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Abstract

Background and objectives: Optimizing nitrogen management is one of the major challenges in the
sustainable production of medicinal plants, as it not only enhances yield but also plays a crucial role in reducing
the use of cﬁemlcal inputs and mitigating environmental pollution. This study was conducted to evaluate the
effects of different levels of organic and chemical fertilizers, applied 1nd1v1dually and in combination, on yield
and various nitrogen use efficiency indices, including nitrogen uptake, physiological nitrogen use efﬁciency,
and nitrogen productivity, in the medicinal plant rosemary (Rosmarinus officinalis L.).

Materials and Methods: The experiment was conducted as a randomized complete block design (RCBD)
with 16 treatments and three replications. The treatments included V (vermicompost at two levels of 5 and 15
t ha™'), M (cow manure at two levels of 10 and 20 t ha™"), and NPK fertilizers derived from urea, triple
superphosphate, and potassium oxide (containing 83% K), applied at two rates of 25:25:50 and 50:50:100 kg
ha™, respectively.

Results: The highest plant height, leaf yield, biological yield, nitrogen uptake, and nitrogen uptake efficiency
were obtained from the combined application of 10 t ha™ cow manure + NsoP2sK2s + 5 t ha™ vermicompost.
The greatest nitrogen productivity based on essential oil yield and leaf yield, with mean values of 0.001 and
0.14 g yield per g absorbed nitrogen, respectively, was recorded in the integrated treatment of 10 t ha™ cow
manure + 5 t ha™' vermicompost + NPK (50:25:25) (T15). In contrast, the lowest nitrogen productivity values,
averaging 0.00043 and 0.06 g yield per g absorbed nitrogen, respectively, were observed in thé control
treatment (TO).

Conclusion: The findings of this study demonstrate that integrated nutrient management based on
the combined use of organic and chemical fertilizers not only enhances yield and growth indices of
rosemary but also significantly improves nitrogen uptake efficiency, physiological nitrogen use
efficiency, and nitrogen productivity. The superiority of the integrated treatment consisting of 10 t
ha™' cow manure, 5 t ha™' vermicompost, and NPK at a rate of 50:25:25 indicates that the gradual
release of nutrients from organic sources, combined with balanced chemical fertilization, plays a key
role in increasing nitrogen use efficiency and reducing nitrogen losses. This approach reduces
dependence on chemical fertilizers and limits negative environmental impacts such as nutrient
leaching and soil pollution, thereby facilitating sustainable and economically viable production of
medicinal plants. Accordingly, integrated nutrient management can be recommended as an effective
strategy for medicinal plant production systems, particularly under agro-climatic conditions similar
to those of the Karaj region. The results further emphasize the need to revise conventional nitrogen
application practices and move toward sustainable fertilization systems focused on improving input
use efficiency.
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