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Iran, owing to its diverse climatic conditions, is considered as one of the main centers of
genetic diversity in grasses, particularly forage grasses, in the world. This research aimed
to evaluate the variations in forage quality of Bromus tomentellus, Festuca ovina, and
Stipa lessingiana in Gavanban rangelands of Harsin, Kermanshah Province, at vegetative
growth, flowering, and seed maturity stages. To achieve this, each species was randomly
sampled in three replicates at each phenological stage. Samples were dried, ground, and
assessed using Near-Infrared Reflectance Spectroscopy (NIRS) for the determination of
their nutritive value, including CP, DMD, WSC, ADF, NDF, ash, N, P, K, and ME.
ANOVA followed by Duncan’s multiple range test for mean comparisons were
performed in R software. The results indicated that forage quality traits differed
significantly during the phenological stages. During the transition from vegetative to
seed maturity stages, all three species showed a reduction in DMD, CP, ME, ash, and
nitrogen content, while WSC, ADF, and NDF levels increased. At the seed maturity
stage, CP decreased most significantly in B. tomentellus (68.02%), while DMD and ME
showed their highest decreases in F. ovina, at 30.73% and 38.75%, respectively. In
contrast, S. lessingiana revealed a 17.77% increase in WSC. The interspecific
comparison demonstrated that B. fomentellus maintained higher nutritional value across
phenological stages, which can be attributed to its elevated ME, DMD, and WSC levels
and lower ADF content. These findings highlight that optimizing forage nutritive value
and ensuring rangeland sustainability require grazing management to be aligned with the
phenological stages of dominant species. According to the results, B. fomentellus has the
greatest nutritional potential at the vegetative stage, whereas S. lessingiana, despite its
lower forage quality, is valuable for rangeland stabilization and restoration due to its
strong grazing tolerance and soil-protective role.
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EXTENDED ABSTRACT

Introduction: Sustainable rangeland management and the attainment of desirable livestock growth and reproduction
require that managers have a clear and comprehensive understanding of the nutritional value of forage species.
Comprehending the nutrient content of plants is essential for determining rangeland carrying capacity, identifying the
appropriate grazing period, anticipating potential nutritional deficiencies, and evaluating the nutritional demands of
rangeland species. To this end, researchers have focused on species capable of adapting to harsh environmental conditions
while ensuring economically viable forage production. A range of factors, such as environmental conditions (light,
temperature, soil attributes, precipitation, altitude, and wind), pests, leaf-to-stem ratio, grazing time, climate, diseases,
and plant species diversity, significantly affect both the quantity and quality of forage. Phenological stages are considered
as a major determinant influencing the forage quality of range species for livestock grazing. Global reports indicate that
over 70% of the forage consumed by livestock worldwide originates from grasses. These species are distinguished by
high crude protein levels, good digestibility, an optimal fiber-to-energy ratio, and balanced mineral content. Iran, owing
to its diverse climatic conditions, is considered as one of the main centers of genetic diversity in grasses, particularly
forage grasses, in the world. This research aimed to evaluate the variations in forage quality of Bromus tomentellus,
Festuca ovina, and Stipa lessingiana in Gavanban rangelands of Harsin, Kermanshah Province, at vegetative growth,
flowering, and seed maturity stages.

Materials and Methods: This study was carried out in Gavanban rangelands of Harsin, Kermanshah provice (47°37'19"
to 47°40'47" E and 34°18'39" to 34°21'08" N). The climate of the area is cold semi-arid. The region's elevation varies from
2126 to 2266 meters above sea level, with an average slope of 2—5%. The Gonban rangeland serves as a spring pasture
which is characterized by perennial rangeland species with a rich vegetation cover. Following field surveys, the habitat
of each species (namely Bromus tomentellus, Festuca ovina and Stipa lessingiana) was determined based on the dominant
species and their relative importance for forage production and sheep grazing. Subsequently, sampling of the plant species
was done. To achieve this, each species was randomly sampled in three replicates at each phenological stage. Samples
were dried at 70 °C for a duration of 48 hours, ground and passed through a 1-mm sieve, and assessed using Near-Infrared
Reflectance Spectroscopy (NIRS) for the determination of their nutritive value, including crude protein (CP), dry matter
digestibility (DMD), water-soluble carbohydrates (WSC), acid detergent fiber (ADF), ash, nitrogen, phosphorus,
potassium, and metabolizable energy (ME). A one-way analysis of variance (ANOVA) followed by Duncan’s multiple
range test for mean comparisons were performed in R software.

Results and Discussion: The results indicated that all forage quality indices differed significantly during the phenological
stages (p < 0.05 or p < 0.01). During the transition from vegetative to seed maturity stages, all three species showed a
reduction in DMD, CP, ME, ash, and nitrogen content, while WSC and ADF levels increased. At the seed maturity stage,
CP decreased most significantly in B. tomentellus (68.02%), while DMD and ME showed their highest decreases in F.
ovina, at 30.73% and 38.75%, respectively. In contrast, S. lessingiana revealed a 17.77% increase in WSC. The
interspecific comparison demonstrated that at the vegetative growth and flowering stage, crude protein content
(respectively, 23.76% and 10.2%), was substantially higher in Stipa lessingiana. Of the evaluated species, only B.
tomentellus sustained metabolizable energy at the critical level required for livestock production (8.63, 6.36, and 6.22
MJ/kg DM in the vegetative, flowering, and seed-maturing stages), highlighting its distinct superiority over the other two
species. Generally, B. tomentellus maintained higher nutritional value across phenological stages, which can be attributed
to its elevated ME, DMD, and WSC levels and lower acid detergent fiber.

Conclusion: These findings highlight that optimizing forage nutritive value and ensuring rangeland sustainability require
grazing management to be aligned with the phenological stages of dominant species. In grasses, leaves typically contain
higher crude protein (CP) and lower acid detergent fiber (ADF), leading to a decline in protein and a rise in fiber as forage
matures. Thus, early-season grazing offers higher-quality forage with a greater leaf-to-stem ratio. According to the results,
B. tomentellus illustrated the greatest nutritional and forage potential, whereas S. lessingiana, despite its lower forage
quality, is valuable for rangeland restoration due to its strong grazing tolerance and soil-protective role.
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