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Resumen

La finalidad de este trabajo ha sido la obtención de una mejora en la calidad de la producción en

los cultivos sin suelo, pudiendo aplicarse además en ciertos casos a los cultivos en suelo. Esto se

debe al manejo de las nuevas tecnologías como son el uso de cámaras termográficas y la aplicación

de algoritmos en Matlab.

Para ello, se ha realizado un control  de la disolución nutritiva y de las técnicas de iluminación

artificial, teniendo en cuenta la preservación del medio ambiente.

La correcta gestión del agua y de la fertirrigación, junto con el empleo de diferentes elementos

químicos en las soluciones nutritivas como son el silicio y el amonio, resultan esenciales a la hora

de alcanzar un aumento en la producción, junto con el empleo de diversos sustratos como son la

fibra de coco y la arena silícea, para favorecer la concentración de fitoquímicos beneficiosos para la

salud humana.

Como  resultado,  se  obtienen  las  concentraciones  y  condiciones  idóneas  para  el  aumento  del

rendimiento y de la potenciación de compuestos químicos en diferentes cultivos como son pepino,

melón, pimiento, lechuga y arándano, pudiendo extrapolarse a otras muchas especies.
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Abstract

The aim of this work has been to obtain an improvement in the quality of production in soilless

crops,  which can also be applied in certain cases to soil  crops.  This  is  due to the use of  new

technologies  such  as  the  use  of  thermographic  cameras  and  the  application  of  algorithms  in

Matlab.

To this end, a control of nutrient solution and artificial lighting techniques has been carried out,

taking into account the preservation of the environment.

The correct management of water and fertigation,  together with the use of different chemical

elements in the nutrient  solutions such as silicon and ammonium, are essential  to achieve an

increase in production, together with the use of different substrates such as coconut fibre and

siliceous sand, to favour the concentration of phytochemicals that are beneficial to human health.

As a result, the ideal concentrations and conditions are obtained for increasing yields and boosting

chemical compounds in different crops such as cucumber, melon, pepper, lettuce and blueberry,

and can be extrapolated to many other species.
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Introducción

Se estima que, en las próximas décadas, la población mundial crecerá alrededor de un 33%, lo que

supondrá que para 2050, en el mundo convivirán unos 10.000 millones de personas (FAO, 2020). 

La  agricultura 4.0  pretende  producir  de  manera  distinta  a  lo  que  se  viene  haciendo  de  forma

convencional, utilizando técnicas alternativas como las plantaciones de cultivo sin suelo (De Clerq

et al., 2018).

En la actualidad además de producir con suficiente cantidad para alimentar a la población mundial,

se pretende potenciar el valor nutricional y contenido en fitoquímicos beneficiosos para la salud

humana de los productos cultivados de una forma sostenible con la mayor eficacia y eficiencia

posible. Por tanto también se quiere cultivar de una forma sostenible utilizando 1) el menor número

posible de recursos generales incluyendo el espacio físico, con la mínima injerencia en el medio

ambiente, 2) incorporando el concepto de economía circular (Arroyo-Morocho, 2018) y 3) con el

mayor respeto a las consideraciones sociales (Chaves-Ávila et al., 2018). 

Por otro lado, un manejo eficiente de la nutrición mineral y los parámetros de fertirrigación en los

cultivos garantiza un buen crecimiento y una producción de alta calidad (Vargas y Bryla, 2015).

En la mayoría del terreno mundial destinado a la agricultura la obtención de buenos rendimientos,

así como también el poder cultivar una amplia variedad de especies, cada vez está teniendo más

restricciones debido a la salinización de los suelos. Se estima que sobre 780 millones de hectáreas

en el planeta están afectadas por sales, de estas 400 millones lo son por problemas de salinidad y

519 millones por condiciones asociadas a sodicidad (FAO, 2017).

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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Uno de los factores principales que influyen en el desarrollo y la producción de los cultivos es el

sustrato,  y  la  solución  de  nutrientes,  que  puede  interferir  con  la  disponibilidad  de  nutrientes

(Urrestarazu, 2015).

El silicio como nutriente es ampliamente tratado en multitud de bibliografia (Ferrón-Carrillo et al.,

2019; Esmaili et al., 2021), sin embargo su papel en múltiples procesos que afecta a la producción

vegetal aun está lejos de ser totalmente aclarado. En la actualidad, la información existente sobre

los  beneficios  del  uso  de  diferentes  elementos  en  la  solución  nutritiva  como el  silicio  (Si)  en

agricultura es cada vez mayor (Urrestarazu et al., 2016). Especialmente, su significativa utilidad a la

hora de paliar situaciones de estrés (Xia et al., 2018). También su contribución en el metabolismo

para la formación de tricomas y fitolitos como defensa y fortalecimiento (Ferrón-Carrillo et al.,

2019). Además de suponer una ayuda en el retraso de la aparición de nuevas sequías consecuencia

de un creciente calentamiento global.

Por ejemplo, la aplicación de Si aumenta significativamente la concentración de calcio en brotes de

plantas de pepino expuestas a la salinidad, -habida cuenta de que la presencia de calcio en el cultivo

favorece la defensa del mismo-, mientras que no tiene efecto en la concentración de la calcio de

brotes de plantas cultivadas bajo condiciones no salinas (Khoshgoftarmanesh et al., 2014).

El Si, además, es un elemento fundamental como nutriente para los arándanos (Morikawa et al.,

2004). Los efectos negativos del exceso de fertilización nitrogenada pueden ser mitigados por la

rigidez conferida por el aporte de Si (Guntzer et al., 2012), por lo que permite utilizar menores

cantidades de fertilizante y por tanto menores emisiones de nitrógeno al medio ambiente. 

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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Aun  podemos  encontrar  lagunas  de  conocimiento  en  las  funciones del  Si  en  las  formaciones

epicuticulares tanto del vástago como de fruto, así como en su papel directo en las repercuciones

sobre la fitoquímica de plantas hortícolas.

Desde  la  década  de  los  70s  se  han formulado infinidad  de  soluciones  nutritivas  para  distintas

situaciones de sustratos y plantas hortícolas. Muchas de ellas cuentan con la presencia de nitrógeno

en forma amónica (Cox y Reinsenaure, 1973; Clarkson et al. 1986; Forde y Clarkon, 1999). Entre

las  mas  antiguas  que  recogen  el  amonio  en  su  destacamos  las  de  Blacquiere  et  al.  (1988)

encontrando rendimientos incrementados de un 40 a un 70%. 

Otro de los aspectos de alto grado de implicación e interrelación con el fertirriego en horticultura es

la influencia de la intensidad y calidad de la luz tanto natural como artificial con la composición

fitoquímica de los productos hortícolas. El uso de luz LED con espectro predominante del rojo para

impulsar la fotosíntesis ha sido ampliamente aceptado por dos razones principales.  Primero,  las

curvas de McCree (Sager y McFarlane, 1997) indican que las longitudes de onda del rojo (600 a

700 nm) son absorbidas de manera eficiente por los pigmentos vegetales; en segundo lugar, los

primeros LED eran de color rojo con la emisión más eficiente a 660 nm, cerca de un espectro de

absorción de las clorofilas.

Este tipo de iluminación, se puede utilizar para diferentes especies vegetales, las cuales pueden

variar en su contenido en carotenoides por su importancia, como son los microgreens. Por ejemplo,

(Paradiso et al., 2018) indicaron que Lactuca sativa L. cv. contiene concentraciones significativas

de carotenoides en la etapa microverde. Además, los microgreens de Brassicaceae, como el brócoli,

el  repollo  y  el  rábano,  contienen  altas  cantidades  de  glicosilonatos,  que  se  informan  como

compuestos antitumorales (Kopsell et al., 2013). Sin embargo, existe evidencia de que los nitratos

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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reaccionan  con  otras  aminas  secundarias  para  producir  nitrosaminas,  lo  que  induce  cáncer

gastrointestinal (Hord et al., 2009).

En la moderna horticultura y su fertirrigación se destaca la monitorización mediante sensores de

todo tipo: humedad, temperatura, conductividad eléctrica, pH, nitratos y potasio. Esta aplicación de

sensores facilita por tanto la elección del sistema de distribución de la aplicación de nutrientes en el

sustrato  para  un  mejor  desarrollo  de  las  raíces.  La  monitorización  ambiental  tiene  muchas

aplicaciones con el objetivo de mejorar la sostenibilidad de los recursos naturales (Novas et al.,

2017). 

Otro aspecto novedoso en el control del fertirriego procede del uso de las termografías. Se puede

realizar una investigación más profunda de la disponibilidad de agua y nutrientes, lo que resulta en

un  mayor  crecimiento  de  la  longitud  y  volumen  de  las  raíces  (Robinson,  1994).  Es  de  gran

importancia  investigar  el  potencial  de  la  termografía  infrarroja  como  una  herramienta  para

monitorear las raíces en unidades de cultivo sin suelo, tanto para la detección de enfermedades

como para conocer el vigor del cultivo (Fernández Bregón et al., 2013). 

Una de sus múltiples aplicaciones en agronomía es el manejo de sistemas de fertirrigación para

control de la distribución de las raíces en el sustrato (Fernández-Bregón et al., 2013), o análisis de

estrés hídrico (Urrestarazu, 2013), siendo de gran ayuda para estudiar la eficacia del uso de los

recursos hídricos para aplicaciones en los cultivos (Antonucci et al., 2011) y en especial plantas en

macetas en un cultivo sin suelo (Urrestarazu, 2013).  

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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Introduction

It is estimated that, in the coming decades, the world's population will grow by around 33%, which

means  that  by  2050,  the  world  will  be  home  to  around  10  billion  people  (FAO,  2020).  

Agriculture 4.0 aims to produce in a different way to what has been done conventionally, using

alternative techniques such as soil-less plantations (De Clerq et al., 2018).

Nowadays, in addition to producing sufficient quantities to feed the world's population, the aim is to

enhance the nutritional value and phytochemical content beneficial to human health of the products

grown in a sustainable way as effectively and efficiently as possible. Therefore, the aim is also to

grow crops in a sustainable way using 1) as few overall resources as possible, including physical

space, with the minimum interference with the environment, 2) incorporating the concept of circular

economy  (Arroyo-Morocho,  2018)  and  3)  with  the  greatest  respect  for  social  considerations

(Chaves-Ávila et al., 2018). 

In the other hand, efficient management of mineral nutrition and fertigation parameters in crops

ensures good growth and high quality production (Vargas and Bryla, 2015).

In most of the world's agricultural land, obtaining good yields, as well as being able to grow a wide

variety of crops, is increasingly constrained by soil salinisation. It is estimated that over 780 million

hectares on the planet are affected by salts, of which 400 million hectares are affected by salinity

problems  and  519  million  hectares  by  conditions  associated  with  sodicity  (FAO,  2017).

One of the main factors influencing crop development and production is  the substrate,  and the

nutrient  solution,  which  can  interfere  with  nutrient  availability  (Urrestarazu,  2015).

Silicon as a nutrient is widely discussed in a multitude of literature (Ferrón-Carrillo et al., 2019;

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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Esmaili et al., 2021), however its role in multiple processes affecting plant production is still far

from being fully elucidated. Currently, there is increasing information on the benefits of the use of

different elements in the nutrient solution such as silicon (Si) in agriculture (Urrestarazu et  al.,

2016). Especially, its significant usefulness in alleviating stress situations (Xia et al., 2018). Also its

contribution  in  metabolism  for  the  formation  of  trichomes  and  phytoliths  as  a  defence  and

strengthening (Ferrón-Carrillo et al., 2019). It also helps to delay the onset of new droughts as a

consequence of increasing global warming.

For example, the application of Si significantly increases the concentration of calcium in shoots of

cucumber plants exposed to salinity,  given that the presence of calcium in the crop favours its

defence, while it has no effect on the concentration of calcium in shoots of plants grown under non-

saline conditions (Khoshgoftarmanesh et al., 2014).

Si is also a key nutrient for blueberries (Morikawa et al., 2004). The negative effects of excess

nitrogen fertilisation can be mitigated by the stiffness conferred by the Si input (Guntzer et al.,

2012), thus allowing lower amounts of fertiliser to be used and thus lower nitrogen emissions to the

environment.  

There are still gaps in knowledge on the role of Si in epicuticular formations of both stem and fruit,

as well as its direct role in the impact on the phytochemistry of horticultural plants.

Since the 1970s,  a  multitude  of  nutrient  solutions  have  been formulated  for  different  substrate

situations and horticultural plants. Many of them include nitrogen in the form of ammonium (Cox

and Reinsenaure, 1973; Clarkson et al. 1986; Forde and Clarkon, 1999). Among the older ones that

include ammonium in their ammonium content, Blacquiere et al. (1988) found increased yields of

40 to 70%. 

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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Another aspect with a high degree of involvement and interrelation with fertigation in horticulture is

the influence of the intensity and quality of both natural and artificial light on the phytochemical

composition of horticultural products. The use of red-dominant LED light to drive photosynthesis

has been widely accepted for two main reasons. First, McCree curves (Sager and McFarlane, 1997)

indicate that red wavelengths (600 to 700 nm) are efficiently absorbed by plant pigments; secondly,

early LEDs were red in colour with the most efficient emission at 660 nm, close to the absorption

spectrum of chlorophylls.

This type of illumination can be used for different plant species, which may vary in their carotenoid

content  because of their  importance,  such as microgreens.  For example,  (Paradiso et  al.,  2018)

indicated  that  Lactuca  sativa L.  cv.  contains  significant  concentrations  of  carotenoids  in  the

microgreen stage.  In  addition,  Brassicaceae microgreens,  such as  broccoli,  cabbage and radish,

contain high amounts of glycosylonates, which are reported to be anti-tumour compounds (Kopsell

et al., 2013). However, there is evidence that nitrates react with other secondary amines to produce

nitrosamines, which induce gastrointestinal cancer (Hord et al., 2009).

In  modern  horticulture  and  its  fertigation,  monitoring  by  sensors  of  all  kinds  -  humidity,

temperature, electrical conductivity, pH, nitrates and potassium - is prominent. This application of

sensors thus facilitates the choice of the distribution system for the application of nutrients in the

substrate for better root development. Environmental monitoring has many applications with the

aim of improving the sustainability of natural resources (Novas et al., 2017). 

Another  novel  aspect  in  fertigation monitoring comes from the use of  thermography.  A deeper

investigation of water and nutrient availability can be carried out, resulting in increased root length

and volume growth (Robinson,  1994).  It  is  of  great  importance  to  investigate  the  potential  of

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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infrared  thermography  as  a  tool  to  monitor  roots  in  soilless  cultivation  units,  both  for  disease

detection and crop vigour (Fernández Bregón et al., 2013). 

One of its multiple applications in agronomy is the management of fertigation systems to control

root  distribution  in  the  substrate  (Fernández-Bregón  et  al.,  2013),  or  water  stress  analysis

(Urrestarazu, 2013), being of great help to study the efficiency of the use of water resources for

crop  applications  (Antonucci  et  al.,  2011)  and  especially  potted  plants  in  soilless  cultivation

(Urrestarazu, 2013).  
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General objectives

The general objective of this thesis is to propose improvements in fertigation in soilless cultivation 

systems that increase the quality of production with the use of modern technologies from 

thermography to the composition of the nutrient solution itself and the use of modern lighting 

techniques, all with the strictest care for the environment.

The specific objectives are detailed in each chapter.

Specific objectives

Objective 1.

Efficient management of fertigation in soilless cultivation. It is intended to achieve an optimization 

in the use of water and nutrients. For this, different elements are used in the nutritional solutions 

evaluated: Silicon and Ammonium. It will be studied in different protected horticultural crops such 

as cucumber, melon and pepper.

Objective 2.

Enhancement of the production of phytochemicals beneficial to human health. Artificial lighting 

techniques are used in soilless cultivation to measure concentrations of nitrates and carotenoids in 

lettuce varieties.

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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The evaluation of different concentrations of silicon is carried out, in addition to the use of several 

substrates such as coconut fibre and silicon sand for the production of phenolsic acids and 

antioxidant activity in blueberries.

Objective 3.

Application of automation in crop control. For this, we resort to the use of thermography and the 

implementation of algorithms through Matlab.

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
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1. Effects of Si in nutrient solution on leaf cuticles.
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2. Silicon enhances production and quality of blueberry fruits
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3. Effect of ammonium nitrogen on pepper grown under soilless
culture
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Conclusiones 

Se ha realizado un significativo beneficio del cultivo del arándano a través de la aplicación de Si en

el  fertirriego  que  pudiera  ser  extrapolable  a  otros  cultivos  hortícolas.  Describiendo  algunas

importantes consideraciones en las rutas metabólicas implicadas.

Se ha determinado la mejor concentración de amonio en la solución nutritiva para un cultivo de

pimiento  en  condiciones  de cultivo  sin  suelo.  Definiendo que  es  importante  encontrar  la  dosis

exacta para cada cultivo y condiciones específicas no solo del cultivar sino del medio de cultivo y

su manejo agronómico.

Se ha mejorado y aplicado ciertos algoritmos en MATLAB para medición de raíces. Demostrándose

que  muchos  medios  matemáticos  desarrollados  en  otras  tecnologías  pueden  contribuir

significativamente  como  herramientas  útiles  al  estudio  y  contribución  junto  al  fertirriego  del

crecimiento radical y por tanto de la producción total y de calidad.

La  combinación  de  las  técnicas  de  fertirrigación  y  la  luminotecnia  sostenible  LED  adecuada

aumenta significativamente los beneficios de la composición fitoquímica y nitratos en la lechuga.

Abriéndose la posibilidad de extrapolar esta conclusión a otras técnicas y cultivos hortícolas.
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Conclusions

A significant  benefit  has  been realised  for  the  blueberry  crop through the  application  of  Si  in

fertigation that could be extrapolated to other horticultural crops. Some important considerations in

the metabolic pathways involved have been described.

The  best  ammonium  concentration  in  the  nutrient  solution  for  a  pepper  crop  under  soilless

conditions has been determined. Defining that it is important to find the exact dosage for each crop

and conditions specific not only to the cultivar but also to the growing medium and its agronomic

management.

Certain MATLAB algorithms for root measurement have been improved and applied. It has been

demonstrated  that  many  mathematical  means  developed  in  other  technologies  can  contribute

significantly as useful tools to the study and contribution together with fertigation of root growth

and therefore of total production and quality.

The combination of fertigation techniques and appropriate  sustainable LED lighting technology

significantly  increases  the  benefits  of  phytochemical  and  nitrate  composition  in  lettuce.  This

conclusion can be extrapolated to other techniques and horticultural crops

.

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
114



V References

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
115



Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
116



References

Antonucci, T., Birditt, K., Sherman, C., Trinh, S., 2011. Stability and change in the intergenerational

family:  A  convoy  approach.  Ageing  Soc.  31,  1084–1106.

https://doi.org/10.1017/S0144686X1000098X. 

Blacquière, T., Hofstra, R., Stulen, I., 1987. Ammonium and nitrate nutrition in Plantago lanceolata

L.  and  Plantago  major L.  ssp.  major  I  Aspects  of  growth,  chemical  composition  and  root

respiration. Plant Soil. 104, 129–141.

Clarkson, D.T., Hopper, M.J., Jone. L.H.P., 1986. The effect of root temperature on the uptake of

nitrogen and the relative size of the root system in Lolium perene. I. Solutions containing both NH

4+  and  NO  3-  Plant,  Cell  &  Environment  9  (7),  535–545.  https://doi.org/10.1111/1365-

3040.ep11616282. 

Cox, W.J., Reisenauer, H.M., 1973. Growth and ion uptake by wheat supplied nitrogen as nitrate, or

ammonium, or both. Plant  Soil. 38 (2), 363–380. https://doi.org/10.1007/BF00779019. 

De  Clerq,  M.,  Vats,  A.,  Biel,  A.,  2018.  Agriculture  4.0:  The  future  of  farming  technology.

https://www.oliverwyman.com/content/dam/oliver-wyman/v2/publications/2018/February/Oliver-

Wyman-Agriculture-4.0.pdf

Ferrón-Carrillo, F., Urrestarazu, M., 2021.  Effects of Si in nutrient solution on leaf cuticles.  Sci

Hortic. 278, 1–10. https://doi.org/10.1016/j.scienta.2020.109863. 

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
117



Fernandez-Bregon, N., Valera, D., Urrestarazu, M., 2013. Uniformity of fertigation as diagnosed by

infrared thermography under soilless culture. J FOOD AGRIC ENVIRON. 11, 981–984.

Food and Agricultural Organization, FAO., 2017.  Crops statistics. Visited March 2020. 

http://www.fao.org/faostat/en/#data/QC.

Food and Agricultural Organization, FAO., 2020. El estado mundial de la agricultura y la 

alimentación 2020. Superar los desafíos relacionados con el agua en la agricultura. Roma. 

Forde, B.G., Clarkson, D.T., 1999. Nitrate and Ammonium Nutrition of Plants: Physiological and 

Molecular Perspectives. ADV BOT RES. 30, 1–90. https://doi.org/10.1016/S0065-2296(08)60226-

8.

Fuertes-Mendizábal, T., Estavillo, J., Duñabeitia, M., Huérfano, X., Castellón, A., Gonzalez-Murua,

C., Aizpurua, A., González-Moro, M., 2018. 15N Natural Abundance Evidences a Better Use of N

Sources  by  Late  Nitrogen  Application  in  Bread  Wheat.  Front.  Plant  Sci.  9.

https://doi.org/10.3389/fpls.2018.00853. 

Guntzer, F., Keller, C., Meunier, J.D., 2012. Benefits of plant silicon for crops: a review. Agron

Sustain Dev. 32, 201–213. https://doi.org/10.1007/s13593-011-0039-8.

Hord, N., Tang, Y., Bryan, N., 2009. Food sources of nitrates and nitrites: the physiologic context

for potential health benefits1-3. Am. J. Clin. 90, 1–10. https://doi.org/10.3945/ajcn.2008.27131. 

Khoshgoftarmanesh, A., Khodarahmi, I., Haghighi, M., 2014. Effect of silicon nutrition on lipid

peroxidation and antioxidant response of cucumber plants exposed to salinity stress. Arch. Agron.

Soil Sci. 60. https://doi.org/10.1080/03650340.2013.822487. 

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
118

https://doi.org/10.1007/s13593-011-0039-8
https://doi.org/10.1007/s13593-011-0039-8
https://doi.org/10.1007/s13593-011-0039-8
http://www.fao.org/faostat/en/#data/QC


Kopsell,  D.A., Sams, C.E., 2013. Increase in shoot tissue pigments, glucosinolates, and mineral

elements in sprouting broccoli after exposure to short-duration blue light from light emitting diodes.

J Am Soc Hortic Sci. 138(1), 31–37.

Morikawa, C.K., Saigusa, M., 2004. Mineral composition and accumulation of silicon in tissues of

blueberry (Vaccinum corymbosus cv. Bluecrop) cuttings. Plant Soil. 258, 1–8. 

Novas, N., Gázquez, J.A., MacLennan, J., García, R.M., Fernández-Ros, M., Manzano-Agugliaro,

F., 2017. A real-time underground environment monitoring system for sustainable tourism of caves.

J. Cleaner Prod. 142, 2707–2721. https://doi.org/10.1016/j.jclepro.2016.11.005.

Paradiso, V., Castellino, M., Renna, M., Gattullo, C., Terzano, R., Allegretta, I., Leoni, B.,  Caponio,

F., Santamaria, P., 2018. Nutritional characterization and shelf-life of packaged microgreens. FOOD

FUNCT. 9. https://doi.org/10.1039/C8FO01182F.

Ramachandran,  S.,  Bairagi,  A.,  Ray,  A.K.,  2005.  Improvement  of  nutritive  value  of  grass  pea

(Lathyrus sativus) seed meal in the formulated diets for rohu, Labeo rohita (Hamilton) fingerlings

after  fermentation  with  a  fish  gut  bacterium,  Bioresour.  Technol.  96(13),  1465–1472.

https://doi.org/10.1016/j.biortech.2004.12.002.

Romero-Aranda, M.R., Jurado, O., Cuartero, J., 2006.  Silicon alleviates the deleterious salt effect

on tomato plant growth by improving plant water status. J. Plant Physiol. 163, 847–855.

Sager, J.C., McFarlane, J.C., 1997. Radiation. In: Plant Growth Chamber Handbook. (Langhans,

R.W. and Tibbitts, T.W., Eds.) Iowa State University: North Central Regional Research Publication

No. 340, Iowa Agriculture and Home Economics Experiment Station Special Report 99, 1–29.

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
119



Santamarıa, P., 2006. Nitrate in vegetables: toxicity, content, intake and EC regulation. Emir J Food

Agric. 86(1), 10–17.

Smith, G.S., Johnston, I.S., Cornforth C.M., 1983. Comparison of Nutrient Solutions for Growth of

Plants in Sand Culture. New Phytol. 94, 537–548.

Urrestarazu, M., 2013. Infrared thermography used to diagnose the effects of salinity in a soilless

culture.  Quantitative  InfraRed  Thermography  Journal.  10,  1–8.

https://doi.org/10.1080/17686733.2013.763471. 

 

Urrestarazu, M., 2015. Manual práctico del cultivo sin suelo e hidroponía. Mundi-Prensa, Madrid,

Spain.

Urrestarazu,  M.,  Gallegos,  V.M.,   Álvaro,  J.E.,  2017.  The  use  of  thermography  images  in  the

description of the humidification bulb in soilless culture. Communications in Soil Science and Plant

Analysis. 48 (13), 1595–1602. https://doi.org/10.1080/00103624.2017.1374399.

Urrestarazu, M.,  Nájera, C.,  Gea, M.M., 2016. Effect of the spectral quality and intensity of light-

emitting  diodes  on  several  horticultural  crops.  HortScience.  51  (3),  68–271.

https://doi.org/10.21273/HORTSCI.51.3.268.

Vargas, O.L.,  Bryla, D.R., Weiland, J.E., Strik, B.C., Sun,  L., 2015. Irrigation and fertigation with

drip and alternative micro irrigation systems in northern highbush blueberry. HortScience. 50, 897–

903. https://doi.org/10.21273/HORTSCI.50.6.897.

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
120

https://doi.org/10.21273/HORTSCI.50.6.897
https://doi.org/10.1080/00103624.2017.1374399


Xia,  Y.,  Liu,  L.,  Yin,  J.,  Zhu,  J.,  2018.  Silicon’s  Role  in  Improving  Plant  Salinity  Tolerance.

Research and Reviews: Bot. Sci. 7, 2.

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
121



Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
122



VI Scientific contributions

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
123



Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
124



Publications

1. Urrestarazu, M., Gallegos-Cedillo, V., Ferrón-Carrillo, F., Guil-Guerrero, J.L., Álvaro, J.E., Lao,

M.T.,  2019.  Effects  of  the  Salinity  under  Soilless  Culture  Systems on Gamma Linolenic  Acid

Levels in Borage Seed. PLoS ONE. 14(2), 1–9. https://doi.org/10.1101/454405.  Q1 Journal.

2. Ferrón-Carrillo, F., Urrestarazu, M., 2019. Beneficios del Silicio en Horicultura.Vida Rural. 

72–80.  Divulgative.

3. González-Fernández, M., Fabrikov, D., Lashenko, S., Ferrón-Carrillo, F., Guil- Guerrero, J.L.,

2020. Highly concentrated very long-chain PUFA obtainment by Urea complexation methodology.

Environmental Technology & Innovation 18:100736. https://doi.org/10.1016/j.eti.2020.100736. Q2

Journal.

4.  Ferrón-Carrillo,  F.,  Gómez-Cortés,  J.C.,  Regalado-Sánchez,  J.,  Urrestarazu,  M.,  Novas

Castellano, N., 2020. Algorithm implementation in MATLAB for root measurement,

Computers  and  Electronics  in  Agriculture,  174,105487,  ISSN  0168–1699.

https://doi.org/10.1016/j.compag.2020.105487.  Q1 Journal.

5. Ferrón-Carrillo, F., Urrestarazu, M., 2021. Effects of Si in nutrient solution on leaf cuticles.

Scientia Horticulturae 278:109863. https://doi.org/10.1016/j.scienta.2020.109863. Q1 Journal.

6. Aliniaeifard, S., Ghorbanzadeh, P., Esmaili, M., Azadegan, B.,

Ferrón-Carrillo, F., Lastochkina, O., Li, T., Seif, M., 2020. CO2 enrichment

and increasing light intensity till  a threshold level, enhance growth and water use efficiency of

lettuce plants in controlled environment. Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 48.

2244–2262. https://doi.org/10.15835/nbha48411835. Q2 Journal.

7. Ferrón-Carrillo, F., Urrestarazu, M., 2021. Effect of Ammonium Nitrogen on Pepper

Grown Under Soilless Culture. Scientia Horticulturae.  Q2 Journal.

8. Esmaili, M., Mashal, M., Aliniaiefard, S., Urrestarazu, M., Ferrón-Carrillo, F., 2021. Impact of

Silicon on Chemical Properties of Drainage Water from Lettuce Following

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
125



Determination of Proper Cultivar and Light Spectrum. Communications in Soil Science and Plant

Analysis. https://doi.org/10.1080/00103624.2020.1869762. Q2 Journal.

9. Ferrón-Carrillo, F., Guil-Guerrero, J.L., González-Fernández, M.J., Lyashenko, D.,  Battafarano,

F., Pagan Loeiro da Cunha, T., 2021. LED enhances plant performance and both carotenoids and

nitrates profiles in lettuce.  Q1 Journal.

Transference merits

1.  Name of the contract:  Agronomic evaluation of the use of silicon as a nutrient in  a soilless

cultivation system to improve the productivity and quality of blueberries. 2.

agronomic evaluation of the use of silicon as a nutrient in a soilless cultivation system to improve

the productivity and quality of blueberries. Code: 4001237. Scope: International. Funding entity and

programme: Rocio Group. TAL SA.

Principal Investigator: Urrestarazu Gavilán, Miguel. Start date: 02/01/2017-Finish date: 31/12/2018.

Amount  (EUROS):  22185.00.  Relation  to  the  project:  Closely  related:  management  of  plants

sensitive to salinity.

2.  Name of  the  contract:  Agronomic  evaluation  of  the  use  of  silicon as  LABINSINERGIC in

different horticultural various horticultural species

Code:  401273.  Scope:  European.  Financing  entity  and  programme:  MACASA SA.  Principal

Researcher: Urrestarazu Gavilán, Miguel. Start date: 01/01/2017. End date: 30/07/2018. Amount

(EUROS): 20.682,69. Relation to the project: Closely related: management of brackish water and

the palliative effect of Si on water-deficient crops.

3. Name of the contract: Evaluation of ammonium toxicity in a pepper crop on coconut fibre.

on coconut fibre. Code: 401273. Scope: European. Financing entity and programme: MACASA SA.

Principal Researcher: Urrestarazu Gavilán, Miguel. Start date: 01/01/2017. End date: 07/30/2018.

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
126



Amount (EUROS): 20,682.69. Relation to the project:  Closely related: management of brackish

water and the palliative effect of Si on water-deficient crops.

4.  Name  of  the  contract:  Sustainable  production  of  new borage  species  for  the  production  of

functional oils rich in gamma linolenic acid. of functional oils rich in gamma linolenic acid.

Code:  67528.  Scope:  European.  Funding entity  and programme:  AGL2015- 67528-R.  Principal

Investigator: Urrestarazu Gavilán, Miguel. Start date: 01/01/2017.

Date  end:  31/01/2018.  Amount  (EUROS):  20,000.09.  Relationship  to  project:  Closely  related:

Effect of Si on soilless crops.

Teaching

1. Study Abroad 2019. Internationalisation Programme. Advanced Horticulture in Almería.

Fertigation. 1-12 April 2019. 24 hours.

2. Study Abroad 2019. Internationalisation Programme. Advanced Horticulture in Almería.

Horticulture. 1-12 April 2019. 4 hours.

3. Study Abroad Summer Courses Ual. 2019. SUSTAINABLE PROTECTED HORTICULTURE:

SOILLESS CROP SYSTEMS AND HYDROPONICS. 1-25 July 2019. 10 hours.

Congress communications and courses 

1. Communication to Congress. Title of the work: Evaluation of silicon in the nutrient solution with

fertigation in cucumber, melon and pepper crops.

fertigation in cucumber, melon and pepper crops. Authors: Miguel Urrestarazu Gavilán; Francisca

Carrillo Ferrón; Jose alan huerta trujillo; Osmar Jair Ortiz Pedraza; Abril Anahi Rojas López. Name

of the congress: XXIII Verano de Investigación Científica y Tecnológica del Pacífico 2018. Place

and date of celebration: Nuevo Vallarta, Nayarit, (15/08/2018).

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
127



2. Communication to Congress. Title of the work: Implementation of algorithms in MATLAB for

the  measurement  of  roots.  the  measurement  of  roots.  Authors:  Miguel  Urrestarazu  Gavilán;

Francisca  Carrillo  Ferrón;  Juan Carlos  Gómez,  Julio  César  Regalado.  Name of  the congress:  I

Congreso Jóvenes  Investigadores  en  Ciencias  Agroalimentarias.  Agroalimentary Sciences.  Place

and date: University of Almería, (20/12/2018).

3. Symposium Communication. Title of the work: Implementation of algorithms in MATLAB for

the measurement of roots. the measurement of roots. Authors: Francisca Carrillo Ferrón; Miguel

Urrestarazu  Gavilán;  Juan  Carlos  Gómez;  Julio  César  Regalado.  Name  of  the  congress:  VII

Simposio de investigación en Ciencias Experimentales. Sciences. Place and date: Almería, Spain.

(15/11/2018).

4.  Conference  communication:  LETTUCE  MICROGREENS:  EFFECT  OF  ARTIFICIAL

LIGHTING LEDS ON THE GROWTH AND CAROTENOIDS CONTENT IN. Authors: aFerrón-

Carrillo, F., aGuil-Guerrero, J.L.*, bLyashenko, S., aGonzález-Fernández, M.J., aUrrestarazu, M.

Conference name: EuroFed Lipid Congress Seville 2019. Status: Accepted. Date and Place Date

and Place: Seville, Spain, October 2019.

5. Conference Communication. Title of the work: Fatty Acids, Tocopherols and Sterols from 50

Ribes Taxa. Authors: aLyashenko S., bGonzález-Fernández M.J., bFerrón-Carrillo F., bFabrikov D.,

bUrrestarazu M., bGuil-Guerrero J.L.*Congress name: EuroFed Lipid Seville Venue and date:

Seville, Spain (20/10/2019).

6.  Conference  Communication.  Title:  Highly  concentrated  ARA,  DHA  and  EPA  by  urea

complexation methodology. urea complexation methodology Authors: M.J. González-Fernández1*,

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
128



S. Lyashenko1, F. Ferrón- Carrillo1, J.L. Guil-Guerrero1Conference name: EuroFed Lipid Seville

Venue and date: Seville, Spain (20/10/2010). Seville, Spain (20/10/2019).

7. Conference Communication. Title: Argan oil: influence of different extraction systems on fatty

acid  profiles  and  oil  systems  on  fatty  acid  profiles  and  oil  quality  Authors:  M.J.  González-

Fernández1*, S. Lyashenko1, F. Ferrón-Carrillo1, J.L. Guil-Guerrero1. Conference name: EuroFed

Lipid Seville Venue and date: Seville, Spain (20/10/10). Seville, Spain (20/10/2019).

8. Conference Communication. Title of the work: Phenolic compounds from Borago species.

Authors:  aLyashenko  S.,  bFabrikov  D.,  bGonzález-Fernández  M.J.,  bFerrón-Carrillo  F.,

bUrrestarazu M., bGuil-Guerrero J.L.*Congress name: EuroFed Lipid Seville Venue and date:

Seville, Spain (20/10/2019).

9. Conference Communication. Title of the work: Assessing the n-3 PUFA status of Palaeolithic

hominins trough faunal assemblages Authors: José Luis Guil-Guerrero1*, María José González-

Fernández1,  Dmitri  Fabrikov1,  Svetlana  Lyashenko2,  Francisca  Ferrón-Carrillo1,  Miguel

Urrestarazu1. Name of the congress: EuroFed Lipid Seville Place and date of celebration: Seville,

Spain (20/10/2019).

10. Conference Communication. Title of the work: Implementation Phenolic compounds from

Borago  species.  Authors:  aLyashenko  S.,  bFabrikov  D.,  bGonzález-Fernández  M.J.,  bFerrón-

Carrillo  F.,  bUrrestarazu  M.,  bGuil-Guerrero  J.L.*Congress  name:  II  Congreso  Jóvenes

Investigadores  en  Ciencias  Agroalimentarias.  en  Ciencias  Agroalimentarias.  Place  and  date:

University of Almería, (20/10/2019).

Courses

Increase in production and phytochemicals: use of silicon, ammonium, artificial light and Matlab.
129



1. Training Network Courses 2017. University of Almeria. Advanced techniques in greenhouse

greenhouse technology. (27/11/2017-01/12/2017), 40 hours.

2. Study Abroad Summer Program University of Almeria. Sustainable Protected Horticulture.

(02/07/2018-26/07/2018), 80 hours.

3. XVIII UAL Summer Courses. Smart Biohouses: Business trends in the agri-food sector.

agri-food sector. (10/07/2017-12/07/2017), 25 hours.

4. SCOPUS advanced level classroom training course UAL. (16/10/2017), 3 hours.

5. Entrepreneurship project preparation for the Open Future UAL Alumni Scholarship

2016/17, 20 hours.

6.  Fruit  and vegetable  research  and  development  in  the  Almeria  countryside.  Openresearchers.

Commission European Commission in the Marie Skolodowska-Curie Actions call.  University of

Almeria. (29/09/2017), 20 hours.

7. I Ciaimbital UAL Transfer Conference. (5/10/2017-6/10/2017), 19 hours.

8. Conference attendance: Name of the conference: El Innovadero. Innovation and agri-food.

Place and date of the congress: Almería, Spain. 25 hours (27/03/2019-28/03/2019).

13. Attendance at a talk: Name of the talk: "MANAGEMENT OF TOXIC AND HAZARDOUS

WASTE OF CHEMICAL AND BIOLOGICAL HAZARDOUS WASTE OF CHEMICAL AND

BIOLOGICAL ORIGIN". Place and date: Almería, Spain. 6 hours (05/12/2018).
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9. Dissemination and scientific communication. UAL Summer Courses 2019. (01/07/2019-

03/07/2019). 25 hours.

10. Autumn Science Days Ual 2019. 24-26 September 2019. International Doctoral School.

University of Almeria. 17 hours.

Work experience and languages

1. Research work at the UAL-ANECOOP Experimental Farm, for the implementation of the UNE

ISO/IEC 17020 and 17025 the UNE ISO/IEC 17020 and 17025 standards in the laboratories of the

farm, and as an advisor for the treatment of diseases and pests to treatment of diseases and pests to

the  research  groups  of  the  UAL.  Researcher  at  CIAIMBITAL  to  help  in  the  collection  of

information for the implementation of European and international projects in which the University

of Almeria participates. and international projects in which the University of Almeria participates,

(2017-2018).

2.  Research  work  in  the  Food  Technology  laboratory  of  the  University  of  Almeria,  lipids,

carbohydrates, carbohydrates, carbohydrates, carbohydrates

Almeria, lipids, carotenes, phenols, HPLC liquid chromatography, gas chromatography, cell culture.

cell culture. (2018-2021).

3.  Work  in  private  company  Infoagro  Systems  S.L.  Director  of  the  agronomy  and  research

department. (04/11/2019-03/10/2020).

4. Winner of the Telefónica Open Future Start Up 2017 Grant: "PROPOSAL R+D+i FOR

THE IMPLEMENTATION OF AN INTERPRETATIVE CENTRE FOR THE
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SUSTAINABLE PRODUCTION OF DEHYDRATED FRUITS AND VEGETABLES FROM THE

DEHYDRATED FROM THE ALMERIA REGION".

5. Agri-food Innovation Awards of GRUPO LA CAÑA II and III edition. Category

student finalist (2018-2019).

6. ENGLISH LEVEL C1 CAMBRIDGE.
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