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ABSTRACT 
 

Regarding to the importance of environmental issues, the aim of the present research is the assessment of the 
induced changes by the foliar application of Aminol-Forte product (containing nineteen free amino acids) and /or 
mycorrhizal colonization on the physiology and growth of basil (Ocimum basilicum). Plants were treated with two 
different concentrations (0 and 0.1 % v/v) of Aminol-Forte solutions and two levels (0 and 10%) of mycorrhizal 
(Glomus intraradices) fungi. Plants were grouped in four different treatment groups including C (control), M 
(mycorrhiza), AA (amino acid) and M-AA (mycorrhiza-amino acid). Foliar applications of Amino acid solutions 
were done five times with a week interval. The significantly promoted growth and development of basil plants were 
observed in mycorrhizal fungi and/or amino acid treated plants as it was indicated by the higher leaf numbers, area 
and dry weight as well as improved root system (higher root length, dry mass and numbers) compared with control. 
The used treatments affected the secondary metabolism as it was shown by the induced activities of PAL enzyme, 
the raised phenolic contents and the significantly intensified essential oil contents in M, AA and M-AA treatment 
groups. The application of mycorrhizal fungi and/or amino acid led to the significantly increased soluble 
carbohydrate contents in root tissues. The thousand grain weights in M, AA and M-AA samples were significantly 
higher than control one. The obtained results from the present research suggested that the foliar application of amino 
acids and arbuscular mycorrhizal fungi, as bioagents, potentially represent an environmentally friendly way of 
promoting growth as well as modifying secondary metabolites of basil. 
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1. INTRODUCTION 
 

Nitrogen is an essential element which possesses vital roles in various aspects of plant growth and 
development [1]. The amino acids, as important primary metabolites and the building blocks in the synthesis of 
proteins, are implicated in different cellular process like as a precursor of phytohormones [2], the synthesis of 
organic compounds such as protein, amines, alkaloids, vitamins, enzymes and terpenoids [3].  

Regarding to the importance of environmental issues, the substitution of chemical fertilizers by the biological 
fertilizers like mycorrhizal ones could minimize the negative effects of agricultural activities. Mycorrhizas are 
intimate and mutualistic associations of plant roots and fungi which are vital in the ecology and physiology of 
terrestrial plants and may support plants under various biotic or abiotic stress conditions [4]. Vesicular arbuscular 
mycorrhiza (VAM) fungi are known as the most ancient and widespread symbionts which promote the growth and 
biomass of host plants [5, 6]. 

Basil (Ocimum basilicum L.), an annual plant and a member of Lamiaceae family, is widely applied as 
vegetable and medicinal plant. As different fertilization ways may alter the quantity and quality of the basil yield, 
the applications of large amounts of fertilizers, especially nitrogen, cause environmental issue. Nowadays, with 
regard to the importance of environmental subjects, there are more attentions to the application of different organic, 
inorganic and biological fertilizers [1].  

The aim of the present research is the assessment of the induced changes by the foliar application of Aminol-
Forte product (a liquid formula containing up to nineteen free amino acids) and /or mycorrhizal colonization on the 
physiology and growth of basil, as an important crop and medicinal plant.   
 

MATERIAL AND METHODS 
 

The experimental design was completely randomized with three replications. Active bioformulations of amino 
acid mixtures, Aminol-Forte, supplied by INAGROPARS (Agro- Biological Industries Company, Tehran, 
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Iran&Spain product) was applied and the details of the formulations were mentioned in Table 1. Aminol-Forte 
solutions were prepared at two different concentrations (0 and 0.1 % v/v). The mycorrhizal (Glomus intraradices) 
treatments were done at two levels (0 and 10% w/w). Plants were grouped in four different treatment groups 
including C (control), M (mycorrhizal treatment), AA (amino acid) and M-AA (mycorrhiza-amino acid treatment). 
Foliar applications of Aminol-Forte solutions were done on plants of five leaves using sprayer and five times 
repeated with a week interval. Plants were harvested two weeks after the last treatment for the biochemical analysis. 

Enzymes were extracted at four centigrade degree in a mortar and pestle from one gram leaf tissue using 
phosphate buffer, 0.1 M pH7.5 containing Na2-EDTA 0.5mM and ascorbic acid 0.5 mM, as an extraction buffer. 
The homogenate were centrifuged for fifteen minutes at four centigrade degree and supernatants were used as 
enzyme extracts.  

The reaction mixture for phenylalanine ammonia lyase (PAL) activity consisted of 6 µM phenylalanine, Tris-
HCl buffer (0.5 M pH 8) and 200µl of enzyme extract. After 60 min at 37 °C, the reaction was terminated by the 
addition of 50 µl of 5 N HCl. PAL activity was determined as the rate of conversion of L-phenylalanine to trans-
cinnamic acid at 290 nm. PAL activity was assessed by measuring the amount of cinnamic acid produced and was 
expressed in µgCin.Min-1g-1fw, according to the procedure described by Beaudoin-Eagan and Thrope (1985) [7].  

Total Phenolics in the leaf extracts was determined using the Folin-Ciocalteu reagent method as described by 
[8]. Tannic acid was used as a standard. Total soluble phenol contents were expressed as microgram per gram of 
fresh weight (µgg-1fw). 

Extraction of soluble carbohydrates of fresh leaf tissues was done using ethanol 80%v/v. Total soluble sugars 
were determined as described by Kochert (1978) [9]. Glucose was used as a standard. Total soluble carbohydrate 
contents were expressed in mgg-1fw. 

Root mycorrhizal colonization was estimated by the clearing and staining root procedure [10]. The stained roots 
were observed under light microscopy for estimating the frequency of the presence of mycorrhizal structures 
(hyphae, vesicles, and arbuscules) in the cortical cells for each root fragment. AMF-colonization was expressed as a 
percentage.  

 Essential oil was extracted from the harvested plants using Clevenger type distillation apparatus. Basil biomass 
was weighed and cut into small pieces and subjected to hydrodistillation. The essential oil contents were expressed 
in percentage. 

The statistical analysis was done by two-way analysis of variance (ANOVA) and differences between 
treatments were determined using Duncan multiple range test with SPSS software.  
 

Table 1- Details of the formulations of Aminol-Forte product 
supplementary compounds 
Total nitrogen  1.1%  
Uric nitrogen  0.8% 
Organic nitrogen 0.3% 
Organic matter 2% 
P2O5 (Soluble in water) 6% 
Free amino acids 3750mgL-1 

 
RESULTS AND DISCUSSION 

 
The significantly promoted growth and development of basil plants were observed in mycorrhizal fungi and/or 

amino acid treated plants as it was indicated by the higher leaf numbers, area and dry weight as well as root length, 
dry mass and numbers compared with control (table 2).   

In comparison to the non-inoculated plants, mycorrhizal ones had significantly higher shoot and root dry 
weight, leaf area, plant height, numbers of lateral branches, as well as various nutrient elements [11]. The dry 
biomass and the content of antioxidant metabolites were improved by the application of foliar fertilization and/or 
mycorrhizal colonization [12]. The benefits of arbuscular mycorrhizal fungi are usually attributed to the improved 
plant nutrition [13] as well as physiological changes [14]. Foliar feeding of plants with nitrogen led to a significantly 
increased inflorescence number [15]. Foliar applied amino acids (tyrosine, thiamine and tryptophan) significantly 
improved growth of Thuja orientalis [16]. A high rate of photosynthesis, as a result of exogenously applied nitrogen, 
may result in higher biomass production [17]. 

The used treatments affected the phenolic metabolism as it was shown by the induced activities of PAL 
enzyme, the most important enzyme involved in synthesis of various phenolic derivatives, as well as the raised 
phenolic contents of root and leaf tissues in M, AA and M-AA treatment groups (table 3). The significantly 
intensified essential oil contents and phenolics (table 3) found in M, AA and M-AA treatment groups, indicated that 
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the secondary metabolism were influenced by the mentioned treatments. Thus the quality of basil leaves was altered 
due to the induced changes by the used treatments.  

Secondary compounds with multiple applications such as pharmaceuticals, pesticides, dyes, flavorings, and 
fragrances among other uses [13] have a vital contribution in specific plant–environment interactions [18, 19]. 
Phenolic compounds, as one of the most important group of plant secondary metabolites, are mainly synthesized 
from cinnamate, which is formed by the action of PAL, the branch point enzyme between shikimate pathway and 
phenylopropanoid metabolism [20]. Varieties of biotic and physicochemical factors such as light, temperature, 
growth regulators, inhibitor of RNA, wounding, mineral nutrition and elicitor treatment may affect the PAL activity 
[21]. phenolic compounds like flavonoids can scavenge oxygen active species and act as antioxidants [21]. Basil is a 
rich source of phenolic antioxidant compounds and flavonoids [22]. The foliar used amino acids had promoting 
effects on the content of secondary metabolites, antioxidants and antioxidant activity in Aloe vera [1]. Foliar 
application of amino acids significantly influenced the various physiological attributes in tea plants [23]. In addition 
to enhancing effects of mycorrhizal colonization on the uptake of nutrients, arbuscular mycorrhizal fungi (AMF) can 
also induce changes in the accumulation of secondary metabolites, including phenolics, in host plant tissues [22]. 
The Glomus fasciculatum inoculation considerably modified the quality and quantity of essential oil in basil [11]. 
The accumulation of essential oils had been affected by the inoculation of different mycorrhizal fungi [12, 13, 24, 
25]. The mycorrhizal colonization has been proposed as a modifier of plant defense mechanisms [14]. AMF 
inoculation had the beneficial effects on the antioxidant compounds (rosmaric and cafeic acid) on plants of Ocimum 
basilicum [22]. The activation of phenylpropanoid metabolism in arbuscular mycorrhizal interactions, much lower 
extent than in plant-pathogen interactions, has been reported by many researchers [4]. The AMF inoculation 
significantly enhanced the content of vinblastine in Catharanthus roseus [13].  

The application of mycorrhizal fungi and/or amino acid led to the significantly increased soluble carbohydrate 
contents in root tissues (table 3). This could be resulted from the modified relations between source and sink tissues 
as well as the enhanced photosynthesis rates due to the applied treatments. As it was shown in table 1, the applied 
treatments resulted in the elevated total chlorophyll contents with the best results observed in M-AA group.    

The mycorrhizal inoculation may alter some process like photosynthesis, leaf hydration, leaf osmotic potential, 
stomatal conductance, gas exchange parameters and transpiration [26]. Auge, 2001[26] stated that photosynthesis 
reaction in mycorrhiza-inoculated plants is sink-regulated and stimulated by mycorrhizal roots. The foliar 
application of amino acids resulted in the raised carbohydrate contents on a variety of plants [3, 16, 27, 28, 29] 
which is in agreement with our findings. It is documented that there is positive correlation between photosynthesis 
rates and nitrogen contents [17]. 

The thousand grain weights in M, AA and M-AA samples were significantly higher than control one (table 3). 
The observed promoted yield in the treated plants could be attributed to the enhanced leaf number and area, raised 
root system and nutrition as well as stimulated chlorophyll content and photosynthesis.    

      Foliar application of nitrogen raised leaf area, specific leaf weight, chlorophyll content, total dry mass, 
flower number and reproductive efficiency, yield attributes and yield compared to the control [30]. The effect of 
amino acid foliar spraying on seed yield was significant [31]. 

In conclusion, the obtained results from the present research suggested that the foliar application of amino 
acids and arbuscular mycorrhizal fungi, as bioagents, potentially represent an environmentally friendly way of 
promoting growth as well as modifying secondary metabolites of basil, an important medicinal crop. 

 
Table 2- the effects of foliar amino acid fertilizer and arbuscular mycorrihzal fungi on different parameters 

related to the growth and physiology of basil plants  
parameters 

treatments 
Leaf area Leaf dry mass Leaf number Root length Root number Root dry weight 

C 11.5d 0.2400c 80.6667b 21.3333b 35c 0.7333c 
M 13.167c 0.5000ab 94.3333a 36.3333a 73.6667ab 1.4333b 

AA 14.83b 0.4667b 98.3333a 36.6667a 54.3333bc 1.5333b 
M-AA 16.83a 0.5700a 93.3333a 39.6667a 78a 2.69a 

*: Data are means of three replicates. Mean values followed by different letters (a, b, c, d, e) are significantly different, according 
to the Duncan’s test. 
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Table 3- the effects of foliar amino acid fertilizer and arbuscular mycorrihzal fungi on different parameters related to 
the physiology of basil plants  

parameters 
treatments 

Essential oil PAL activity Root 
phenolics 

Leaf 
phenolics 

Root soluble 
carbohydrates 

Total 
chlorophyll  

thousand grain 
weight 

C 24.9433d 20.7467c 5.736667b 1.729b 19.8233b 340.5b 1.4233b 
M 35.91c 22.1367bc 11.56667a 2.864a 38.2833a 443.39ab 1.8047a 

AA 62.4533a 32.1633a 13.53333a 3.666a 31.1433a 470.9a 1.7313a 
M-AA 41.3467b 26.7467b 14.41a 3.6666a 35.9667a 552.91a 1.8807a 
*: Data are means of three replicates. Mean values followed by different letters (a, b, c, d, e) are significantly different, according 
to the Duncan’s test.  
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