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ABSTRACT

Aims: The goal of this study was performed in order to test the effect of the source of
crop fertilization and harvest days in the production of biomass and measure the
qualitative and quantitative properties of the principal components of the essential oil of
thyme.

Study Design: A randomized complete block experimental design with five replications
and a factorial arrangement was used.

Place and Duration of Study: The experiment was at the Colegio de Postgraduados,
Campus Montecillo (Texcoco, Mexico), during the 2007 spring-summer season.
Methodology: We included three harvests at 60, 90 and 120 days after transplantation.
The organic fertilization was with applications of humic acid in the irrigation and by adding
a liquid fertilizer combined with biosynthetic amino acids. Steiner solution at 75%
concentration was used for the inorganic fertilization as mineral treatment. We evaluated
plant height, fresh and dry biomass of the plant, and main stem diameter. Essential oils
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were extracted using steam distillation of water. The concentration (ug/mL) of thymol and
carvacrol was determined. Quantitative and qualitative comparisons were carried out by
thin layer chromatography (TLC) and gas chromatography-mass spectrometry (GC-MS).
Results: The results show that inorganic fertilization increased plant height (PH) by
36.8%, fresh shoot biomass (FSB) by 72.19%, fresh root biomass (FRB) by 59.27%, stem
diameter (SD) by 12.15%, and dry shoot biomass (DSB) and dry root biomass (DRB) by
69.85% and 68.15%, respectively. Days to harvest (DH) influenced positively (p=.05) the
evaluated morphological characters but they did not show differences in the total yield of
essential oil.

Conclusion: Our data show that fertilizer source modifies fresh and dry biomass
production in thyme plants. The total yield of essential oils in thyme was not affected by
days to harvest and fertilizer source. However, essential oil quality was higher in the
mineral treatment at 90 DH due to the content of thymol and carvacrol in the extract.

Keywords: Carvacrol; concentration; fertilization; quality; thymol; yield.
1. INTRODUCTION

In Mexico, herbs production for the export market has grown steadily in the last decade. The
major herbs that are grown for this purpose are basil, mint, oregano, thyme and other from
oriental type. However, the trend towards healthy products, safe and exotic has created the
need to implement production practices to ensure quality and safety standards for
consumers. Thyme (Thymus vulgaris L.) belongs to the family Lamiaceae. The useful parts
are the leaves and stems [1], from which essential oils are extracted. Thyme leaves can be
used fresh or dried as a spice to add aroma and flavor to food [2]. These oils can be used in
the pharmaceutical industry for their medicinal properties and are in great demand in food
preparation for their culinary applications and use in liqueurs [3].

Some studies have documented that nutritional demand from the plants, such as content
and composition of thyme essential oils depend on several factors such as biotype,
chemotype, environmental and cultivation conditions [4,5], and harvesting season [6]
Among the factors of production that determine the quantitative and qualitative
characteristics of aromatic plants is crop nutrition management [7,6]. The values of the
nutritional requirements have been reported for the productions of thyme in container
nursery stage are: N:2.45-2.61 %; P:0.25 to 0.29%; K:2.17-3.15%; Ca:0.50-1.25%; Mg:0.29-
0.40% and S:0.24 to 0.29% [8]. The addition of fertilizers is dependent on the soil type and
existing soil fertility. The published results reveal the effects of organic and inorganic
fertilizers on yield of thyme [9], and it was found that compost combined with compost tea
and rock phosphate increase growth characters, yield and oil percentage in Thymus
vulgaris. In other hand, [10] reported that nitrogen and phosphorous fertilization had
significant effect on the herb yield and essential oil content, but did not change the ratio of
thymol. In a Comparative study of organic and mineral fertilization on Plantago arenaria
cultivation without application of mineral fertilization produces significantly lower yields of
leaves, but with highest active substances content [11].

Therefore, the aim of this research was to determine the accumulation of aerial biomass and

the amount and quality of essential oils that can be obtained from thyme (Thymus vulgaris
L.) under organic and mineral fertilization based on days to harvest.
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2. MATERIALS AND METHOD

The experiment was conducted in a greenhouse at the Colegio de Postgraduados, Campus
Montecillo located in the State of Mexico at 19°29'N and 98°53'W and at an altitude of
2,250m. Thyme seedlings were obtained in 200-cavity polystyrene containers using
commercial seed. The transplantation was performed at 30 days after emergence. Seedlings
of 5cm in height were placed in flexible black plastic bags (20X20cm) containing a mixture of
soil, compost and perlite (50:30:20) for the organic treatments. The physiochemical
properties of this mixture were: O.M.:20%; pH:6.88; Nt:0.59%; P:26.64mgkg”; K:11.12
cmol,kg™'; Ca:5.08cmol kg™ and Mg:4.44cmol kg ™. In the treatment with mineral fertilizer,
scoria with particle size from 0.3 to 0.7cm was used.

A completely random design with five replicates and a factorial arrangement was used. The
factors were days to harvest (60, 90 and 120) and fertilizer source. The fertilizer was:
Organic | (irrigation with 1% humic acid) every 8 days; Organic Il (irrigation with 1% organic
liquid fertilizer every 8d and foliar sprays containing biosynthetic acids every 15 days; and
mineral (Steiner nutrient solution (SS) at 75% [12].

At each sampling date, plant height (PH), stem diameter (SD), fresh shoot biomass (FSB)
and fresh root biomass (FRB) were evaluated. The plant material was dried in an oven at
70°C for 72h to obtain dry shoot biomass (DSB) and dry root biomass (DRB). Essential oil
components were also extracted and quantified.

Essential oils were extracted by simple distillation by steam (50 grams of the aerial parts of
fresh material). 150ml of the distillate collected was made three extractions with
dichloromethane. With a separatory funnel the organic phase was obtained. To remove
water from this phase using anhydrous sulfate sodium. The solvent was recovered and the
yield of essential oil was determined by weight difference and then kept at 4°C until analysis.
The characterization of the components was by thin layer chromatography following the
method described by [13] to develop color. Quantitative analysis was performed with the
GC-MS technique using the Hewlett Packard 5973 system (HP5MS capillary column, 5%
phenyl methyl siloxane, 30mX250umX0.253um) under the conditions indicated by [14]. The
quantification of the components was performed by means of the retention times that were
confirmed with external standards of thymol and carvacrol.

SAS [15] was used for analysis of variance and means were compared using Tukey’s test
(p=.05).

3. RESULTS AND DISCUSSION

From transplant untii 60 DH, the plants developed their main stem and some lateral
branches. From 60 to 90 DH, the main stem reached its maximum height (30.26cm/plant)
and stem diameter (6.61mm), while all other variables also increased their size and therefore
increased the weight of fresh and dry biomass. From this stage until 120 DH, the plants
developed a greater number of lateral branches and roots, which made the FSB and DSB
increase significantly Table 1. In this study, root length was favored with mineral nutrition
compared to organic treatments, possibly for the substrate and the frequency of irrigation as
indicated by [1], because the scoria is a highly porous material with respect to the organic
substrates used, which may exhibit a reduced availability of oxygen in the roots due to soll
compaction and high moisture retention capability.
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Table 1. Mean values of the variables evaluated in thyme (Thymus vulgaris L.) plants

PH (cm) FSB FRB SD DSB DRB
g/plant g/plant (mm) g/plant g/plant

DH
60 19.24c 24.83c 17.38¢ 4.91b 4.77c 3.08¢
90 30.22a 58.51b 39.96b 6.61a 12.26b 9.63b
120 26.94b 83.75a 77.18a 5.74a 22.79a 23.00a
FS
Organic 1 21.96b 25.88b 24.82b 5.30b 6.54b 4.70b
Organic 2 20.68b 33.84b 35.56b 5.41ab 8.44b 9.20b
Inorganic 33.77a 107.38a 74.14a 6.09a 24.84a 21.82a
HSD 1.66 8.64 11.68 0.72 3.26 4.65

Means with different letters in each column for each factor are statistically different (p=.05).

The supply of mineral nutrition overtook the organic in all the variables evaluated, such as
plant height which increased by 36.5%; this was because the essential elements in the
nutrient solution were readily available [16], and favored the growth of plants in comparison
to plants to which organic nutrients were applied. However, these treatments showed
homogeneous growth, perhaps because the plants used inorganic fractions of organic
substrates that were available to the roots as indicated by [17], and because the composition
of organic fertilizers contain, in addition to nutrients, other substances that stimulate and
regulate plant growth. This is because, compost is a source of organic nutrients, contain
chelated micronutrients for easy plant absorption and the nutrients is in biologically available
form for plant uptake [11]. In this way, some studies have documented that the fresh herb
positively responded to increased levels of either organic or chemical fertilizers [18], and
improve growth of plant foliage and roots [19].

Using the TLC technique, seven components of thyme essential oil were identified,
highlighted by: geraniol with a retention factor (Rf) value of 0.21 and blue color; linalool with
an Rf of 0.29 and blue color; thymol with an Rf of 0.51 and a red-violet color; and carvacrol
with a Rf of 0.53 and red color. The total yield of essential oils obtained from thyme did not
vary in the different sections and by fertilizer source Table 2. While the thymol yield showed
highly significant differences (p=.05) due to the fertilizer source and days to harvest, it was
the interaction of these factors that was significant. The carvacrol yield showed significant
differences in the factors evaluated. Days to harvest influenced the content of thymol and
carvacrol, being at 90 DH when the highest content of these active compounds was
recorded. This may indicate that under greenhouse conditions these compounds are
available in larger quantities without reaching the flowering stage, which is the period of
greatest production of volatile constituents [20,21].

The highest content of thymol (22.967pg/mL) and carvacrol (1.12ug/mL) was obtained from
plants under mineral nutrition Table 2. These components define the quality of thyme
essential oil for their pharmacological properties [22] and for giving the characteristic aroma
of Thymus species [21]. In the similar way, fertilization source affected the composition of
the essential oils by increasing the percentage of thymol and carvacrol. These results
support previous observations [18] regarding to the total oil yield per plant that remained
comparable with the lower levels of both organic and chemical fertilization. The effect of
organic fertilization treatments (application of compost and humic acids) on growth
parameters and essential oil yield was reported in several species such as: Thymus vulgaris
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[9], Origanum vulgaris [19], Borago officinalis [23], Mentha aquatica and Mentha pulegium
[24].

Table 2. Effect of fertilization and days to harvest on essential oil yield and thymol and
carvacrol content in Thymus vulgatris L.

Essential oil yield (g) Thymol yield (ug/mL) Carvacrol yield (ug/mL)

DH

60 0.0143a 12.714b 0.677b
90 0.0134a 21.627a 1.161a
120 0.0167a 9.973b 0.674b
FS

Organic 1 0.0157a 8.927b 0.648b
Organic 2 0.0137a 12.421b 0.739%b
Inorganic 0.0152a 22.967a 1.126a
HSD 0.0039 4.360 0.364

Means with different letters between columns for each factor are statistically different (p=.05).

Under conditions of mineral fertilization can obtain greater economic return in terms of
weight of fresh biomass, representing an increased amount of essential oil, thymol and
carvacrol per unit area, representing an advantage over organic treatments. But, production
thyme with different organic fertilizers in the form of compost is recommended to add value
to fresh produce and the essential oil.

4. CONCLUSION

The fertilizer source modifies fresh and dry biomass production in thyme plants, with mineral
fertilization favoring their development. The total yield of essential oils in thyme was not
affected by days to harvest and fertilizer source. Essential oil quality was higher in the
mineral treatment at 90 DH due to the content of thymol and carvacrol in the extract.

CONSENT

Not applicable.

ETHICAL APPROVAL

Not applicable.

ACKNOWLEDGEMENTS

We thank to the National Council of Science and Technology (CONACYT) of Mexico for the

Ph.D. fellowship to CRJR and Colegio de Postgraduados for providing infrastructure and
laboratory space.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

869



European Journal of Medicinal Plants, 4(7): 865-871, 2014

REFERENCES

1.

10.
11.
12.
13.
14.

15.
16.

17.

18.

Khazaie HR, Nadjafi F, Bannayan M. Effect of irrigation frequency and planting density
on herbage biomass and oil production of thyme (Thymus vulgaris) and hyssop
(Hyssopus officinalis). Ind. Crops Prod. 2008;27:315-321.

Lee SJ, Umano K, Shibamoto T, Lee KG. Identification of volatile components in basil
(Ocimum basilicum L.) and thyme leaves (Thymus vulgaris L.) and their antioxidant
properties. Food Chem. 2004;91:131-137.

Chizzola R, Michitsch H, Franz C. Antioxidative properties of Thymus vulgaris leaves:
comparison of different extracts and essential oil chemotypes. J. Agric. Food Chem.
2008;56:6897-6904.

Arzani A, Zeninadi H, Razmjo K. Iron and magnesium concentrations of mint
accesions (Mentha spp.). Plant Phisiol. and Biochem. 2007;45:323-329.

Figueiredo AC, Barroso JG, Pedro LG, Scheffer JJC. Factors affecting secondary
metabolite production in plants: volatile components and essential oils. Flav. Frag. J.
2008;23:213-226.

Sharafzadeh S. Effect of nitrogen, phosphorus and potassium on growth, essential oil
and total phenolic content of garden thyme (Thymus vulgaris L.). Adv. Environ. Biol.
2011;5(4):699-7083.

Naghdi Badi H, Yazdani D, Mohammad AS, Nazari F. Effects of spacing and
harvesting time on herbage yield and quality/quantity of oil in thyme, Thymus vulgaris
L. Ind. Crops Prod. 2004;19:231-236.

Mills HA, Jones Benton J. Plant Analysis Handbook Il. MicroMacro Publishing, Inc.
1996:422.

Hendawy S, Azza A, Ezz ED, Eman EA, Omer EA. Productivity and oil quality of
Thymus vulgaris L. Under organic fertilization conditions. Ozean Journal of Appl. Sci.
2010;3(2):203-216.

Omidbaigi R, Arjmandi A. Effects of NP supply on growth, development, yield and
active substances of garden thyme (Thymus vulgaris L.) Acta Hort. 2002;576:263-265.
Hendawy SF. Comparative Study of organic and mineral fertilization on Plantago
arenaria Plant. J. App. Sci. Res. 2008;4(5):500-506.

Steiner AA. The universal nutrient solution. Proceeding sixth international congress on
soilless culture. Wageningen, The Netherlands; 1984.

Wagner H, Bladt S. Plant Drug Analysis. Springer Verlag. Berlin;1996.

Juarez-Rosete CR, Rodriguez-Mendoza MN, Trejo-Téllez LI, Aguilar-Castillo JA.
Inorganic and organic fertilization in biomass and essential oil production of Matricaria
recutita L. Acta Hort. 2012;947:307-311.

SAS Institute. Statistical Analysis System. Release 8.1. Cary NC. USA; 1999.
Lépez-Gémez BF, Lara-Herrera A, Bravo-Lozano AG, Lozano-Gutiérrez J, Avelar-
Mejia JJ, Luna-Flores M, Llamas-Llamas JJ. Improvement of plant growth and yield in
pepper by vermicompost application, in greenhouse conditions. Acta Hort.
2012;947:313-317.

Zaller GJ. Vermicompost as a substitute for peat in potting media: effects on
germination biomass allocation, yields and fruit quality of three tomato varieties. Sci.
Hort. 2007;112:191-199.

Edris AE, Shalaby A, Fadel HM. Effect of organic agriculture practices on the volatile
aroma components of some essential oil plants growing in Egypt Il: Sweet marjoram
(Origanum marjorama L.). Flavour Frag J. 2003;18(4):345-351.

870



19.

20.

21.

22.

23.

24.

European Journal of Medicinal Plants, 4(7): 865-871, 2014

Said-Al Ahl HAH, Ayad HS, Hendawy SF. Effect of potassium humate and nitrogen
fertilizer on herb and essential oil of oregano under different irrigation intervals. J. App.
S. 2009;2(3):319-323.

Nickabar B, Mojab F, Dolat-Abadi R. Analysis of the essential oils of two Thymus
species from Iran. Food Chem. 2005;90:609-611.

Golmakani MT, Rezaei K. Comparison of microwave-assisted hydrodistillation with the
traditional hydrodistillation method in the extraction of the essential oils from Thymus
vulgaris L. Food Chem. 2008;109:925-930.

Oh 8SY, Ko JW, Jeong SY, Hong J. Application and exploration of fast gas
chromatography-surface acoustic wave sensor to the analysis of Thymus species. J.
Chromatog. A. 2008;1205:117-127.

Ezz EI-Din AA, S F Hendawy. Effect of dry yeast and compost tea on growth and oil
content of Borago officinalis plant. Res. J. Agric. & Biol. Sci. 2010;6(4):424-430.
Naguib NYM. Organic vs Chemical fertilization of medicinal plants: A concise review of
researches. Adv. Environ. Biol. 2011;5(2):394-400.

© 2014 Juarez-Rosete et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=474&id=13&aid=4236

871



