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Abstract. M. officinalis L., local cultivar were propagated by cutting from 
parental plants and transplanted as single plants to 11.5 cm diameter pots 
filed with different soil texture containg loam, clay and sand. The 
experiment was conducted in a greenhouse of Horticultural department in 
University of Guilan during 2010. Plant fresh weight, root length, plant 
length, dry mater and ash percent, total phenol, caffeic acid content, 
essential oil content and antioxidant capacity were determined. The 
highest plant height, plant fresh weight, plant dry weight, branches dry 
weight, root dry weight, root length, chlorophyll content, caffeic acid, total 
phenol, and essential oil were obtained from loam texture while the 
highest ash and antioxidant capacity were obtained from clay texture. 
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INTRODUCTION 
 
Melissa officinalis, Lemon Balm, is a medicinal plant with a long history in 
traditional medicine that contains an essential oil (Caniova & 
Brandsteterova 2001). It can be used for the treatment of several diseases, 
and extracts have significant antioxidative activity. Published results 
confirm that the activity is partly due to the content of phenolic acids, mainly 
rosmarinic acid, which has been found in large amounts in many medicinal 
plants (Caniova & Brandsteterova 2001, Tagashira et al. 1998, Zgorka et 
al. 2001). 

However, the yield is extremely low and as such, the essential oil 
belongs to the more precious oils in the higher price class, such as rose 
and orange blossom. Yields reported in literature vary 0.05 to 0.4%, but 
these figures have to be evaluated according to whether fresh or dried plant 
material was used, since melissa herb contains about 80% water (Hose et 
al. 1997). Even though scientific publications may report a higher yield in 
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laboratory distillations, in the case of this plant material they cannot be 
compared to actual field production yields. To understand what a low yield 
is, a cooperative grew 25 hectares of melissa and harvested 43000 kilos of 
plant material. From this they distilled less than 4 litres of essential oil 
(Werker 1993). This is a yield of 0.01%. 

In the Lamiaceae family, essential oils are mainly produced in glandular 
trichomes. In this respect, M. officinalis is no exception (Werker 1993) and 
the volatiles are secreted into the cuticular space where they accumulate 
(Bosabalidis & Tsekos 1982). The amount of essential oil produced is 
directly connected with the number and physiology of these structures 
(Hose et al. 1997). This may be a physiological reason for low yields in M. 
ofjcinalis. 

It is well established that soil texture governs most soil properties 
(Ramande 1981), including organic matter accumulation (Hassink 1996), 
retention and release of water (Hook & Burke 2000) and the amounts of 
nutrients in plant-available forms (Brady 1990). Soils physically support 
plants, and act as reservoirs for the water and nutrients needed by plants. 
In the soil, physical, chemical and biological reactions occur constantly and 
are closely interrelated. The physical form of the soil plays a large role in 
influencing the nature of biological and chemical reactions (Ramande 
1981). The discussion of soil physical characteristics begins with the sizes 
(texture) and arrangements (structure) of individual soil particles. These two 
characteristics intimately affect the pore space between the particles. The 
pore space is important as the conveyor of water, dissolved mineral 
nutrients, and air, as well as for providing space in which roots can grow. 
Soil color is discussed because it often provides information about the 
chemical makeup or status of drainage in the soil. Finally, it is important to 
consider the whole soil mass, and how it changes with depth below the 
surface.  

We hypothesized that growth traits and yield of M. officinalis L. varied 
significantly with soil type; and these variations underlies the adaptation of 
plant to resource supply although usually type of soil is not main factor in 
grows of lemon balm but in contrast with others parameters can influence 
such as light, humidity and  other environmental factors. 

The main objectives of this study were to study variation in growth of M. 
officinalis L. under different soil composition and to identify soil type for 
cultivation to obtain high yield. In present paper, we report patterns of 
variation in growth traits and yield of M. officinalis L. in response to changes 
in soil composition. 
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MATERIALS AND METHODS 
 
M. officinalis L., local cultivar were propagated by cutting from parental plants and 
transplanted as single plants to 11.5 cm diameter pots filed with different soil 
texture containing loam, clay and sand. This cultivar is a locally well known 
population in Guilan province that located in North of Iran in border of Caspian 
Sea. All plants were watered by hand with a complete nutrient solution upon need. 
On occasions when more than one watering was needed per day, pure water was 
used for every second watering. The complete nutrient solution contained per 200 l 
water: 11 kg NH4NO3, 12 kg KNO3, 4 kg (NH4)2SO4, 4 kg MgSO4, 2 kg K2SO4. This 
gives a solution with 1.5 mS cm-1 and a pH of 5.7. The NPK concentrations were: 
125 mg l-1 N, 27 mg l-1 P and 162 mg l-1 K. The experiment was conducted in a 
greenhouse of Horticultural department in University of Guilan during 2010.  

Plant fresh weight, root length, plant length, dry mater and ash percent, total 
phenol, caffeic acid content, essential oil content and antioxidant capacity were 
determined. Melissa oil was extracted from the fresh leaves and stems by steam 
distillation. Sample moisture was determined by drying at 75±5°C until they 
reached constant weight (AOAC 1984). Methanol extracts of cucumber fruit (1 gr 
cucumber in 10 cc methanol) were used for determination of total phenolics. Total 
phenolic content was evaluated by colorimetric analyses using Folin-Ciocaltaue's 
phenol reagent (Singleton & Rossi 1965). The total phenolics content was 
expressed as mg galic acid equivalent/100 g of fruit. 

The free radical-scavenging activity against DPPH radical was evaluated 
according to the methods of Leonge and Shui (2002) and Miliouskas et al. (2004) 
with minor modification. In the presence of an antioxidant, the purple color intensity 
of DPPH solution decays and the change of absorbance are followed 
spectrophotometrically at 517 nm. The scavenging activity was expressed as IC50 
(mg·mL-1). 

Standard caffeic acid and all solvents were purchased from Merck Company 
(Germany). Stock solutions of the standard acids were prepared in a concentration 
of l.0 g·100 mL-1 in pure methanol. The working solutions of samples obtained from 
melisa stalk and leaves were prepared at a concentration of 1.0 g·100 mL-1 in 
methanol. The acid mixtures were separated on a Breeze system, waters, Ma 
(USA) HPLC equipped with a manual injector, a programmable wavelength 
photodiode array UV detector (200-400 nm), and column packing with modified 
silicagel (C18 column). The column was thermo stated to 25°C by a column 
temperature control module. The acids are present as free and esterified forms in 
the plant. Ground melisa samples (65 g) were extracted with petroleum ether (b.p. 
40-60°C) and the extract was acidified using concentrated H2SO4 to liberate free 
acids. The free acids were extracted with ethyl acetate from aqueous solution. In 
order to recover phenolic acids, the extract was washed with 2.0% NaHCO3 
aqueous solution using a separatory funnel. The aqueous NaHCO3 layer was 
acidified and then hydrolysed separately by using 8.0% HCl and 2N NaOH 
solutions for 4 h under N2 atmosphere. The mixture was filtered, acidified and then 
subsequently extracted with petroleum ether, chloroform, diethyl ether and ethyl 
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acetate. For analysis a linear gradient elution programme was applied, and elution 
was carried out with solvent A (methanol/water (95:5 v/v)) and solvent B 
(methanol/water (5:95 v/v)) as mobile phase. During HPLC analysis the solvent 
gradient was programmed from 10 to 55% A in B in 30 min with a flow rate of 1.5 
mL/min. The standards were analyzed under the same conditions, before the 
mixture of acids obtained from Melisa samples. 

Data were subjected to analysis of variance in SAS (SAS, Inc., Cary, NC). 
Means were separated with Tukey Test. 
 
 
RESULTS 
 
Soil texture has significant effects on all measured characteristics. The 
highest plant height, plant fresh weight, plant dry weight, branches dry 
weight, root dry weight, root length, chlorophyll content, caffeic acid, total 
phenol, and essential oil were obtained from loam texture while the highest 
ash and antioxidant capacity were obtained from clay texture (Table 1, 
Figure 1). It seems that loam texture increased plant grow and most quality 
indices while in clay soil in response to low available water the amount of 
antioxidant compounds increased in response to water deficit stress. 
However in clay soil the amounts of plant mineral nutrient were greater than  

 
Table 1. Growth traits and yield of Mellisa officinalis in different soil textural group*. 
 

Treatment Plant Height 
(cm) 

Plant FW 
(gr) 

Plant 
DW (gr) 

FW of 
Branch (gr) 

DW of 
Branch (gr) 

Sand 26.667b 26.361b 7.373b 22.589b 5.7080b 

Clay 23.567b 22.373b 6.293b 17.009b 4.8840b 

Loam 34.167a 38.297a 10.907a 29.291a 8.6087a 

 

Treatment FW of 
Root  (gr) 

DW of Root 
(gr) 

Root length 
(cm) 

Chlorophyll 
(mg·L-1) 

ASH 
(% in DM) 

Sand 5.8473b 1.2993b 20.0667a 24.7533b 0.094333b 

Clay 5.0933b 1.4813b 14.5000b 28.4267a 0.108667a 

Loam 9.6847a 3.2600a 19.2000a 28.5433a 0.096667b 

 

Treatment Caffeic acid 
(µg·g-1) 

Total phenol 
(mg·100gr -1) 

Antioxidants 
(mg·mL-1) 

Essence 
(%) 

Sand 14.979b 858.267a 76.8720a 0.20765b 
Clay 112.004a 820.267b 74.1667b 0.311665b 

Loam 109.179a 859.267a 76.5800a 0.686115a 

 

* For each parameter significant difference between mean among the sites are indicated by different 

letters (Tukey test, alpha = 0.05). F and P values were obtained by one way analysis of variance 

(ANOVA) 
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other treatment.  Uptake of water and nutrients may also be improved by 
better root-soil contact (Bengough 2003). Availability of  nutrients, critically 
influenced plant growth while in this research we found that a combination 
of nutrient, water and soil texture is more important for plant grow so loam 
texture with a moderate nutrient content and suitable water holding capacity 
obtained the best plant grow condition. 
 

 
 

Figure 1. Chromatogram of Melissa officinalis extract CA: caffeic acid. 
 
 

DISCUSSION 
 
The decrease of chlorophyll content in plants growing in sand may be 
associated with and most probably related to the decrease of plants water 
content. The decrease of chlorophyll content is highly related to the 
decrease of water content in plant leaves (Gadallah 1991, Wang & Nii 
2000). 

Loam soil with medium bulk density may have facilitated high biomass 
production. Compared to low and high bulk densities, the medium bulk 
density may provide longer retention of water in the soil and increase 
available water to plant due to the higher proportion of mesopores. In 
contrast to that soil having high (clay) and very low bulk density (sand) did 
not favor the growth of plants resulting low yield. Siemens et al. (2002) 
reported that limited resources (e.g. soil nutrients, water, air) can directly 
inhibit the rate of growth. According to Bazzaz (1996), availability of soil 
resources, especially nutrients, critically influenced plant growth. Hence, 
comparatively low biomass exhibited on clay type soil suggest that M. 
officinalis had slower growth rates under soil having low available nutrient 
and air due to compactness of soil particles. i.e. high bulk density can be 
used in planning cultivation of the plant. Further, inadequate contact of 
roots with soil in coarse soil i.e. in sand; could limit the uptake of water and 
nutrients (Passioura 1991), which in turn, appears to reduce the growth rate 
and yield of M. officinalis. 
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In conclusion there was significant variation in many vegetative and 
qualitative traits and yield of M. officinalis along different soil compositional 
type. The results also suggest that M. officinalis can maximize growth and 
yield in habitat with loam type of soil rather than clay or sand. This 
information can be used in planning cultivation of the plant. 
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