133—
149.

2008-9996[https://dx.doi.org/10.57647/j.jrs.2024.1404.34]

Ebrahimian et al.


https://dx.doi.org/10.57647/j.jrs.2024.1404.34

