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ARTICLE INFO ABSTRACT

Keywords: Borage (Echium amoenum), an annual plant of the Boraginaceae family, possesses
Bacillus subtilis significant medicinal, industrial, and fodder properties. Several studies have suggested
Echium amoenum that this plant exhibits resistance to salinity and has a high capacity for salt absorption.
Iranian Borage Given its adaptability to various environmental conditions across Iran and the challenges
Medicinal plants posed by soil salinity in many regions, improving its tolerance to salinity through
Salt Stress biological interventions could enhance its cultivation potential. To investigate the impact

of Bacillus subtilis on the salinity tolerance of Iranian Borage, a factorial experiment
was conducted under greenhouse conditions using a randomized complete block design
(RCBD). The study consisted of 14 treatments, integrating seven salinity levels (0, 2, 4,
6, 8, 10, and 12 dS/m) and two bacterial conditions (presence and absence of Bacillus
subtilis), with four replications per treatment. The bacterial inoculation was applied via
irrigation water to potted plants. Key physiological and biochemical parameters—
including biomass accumulation (fresh and dry weight), plant height, leaf area,
chlorophyll content, ion uptake (Na+ and K+). Results demonstrated that the presence
of Bacillus subtilis significantly enhances borage's tolerance to salinity, enabling it to
sustain growth at salinity levels up to 10 dS/m. Quantitative analyses revealed
improvements in biomass production, leaf expansion, chlorophyll retention, and ion
balance in inoculated plants compared to non-inoculated controls. These findings
highlight the potential of biological amendments, such as bacterial inoculation, in
mitigating salt-induced stress and promoting the sustainable cultivation of medicinal
plants in Iran.
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