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This study aimed to evaluate the impact of various ecotypes on the physicochemical
indices and nutritional value of two medicinal-rangeland species, namely Bilhar (Dorema
aucheri) and Bon-Sorkh (Allium jesdianum), across the habitats of the Central Zagros
region. Sampling of the aerial parts of the plants was conducted during the flowering
stage. Following the homogenization of leaves and stems, samples were analyzed in four
replicates for ash content (ASH), neutral detergent fiber (NDF), acid detergent fiber
(ADF), crude protein (CP), water-soluble carbohydrates (WSC), dry matter digestibility
(DMD), moisture content (HUM), crude fat (FAT), titratable acidity (ACID), and pH.
Results: Based on the mean comparisons, the "Bid-Sardareh" ecotype emerged as the
superior habitat for both species, exhibiting the highest crude protein content (23.43% in
Bilhar and 27.68% in Bon-Sorkh) and the lowest NDF (24.09% in Bilhar and 23.35% in
Bon-Sorkh). Notably, this ecotype also yielded the highest dry matter digestibility,
peaking at 72.58% in Bilhar. Furthermore, Bilhar in the "Zangva" habitat (20.91%) under
drought stress, and Bon-Sorkh in "Kuhrang" under cold stress, responded by upregulating
their water-soluble carbohydrate (WSC) levels. A highly significant negative correlation
was observed between ADF and DMD, confirming the reliability and efficiency of using
ADF for the rapid estimation of forage quality. Overall, the results underscore the
superiority of the Bid-Sardareh ecotype and highlight the importance of conserving
ecotypic diversity as a strategic approach for the sustainable management and
conservation of the Zagros rangelands.
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EXTENDED ABSTRACT

Introduction: Rangelands are among the most extensive terrestrial ecosystems and play a vital role in maintaining
ecological balance, preserving biodiversity, and supporting livestock production in many parts of the world. In arid and
semi-arid regions, rangelands provide the primary source of forage for grazing animals and constitute an essential
component of rural livelihoods. In addition to their forage value, many rangeland plants possess medicinal properties
and are widely used in traditional medicine and local food systems. Consequently, evaluating the nutritional value and
physicochemical characteristics of rangeland plant species is crucial for sustainable ecosystem management and the
optimal utilisation of natural resources.The Zagros mountain range is one of the most important ecological regions in
Iran, characterised by high plant diversity and complex environmental conditions. The Central Zagros, in particular,
hosts a wide range of medicinal and forage species that have adapted to different climatic and edaphic conditions.
Environmental heterogeneity in this region often leads to the formation of distinct ecotypes within the same species.
These ecotypes may exhibit variations in morphological traits, physiological responses, and chemical composition,
which can significantly influence their forage quality and nutritional value.

Among the numerous species found in Zagros rangelands, Dorema aucheri and Allium haemanthoides are considered
valuable medicinal and forage plants. These species are widely distributed in mountainous habitats and are known for
their ecological adaptability and economic importance. However, information regarding the influence of habitat
conditions and ecotypic variation on their physicochemical properties and nutritional quality remains limited.
Understanding such variations is essential for identifying superior ecotypes and improving rangeland management
strategies. Therefore, the present study aimed to compare the physicochemical indices and nutritional value of Dorema
aucheri and Allium haemanthoides across four different habitats of the Central Zagros. By analysing parameters related
to forage quality, this research seeks to clarify how environmental conditions influence plant nutritional characteristics
and to determine ecotypes with higher forage potential.

Materials and Methods: This study was conducted in four natural habitats located in the Central Zagros region, each
representing distinct ecological and climatic conditions. These habitats differ in factors such as altitude, temperature,
precipitation, and soil characteristics, which are known to influence plant growth and chemical composition. Two
medicinal rangeland species, Dorema aucheri Boiss. and Allium haemanthoides Boiss. & Hausskn., were selected as the
target species due to their ecological importance and widespread distribution in the region.

Sampling was carried out during the flowering stage of plant development, which is generally considered the most
suitable stage for evaluating forage quality and nutritional characteristics. At this stage, the aerial parts of plants,
including leaves and stems, were collected from each habitat. Plant samples were carefully harvested and transported to
the laboratory for further analysis. To ensure the reliability of the results, four replicates were prepared for each
sampling site.

In the laboratory, the collected plant materials were dried and homogenised prior to chemical analysis. Several
physicochemical and nutritional parameters were measured to assess the forage quality of the studied species. These
parameters included ash content (ASH), which reflects the mineral composition of plant tissues; neutral detergent fibre
(NDF) and acid detergent fibre (ADF), which represent the structural components of plant cell walls; crude protein
(CP), which is an essential indicator of forage nutritional value; and water-soluble carbohydrates (WSC), which provide
an important source of readily available energy for grazing animals. In addition, dry matter digestibility (DMD) was
determined to estimate the proportion of plant material that can be digested by livestock. Other measured characteristics
included moisture content (HUM), crude fat (FAT), titratable acidity (ACID), and pH.

The obtained data were statistically analysed using analysis of variance (ANOVA) to determine the effects of species,
habitat, and their interaction on the measured traits. Mean comparisons were subsequently conducted to identify
significant differences among ecotypes and to determine the habitats that produced plants with superior nutritional
characteristics.

Results and Discussion: The results of the statistical analysis indicated that the interaction between species and habitat
had a significant effect on most of the measured traits at the 1% probability level. This finding demonstrates that the
nutritional and physicochemical characteristics of the studied species were strongly influenced by environmental
conditions in different habitats. However, some parameters, including ash content, neutral detergent fibre, and moisture
content, were not significantly affected by the interaction between species and region.

Among the investigated habitats, the Bid-Sardareh ecotype exhibited the most favourable nutritional characteristics for
both species. Plants collected from this habitat showed the highest crude protein content and relatively low fibre
fractions, indicating high forage quality and improved digestibility. The crude protein content reached 23.43% in Bilhar
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and 27.68% in Bon-Sorkh populations, suggesting that plants growing in this habitat can provide valuable nutritional
resources for grazing livestock. Furthermore, the lowest neutral detergent fibre values were observed in this ecotype,
which indicates greater palatability and digestibility of the forage.

Dry matter digestibility also showed considerable variation among habitats. The highest digestibility value was recorded
in the Bid-Sardareh population of Bilhar, reaching 72.58%. High digestibility values indicate that a greater proportion
of plant biomass can be effectively utilised by livestock, thereby increasing the overall feeding value of the species.
These findings highlight the importance of habitat conditions in determining the forage potential of rangeland plants.
The study also revealed significant physiological responses to environmental stress conditions. In the Zangva habitat,
which is characterised by drought conditions, Bilhar plants exhibited increased levels of water-soluble carbohydrates.
Similarly, Bon-Sorkh plants growing in the colder Kuhrang habitat also showed elevated concentrations of soluble
carbohydrates. The accumulation of water-soluble carbohydrates is commonly associated with plant adaptation to
environmental stresses such as drought and low temperature. These compounds help maintain osmotic balance within
plant cells and contribute to improved stress tolerance.

Another important observation was the strong negative relationship between acid detergent fibre and dry matter
digestibility. As the ADF content increased, digestibility decreased significantly, confirming that ADF can be
considered a reliable indicator of forage quality. High ADF levels are associated with greater lignification of plant
tissues, which reduces the accessibility of nutrients to rumen microorganisms and ultimately decreases digestibility.

Conclusion: The results of this study demonstrate that ecotypic variation plays a significant role in determining the
nutritional value and physicochemical characteristics of Dorema aucheri and Allium haemanthoides in the rangelands of
the Central Zagros. Among the studied habitats, the Bid-Sardareh ecotype showed superior performance in terms of
crude protein content, digestibility, and favourable fibre composition, indicating its high potential as a valuable forage
resource. The findings also revealed that environmental stresses such as drought and cold can influence plant
biochemical composition, particularly through the accumulation of water-soluble carbohydrates.

These results highlight the importance of considering habitat conditions and ecotypic diversity when evaluating
rangeland plant species. Identifying ecotypes with superior nutritional characteristics can contribute to improved
rangeland management and more efficient utilisation of natural forage resources. Furthermore, the strong relationship
observed between fibre fractions and digestibility suggests that certain physicochemical parameters can be used as
reliable indicators for rapid forage quality assessment. Future studies should focus on long-term monitoring of these
species across different ecological gradients to better understand their adaptive mechanisms and potential role in
sustainable rangeland ecosystems.

Keywords: Nutritional value, Forage quality, Digestible dry matter, Water-soluble carbohydrates, Plant fiber, Zagros
habitats.
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