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Abstract

Many efforts have been made to find suitable ways to improve the quality of soil and agricultural products, among
which are biofertilizers and organic fertilizers. This study was performed to investigate the effect of mycorrhiza fungus
(M) (Funneliformis mosseae), different levels of humic acid (HA) (0, 200, and 400 mg pot™') and salicylic acid (SA) (0,
100, and 200 mg L) on the growth indices, biochemical characteristics and nutrient levels of lemon balm (Melissa
officinalis L. cv Citronella) in a greenhouse in northern Iran. The experiment was performed in a completely
randomized design with three replications. The results showed that all treatments had a significant effect on the
measured variables. The highest fresh and dry weights of shoot, phenol and flavonoid, nitrogen, phosphorous and
potassium contents were observed in the M + HA 400 + SA 200 treatment and the highest fresh and dry weights of
shoot and root volume were obtained in the M + HA 400 + SA 100 treatment. Also, the maximum total chlorophyll
content and essential oil yield were obtained in the M + HA 200 + SA 200 treatment. In general, mycorrhizal fungus
with humic acid 400 mg pot™! and salicylic acid 200 mg L' treatment is effective to improve vegetative growth, essential
oil and nutrient uptake in lemon balm.
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Background and Objective: Today, due to environmental considerations, the organic fertilizers have been widely used
to enhance crop yield and soil properties. An approach to achieve sustainable agriculture is to apply microorganisms
including mycorrhiza fungi that play an important role in meeting the nutritional demand of plants. Mycorrhiza fungi
improve plant nutrient uptake and transport (e.g., phosphorus and nitrogen, potassium, copper and zinc) and ultimately
plant growth by expanding the hyphae network and increasing plant root. Humic acid is a weak organic acid that
improves soil fertility, provides nutrients and affects quantitative and qualitative characteristics of plants by affecting
plant growth-regulating hormones and benefit plant growth by chelating unavailable nutrients to overcome nutrient
deficiencies (Nejati Sini et al., 2023). Salicylic acid is a phenolic compound that can increase plant growth, chlorophyll
content andabsorption and co-transport of ions (Kakaei et al., 2023). This study aimed to investigate the effect of
mycorrhizal fungi and different levels of humic acid and salicylic acid on morphological and biochemical
characteristics and nutrients value of lemon balm (Melissa officinalis L. cv Citronella).

Methods: This research was conducted as completely randomized design with three replications. The experimental
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treatments consisted of mycorrhizal fungi and humic acid (0, 200, and 400 mg pot™) and salicylic acid (0, 100, and 200
mg L1). Seeds of lemon balm (Citronella cultivar) were planted directly in pots. For each kilogram of soil, 100 grams of
inoculums was placed at a depth of 3 cm in the pots. Humic acid (HA) treatment was applied by irrigation at the time of
seed sowing and foliar application of salicylic acid (SA) in two stages (second and third weeks after cultivation).
Sampling was done two weeks after the last treatment to evaluate the traits of fresh and dry weights of shoot and root,
root volume, total chlorophyll, phenol, flavonoid, nitrogen, potassium and phosphorus contents, and essential oil yield.

Results: The results showed that the highest fresh and dry weights of shoot, phenol and flavonoid, nitrogen,
phosphorous and potassium contents were observed in the M + HA 400 + SA 200 treatment and the highest fresh and
dry weights of shoot and root volume were obtained in the M + HA 400 + SA 100 treatment. Also, the maximum total
chlorophyll content and essential oil yield were obtained in the M + HA 200 + SA 200 treatment, while the lowest level
of evaluated traits was observed in the control.

Conclusions: In general, mycorrhizal fungus with humic acid 400 mg pot' and salicylic acid 200 mg L™ treatment is
effective to improve vegetative growth, essential oil and nutrient uptake in lemon balm (Melissa officinalis L. cv
Citronella).
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Fig. 1. Effect of mycorrhizal fungus (M), humic acid (HA) and salicylic acid (SA) on total chlorophyll content of Melissa officinalis
L cv. Citronella. Bars with similar letters are not significantly different (Duncan, p < 0.05).
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Fig. 2. Effect of mycorrhizal fungus (M), humic acid (HA) and salicylic acid (SA) on total phenol content of Melissa officinalis L. cv
Citronella. Bars with similar letters are not significantly different (Duncan, p < 0.05).
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Fig. 3. Effect of mycorrhizal fungus (M), humic acid (HA) and salicylic acid (SA) on flavonoid content of Melissa officinalis L. cv
Citronella. Bars with similar letters are not significantly different (Duncan, p < 0.05).
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Table 5. Effect of mycorrhizal fungus (M), humic acid (HA) and salicylic acid (SA) on nutrient uptake of Melissa officinalis L. cv
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In each column, values marked by different letters are significantly different (Duncan, p <0.05).
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Fig. 4. Effect of mycorrhizal fungus (M), humic acid (HA) and salicylic acid (SA) on essential oil yield of Melissa officinalis L. cv
Citronella. Bars with similar letters are not significantly different (Duncan, p < 0.05).
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