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Integrated rangeland ecosystem management is recognized as an effective strategy for
improving vegetation cover, forage production, and enhancing sustainability in arid and
semi-arid regions. In this study, the effects of various conservation and ecosystem
restoration measures (including seeding, Transplanting, terracing combined with
transplanting, contour banding with transplanting, pitting with seeding, and contour
furrowing with transplanting) were investigated on vegetation characteristics and forage
production in the rangelands of Vardij village, Tehran Province. Sampling was
conducted systematically and randomly during the growing season using 4 m? plots along
100-meter transects. Vegetation characteristics were precisely recorded and the related
data were analyzed. The results indicated that the aforementioned conservation measures
had significant effects on vegetation variables, leading to a remarkable increase in
vegetation canopy cover and a reduction in bare soil. The highest mean canopy cover
(59.97%) and the lowest percentage of bare soil (7.93%) were observed in the
transplanting treatment, whereas the control rangelands had the lowest canopy cover
(23.2%) and the highest bare soil percentage (29.2%). Other methods, such as seeding
and terrace transplanting, also showed positive effects on vegetation cover improvement.
Regarding forage production, the transplanting treatment yielded the highest mean
production (423 kg/ha), followed by seeding (367 kg/ha) and terrace transplanting (388
kg/ha). The control rangelands exhibited the lowest forage yield. These findings
highlight the crucial role of conservation and restoration measures in enhancing
vegetation cover and rangeland sustainability. Accordingly, it is recommended that
future management plans utilize a combination of methods, including transplanting and
seeding, to improve the quality and sustainability of rangeland ecosystems.
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EXTENDED ABSTRACT

Introduction: Rangelands in semi-arid regions face increasing degradation due to improper management,
overgrazing, and climate variability. Sustainable rangeland management and ecological restoration are recognized
as essential strategies to restore vegetation cover, improve forage production, and ensure long-term ecosystem
stability. In Iran's arid and semi-arid landscapes, integrated conservation practices combining mechanical and
biological methods have been widely adopted to address these challenges. The present study aims to evaluate the
effectiveness of various conservation and restoration measures, including biological and biomechanical methods,
on vegetation cover improvement and forage production in the Vardij Watershed, located in Tehran Province.

Materials and Methods: This study was conducted in the Varkabad sub-watershed, located on the southern slopes
of the Central Alborz Mountains, covering an area of 328 hectares. This study emphasizes the importance of
selecting methods adapted to the ecological and climatic conditions of semi-arid areas to improve vegetation cover
and enhance rangeland ecosystem sustainability. A combination of mechanical and biological conservation and
restoration measures has been implemented simultaneously in two management zones of the study area since 2013.
In this research, a set of restoration techniques, including terrace transplanting, contour banding with transplanting,
direct transplanting, seeding, pitting with seeding, contour furrowing with transplanting, and check-dam
construction, were evaluated. Vegetation sampling was carried out during the growing season using a systematic-
random approach. Transects of 100 meters were established parallel and perpendicular to the dominant slope
direction, and 4 m? plots were placed at regular 10-meter intervals along each transect. In total, 540 plots across 54
transects were distributed among the various treatments studied. Data on vegetation cover, species composition, and
forage production were recorded in each plot. For forage production assessment, a double sampling method
(clipping and weighing combined with visual estimation) was used. Rangeland condition and trend were assessed
using a modified four-factor method and a trend analysis approach. Collected data were analyzed using one-way
ANOVA and Duncan’s multiple range test.

Results and Discussion: The findings indicated significant differences among treatments in vegetation cover, bare
soil, litter, and forage production. The transplanting treatment achieved the highest canopy cover (59.97%) and
lowest bare soil (7.93%). Seeding and terrace transplanting also demonstrated positive effects on vegetation cover
improvement. Regarding forage production, transplanting treatment yielded the highest production (423 kg/ha),
followed by terrace transplanting (388 kg/ha) and seeding (367 kg/ha). Evaluation of rangeland condition and trend
revealed that transplanting, seeding, and terrace transplanting achieved a "good" condition with a positive trend,
whereas contour banding and contour furrowing showed moderate effectiveness. Check-dams and pitting with
seeding demonstrated lower effectiveness and were classified as “poor” with negative trends. Species composition
analysis highlighted the dominance of drought-resistant shrubs and herbaceous species such as Astragalus spp. and
Chenopodiaceae family members in successful treatments. The results confirmed that the combination of biological
and biomechanical methods was more effective than purely mechanical structures like check-dams. Furthermore,
supplemental drip irrigation applied during the establishment phase in transplanting treatments contributed
significantly to plant survival and establishment.

Conclusion: This study demonstrated that implementing combined conservation and restoration practices,
particularly transplanting and seeding treatments, significantly improves vegetation cover, reduces bare soil, and
enhances forage production in degraded semi-arid rangelands. The integration of moisture conservation techniques,
such as terracing and contour furrowing, with biological interventions, facilitates vegetation establishment and
ecosystem stabilization. Mechanical methods like check-dams alone showed limited effectiveness. Practical
implications suggest prioritizing transplanting and seeding strategies, complemented by moisture management and
species selection adapted to site-specific conditions. Future management should incorporate targeted supplementary
irrigation, adaptive strategies addressing climate variability, and integrated watershed management approaches to
ensure sustainable rangeland restoration.
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Artemisia sieberi Asteraceae Amygdalus lycioides Rosaceae
Achillea millefolium Asteraceae Fraxinus excelsior Oleaceae
Fragaria ananassa Rosaceae Amygdalus scoparia Rosaceae
Rhus coriaria Anacardiaceae Pistacia atlantica Anacardiaceae
Nigella sativa Ranunculaceae Celtis caucasica Cannabaceae
Prangos ferulacea Apiaceae Acacia farnesiana Fabaceae
Anethum graveolens Apiaceae Cerasus microcarpa Rosaceae
Brassica nigra Brassicaceae Olea europaea Oleaceae
Foeniculum vulgare Apiaceae Pinus nigra Pinaceae
Rheum ribes Polygonaceae Pinus sylvestris Pinaceae
Portulaca oleracea Portulacaceae Berberis vulgaris Berberidaceae
Dorema aucheri Apiaceae Vetiveria zizanioides Poaceae
Rosa x damascena Rosaceae Cotoneaster nummularia Rosaceae
Allium hirtifolium Amaryllidaceae Diospyros lotus Ebenaceae
Carthamus tinctorius Asteraceae Cotoneaster nummularioides Rosaceae
Althaea officinalis Malvaceae Cupressus sempervirens Cupressaceae
Solanum nigrum Solanaceae Amygdalus orientalis Rosaceae
Angostura fruticosa Apiaceae Quercus brantii Fagaceae
Chenopodium album Amaranthaceae Elaeagnus angustifolia Elaeagnaceae
Smyrnium cordifolium Apiaceae Atriplex canescens Amaranthaceae
Plantago psyllium Plantaginaceae Thuja orientalis Cupressaceae
Cucumis sativus Cucurbitaceae Rosa canina Rosaceae
Hyssopus officinalis Lamiaceae Morus alba Moraceae
Coriandrum sativum Apiaceae Cerasus avium Rosaceae
Mentha longifolia Lamiaceae Ailanthus altissima Simaroubaceae
Cichorium intybus Asteraceae Malus domestica Rosaceae
Satureja khuzistanica Lamiaceae Cercis siliquastrum Fabaceae
Thymus vulgaris Lamiaceae Crataegus aronia Rosaceae
Ziziphora capitata Lamiaceae Hippophae rhamnoides Elaeagnaceae
Fumaria officinalis Papaveraceae Morus nigra Moraceae
Echium orientale Boraginaceae Juglans regia Juglandaceae
Ficus carica Moraceae
Vitis vinifera Vitaceae
Pyracantha crenulata Rosaceae
Cupressus arizonica Cupressaceae
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