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 Background: In sustainable agriculture, reduction of chemical fertilizers- induced 

environmental pollutions is mainly considered. Therefore, recently application of organic 

fertilizers particularly their foliar applications received increased attention. Besides, herbal 

medicine with higher antioxidant activity will be able to limit the formation of free radical 

species. Objective: Therefore, we aimed to determine the effect of foliar application of 

organic fertilizers on antioxidant activity and polyphenolic compounds of Marrubium 

vulgare L. in greenhouse experiment. Methods: In a completely randomized design 

experiment with three replications that was carried out in 2019, the applied treatments 

consisted of four levels (0, 250, 500, and 1000 mg L-1) of foliar application of humic and 

fulvic acids (0, 250, 500, and 1000 mg L-1). Some phenolic compounds including gallic 

acid, chloregenic acid, coumarin, hesperidin, and eugenol were detected and quantified in 

the Marrubium vulgare L. extracts. Results: Application of 250 mg humic acid L-1 

resulted in the highest extraction of phenolic compounds, coumarin, reducing this content 

at a higher applied level and by fulvic acid addition. As such, the foliar application of low 

concentrations of humic acid before the flowering stage was a useful and effective method 

to increase the synthesis of phenolic compounds. Among the studied organic acids, the 

application of 250 mg humic acid L-1 showed the highest antioxidant activities. These 

compounds can be effective in controlling diseases with free radicals. Conclusion: Based 

on the findings of the present research, a more appropriate management of the growth and 

propagation of medicinal plants and their quality can be applied. In addition, humic 

substances application reduces the chemical fertilizers used, thereby maintaining the 

environment. 
 

1. Introduction 

The traditional system of medicine has 

tended to plant origin products. Herbal 

medicines such as the Lamiaceae family, are 

going to be more consumed in many countries 

of the world and attention to them is increasing 1 

1 
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day by day. Marrubium vulgare L. (White 

horehound) as a perennial herb, is responsible 

for different pharmacological activities 

including antihypertensive, antioxidant, 

antidiabetic, digestive stimulant, antibacterial, 

and antifungal effects. The phenolic and 

antioxidant compounds are main secondary 

metabolites in White horehound [1, 2]. Phenolic 

compounds, as secondary metabolites, are 

divided into phenolic acids and polyphenols. 

These compounds have several biological 

activities and functions in plants, especially in 

confronting environmental factors, and stress 

conditions [3]. They are used as drugs for ulcer 

formation, heart ailments, neural disorders, 

mutagenesis, and bacterial infection [4]. The 

phenolic compounds improve food quality and 

value due to retardation in oxidative degradation 

of lipids [5]. According to Valko [6], 

antioxidant composites have protective 

mechanisms by avoiding the formation of free 

radical types, interrupting radical chained 

reactions, turning free radicals into less harmful 

molecules, and fixing oxidative impairment. 

The main function of antioxidant is its effect to 

trap free radicals [7]. The application of 

herbicides, fungicides, and insecticides will 

result in the higher amount of antioxidant 

compounds in organic foods [8].   

Humic substances such as dark-colored 

compounds with large molecular weights and 

complex structures result from the 

decomposition of plant or animal remains [9]. 

According to the other investigators, humic 

substances or organic based compounds such as 

biochar influence soil fertility, increase 

productivity, alter the soil physical properties, 

raise the chelation of elements, and increase 

their availability to plants, or alter chemical 

forms of the element and pollutants in soil and 

environment [10-18]. Pizzeghello et al. [19] 

reported that humate application improves 

photosynthesis and root respiration. Humic acid 

with carboxyl, alcoholic hydroxyl, ketone, 

quinoide, and phenolic hydroxyl [20], 

influences cell permeability and division [21]. 

Van – Hees et al. [22] stated that fulvic acid is s 

one of the major components of organic matter 

(OM) and dissolved-organic carbon (DOC) pool 

of soils. Overall, plant physiological 

characteristics are affected by humic substances. 

Besides, fulvic and humic acids, as the most 

significant components of OM in soils and 

municipal waste compost, influence the 

elements cycling in the environment and 

ecological roles of soil [23]. The application of 

humic acid increased the uptake of nitrogen (N), 

phosphorous (P), potassium (K), magnesium 

(Mg), and iron (Fe) in garden thyme [24]. 

According to Nikbakht et al. [25], humic acid 

increased the number of flowers and encourages 

the root growth of gerbera.  

Nowadays, fertilization as foliar application 

which affects growth of plant at different 

growth stages, also the yield quality received 

more attention [26]. Under water stress, the 

humic substances foliar application increased 

antioxidant metabolism and leaf water retention 

[27, 28]. The objective of this study was to 

estimate the effects of foliar application of 

different levels (0, 250, 500, and 1000 mg L-1) 

of humic (HA) and fulvic (FA) acids on 

antioxidant activity and polyphenolic content of 

Marrubium vulgare L. under greenhouse 

conditions. 

 

2. Materials and methods 

2.1. Soil sampling and analysis 

A topsoil (0-20 cm) loamy calcareous soil 

was collected, air-dried, and sieved through a 

less than 2 mm sieve. Some physicochemical 

properties were determined based on standard 
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methods used by others [29-34]: clay, silt, and 

sand fractions according to the hydrometer 

method; pH in saturated paste by pH meter; 

electrical conductivity (EC) by EC meter; 

calcium carbonate equivalent (CCE) by 

neutralization method with normal 

hydrochloride acid and titration with sodium 

hydroxide [35]; cation exchange capacity (CEC) 

by displacement cations with ammonium acetate 

[36]; OM by wet oxidation method [37]; total 

nitrogen (N) according to Bremner [38]; sodium 

bicarbonate extractable phosphorus (P) [39]; 

diethylenetriaminepentaacetic acid (DTPA)-

extractable manganese (Mn), iron (Fe), zinc 

(Zn) and copper (Cu) were extracted by DTPA 

[40] and their concentration were determined by 

atomic absorption spectrophotometer (Table 1). 

 

2.2. Experimental design 

The research was done (in 2019) as 

completely randomized plan with 3 replications, 

in Eram Garden greenhouse which is located in 

Shiraz, IR Iran (29° 38′ 09″ N and 52° 31′ 31″ 

E). Treatments involved of four levels of humic 

acid (0, 250, 500 and 1000 mg L-1) and fulvic 

acid (0, 250, 500, 1000 mg L-1) (Table 2). 

Table 1. Some physicochemical properties of the studied soil 

Soil 

property 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 
pH EC* OM CCE CEC P N Fe Mn Zn Cu 

Value 32 34 24 7.87 0.39 1.55 42 15 4.45 0.07 2.32 3.66 0.97 1.02 

*EC, electrical conductivity (dS/m); OM, organic matter (%); CCE, calcium carbonate equivalent (%); CEC, cation exchange 

capacity, (cmol+/kg); P, phosphorus (mg/kg); N, nitrogen (%); Fe, Mn, Zn, Cu, iron, manganese, zinc and copper, respectively 

(mg/kg). 

Table 2. Summary of the applied treatments in the study 

Applied concentrations for foliar application (mg L-1)  Organic acid 

1000 500 250 0  Humic acid 

1000 500 250 0  Fulvic acid 

 

2.3. Greenhouse conditions and planting 

A greenhouse experiment was designed to 

evaluate the effect of organic acid foliar spray on 

phenolic compounds and the antioxidant activity 

of horehounds. Each plastic pot consisted of 2 kg 

of studied soil. Before planting to avoid lack of 

nutrients, all of the pots received 20 mg P kg-1 soil 

as Ca(H2PO4)2. H2O, 10, 10 and 5 mg Mn, Zn, 

and Cu kg-1 soil as sulfate, respectively and 200 

mg N kg-1 soil as urea (it was added at the time of 

planting and 4 weeks after germination). The 

seedlings of Marrubium vulgare L. were planted 

in pots and were kept in the greenhouse conditions 

(the temperature and relative humidity of nearly 

12 to 40 °C and 60 to 75 %, respectively). Pots 

watered daily near the field capacity, FC 

conditions. At the 4th and 8th weeks after planting, 

humic and fulvic acids were foliar applied at the 

rate of 250, 500 and 1000 mg L-1. The deionized 

water was sprayed as the control sample. Plants 

were harvested 90 days after planting and plant 

materials were prepared for analysis. 

 
2.4. Using DPPH micro plate method to 

determine antioxidant activity  

The standard antioxidant and extracts of 

antioxidant activity of the plant were assessed 

according to the radical eliminating impact of 

fixed DPPH free radicals. For preparing a 

standard solution, vitamin E was used. In an 

altered evaluation 18, 200 L of a 100 mmol L-1 

solution of DPPH radical in methanol was 

mixed with 20 L of 12.5-3200 μg/ml extracts 

of methanol and vitamin E, respectively. 
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Dilutions were stored at ambient temperature 

for 30 minutes. The prohibition of DPPH radical 

was evaluated utilizing a Biotek ELx808 micro 

plate reader (at 515 nanometers). Each specimen 

IC50 (concentration needed for inhibiting 143 

formation of DPPH radical by 50 %) was 

evaluated by MATLAB software. The methanol 

solution extract (without DPPH) was utilized as 

a blank to be reduced from all measurements. 

The antioxidant activity (AOA) is determined 

using the equation (1): 

AOA =100- [(A) sample-(A) blank) × 100/ 

(A) control]                              (1)   

where A indicates absorbance.   

The value of IC50 of each specimen is the 

test sample concentrations which lead to a 50 % 

decrease in the primary concentration of DPPH. 

It was measured from the nonlinear regression 

Log curve of test extract concentration (μg/ml) 

versus the mean percentage of the activity of 

radical removing [41, 42]. 

  

2.5. Determination of polyphenolic compounds 

and HPLC analysis 

The samples were ground and powdered and 

plant methanolic extracts were prepared in the 

following way: one g of dried plant was 

waterlogged in 10 mL methanol for a full day. 

The extract and the below solution were cleared 

by membrane filters and stored in a freezer, in 

the dark and at the temperature of -18 C until 

analysis by HPLC [43, 44]. The liquid 

chromatographic device involved an on-line 

degasser pump and controller joint with a 

photodiode array sensor set with an automatic 

injector interfaced with chromatography 

manager software. Separations were completed 

on a 150  4.6 m id, 5 m particle sizes, 

inverse phase C 18 analytical column working 

at 30 C at the flow rate 1mL min-1. Finding was 

done at 280 and 320 nm. Elution was revealed 

with a ternary non-linear gradient of the 

different ratios methanol to formic acid 1 % 

including 10 to 90, 25 to 75, 60 to 40, and 70 to 

30. In order to make of standards and range of 

calibration curves, components were recognized 

by relating retention times and UV-VIS spectra 

with those of pure standards. The values are 

known as mean as values, ± standard deviation.  

 

2.6. Statistical analysis 

Data were analyzed statistically using ANOVA 

in SPSS software (v. 25.0) and the mean values 

were compared using the Duncan’s Multiple 

Range Test at the probability level of 0.05. 
 

3. Results 

The variance analysis in Table 3 indicated 

that foliar application of organic acid influenced 

significantly phenolic compounds. 

Table 3. ANOVA for the effect of organic acids and their applied levels on some phenolic compounds. 

  Mean squares of the studied variables (%) 

 DF Gallic acid Chloregenic acid Coumarin Hesperidin Eugenol 

Organic acid (fertilizer) 1 24.25* 0.00ns 0.12** 0.03** 0.04** 

Applied levels 3 9.97ns 0.00ns 0.17* 0.02** 0.02** 

Organic acid * Applied Level 3 9.97 ns 0.00ns 0.17* 0.01 0.01** 

Error 16 5.37 0.00 0.29 0.01 0.00 

* and ** means statistically significant at the probability levels of 0.05 and 0.01, respectively and ns means not significant at the 

probability level of 0.05. 

3.1. Effect of organic acids on phenolic 

compounds 

Results showed that some phenolic compounds 

including gallic acid, coumarin, chloregenic acid, 

hesperidin, and eugenol were detected and 

quantified in the Marrubium vulgare L. extracts 

and the highest value (Fig. 1) was obtained for 

eugenol compound in control (0.229 mg g-1). The 

data obtained show changes in the phenolic 

contents in response to organic acids application. 
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With regard to the findings, the maximum 

concentration of coumarin was observed with 250 

mg humic acid L-1 (0.519 mg g-1). The lowest 

concentration of coumarin was obtained with 

control (0.088 mg g-1) (Fig. 1). 

According to Fig. 1, the highest 

concentration of eugenol (0.470 mg g-1) was 

obtained with the lowest dosage of humic acid 

(250 mg L-1). Results showed that the highest 

concentration of phenolic compounds (0.264 mg 

g-1) was observed for eugenol after application 

of 250 mg fulvic acid L-1 (Fig. 2). However, this 

content was lower in the samples for which 

fulvic acid was used at higher amounts. The 

coumarin concentration was not significantly 

affected by fulvic acid as compared to that of 

control. The maximum concentration of 

hesperidin was obtained with 250 mg fulvic acid 

L-1 addition (0.196 mg g-1). 

The comparison of mean value showed that 

the application of 250 mg humic acid L-1 

increased significantly the coumarin 

concentration by 24.35 % as compared to that of 

the control. In interpreting results from Fig. 3, 

humic acid application as compared to that of 

fulvic acid, showed a significant increase in 

coumarin concentration. A significant increase 

in hesperidin concentration was found that can 

be attributed to the 500 and 1000 mg L-1 

application of humic acid relative to the control. 

According to the mean values, the 

application of 250 mg organic acids L-1 

increased significantly the hesperidin by 85.66 

% as compared to that of the control. Data cited 

in Fig. 3 showed that humic acid compared with 

fulvic acid, increased this compound 

significantly. Foliar organic acid application 

resulted in the highest Eugenol concentration by 

59.86 % relative to the control. 

 

3.2. Effect of organic acids on antioxidant 

activity 

According to the results, there were significant 

differences among treatments with regard to IC50 

(mg L-1). As shown in Fig. 4, the addition of 250 

mg humic acid L-1 decreased significantly the IC50 

value by 25.14 % than control. 

On the other words, foliar 250 mg L-1 humic 

acid application resulted in the lowest IC50 

(1051mg L-1). 

  
Fig. 1. Effect of different levels of humic acid, HA (mg L-1) on phenolic compounds of Marrubium vulgare. Different 

lowercase statistical letters show significant differences between the applied treatments based on the Duncan’s Multiple 

Range Test at the 0.05 probability level.  
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Fig. 2. Effect of different amounts of fulvic acid, FA (mg L-1) on phenolic compounds of Marrubium vulgare. Different 

lowercase statistical letters indicate significant differences between the applied treatments based on the Duncan’s 

Multiple Range Test at the at the 0.05 probability level.  

 

Fig. 3. The mean content of some phenolic compositions as influenced by humic acid (HA) and fulvic acids (FA) 
applications. Different capital statistical letters indicate significant differences between the applied treatments based on 

the Duncan’s Multiple Range Test at the 0.05 probability level.  

 
Fig. 4. Effect of different levels (0, 250, 500, and 1000 mg L-1) of organic acids (humic, HA and fulvic, FL acids) on 
IC50 of Marrubium vulgare. Different lowercase statistical letters indicate significant differences between the applied 

treatments based on the Duncan’s Multiple Range Test at the 0.05 probability level.  
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4. Discussion 

Nowadays, studies on phenolic compounds 

are very much considered because of the role of 

these compounds as antioxidants, by chelating 

metal ions, consequently preventing radical 

formation. In sustainable agriculture, the 

application of humic substances instead of 

chemical amendments is very important to 

preserve the environment. Findings showed that 

foliar application of low concentration of humic 

acid before the flowering stage is a useful and 

effective method to increase the synthesis of 

phenolic compounds. Results showed that 

humic acid application increased total 

polyphenols in Echinacea [43] and in marigold 

[44]. According to Nguyen et al. [45], plant 

carbohydrates, as a building block, are essential 

to phenol synthesis, so, an increase in their 

quantity can increase in the substrate for 

phenolic compounds. Reda et al. [46] reported 

that foliar application of bioregulators increased 

biosynthesis and enzyme systems activities of 

Thyme, resulting the increase in certain main 

phenolic compounds.  

Asami et al. [47] reported significantly 

higher total phenolic in Marion berries grown 

with organic agricultural methods as compared 

with the conventional methods. Olsson et al. 

[48] also showed that levels of all antioxidants 

including total the phenolic, flavanols, and 

ellagic acid in strawberries grown organically 

was higher than conventionally grown plants. 

Besides, the phenolic content of cabbages with 

organic management was higher than 

conventional management [49]. Karakurt et al. 

[50] indicated that humic acid addition 

significantly influenced the total yield of pepper 

and total carbohydrate content. According to 

Rivas-San Vicente and Plasencia [51], the 

phenolic compounds concentration will differ 

based on the salicylic acid applied, the method 

used, besides the tested plant species. The 

significant differences between treatments were 

obtained in association with IC50. As known, 

the lower the IC50 value, the higher the 

antioxidant activity. Regarding the IC50 

quantified, humic acid application at the 

minimum content is the best treatment to 

increase antioxidant activity. According to 

Rimmer [52], the greater soil humic substances, 

the stronger antioxidant activity. Winter and 

Davis [8] stated that the lower use of 

insecticides, fungicides, and herbicides, the 

higher antioxidant compounds in organic foods. 

Karakurt et al. [50] showed that organic 

fertilizer increased the plant sugar content. 

Wang and Shin [53] illustrated that organic 

acids increased significantly the carbohydrate 

content and total soluble solids. Aminifard et al. 

[54] indicated that the application of 250 mg 

fulvic acid kg-1 soil increased the pepper 

capsaicin content more than the control. They 

showed that the antioxidant activity of pepper 

decreased with increasing fulvic acid levels and 

the maximum antioxidant activity was observed 

with 100 mg fulvic acid kg-1 soil. According to 

Davarpanah et al. [55], foliar application of 

humic acid had no effects on the total phenols 

and juice’s antioxidant activity. There are some 

factors including light intensity, temperature, 

cultivar, kind of soil and the soil humic 

compounds values can influence the total 

antioxidant capacity of plants. Among them, the 

humic and fulvic acids are more effective on 

plant growth and antioxidant concentrations [56, 

57]. Zahedifar and Najafian [58] indicated that 

the application of 500 and 1000 mg L-1 FA and 

1000 mg L-1 HA increased significantly the 

antioxidant activity of yarrow. Erkan et al. and 

Yang et al. [59, 60] stated that plants are the 

main sources of polyphenols and antioxidants 

including various compounds of flavonoids and 
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non-flavonoids such as phenolic acids, which 

found variations in their anti-oxidative and 

biological potential. The increases of 

antioxidant compounds in organic agriculture 

restrict the use of insecticides, fungicides, and 

herbicides and plants apply greater resources to 

fight pathogen attacks [8]. 

 

5. Conclusion 

Recent progress in using organic substances 

has received much attention due to improved 

crop production, quality, and environmental 

safety. Our findings showed that some 

polyphenol compounds of Marrubium vulgare 

L. increased significantly as a result of 250 mg 

humic acid L-1 addition. As such, the highest 

polyphenol compound content was obtained for 

coumarin. However, it was decreased at a higher 

applied level. Besides, the maximum 

antioxidant activity was observed after the 

application of 250 mg humic acid L-1. 

Considering that antioxidants prevent free 

radical abilities, using organic acid as humic 

acid in foliar applications can propose as a good 

candidate to increase antioxidant activity in 

medicinal plants. 
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 تحقیقاتیمقاله 

 یآل یدهایاس ریتحت تأث .Marrubium vulgare L یفنل باتیو ترک یدانیاکسیآنت تیفعال راتییتغ

 2انیشراره نجف ،*،1فریزاهد میمر
 رانیدانشگاه فسا، فسا، ا ،یدانشکده کشاورز ،طبیعت( ی)مهندس یزداریگروه مرتع و آبخ 1
 رانیانور، تهران، امیدانشگاه پ ،یگروه کشاورز 2

 چکیده  اطلاعات مقاله
 واژگان:گل

 اسید هیومیک

 اسید فولویک

Marrabium vulgare 

L. 
 گیاهان دارویی

 DPPHفعالیت 

 نیمورد توجه است. بر ا ییایمیش یتوسط کودها ستیز طیمح یعمدتاً کاهش آلودگ دار،یپا یدر کشاورز مقدمه: 
بالاتر  یدانیاکسیآنت تیبا فعال یاهیگ یداروها ن،یبر ا مورد تقاضا است. علاوه یآل یکودها یاساس محلول پاش

 نییبه منظور تع یاگلخانه شیآزما نیبنابراهدف: کنند.  دآزاد را محدو کالیراد یهاگونه لیقادر خواهند بود تشک
 د.انجام ش .Marrubium vulgare L یفنل یپل باتیو ترک یدانیاکسیآنت تیبر فعال یآل یکودها یپاشاثر محلول

 گرمیلیم 1000و  500، 250، 0) دیاس کیو فولو کیومیه دیشامل چهار سطح کاربرد اس مارهای: تبررسی روش
و اوژنول در  نیدیهسپر ن،یکومار ک،یکلرژن دیاس ک،یگال دیاز جمله اس یفنل باتیاز ترک ی( بود. برختریدر ل

 دیاس کیومیهدر لیتر  گرمیلیم 250مصرف  :نتایجشد.  یریگو اندازه ییشناسا .Marrubium vulgare Lعصاره 
مقدار را در سطح کاربرد بالاتر و با افزودن  نیشد که ا نیکومار یفنل باتیاز ترک یریگعصاره نیمنجر به بالاتر

 دیمف یروش یبا غلظت کم قبل از مرحله گلده کیومیه دیاس یپاشولمحل بیترت نیکاهش داد. به ا کیفولو دیاس
در لیتر گرم یلیم 250کاربرد  ،یمورد بررس یآل یدهایاس انیاست. در م یفنل باتیسنتز ترک شیزااف یو موثر برا

 یدانیکسایرا نشان داد و ممکن است به عنوان منبع بالقوه عوامل آنت یدانیاکسیآنت تیفعال نیبالاتر دیاس کیومیه
 یبرا تواندیمطالعه حاضر م یهاافتهی :یریگجهینت. ردیآزاد مورد استفاده قرار گ یهاکالیمرتبط با راد یهایماریب

استفاده از مواد  ن،ی. علاوه بر اردیآنها مورد استفاده قرار گ یهافرآورده تیفیو ک ییدارو اهانیگ دیتول تیریمد
 .شودیم ستیز طیحفظ مح جهیو در نت ییایمیش یباعث کاهش مصرف کودها کیومیه
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