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Abstract
Background and Objective

The use of medicinal plants as by-products of grazing has a long history in Iran. In order to
economically exploit the available resources in the field of natural resources, it is essential to
accurately identify and define the ecological characteristics of these plants. This study was
conducted to understand the ecological and molecular characteristics of Ferula gammusa and F.
assa-foetida in North Khorasan province. These plants grow in mountainous and highland areas
of Iran and are perennial plants with deep roots. The presence of these species in watersheds is of
great importance due to stabilizing soil texture and preventing soil erosion, which consequently
prevents the filling of dams with sediment from watersheds. Studying the ecological and
molecular characteristics of these species is essential to identify effective conservation methods
and prevent their extinction.

Materials and Methods

The study consisted of identifying the habitat areas of these species by recording their
geographical locations, recording the vegetative characteristics of the plants, and measuring and
taking soil samples at a depth of 0 to 30 cm. Research was also conducted regarding the climatic
characteristics, associated plants, and the analysis of the chemical and physical factors of the soil
in this habitat. Plant samples collected from the field were carefully studied and identified, and
their leaves were used to extract DNA using a kit method. Molecular relationships from both
Ferula species along with 9 other species extracted from the genbank were studied by analyzing
the molecular relationships of the nuclear and chloroplast nfDNA rpl32-trnL ag) ITS sequences.

Results

Ecological results showed that the ground surface is gravel, stone and rocky. Ecological results
showed that the soil surface of the study area is gravel, stone and rocky. The soil texture is clay
loam and sandy loam with medium to shallow depth and fine to medium angular structure with
medium resistance. The analysis between the pH and EC values of soil samples showed that these
two variables have a negative correlation with each other. In other words, as soil pH increases,
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soil EC decreases. The two characteristics of pH and soil electrical conductivity were examined
in 10 soil samples from the study area. The soil pH in the sampling area ranges between 7.7 and
8.3. The standard deviation between the data shows that the variability in soil type in terms of pH
was low. The results of EC measurements revealed that the EC of soil samples ranges between
1.14 and 1.35 microsiemens per centimeter, and the data dispersion is low. Furthermore,
molecular studies showed that all the studied species form a monophyletic group with high
support (PP = 1.00, ML BS =100, MP BS = 100).

Conclusion

Results of this study demonstrate the efficacy of molecular markers in determining taxonomic
relationships at the species level, and they can serve as complementary tools for taxonomic
identification of F. gummosa and F. assa-foetida. The present study revealed that combining ITS
and rpl32-trnLuac) sequence data with habitat analysis clearly distinguishes between F. assa-
foetida and F. gummosa. The obtained data can significantly contribute to conservation efforts,
ecological balance maintenance, and sustainable utilization of these valuable medicinal plants.
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Table 1 — List of Planrt Samples examined in this study
Species Origin Origin Latitude Longitude Collector Herbarium Number Altitude
(province) (County) mabsl|
F. gummosa North Samalgan  37°32'55"N  56°48'47"E  A. Shirdel 808414/1-GKUH 2520 m
Khorasan
F. gummosa North Samalgan  37°32'55"N  56°48'47"E  A. Shirdel 808414/2-GKUH 2520 m
Khorasan
F. gummosa North Samalgan  37°32'55"N  56°48'47"E  A. Shirdel 808414/3-GKUH 2520 m
Khorasan
F. assa- North Ashkhaneh  37°56'60"N  56°92'11"E  A. Shirdel 808424/1-GKUH 2400 m
foetida Khorasan
F. assa- North Ashkhaneh  37°56'60"N  56°92'11"E  A. Shirdel 808424/2-GKUH 2400 m
foetida Khorasan
F. assa- North Ashkhaneh  37°56'60"N  56°92'11"E  A. Shirdel 808424/3-GKUH 2400 m
foetida Khorasan
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Figure 2 - The map of the study area in the country and province
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trnLuac Reverse 'CTGCTTCCTAAGAGCAGCGT-3-5' Shaw et al. (2007)
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Table 3. Analysis of soil samples from habitats in North Khorasan Province

Species Climate Soil saturation Organic EC PH Soil texture
Moisture (%) Matter
(%)
F. gummosa Arid and Semi- 28.22 1.26 1.20 8.0-8.3 Silty loam to silty clay
Arid
F. assa-foetida  Arid and Semi- 29.36 1.36 1.25 7.7-8.6 Silty loam to silty clay and silty
Arid clay loam
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Table 4. Sequence characteristics and statistical parameters of phylogenetic trees

Total sample nrDNA ITS CpDNA rpl32-trnLuac
Number of sequences 11 11
Number of ingroup sequences 9 9
Alignment length [bp] 704 720
Informative characters/ Uninformative characters 243/ 461 110/ 610
Consistency index (CI), Retention index (RI) 0.65, 0.82 0.74,0.76
Evolutionary model selected (under AIC) SYM+I+G GTR+G

SYM+1+G: Symmetrical substitution rates + Invariable sites + Gamma-distributed rates.
GTR+G: General Time-Reversible model (unequal base frequencies) + Gamma-distributed rates.
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