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Table 1. Greenhouse soil properties studied

Mn Cu Fe B Zn Mg K P N EC pH sl
(mg/kg) (dS/m) :

Texture

2.16  0.75 095 212 2.08 720.00 134.80 23.16  600.00 1.70 7.40 i )
Ty

Loam sand
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Figure 1. The effects of different fertilizer treatment on average yield of dry leave of lemon verbena in two time harvest.
1 = control (no fertilization); 2 = fertilization based on farmers conventional fertilizer use (NP); 3 = balanced fertilization
(fertilizer recommendation on the basis of soil test); 4= T1+ bio- fertilizer; 5 = T2+ bio-fertilizer; 6= T3+ bio-fertilizer
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Figure 2. The effects of different fertilizer treatment on average yield of essential oil of lemon verbena in two-time harvest.

1 = control (no fertilization); 2 = fertilization based on farmers conventional fertilizer use (NP); 3 = balanced fertilization
(fertilizer recommendation on the basis of soil test); 4= T1+ bio- fertilizer; 5 = T2+ bio-fertilizer; 6= T3+ bio-fertilizer
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Figure 3. The effects of different fertilizer treatment on Total antioxidant capacity of lemon verbena in two-time harvest.
1 = control (no fertilization); 2 = fertilization based on farmers conventional fertilizer use (NP); 3 = balanced fertilization
(fertilizer recommendation on the basis of soil test); 4= T1+ bio- fertilizer; 5 = T2+ bio-fertilizer; 6= T3+ bio-fertilizer
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Table 2. Essential oil constituents of lemon verbena treated with chemical and bio fertilizer

Te Ts T, T; T, Inhibitory Index Component

0.6 0.55 0.7 0.44 0.9 0.76 959 o-pinene 1
0.22 0.24 0.22 0.24 0.46 0.4 981 Sabinen 2
3.64 4.42 4.61 3 5.86 5.8 996 B-pinene 3
13.6 13.44 15.72 12.21 17.24 17 1047 Limonene 4
6.91 7.05 9.45 6.58 10.55 11.56 1055 1,8-cineol 5
0.38 0.81 0.4 0.35 0.46 0.67 1111 Linalool 6
1.58 1.32 1.75 1.8 2.17 222 1190 Terpin-4-ol 7
22.89 19.01 20 22.13 18.9 17.56 1255 Neral 8
29.38 23.1 25 2777 2229 2296 1277 Geranial 9
0.18 0.26 0.22 0.2 - 0.15 1471 Z-B-caryophyllene 10
3.79 5.65 3.78 4.77 3.57 2.17 1282 E- B-caryophyllene 11
4.13 5.74 4.33 5.05 4.42 1519 Allo-aromadendrene 12
0.72 1.15 0.19 1.1 0.33 0.55 1538 p—Guaiene 13
1.99 2.79 2.59 2.61 2.62 2.42 1648 Spathulenol 14
291 42 429 3 2.72 3.12 1659 Caryophyllene oxide 15
92.9 89.72 9328  91.25 92.5 91.33 -
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ABSTRACT

Introduction: Appropriate nutrient has a significant impact on yield and
phytochemical characteristics of medicinal plants. (Lippia citriodora) an herb plant
native to South America - belongs to mangrove family. In most studies conducted on
medicinal plants in Iran, balanced fertilization has not been practiced and mostly N
and P-fertilizers without being based on soil analysis results have been used and hence
the obtained results were not correct. Use a balanced fertilization or fertilizer based on
soil analysis can be a scientific solution to increase the essential oil.

Objective: To investigate the effects of balanced fertilization on quantity and quality
parameters of lemon verbena in two harvests was done.

Materials and methods: In this experiment, six treatments were performed in a
completely randomized block design and in three replications as follows: T1 = control
(no fertilization); T = fertilization based on farmers conventional fertilizer use (NP);
T3 = balanced fertilization (fertilizer recommendation on the basis of soil test); T4=
Ti+ bio- fertilizer; Ts = Tz+ bio-fertilizer and Ts= T3+ bio-fertilizer. Soil samples
were taken from greenhouse soil and physico-chemical characteristics were analyzed
according to conventional methods practiced at the Soil and Water Research Institute
of Iran. After six months, all operations, including top—dressing fertilization and
irrigation, were regularly carried out and in late July and December of 2012; samples
were taken at two- time intervals. The samples were weighed in dry content.
Meanwhile, essential oil extractions were measured by Clevenger Instrument and total
antioxidant extracted by DPPH method. Subsequently, data were analyzed by SAS
software.

Results and discussion: The differences were shown significant at 5 percent
statistical level. Average yield of dry leave weight and essential oil content in two
harvests in control treatment were 664 and 7.15 k.gha'l, respectively, these values in
the best treatment were 1261 and 19.97 kgha', respectively. The treatment of
balanced fertilization + bio-fertilizer compared with other treatments has the highest
amount of antioxidant properties in both harvest. Also, the highest concentration of
potassium, iron, zinc and manganese in edible organs (Leaves) in both the yields was
found in balanced fertilization + bio-fertilizer. Also results analysis of essential oil
showed that percent of citral (neral+geranial) in essential oil of first harvest in control
treatment were 40.51, these value in the, T treatment were 52.25. Therefore, it can be
concluded that balanced fertilization causes significant increase in the yield and the
essential oil content of Lippia citriodora medicinal plant. So, it is suggested that in all
research studies on the commercial production of medicinal plants, balanced
fertilization should be seriously taken in to consideration. Furthermore, the
application of bio-fertilizer should also be promoted for producing a healthy crop of
medicinal plants.

Keywords: Balanced fertilization, Fertilization based on farmers conventional
fertilizer use, Essential oil, Antioxidant

?u



