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Abstract }

Many efforts have been made to find suitable ways t
among which are biofertilizers and organic fertilizers was performed to investigate the effect of
mycorrhiza fungus (M) (Funneliformis mosseae), rent levels of humic acid (HA) (0, 200, and 400 mg
pot!) and salicylic acid (SA) (ONL00, and 200 mg 1) dn the growth indices, phytochemical characteristics
and nutrient levels of Lemon balmMMelissa OfficinalisfL.. cv Citronella) in a greenhouse in northern Iran.
The experiment was performed iz€d design with 3 replications. The results showed that
all treatments had a\significant effe
phenol and flavonoid,\itrogen, phosphofous and potassium content were observed in M + HA 400 + SA 200
treatment and the &hes esh and dry weight of shoot and root volume were obtained in M + HA 400 + SA

wality of soil and agricultural products,
is stu

100 treatment. Alsg, thi imum total €hlorophyll content and essential oil yield was obtained in M + HA
200 + SA200 treélent. eneral, mycorrhizal fungus with humic acid 400 mg pot™! and salicylic acid 200
mg I treat®nt is effegtig@’to improve vegetative growth, essential oil and nutrient uptake on lemon balm
(Meelissa Officinalis L itronella).

Mycorrhiza fumngi improve plant uptake and transport (phosphorus and nitrogen, potassium, copper and zinc) and
ultimately plant growth by expanding the hyphae network and increasing plant root levels. 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
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overcome nutrimental deficiencies (Nejati Sini et al., 2023). Salicylic acid is a phenolic compound that can increase
plant growth, chlorophyll content and absorption 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
phytochemical characteristics and nutrients value of Lemon balm (Melissa Officinalis L. cv Citronella).

Methods: The research was performed in completely randomized design with 3 replications by the use of mycorrhizal
fungi and different levels of humic acid (0, 200, and 400 mg pot™") and salicylic acid (0, 100, and 200 mg 1) of lemon
balm. Seeds Citronella cultivars were planted directly in size 17 pots. For each kilogram of soil, 100 grams of
inoculums was placed at a depth of 3 cm from the pot surface. Humic acid (HA) treatment was applied by irrigation at
the time of seed sowing and foliar application of salicylic acid (SA) in two stages (seeond and third weeks after
cultivation) based on distilled water. Sampling was done two weeks after the last treatment to evaluate the traits of fresh
and dry weight of shoot and root, root volume, total chlorophyll, phenol, flavonoid, nitrogen, ptassium, phosphorus,
essential oil yield.

Results: The highest fresh and dry weight of shoot, phenol and flavonoid, nitrogen, phosphor
were observed in M + HA 400 + SA 200 treatment and the highest Fresh andWry weight o
obtained in M + HA 400 + SA 100 treatment. Also, the maximum total chlorophyl
obtained in M + HA 200 + SA 200 treatment

potassium content
t and root volume were
and essential oil yield was

licylic acid 200 mg I"! treatment is
on balm (Melissa Officinalis L. cv

Conclusion: In general, mycorrhizal fungus with humic acid 400 mg
effective to improve vegetative growth, essential oil and nutrient uptak
Citronella).
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Table 1. Physicochemical characteristics of research soil

Soil Texture .3l Sand . EC 0 Nitrogen Potassium Phosphorus Organic Carbon
%) @sm P (%) (mg kg'!) (mg kg™ (%)
11 0.53 7.39 0.82 210 25.5 0.50
-

ST e 6. Sy

Table 2. Name of experiment treatment
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b les
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Table 3. Analysis of variance of the effects of mycorrhizal fungus, humic acid and salicylic acid on morphological, p! aracteristics and nutrient uptake of Melissa Officinalis L. cv Citronella

Mean Squares

Sl e 5:SSLe

DF Shoot Shoot

fresh weight dry weight Roots fresh . Root tal Total . . . .
o L RO weight Roots dry weight Volume chlorophyll Phenol Flavonoid  Nitrogen  Potassium  Phosphorus  Essential Oil

L P Sas oy YR, B RN R L i ol
6"){ Ay P 008 ~ = Jls JS J‘ﬁ ) ) e

| |
@l e e‘

Treamlent £ £ sk sk Lo Spedie £ *ok B Eol
o 9 9.90 11.51 6.91 2.42 11.46 18.022 14.56 3.019 2.017 4.153 3.020
Error
oot 20 0.082 0.012 0.024 0.005 0.050 0.045 0.076 0.011 0.017 0.023 0.021

CV (%) '
e - 10.87 10.03 12.22 29 9.83 10.91 11.04 10.58 9.55 11.23 13.67
O s

** Mrespectively, significant at 1% and 5%
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Table 1. Effect of mycorrhizal fungus (M), humic acid (HA) and salicylic acid (SA) on morphological traits of Meliss

.

fficinalis L. cv Citronella

Treatment Fresh weight of Shoot ~ Dry weight of Shoot ~ Fresh weight of Rqot weight of Root Root Volume
Sl (gplant ) (gplant ) (g plant ") (cm? plant )
lon il 505y ol el 2 0 gy S 035 )
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Values marked by different letters are significantly different (P< 0.05).
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Fig. 2. corrhizal fungus (M), humic acid (HA) and salicylic acid (SA) on total phenol content of Melissa officinalis L. cv
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Values marked by different letters are significantly different (P< 0.05).
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