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Effect of organic fertilization on yield and quality of 
rosemary (Rosmarinus officinalis L.) essential oil
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aceite esencial de romero (Rosmarinus officinalis L.) 
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ABSTRACT RESUMEN

Rosemary production (Rosmarinus officinalis L.) in Colombia 
is destined mainly for international markets (2.898 t in 2006), 
Although the national demand is low, this is a promising crop 
in some areas of the country, having potential to enhance pro-
ducers life quality through the implementation of sustainable 
crops allowing the decrease of non-beneficial conditions in 
agriculture labors. Studying the response to the application of 
biofertilizers as an alternative to implement rosemary organic 
crops has become an important tool for the integrated crop 
management. In this research three commercial biofertilizer 
applied to the soil were evaluated (Azotobacter chroococcum, 
Pseudomonas f luorescens, humic and fulvic acids) facing a 
control treatment, significant differences were found regarding 
the number of stems growth per plant, however variables as 
oil extract volume and plant height did not present significant 
differences when compared with control treatment.

La producción de romero (Rosmarinus officinalis L.) en Co-
lombia está destinada principalmente a la exportación (2.898 
t para el 2006) pues la demanda a nivel nacional es baja, sin 
embargo este es un cultivo promisorio en ciertas zonas del país, 
siendo potencial para algunos productores debido al mejora-
miento de la calidad de vida a través de la implementación de 
cultivos sostenibles que permitan disminuir la nocividad de las 
labores agrícolas. Es así que conocer la respuesta de esta especie 
frente a la aplicación de biofertilizantes como alternativa para 
implementar cultivos de romero orgánicos se convierte en 
una herramienta base para el manejo integrado del cultivo. En 
esta investigación se evaluaron tres productos biofertilizantes 
comerciales aplicados al suelo (A. chroococcum, P. fluorescens, 
ácidos húmicos y fúlvicos) frente a un testigo, se encontraron 
diferencias significativas en el número de tallos generados por 
las plantas, sin embargo variables como el volumen de aceite 
esencial extraído y la altura de la planta no presentaron dife-
rencias significativas con respecto al testigo. 
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the total volume produced (MADR et al., 2009). Actually, 
the commercial and academic interest on rosemary (R. 
officinalis L.) oil, lays on its antioxidant and liposoluble 
capacity, cosmetic and pharmaceutic use, and food industry 
potential (Peng et al, 2005; Commission Regulation (EU), 
2011; Yang et al., 2016).

By the above, the investigation in this species has increased, 
with the objective of know more about the agronomic re-
quirements to improve the yield in this crop. Otherwise, it 
has been state that the production of secondary metabolites 
is highly related to genetic and environmental conditions, 
been affected by several abiotic factors as types of soil, 
water availability, nutrients solubility, light, UV radiation, 
among others (Hamilton et al., 2001; Ormeño et al., 2008; 
Pavarini et al., 2012; Nogués et al., 2015).

Introduction

Rosemary (Rosmarinus officinalis L.) is a species member 
of the Lamiaceae family, is a woody herb (Avila et al., 2011) 
cultivated mainly for essential oil production; in Colom-
bia the commercialization of this product is performed 
through exporting trade, this activity had a growth of 
6.5% between 2000 and 2006 (Conpes, 2008) due to the 
low internal demand of aromatic herbs either the lack of 
fresh consume or essential oil production, about 5 t per 
year (Barrientos et al., 2012).

Aromatic crop area (basil, thyme, rosemary, chives, orega-
no, mint, tarragon, marjoram, sage, calendula, chamomile, 
peppermint) in Colombia was about 1200 ha by 2008 and 
it had a production of 72.8 t year-1, being Cundinamarca 
department the most productive department with 62.8% of 
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Actually, new alternatives for agriculture fertilization 
has been developed and researched, leading to the use 
of bio-stimulants with several benefits, among which 
are, tolerance to stress caused by biotic and abiotic fac-
tors, easy nutrient assimilation, efficient water use. The 
substance correspond to microorganisms, humic acids, 
fulvic acids, hydrolyzed proteins, amino acids and algae 
(Calvo et al., 2014); the application of these substances has 
been converted into an important strategy for agriculture 
sustainability, since its properly use allow the combination 
of either pesticides and/or fertilizers of chemical synthesis 
without decreasing the crops yield (Cordovilla et al., 1999; 
Aseri et al., 2008; Ambrosini et al., 2015).

Associated rhizosphere microorganisms play an important 
role over soil biodiversity, since they can influence posi-
tively the plants growth due to the provision of nutrients, 
antibiotics and phytohormones around the roots (Vrieze, 
2015). Actually associated rhizosphere microorganisms 
are used frequently to solubilize compounds, to enhance 
element fixation, to promote growth through secondary 
metabolites or phytohormones induction, and to induce 
systematic resistance in plants of interest (Aseriet al., 2008). 
This activity is a product of microbial decomposition, 
humic substances (humic and fulvic acids) (Asli y Neu-
mann, 2010) wich play an important role in soil, through 
nutrient availability, soil/atmosphere oxygen and carbon 
interchange and toxic chemical transport and transforma-
tion (Piccolo and Spiteller, 2003).

Humic acids present in soils affect plant physiology and the 
composition and function of rhizosphere microorganism 
(Varnini and Pinton, 2001), additionally these substances 
comprise more than 60% of organic matter of the soil and 
are the lead component of organic fertilizers with a high 
nutrient content (Stevenson, 1994). However it cannot be 
recommended as the only source of nutrients, as the plant 
response to these substances is associated to interactions 
between membrane transportations responsible of nutri-
ent absorption from humic and fulvic acids (Canellas et 
al., 2015).

Bacteria inoculation can generate a plant growth increase, 
germination percentage increase, benefic response to 
external stress factors and protection of plant diseases 
(Lugtenberf et al., 2002). The most used fungi and bacteria 
as bio-stimulants are Glomus (mycorrhizae), Azotobacter, 
Pseudomonas, Bacillus, Azospirrilum (Wu et al., 2005; 
Egamberdiyeva, 2007; Aseri et al., 2008; Cappellari et al., 
2013).

Azotobacter, is a genus of aerobic bacteria which fixate 
atmosphere nitrogen (Kizilkaya, 2008), decreasing the 
nitrogen loss by natural biochemical process and increas-
ing its availability to the crop, several species of this genus 
are reported to be employed as biofertilizers, been the 
most recognized A. chroococcum, as being a plant growth 
promoting rhizobacteria (PGPR) through phytohormone 
production like auxins and gibberellins, It is recognized by 
its relations with other microorganisms like mycorrhizal 
fungi (Kilam et al., 2015).

Other commonly used bacteria is Pseudomonas fluores-
censes, species reported as growth promotor, responsible 
for iron consumption increase and plant growth stimulator 
under drought conditions (Sharma et al., 2013; Calvo et al., 
2014; Gopalakrishnan et al., 2015).

The objective of this research was evaluate the effect of 
solubilizing bacteria and humic substances on rosemary 
(Rosmarinus officinalis L.) essential oil yield and produc-
tion, with the end of stablish the best option of organic 
fertilization to rosemary production in Guasca Cundina-
marca municipality.

Materials and methods

Cultivar of rosemary (Rosmarinus officinalis L.) plants 
known as Israeli were used as vegetal material , at the begin-
ning of the experimental period plants with one year after 
seeding and seetled with drip irrigation tape system were 
employed. This assay was located in Guasca-Cundinamarca 
municipality (4°51’57.624’’ N and 73°52’9.919’’ W) at an 
altitude of 2,962 m a.s.l. average temperature of 20.9°C and 
relative humidity of 83% (IDEAM, 2016), the research was 
carried out in an area of 500 m2 and the soil was clasified to 
the taxonomic subgroup Typic Dystrudepts (IGAC, 2000).

A completely randomized design (CRD) was followed with 
four treatments and 6 repetitions, the experimental units 
correspond to a single plant. The four treatments corre-
spond to: T0, organic soil conditioner (total N: 1%; P2O5: 
1%; K2O: 1.5%; CaO: 3%; MgO: 1.3%; C/N 11%; pH 8; CE: 
5 dS m-1; CIC: 70 meq/100 g); T1, organic soil conditioner 
+ Azotobacter chroococcum (7 × 105 CFU); T2; organic soil 
conditioner + Pseudomonas fluorescens (9 × 105 CFU); T3, 
organic soil conditioner + humic and fulvic acids (1%).

Organic soil conditioner was applied in crown shape at the 
base of the plant accordingly to the fertilization used pre-
viously in the allotment, the treatments were applied four 
times every two weeks, using drench application with bug 
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bomb leading the spear directly to the plant root, seeking 
homogeneity in the application.

Data were taken 15, 30, 45, 60, 81 and 94 d after beginning 
the treatment application, considering variables like height 
(measured with a measuring tape ±1 cm) and stem number 
per plant, at 94 d after treatment application a 20-25 cm 
stem cuttings harvest was realized, to extract essential 
oils and evaluate the effect of treatments, For the steam 
distillation method, 266 g of R. officinalis L. fresh vegetal 
material was used, making the distillation during 120 min 
after obtaining the first distillate drop (Cassel et al., 2009; 
Yahya and Mohd, 2013), after the oil extraction procedure 
the sample was retired with a Pasteur pipette and left to 
decant during 2 d to eliminate the hydrolates of the sample 
and finally it was weighted with a Denver scale (±0.1 mg), 
accomplishing percentages of oil yielding, Finally, humidity 
data were taken founding vegetal material humidity of T0, 
52.15%; T1, 53.834%; T2, 50.829%; T3, 52.494%.

Data analysis were analyzed with the statistical software 
SAS 9.1.6, to ensure data normality and homogeneity and 
finally we use the Tukey’s range test to conclude significant 
differences.

Results and discussion

In general aromatic herbs have culinary, medicine, cosmet-
ic and decorative uses, they are used in fresh, dehydrated 
and in some cases its essential oil is extracted (Cardona and 
Barrientos, 2011), for all those uses the aerial component of 
the plant (leafs) are very important. This is why during crop 

lifespan, management focused to reach plant vigor, aiming 
to achieve the most number of new branches for the next 
harvest. It was observed that plants presented a positive 
response to treatments 1, 2 and 23. The height of the plants 
was evaluated during the sampling observing significant 
differences only 60 d after treatment was applied, being 
the application of A. chroococcum the one that presented 
the best response with respect the other treatments (Fig. 
1.), however, there were not contrasting differences with 
control test.

Maheshwari et al. (2012) in researches conducted with 
Sesamum indicum L., showed how the applications of A. 
chroococcum present results comparable with chemical syn-
thesis substances fertilization, in parameters like, protein 
content and the essential oil yield and content. However 
Abdel et al. (2014) reports how microbial colonization by 
A. chroococcum is significantly affected by factors like ni-
trogenous fertilization, plant growth state and soil moisture 
content, among others. For P. flourescens it is reported how 
its application increases the roots elongation and the aerial 
component of canola, lettuce and tomato (Hall et al., 1996; 
Dadrasan et al., 2015), however the results of this research 
allow to conclude that for the R. officinalis var. Israeli 
species at this agroclimatic and edaphic conditions, the 
treatments did not contribute to increase the plant height.

Referring the number of stems, the evaluation of plant 
branching as consequence of hormone production for A. 
chroococcum and P. fluorescens and how it affects the num-
ber of branchesis recorded in table 1, 30 d after treatment 
apply the effects of the applications can be observable, at 
the end of the experimental cycle the treatment with humic 

FIGURE 1. Stem height of R. officinalis after application of biofertilizers. Means with different letters indicate significant difference according to Tukey 
test (P≤0.05).
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and fulvic present an increment in the number of stems per 
plant of 55.5 % compared to control.

This response can be related with the effects that humic 
and fulvic acids in the soil, on characteristics as nutrient 
bioavailability (principally phosphorus) and microbial 
population (Delgado et al., 2002; Canellas et al., 2015). 
Puglisi et al. (2008) report an increase on the exudate 
productions through plant roots, as a consequence of 
substances application including humic and fulvic acids 
and the use of soil conditioner as compost, increasing the 
activity of some beneficial microorganism present naturally 
in cultivated soil.

Also it have been reported that an application effect of 
this substances is the production of phytohormones which 
promotes the growing (Smolen et al., 2014), all this due to 
the capacity of this substances to generate soil aggregates, 
proteins, carbohydrates, aliphatic biopolymers and lignin 
content, thus favoring the microbial activity, improving 
soil structure and the development of several beneficial 
microorganism (Calvo et al., 2014).

Chemical analysis conducted on rosemary plants show the 
presences of terpens and terpenoids, including components 
as camphor, 1,8-cineole, α-pinene, camphene, α-terpineol 
and borneol, with an average density of 0.877 g cm-3 (Atti-
Santos et al., 2005; Moncada et al., 2016), secondary me-
tabolites production in plants occur principally through 
the Shikimate pathway (Narwal and Sampietro, 2009); 
the biosynthesis of terpenes occur through two pathways, 
Mevalonate pathway and the non-mevalonate pathway also 
called the MEP/DOXP pathway (Zuzarte and Salgueiro, 
2015), having as precursors compounds like isopentenyl 
pyrophosphate (IPP) and dimethylallyl pyrophosphate 
(DMAPP), These compounds are originated from meta-
bolic pathways in the plant that occurred in cell organelles 
as chloroplast, cytoplasm and mitochondria. However this 
results (Tab. 2) doń t show the effect of treatments on the 
production of rosemary oil.

TABLE 2. Production of essential oil of R. officinalis L. after application 
of biofertilizers. 

Treatment Volume (mL) Weight (g) Density (g mL-1)

T0 1.00 a 0.98 a 1.04 a

A. chroococcum 1.07 a 0.94 a 0.90 a

P. fluorescens 0.70 a 0.75 a 1.17 a

Humic and fulvicacids 0.60 a 0.58 a 0.98 a

Means with different letters indicate significant difference (P≤0.05), according to Tukey test.

It is how the photosynthesis and nutrient efficiency absorp-
tion by plants are the first characteristic to accomplish an 
adequate working of the other metabolic pathways, where 
the availability and movement of the elements can activate 
and increase yield. 

Conclusions

The application of humic and fulvic acids did not show a 
positive effect in the increase of the height of the plants, 
however, we observed an increase of rosemary yield, due to 
the increase in the number of stems per plant, additionally 
changes were not observed regarding physical characteris-
tics of the essential oil related to the fertilization treatments 
used conventionally, for which it is considered useful for 
the production of this aromatic plant.

The health of the soil and the fertility base, depends of the 
food web in which the bacteria, micro-fauna (nematodes 
and protozoa) and earthworms plays a major role in the 
nutrient cycle (Warldeet al., 2004), it is why the application 
of biofertilizers isn’t enough to a sustainable management 
of aromatic crops, it’s necessary the implementation of 
integral management plans that allow gradually reactivate 
such food web and allows the fertility and health of the soil.

Literature cited

Ávila, R., A. Navarro, O. Vera, R. Davila, N. Melgoza, and R. Meza. 
2011. Romero (Rosmarinus officinalis L.) un revisión de sus 
usos no culinarios. Rev. Cienc. Mar. 43, 23-36. 

TABLE 1. Stem number of R. officinalis L. after application of biofertilizers. 

  Days after treatment application

  15 30 45 60 81 94

T0 6 a 6 c 7 b 9 b 9 b 10 c

A. chroococcum 7 a 7 bc 9 b 10 b 11 ab 12 bc

P. fluorescens 8 a 8 ab 10 ab 11 ab 12 ab 13 ab

Humic and fulvicacids 8 a 10 ab 12 ab 14 a 14 a 15 a 

Means with different letters indicate significant difference according to Tukey test (P≤0.05).



236 Agron. Colomb. 35(2) 2017

Abdel, S., W. Eweda, M. Girgis, and B. Abdel. 2014. Improving the 
productivity and quality of black cumin (Nigella sativa) by 
using Azotobacter as N2 biofertilizer. Ann. Agric. Sci. 59(1), 
95-108. Doi: 10.1016/j.aoas.2014.06.014

Ambrosini, A., R. de Souza, and L. Passaglia, L. 2015. Ecological 
role of bacterial inoculants and their potential impact on soil 
microbial diversity. Plant Soil 400(1-2), 193-207 Doi: 10.1007/
s11104-015-2727-7

Aseri, G., N. Jain, J. Panwar, A. Rao, and P. Meghwal. 2008. Biofertil-
izers improve plant growth, fruit yield, nutrition, metabolism 
and rhizosphere enzyme activities of Pomegranate (Punicagra-
natum L.) in Indian Thar Desert. Sci. Hortic. 117(2), 130-135. 
Doi: 10.1016/j.scienta.2008.03.014

Asli, S. and P. Neumann. 2010. Rhizosphere humic acid interacts 
with root cell walls to reduce hydraulic conductivity and 
plant development. Plant Soil 336(1-2), 313-322. Doi: 10.1007/
s11104-010-0483-2

Atti-Santos, A., M. Rossato, G. Fernandes, L. Duarte, J. Ciro, M. 
Pansera, F. Agostini, L. Atti, and P. Moyna. 2005. Physico-
chemical evaluation of Rosmatinus officinalis L. Essential 
Oils. Braz. Arch. Biol. Technol. 48(6), 1035-1039. Doi: 10.1590/
S1516-89132005000800020

Barrientos, J., M. Reina, and M. Chacón. 2012. Potencial económico 
de cuatro especies aromáticas promisorias para producir 
aceites esenciales en Colombia. Rev. Colomb. Cienc. Hortic. 
6(2), 225-237. Doi: 10.17584/rcch.2012v6i2.1979

Canellas, L., F. Olivares, N. Aguiar, D. Jones, A. Nebbioso, P. 
Mazzei, and A. Piccolo. 2015. Review: Humic and fulvic acids 
as biostimulants in horticulture. Sci. Hortic. 196, 15-27. Doi: 
10.1016/j.scienta.2015.09.013

Cassel, E., R. Vargas, N. Martinez, D. Lorenzo, and E. Dellacassa. 
2009. Steam distillation modeling for essential oil extrac-
tion process. Ind. Crops Prod. 29, 171-176. Doi: 10.1016/j.
indcrop.2008.04.017 

Calvo, P., L. Nelson, and J. Kloepper. 2014. Agricultural uses of 
plant biostimulants. Plant Soil 383(1-2), 3-41. Doi: 10.1007/
s11104-014-2131-8

Caperalli, L., M. Santoro, F. Nievas, W. Giordano, and E. Banchio. 
2013. Increase of secondary metabolite content in marigold by 
inoculation with plant growth-promoting rhizobactera. Appl. 
Soil Ecol. 70, 16-22. Doi: 10.1016/j.apsoil.2013.04.001

Commision regulation EU. 2011. No. 1130 of 11 November 2011. Brussels,  
Belgium.

Conpes. 2008. Política nacional fitosanitaria y de inocuidad para las 
cadenas de frutas y de otros vegetales. Retrieved from: https://
www.minambiente.gov.co/images/normativa/conpes/2008/
Conpes_3514_2008.pdf; consulted: June, 2017. 

Abdel, S., W. Eweda, M. Girgis, and B. Abdel. 2014. Improving the 
productivity and quality of black cumin (Nigella sativa) by 
using Azotobacter as N2 biofertilizer. Ann. Agric. Sci. 59(1), 
95-108. Doi: 10.1016/j.aoas.2014.06.014

Dadrasan, M., M. Chaichi, A. Pourbabaee, D. Yazdani, and R. 
Keshavarsz-Afshar. 2015. Deficit Irrigation and biological 
fertilizer influence on yield and trigonelline production 
of fenugreek. Ind. Crops Prod. 77, 156-162. Doi: 10.1016/j.
indcrop.2015.08.040

Delgado, A., A. Madrid, S. Kassem, L. Andreu, and M. Campillo. 
2002. Phosphorus fertilizer recovery from calcareous soils 
amended with humic and fulvic acids. Plant Soil 245(2), 277-
286. Doi: 10.1023/A:1020445710584

Egamberdiyeva, D. 2007. The effect of plant growth promoting 
bacteria on growth and nutrient uptake of maize in two dif-
ferent soils. Appl. Soil Ecol. 36(2-3), 184-189. Doi: 10.1016/j.
apsoil.2007.02.005

Gopalakrshnan, S., A. Sathya, R. Vijayabharathi, R. Varshney, C. 
Gowda, and L. Krishnamurthy. 2015. Plant growth promoting 
rhizobia: challenges and opportunities. Biotech. 5(4), 355-377. 
Doi: 10.1007/s13205-014-0241-x

Hall, J., D. Pierson, S. Ghosh, and B. Glick. 1996. Root elongation 
in various agronomic crops by the plant growth promoting 
rhizobacteriaPseudomonas putida GR12-2. Isr. J. Plant Sci. 44, 
37-42. Doi: 10.1080/07929978.1996.10676631

Hamilton, J., A. Zangerl, E. Delucia, and M. Berenbaum. 2001. The 
carbon nutrient balance hypothesis: its rise and fall. Ecol. Lett. 
4(1), 86-95. Doi: 10.1046/j.1461-0248.2001.00192.x 

IDEAM. 2016. Datos históricos climáticos estación climatológica 
completa 2120570 Guasca. Instituto de Hidrología, Me-
teorología y Estudios Ambientales de Colombia, Bogota, 
Colombia.

IGAC. 2000. Estudio general de suelos y zonificación de tierras del 
departamento de Cundinamarca. Instituto Geográfico Agustin 
Codazzi, Subdirección de Agrología, Bogota, Colombia. 

Kilam, D., M. Saifi, M. Abdin, A. Agnihotri, and A. Varma. 2015. 
Combined effects of Piriformospora indica and Azotobacter 
chroococcum enhance plant growth, antioxidant potential and 
steviol glycoside content in Stevia rebaudiana. Symbiosis 66(3), 
149-156. Doi: 10.1007/s13199-015-0347-x

Kizilkaya, R. 2008. Yield response and nitrogen concentrations 
of spring wheat (Triticumaestivum) inoculated with Azoto-
bacter chroococcum. Ecol. Eng. 33(2), 150-156. Doi: 10.1016/j.
ecoleng.2008.02.011

Maheshwari, D., R. Dubey, A. Aeron, B. Kumar, S. Kumar, S. 
Tewari, and N. Kumar. 2012. Integrated approach for disease 
management and growth enhancement of Sesamumindicum 
L. utilizing Azotobacter chroococcum TRA2 and chemical 
fertilizer. J. Micro. Biotech. 28(10), 3015-3024. Doi: 10.1007/
s11274-012-1112-4

MADR. 2009. Agenda prospectiva de investigación y desarrollo tec-
nológico para la cadena productiva de plantas aromáticas, me-
dicinales, condimentarías y afines con énfasis en ingredientes 
naturales para la industria cosmética en Colombia. Ministerio 
de Agricultura y Desarrollo Rural, Universidad Nacional de 
Colombia, Cámara de Comercio de Bogota. Bogota, Colombia.

Moncada, J., J. Tamayo, and C. Cardona. 2016. Techno-economic 
and environmental assessment of essential oil extraction from 
Oregano (Origanum vulgare) and Rosemary (Rosmarinus 
officinalis) in Colombia. J. Cleaner Prod. 112(1), 172-181. Doi: 
10.1016/j.jclepro.2015.09.067

Narwal, S. and D. Sampietro. 2009. Allelopathy and allelochemicals. 
pp. 3-5. In: Sampietro, D.A., C.A.N. Catalan, M.A. Vattuone, 
and S.S. Narwal (eds.). Isolation, identification and char-
acterización of allelochemicals / Natural products. Science 
Publishers. Doi: 10.1201/b10195-3

https://doi.org/10.1016/j.aoas.2014.06.014
https://doi.org/10.1007/s11104-015-2727-7
https://doi.org/10.1007/s11104-015-2727-7
https://doi.org/10.1016/j.scienta.2008.03.014
https://doi.org/10.1007/s11104-010-0483-2
https://doi.org/10.1007/s11104-010-0483-2
https://doi.org/10.1590/S1516-89132005000800020
https://doi.org/10.1590/S1516-89132005000800020
https://doi.org/10.17584/rcch.2012v6i2.1979
https://doi.org/10.1016/j.scienta.2015.09.013
https://doi.org/10.1016/j.indcrop.2008.04.017
https://doi.org/10.1016/j.indcrop.2008.04.017
https://doi.org/10.1007/s11104-014-2131-8
https://doi.org/10.1007/s11104-014-2131-8
https://doi.org/10.1016/j.apsoil.2013.04.001
https://www.minambiente.gov.co/images/normativa/conpes/2008/Conpes_3514_2008.pdf
https://www.minambiente.gov.co/images/normativa/conpes/2008/Conpes_3514_2008.pdf
https://www.minambiente.gov.co/images/normativa/conpes/2008/Conpes_3514_2008.pdf
https://doi.org/10.1016/j.aoas.2014.06.014
https://doi.org/10.1016/j.indcrop.2015.08.040
https://doi.org/10.1016/j.indcrop.2015.08.040
https://doi.org/10.1023/A:1020445710584
https://doi.org/10.1016/j.apsoil.2007.02.005
https://doi.org/10.1016/j.apsoil.2007.02.005
https://doi.org/10.1007/s13205-014-0241-x
https://doi.org/10.1080/07929978.1996.10676631
https://doi.org/10.1046/j.1461-0248.2001.00192.x
https://doi.org/10.1007/s13199-015-0347-x
https://doi.org/10.1016/j.ecoleng.2008.02.011
https://doi.org/10.1016/j.ecoleng.2008.02.011
https://doi.org/10.1007/s11274-012-1112-4
https://doi.org/10.1007/s11274-012-1112-4
https://doi.org/10.1016/j.jclepro.2015.09.067
https://doi.org/10.1201/b10195-3


237Cáceres, Cuervo A., and Rodríguez C.: Effect of organic fertilization on yield and quality of rosemary (Rosmarinus officinalis L.) essential oil

Nogués, I., V. Muzzini, F. Loreto, and M. Bustamante. 2015. Drought 
and soil amendment effects on monoterpene emission in rose-
mary plants. Sci. Total Environ. 538, 768-778. Doi: 10.1016/j.
scitotenv.2015.08.080

Ormeño, E., V. Baldy, C. Ballini, and C. Fernandez. 2008. Production 
and diversity of volatile terpenes from plants on calcareous 
and siliceous soils: Effect of soil nutrients. J. Chem. Eco. 34, 
1219-1229. Doi: 10.1007/s10886-008-9515-2

Pavarini, D., S. Pavarini, M. Niehues, and N. Lopes. 2012. Ex-
ogenous inf luences on plant secondary metabolite levels. 
Animal Feed Sci. Technol. 176(1-4), 5-16. Doi: 10.1016/j.
anifeedsci.2012.07.002

Peng, Y., J. Yuan, F. Liu, and J. Ye. 2005. Determination of active 
components in Rosemary by capillary electrophoresis with 
electrochemical detection. J. Pharm. Biomed. Anal. 39(3-4), 
431-437. Doi: 10.1016/j.jpba.2005.03.033

Piccolo, A. and M. Spiteller. 2003. Electrospray ionization mass 
spectrometry of terrestrial humic substances and their size 
fractions. Anal. Bioanal. Chem. 377(6), 1047-1059. Doi: 10.1007/
s00216-003-2186-5

Puglisi, E., G. Fragoulis, A. Del Re, R. Spaccini, A. Piccolo, G. Gi-
gliotti, D. Said, and M. Trevisan. 2008. Carbon deposition in 
soil rhizosphere following amenments with compost and its 
soluble fractions, as evaluated by combined soil-plant rhizobox 
and reporter gene systems. Chemosphere 73(8), 1292-1299. Doi: 
10.1016/j.chemosphere.2008.07.008

Smolen, S., I. Ledwozy, and W. Sady. 2016. The role of exogenous 
humic and fulvic acids in iodine biofortification in spinach 
(Spinacia oleracea L.). Plant Soil 402(1-2), 129-143. Doi: 10.1007/
s11104-015-2785-x

Sharma, S., G. Lyons, C. McRoberts, D. McCall, E. Carmichael, F. 
Andrews, R. Swan, R. McCormack, and R. Mellon. 2012. Bio-
stimulant activity of brown seaweed species from Strangford 

Lough: compositional analyses of polysaccharides and bioassay 
of extracts using mung bean (Vigno mungo L.) and pakchoi 
(Brassica rapachinensis L.). J. Appl. Phycol. 24(5), 1081-1091. 
Doi: 10.1007/s10811-011-9737-5

Yang, Y., X. Song, X. Sui, B. Qi, Z. Wang, Y. Li, and L. Jiang. 2016. 
Rosemary extract can be used as a synthetic antioxidant to 
improve vegetable oil oxidative stability. Ind. Crop Prod. 80, 
141-147. Doi: 10.1016/j.indcrop.2015.11.044

Valadabadi, S. and H. Farahani. 2011. Investigation of biofertilizers 
influence on quantity and quality characteristics in Nigella 
sativa L. J. Hort. For. 3(3), 88-92. 

Varanini, Z. and R. Pinton. 2001. Direct versus indirect effects of 
soil humic substances on plant growth and nutrition. pp. 3-41 
In: Calvo, P., L. Nelson, and J. Kloepper (eds.). Agricultural 
uses of plant biostimulants. Marcel Dekker, New York, USA.

Vrieze, J. 2015. The littlest farmhands. Sci. 349(6249), 680-683. Doi: 
10.1126/science.349.6249.680

Wardle, D., R. Bardgett, J. Klironomos, H. Setälä, W. van Der Put-
ten, and D. Wall. 2004. Ecological linkages between aboveg-
round and belowground biota. Sci. 304(5677), 1629-1633. Doi: 
10.1126/science.1094875

Wu, S., Z. Cao, Z. Li, K. Cheung, and M. Wong. 2005. Effects of 
biofertilizer containing N-fixer, P and K solubilizers and AM 
fungi on maize growth: a greenhouse trial. Geoderma 125(1-2), 
155-166. Doi: 10.1016/j.geoderma.2004.07.003

Yahya, A. and R. Mohd. 2013. Influence of simple preparation and 
extraction time on chemical composition of steam distillation 
derived patchouli oil. Procedia Eng. 53, 1-6. Doi: 10.1016/j.
proeng.2013.02.001

Zuzarte, M. and L. Salgueiro. 2015. essential oils chemistry. pp. 19-
61. In: De Sousa, D. (ed.). Bioactive essential oils and cancer. 
Springer. Doi: 10.1007/978-3-319-19144-7_2

https://doi.org/10.1016/j.scitotenv.2015.08.080
https://doi.org/10.1016/j.scitotenv.2015.08.080
https://doi.org/10.1016/j.anifeedsci.2012.07.002
https://doi.org/10.1016/j.anifeedsci.2012.07.002
https://doi.org/10.1016/j.jpba.2005.03.033
https://doi.org/10.1007/s00216-003-2186-5
https://doi.org/10.1007/s00216-003-2186-5
https://doi.org/10.1016/j.chemosphere.2008.07.008
https://doi.org/10.1007/s11104-015-2785-x
https://doi.org/10.1007/s11104-015-2785-x
https://doi.org/10.1007/s10811-011-9737-5
https://doi.org/10.1016/j.indcrop.2015.11.044
https://doi.org/10.1126/science.349.6249.680
https://doi.org/10.1126/science.1094875
https://doi.org/10.1016/j.geoderma.2004.07.003
https://doi.org/10.1016/j.proeng.2013.02.001
https://doi.org/10.1016/j.proeng.2013.02.001
https://doi.org/10.1007/978-3-319-19144-7_2

