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Abstract

Background and Objective: The cultivation of medicinal plants, including savory (Satureja), is
increasing worldwide. Savory, containing thymol and carvacrol in its essential oil, holds significant
importance. This study aims to investigate the effects of planting density and soil fertility on the
physiological traits and antioxidant enzyme activities of savory under rainfed conditions. Considering
the importance of these factors in enhancing plant resistance to stress, this research was conducted to
determine the optimal planting density and soil fertility for boosting antioxidant activities and
promoting the sustainable development of savory.
Methodology: This study was conducted as a field experiment at the Hamand Absard Research
Station in Damavand during the 2017-2018 and 2018-2019 growing seasons. The experiment was
arranged in a split-plot design within a randomized complete block design (RCBD) with two factors.
The main factor consisted of three fertilizer levels: (1) control (no fertilizer), (2) decomposed cattle
manure (30 tons per hectare), and (3) straw enriched with ammonium sulfate (10 tons per hectare).
The sub-factor included three planting densities: 2.67, 4, and 8 plants per square meter. Planting was
performed using standard savory seeds. Land preparation involved plowing, disking, and leveling.
Fertilizers were applied according to the treatments before planting. Irrigation was limited to rainfed
conditions only. Leaf samples were collected at the full flowering stage. The measured physiological
traits included relative leaf water content, total chlorophyll, proline content, electrolyte leakage, ion
leakage, malondialdehyde content, and antioxidant enzyme activities (catalase, peroxidase, and
superoxide dismutase). Samples were analyzed in the laboratory after harvest to evaluate the effects
of treatments on the studied parameters. Data was analyzed using SAS software, and mean
comparisons were performed using Duncan’s multiple range test at a 5% significance level.
Results: This study demonstrated that planting density and organic fertilizer treatments significantly
influenced the physiological traits and antioxidant defense responses of Satureja spicigera under
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rainfed conditions. The highest relative water content (87.67%) and the lowest electrolyte leakage
(47.19%) were recorded in the treatment with cow manure and a low planting density of 2.67 plants
per square meter, indicating improved water status and membrane stability. In contrast, increasing
planting density reduced chlorophyll content and relative water content, while levels of proline,
electrolyte leakage (ELI), and malondialdehyde (MDA) increased, reflecting greater stress intensity
under high-density conditions. The application of cow manure and ammonium sulfate-enriched straw
improved physiological performance and significantly reduced oxidative stress markers. These
treatments promoted better osmotic regulation and membrane protection, contributing to greater
stress tolerance. Interestingly, the highest activities of antioxidant enzymes, catalase, peroxidase, and
superoxide dismutase were observed in the unfertilized control under high-density planting. This
suggests that the plant naturally boosts its enzymatic antioxidant defenses under more stressful
conditions, particularly when nutrients are limited. In conclusion, the results highlight that integrating
organic fertilization with optimal planting density can enhance drought resilience by maintaining
physiological stability and reducing oxidative damage. These practices not only support the
sustainable cultivation of Satureja spicigera in water-limited environments but also improve the
plant’s overall functional and medicinal quality.

Conclusion: The results of this study show that savory (Satureja spicigera) has a good ability to grow
and develop under rainfed conditions and demonstrates significant capacity to enhance its antioxidant
activity. The combined use of organic fertilizers, especially cow manure, along with an appropriate
planting density, is practical in improving physiological traits, increasing resistance to environmental
stresses, and strengthening the plant’s enzymatic defense system. Implementing these findings can
be valuable in enhancing productivity, ecological sustainability, and food security in areas with
limited water resources.
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Table 3. ANOVA of soil fertility and plant density effects on some Satureja spicigera traits in two 2017-2018 and 2018-2019 crop years

. Soluble Chlorop  Chlorop Total .
S.0.V. d.f. RWC ELI Prolin MDA SOD Peroxidase CAT
sugars hylla hyllb chlorophyll
Year (Y) 1 1.540™ 29.644 " 0.219"™ 19.460 "™ 2.435* 0.229™  0.028™ 0.416"™ 0.000002 " 0.00004 " 0.913™
Y*Repetition 4 3.058 13.253 0.078 62.576 0.449 0.086 0.011 0.144 0.000211 0.0000409 0.313
Soil fertility (SF) 2 122.59* 404.23** 4.159** 66.328* 39.57** 1.272**  0.107** 2.115** 0.00055** 0.00011** 22.64**
YxSF 2 26.476 ™ 4.805" 0.204" 2110.1** 2.335** 0.011™  0.004 ™ 0.025" 0.000016 " 0.00003 " 1.741**
Experimental error
@ 8 30.845 27.548 0.122 19.913 0.151 0.091 0.007 0.140 0.000282 0.0000547 0.070
Plant density (PD) 2 528.09** 587.73** 6.634** 5.981™ 38.10** 1.516**  0.165** 2.670** 0.00148** 0.00028** 21.82**
YxPD 2 12.792"™ 4519m 0.071m 4.118"™ 0.062" 0.123* 0.006 "™ 0.177* 0.000036 ™ 0.000007 " 0.164 "
SFxPD 4 77.755* 65.090* 0.342* 7.815m 0.333 0.025m 0.013* 0.068m™ 0.000342* 0.000058* 0.856*
Y xSF xPD 4 1.736™ 22.667 " 0.116" 45571 1.265* 0.113* 0.002 " 0.19* 0.000006 " 0.0000011™  0.068"™
Experimental error
) 24 16.664 19.377 0.080 29.833 0.373 0.047 0.004 0.068 0.000091 0.0000175 0.209
C.V. (%) - 5.06 7.61 8.16 8.51 9.80 8.93 8.22 8.15 12.24 12.23 9.75

s " and *: non-significant, significant at 5, and 1% probability levels, respectively.
RWC= Relative water content, ELI= electrolyte leakage, MDA= malondialdehyde, SOD= Superoxide dismutase, CAT= Catalase
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