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Abstract

:

Basil (Ocimum basilicum L.), including other species and cultivars, is an excellent source of nutritional compounds, the accumulation of which can be stimulated by exogenous factors (environmental and nutritional conditions). Although best practices are relatively established for mature basil plants, microgreens production requires further research to optimize quality and quantity. The study objectives are (i) to provide an overview of the many uses of basil, (ii) collate and present common hydroponic systems available in the market, (iii) review effects of key production environment parameters on basil yields in hydroponic systems, and (iv) summarize the effects of the growth environments on yield quantity and quality of basil microgreens. The paper analyzes in detail key production parameters of basil microgreens in hydroponic systems, such as temperature, humidity, pH, electrical conductivity, dissolved oxygen, carbon dioxide, nutrient solutions, and the influence of light (quantity, quality, and photoperiods). The collated literature review has shown that basil, grown hydroponically, can tolerate high variations of environmental parameters: pH 5.1–8.5, temperature 15–24 °C, relative humidity 60–70%, electrical conductivity up to 1.2 mS cm−1, depending on the developmental stage, dissolved oxygen at 4 mg L−1 (optimally 6.5 mg L−1), and light intensity between 200 and 400 μmol m−2 s−1. The study has synthesized an overview of different production parameters to provide guidance on the optimization of environmental conditions to ensure the quantity and quality production of basil microgreens. Improving the quality of basil microgreens can ideally spur continued gastronomic interest in microgreens in general, which will encourage more entrepreneurs to grow basil and other microgreens. Hence, the study findings are a great resource to learn about the effects of different environments on basil microgreen production. This information can inform research for successful production of different species and cultivars of basil microgreens, and establishing testing protocols to improve the quantity and quality of the harvest.
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1. Introduction


By 2050 it is estimated that the human population of the Earth will be approximately 10 billion people [1]. Meeting the caloric and nutritional needs of this growing population is a large challenge for humanity. The growing population based on urban agglomeration, in combination with limited natural resources and global warming, increases the severity of this challenge by posing a threat to food safety globally [2]. Conventional agriculture is ill-suited to meet this challenge, as it has negative impacts on the environment, inefficient use of a large quantity of water, high concentrations of nutrients and pesticides in water runoff, high greenhouse gas (GHG) emissions, and increases soil degradation and erosion. Therefore, in order to improve input use efficiencies and mitigate greenhouse gas emissions, hydroponic production systems can represent an alternative to the conventional methods of food production [1]. This literature review focused on the hydroponic production of microgreens with a growing period of 7–21 days that uses substrates of organic or inorganic origin (textile, coconut coir, perlite, etc.) instead of soil substrate. This is of contemporary value, as hydroponic standards for mature plants are relatively well established, while for microgreens, optimal conditions for quality and quantity production are still in development. In general, hydroponics production systems can reduce or avoid the use of insecticides, herbicides, or pesticides, which leads to a reduction in GHGs, while water can be reused, with a reduction in water consumption by up to 90% [3] compared to soil-based production in open fields. Furthermore, hydroponic systems have the advantage of controlling environmental parameters to obtain higher yields and uniform outputs while also improving resource use efficiency [4,5,6].



Microgreens, of which basil is one of the most popularly cultivated choices, are mainly produced hydroponically or semi-hydroponically with very short growing cycles (usually 10–20 days after germination) and are considered the functional food of the 21st century [7]. This is because they are young plants consumed at a seedling stage with a high nutrient density, have a short production cycle, and need little space to grow. Microgreens are seedlings of vegetables and herbs consumed with tender cotyledons, and the first pairs of leaves are more or less developed. At harvest, plant height varies from 2.5 to 8 cm depending on the species [8]. Microgreens are functional crops rich in valuable nutritional elements that are beneficial for human health when used as food supplements. Apart from the larger concentration of nutrients per gram in microgreens compared to mature plants, the taste and aroma are much more intense than mature plants, which makes them ideal for gastronomic purposes. Microgreens are also an alternative to sprouts (germinated seeds) due to their higher content of vitamins, carotenoids, and phenols, as well as their reduced content of nitrates [9]. This is in part due to the controlled environment, which can optimize beneficial compound production.



Hydroponically cultivated microgreens are of increasing importance because of their high nutraceutical properties, but data regarding yield, quality, and nutritional quantity, and factors that influence these properties are limited and still in their early stages [10]. Furthermore, operational practices, including nutrient solution compositions, mineral requirements, and light regimes, have not been standardized yet. Therefore, potential low yields are usually indicated as a limiting factor for microgreen production [11,12,13]. Furthermore, no standard guidelines for quality exist [14], although there are consumer standards such as color and taste that are threshold values of quality and consumer acceptance. However, research is being increasingly focused in this area to determine the protocols necessary to maximize the value of microgreen production. This literature review is focused on these recent papers, as they pertain to basil species or cultivars, with the purpose of collating important syntheses of novel research to harmonize the many disparate sources of information.



Hydroponic production of microgreens offers the potential to produce fresh crops with a short production cycle that have a high concentration of nutrients, vitamins, and beneficial secondary metabolites [15]. Hydroponics practices are increasingly popular due to the perceptions concerning conventional agriculture’s impact on the food supply and human health [16]. However, there are a number of challenges faced by the microgreens producers, hindering the development of this sector. Firstly, there are a number of hydroponics systems available in the market, and it can be difficult for a producer to decide on a particular hydroponic system. Secondly, production parameters viz. light intensity, light quality (spectrum combinations) and photoperiod, pH, electrical conductivity, air, and water temperature, nutrient solution, CO2 content, and air circulation have huge effects on the crop yield in terms of quantity and quality, and best practices for a particular production objective (quality and quantity) do not exist. Thirdly, there is wide species-specific and cultivar-specific variation in crop yields and nutritional contents under similar production environments for microgreens. Hence, this study provides insights into these key challenges in hydroponic production, with a focus on basil species and cultivars, by synthesizing a variety of sources of relevant information. The information presented here contributes to a more nuanced comprehension of the challenges of basil microgreen production in a controlled hydroponic system, which leads to the further development of research and industry to fine-tune optimal production of high-quality, nutrient-dense basil microgreens. Therefore, the study objectives were to:




	
Provide an overview of the multiple uses of basil;



	
Collate and present common hydroponic systems available in the market;



	
Review effects of key production environmental parameters on basil yields in quantity and quality in hydroponic systems;



	
Summarize the effects of the growth environments on basil microgreen yield quantity and quality.









2. Materials and Methods


This literature review is a systematic organization of the information on the multiple applications of basil and the contemporary research trends on environmental parameters necessary for their successful growth and quality production. This was done to present a synthesis of key information on the quality and quantity production of microgreens. The literature review was conducted between December 2020 and August 2021, using the databases: Web of Sciences, Scopus, Science Direct, and Google Scholar. This was done to synthesize data from a diversity of experiments on the successful production of hydroponic basil microgreens by collating the literature on environmental parameterization and production processes. The review of the literature and data collection used a number of keywords relevant for the production of basil microgreens in hydroponic systems, such as: temperature, humidity, pH, electrical conductivity, oxygen dissolved in water, carbon dioxide, nutrient solutions, and the influence of light (quantity, quality, and photoperiods). The data collected were structured to provide a more nuanced comprehension of the challenges of basil microgreen production in controlled hydroponic systems, which can help further the research and development needs on basil production, as well as elaborate on adequate cultivation protocols for controlled environment parameterization.




3. Results


3.1. Multiple Applications of Basil


Basil (Ocimum basilicum L.), Labiatae Fam., including other cultivars and species, has many uses such as seasoning, medicine, ornamental, and industrial applications such as cosmetic production (Table 1). For instance, basil is used both in traditional and scientific medicine due to the presence of health-promoting compounds and essential oils. For instance, basil essential oils have an important role in reducing inflammation, muscle spasms, have antibacterial and antifungal activity, and have a beneficial influence on the respiratory and digestive system [1,15]. The World Health Organization (WHO) has estimated that medicines based on plants, especially extracts of plants, are used by almost 80% of the world population for their first course of treatment [17]. In this regard, Basil is often used in traditional medicine, especially against intestinal worms, flu, or kidney disease, for the carminative effect (that relieves abdominal pain and promotes the evacuation of intestinal gas), and even for the treatment of insect or snake bites [18].



In general, the aboveground plant parts of basil are used to extract the volatile oil and compounds. Studies show that the aboveground plant parts of the basil (Basilici herba) contain around 0.04–0.7% (Aetheroleum basilici) [34], 0.2–0.5% [39], or 0.2–1% volatile oils [40]. The volatile oil content of basil plants can vary between 0.2% and 1%, reaching up to 1.7% based on the origin of the biological material and the phenological stage of plants [41]. According to the composition of its volatile oil, basil can be grouped into four chemotypes [15]: (1) rich in methyl-chavicol, (2) rich in linalool, (3) rich in methyl-eugenol, and (4) rich in methyl-cinnamate [42]. In accordance with the geographical origin of the types of basil, there exists a European chemotype with linalool (35–50%) and estragole (15–25%) as main compounds; a reunion chemotype, with 80% estragole in its volatile oil; a tropical chemotype (cinnamon basil) with a high percentage of methyl-cinnamate; and a eugenol chemotype rich in eugenol [43]. Furthermore, Milică et al. [33] list the following active substances in basil: volatile oil (containing estragole, linalool, ocimene, cineole, camphor, and eugenol as main compounds), flavonoids (apigenin), glycosides (esculin, esculetin), saponins, triterpene saponosides, tannins, phenolic acids (cafeic, ferulic, cinamic, ursolic), vitamins and mineral salts [44]. Kutta [41] lists 140 compounds identified in the volatile oil of basil, of which over 30 are monoterpene, almost 30 are sesquiterpene, with 20 derivates of carboxylic acids, 11 aliphatic aldehydes, 6 aliphatic alcohols, and over 20 aromatic compounds.



Flavonoids and other phenolic compounds are secondary metabolites of plants, and they are known to have beneficial effects on the human body. Currently, more than 8000 phenolic compounds have been identified [45]. Their antioxidant, anticancer, antimicrobial, cardioprotective, and anti-inflammatory effects have been demonstrated in previous research [45]. Phenolics have an antioxidant effect that is more effective even than that of certain vitamins [46]. Different studies have concluded that basil contains significant amounts of phenolic substances with antioxidant effects, for example, chicoric acid [47], rosmarinic acid, and cafeic acid [48]. Their quantity varies according to the basil cultivars, with values between 3.47 and 17.58 mg g−1 dry matter expressed in gallic acid equivalents [49]. It has also been demonstrated that there is even a diurnal variation of secondary metabolites accumulated in the plant [50]. The harvesting time during the day can therefore be quite important in order to obtain the desired secondary metabolites. Besides the above-mentioned aspects, basil also contains carotene, vitamin A, B6, and C, calcium, potassium, phosphorus, magnesium, and iron [51,52]. All of these nutrient incidences add to basil’s potential uses and value and necessitate the effective parameterization of the basil microgreen production environment via hydroponic systems to optimize their beneficial compound content. Furthermore, most of the above-mentioned studies used mature basil as their study units; therefore, the concentrations of these valuable compounds and their production during the microgreens phenological stages is an important avenue of future research. Previous research has already shown that microgreens have higher concentrations of nutrients; it is, therefore, likely that it also produces many other valuable secondary metabolites at a high concentration as well, thereby adding to basil’s value [9].



Besides its uses in medicine, cultivating basil can be done for seasoning or food application purposes. For instance, the aerial parts of the plant have been used for the seasoning of different sauces, foods, pasta, sausage, and pickles. Basil can also be used in the food industry, where it can be added as a preservative and antioxidant to different food products [36]. This is because the Herba variety (Herba Basilici), which contains volatile oil in the range of 0.5–1.5% and is rich in estragole (up to 80%) and in linalool [53], has antimicrobial and antifungal properties. For example, basil essential oil has been used to prepare a new type of packing system to extend the shelf life of food: microcapsules and packing systems that inhibit the bacterial activity and increase the pH of packed food [37].



Beyond medicine and gastronomic purposes, basil extracts can also be used to prepare liqueur [15]. Basil is also cultivated for use in the cosmetic industry to prepare different products such as perfumes, soaps, shampoos, and toothpaste, to name a few [33]. Tacchini et al. [38] also demonstrated the importance of using basil essential oil (EO) in cosmetic formulations and food supplements as antioxidant agents.




3.2. Overview of Hydroponics Systems for Basil Microgreen Production


Hydroponics, or “soilless” plant cultivation, involves growing plants in a nutrient solution consisting of water and nutrients or using an inert and porous substrate (mineral wool, clay, perlite, vermiculite, etc.) that helps retain the nutrient solution and facilitate oxygenation of the roots for plant growth. The common hydroponic systems currently available in the market are provided in Table 2.




3.3. Production Environment in Hydroponics Systems


In a hydroponic system, basil successfully tolerates some variation of environmental parameters. The main environmental conditions that influence the development of microgreens in the hydroponic system are: light (photoperiodicity, light intensity, color spectrum), pH, electrical conductivity (EC), dissolved oxygen, air and water temperature, CO2 concentration, and relative humidity. Table 3 provides a synthesis of production environment factors, based on the literature analyzed, for the achievement of successful growth and development of basil microgreens. Following the analysis of the reviewed literature, we have synthesized the following average values for basil’s range of tolerance: pH in a range of 5.1–8.5, temperature 15–24 °C, relative humidity 60–70%, electrical conductivity 1.2 mS cm−1, dissolved oxygen minimum 4 mg L−1, and light intensity around 300 μmol m−2 s−1. The following sections go into further detail on the different environmental parameters to offer a higher resolution analysis of basil production parameters.



3.3.1. Germination


For the initial step of successful germination, basil seeds need temperatures in ranges of 20 °C [54], 23 °C [55], 25 °C [56], or even up to 34.5 °C [57]. In the germination process, seeds follow three distinct phases: water soaking, reinitiating metabolic activities from the seed, appearance of radicle, and subsequent elongation. Factors that influence germination have an important role in all these three phases, and their influence upon each activity helps to determine the germination process. For example, the spectrum of red light favors growth in general, while blue light inhibits growth, but blue light is also a promoter for the germination process [58]. Seed germination is influenced by several other factors as well, such as the water regime, temperature of the media sublayer, light, and hormone balance [59]. For instance, the dipping of seeds into water has shown positive effects on germination [60]. Applying salicylic acid has also been shown to increase the germination capacity of basil seeds under conditions of high salinity [61]. The treatment of seeds with gibberellic, indoleacetic, indolebutyric acid, α-naphthyl-acetic acid in concentrations of 50, 100, and 150 mg L−1 before germination (25 °C) has also been shown to stimulate germination capacity, with the best results in the case of the gibberellic acid in a concentration of 100 mg L−1 [62]. As seen in Table 4, the time from the start of germination to the appearance of the first radicles varied according to the temperature and the treatment the seeds had undergone [15]. In general, Table 4 demonstrates that the time needed for the appearance of the first radicles decreased inversely with the rise in temperature. Table 4 also shows that the treatment of seeds with gibberellic acid before germination resulted in a reduction in time before radicles appeared in the case of all basil types tested.




3.3.2. Light: Light Intensity, Color Spectrum, Photoperiodism, Position


There are a few main methods to meet the light requirements of microgreens: the first is to use natural light, although this limits the degree of control, the time of year they can be grown, and the photoperiod; the second is to use artificial light systems such as high-pressure sodium (HPS), fluorescent, or light-emitting diodes (LED), to name a few. Each has its own advantages and disadvantages. However, because of their many advantages, LED artificial lighting systems have recorded the highest growth in the microgreens market segment; this is due to the long lifetime of bulbs (50,000 h) and that they have a power consumption up to 50% less than fluorescent lamps and up to 80% lower than the incandescent ones while achieving comparable, and even in some cases superior, outputs [1]. However, their initial upfront cost can be prohibitive for consumer use. Another advantage of LEDs is the low amount of heat produced from the lights, which avoids burning the young seedlings and allows variable light distance setups. HPS lights are more common for mature vegetative use, given their high heat load and spectra; they are also more expensive over time given their high electricity cost. Fluorescent lights are cheap, but they lack spectral outputs and intensity. Furthermore, disposing of them can be toxic and costly, given their material composition.



Microgreens are, in general, very sensitive to light, and the most important aspects that influence them are:




	
Light intensity, which is a quantitative measure that refers to the number of photons that reach the leaf level during a unit of time (μmol m−2 s−1). This is the most important parameter for the photosynthetic process. Upon the placement of lamps, one should consider their type and the fact that light intensity is reduced by the square of distance [63]. Different types of lamps also produce variable amounts of heat, which necessitates a certain distance from the young vulnerable microgreens;



	
Spectral distribution of light is the wavelength of light that the plants are exposed to. For photosynthesis, plants respond best to red and blue light spectra (300–450 nm for blue, 620–750 for red). However, new research is pinpointing that photomorphogenesis occurs when plants, including microgreens, are exposed to wavelengths outside the traditional range: for instance, it has been shown that plants respond to UV light, in the range of 260–400, and to far-red light, from 750 to 780; this photomorphogenesis results in higher accumulations of specific phytochemicals and nutrients that improve the flavor and health benefits of microgreens [64,65,66,67,68];



	
Photoperiodism, which refers to the lighting duration, has the most relevance for inciting phenological stages, such as blooming. According to the crop species, the generative phase can be controlled by manipulating photoperiodism [69]. It is, therefore, appropriate to have a long photoperiod for increased photosynthesis as well as ensuring the microgreens do not become cued to a more autumnal day length.








All three light aspects are involved with the production and accumulation of active substances in the basil plant (Table 5). Recent studies on systems of artificial lighting have shown that even the quality of light and light spectrum can influence plants significantly. For instance, the spectrum of blue color (including UV A and B ranges) can stimulate the production of secondary metabolites, while red spectra (including far-red) influences plant growth and the accumulation of saccharides (starch and sugars) [65,66,67,68]. In this vein, Ying et al. [69] suggest that the combination of 15% blue and 85% red LED light can potentially replace cool white fluorescent light as the sole light source for indoor production of microgreens. Furthermore, the use of white light has been shown to result in a short hypocotyl, while red light made stems elongate, and blue light helped with the accumulation of biomass [1]. Samuoliene et al. [70] evaluated the impact of additional red LED lighting, in the short run, on the production of antioxidants in microgreens. At the pre-harvest stage of 3 days, HPS lamps were supplemented by 638 nm LEDs, whereas reference plants continued under lighting conditions identical to those of the growth stage. Photosynthetic photon flux density (PPFD) generated by lighting was 170 μmol m−2 s−1, and net PPFD generated by lighting in combination with HPS lamps was 300 μmol m−2 s−1 (16-h; 19–22/15–18 °C). Under these conditions (mild photooxidative stress), for basil microgreens, the concentration of phenols grew by 30.7%, the antioxidant compounds increased by 18.3%, the total anthocyanin wasn’t influenced, and the content of ascorbic acid decreased 53.9%. Another study showed that HPS lighting recorded a significantly lower quantity of oxygen in the nutritional solution compared to LED lighting [1]. These studies all demonstrate the tradeoffs associated with different types, qualities, and quantities of light when producing microgreens.



Furthermore, the use of different qualities and quantities of light can also be used to augment other plant production processes. For instance, there are several studies that demonstrated the influence of light on the germination process. It has been shown that light intensity has no influence on the germination of seeds [71], but what does influence germination is the light wavelength [72,73]. This sensitivity to light separates seeds into three categories: seeds that need light in order to germinate, seeds that need darkness in order to germinate, and seeds that are neutral to light [74]. Reaction to light has also been analyzed at a genetic level in order to observe what genes activate in the presence of light and what biochemical processes are at the basis of synchronizing with the best season in which the plant must be active [75]. For instance, there are a series of photoreceptors that determine how plants react to light: phytochromes that regulate seed germination, coordinate the development of hypocotyl and roots, and cryptochromes that inhibit stem elongation, control the initiation of blooming according to photoperiodism, regulate circadian rhythm, phototropism, and stomatal conductance [76]. As plants absorb blue and red light and reflect green light, current technology allows us to use a specific artificial lighting system with targeted wavelength spectra that are beneficial for plant photosynthesis while reducing power consumption. These LEDs can be manipulated so as to apply the recipe of light adequate for the specific crop species.




3.3.3. Air and Water Temperature


Besides the major factors discussed above, there are other environmental factors that have more subtle effects on basil microgreen production that should be considered as well. For instance, the temperature of the nutritional solution is generally a few degrees lower than that of the environment, which influences the content of oxygen in the water, which is essential for root and plant physiological functioning and health [81]. For basil, the nutritional solution must be maintained at a low temperature (under 20 °C) in order to maintain the quantity of oxygen dissolved in water under optimal parameters (6.5 mg L−1) [1]. There are several factors that affect solution temperature. For instance, the water that is returned via recirculating hydroponic systems is usually warmer than the water that is freshly introduced into the system, which creates a challenge for ensuring the best dose of oxygen dissolved in water, according to Waller and Yitayew [82]. The temperature of the nutritional solution must therefore be controlled and corrected while also considering the demands of each crop. This is because the temperature of the solution also influences the assimilation of nutritional elements; for instance, at low temperatures, the assimilation of nitrogen drops (the accumulation of phosphorus and potassium is less affected). Furthermore, artificial light has an indirect effect on the oxygen dissolved in water through the heat emanated by the different lamps that in turn influence the temperature of the nutritional solution in the water. In a hydroponic system, the oxygen dissolved in water is in the optimal range when the temperature of the solution is between 15 and 27 °C [1].



In general, it is also important to consider these optimal thermal ranges for air temperature as well as water, as it impacts other physiological processes; for instance, when the temperature exceeds 30 °C, basil can suffer from thermal stress. This is important to incorporate into production designs, as temperature influences stomatal conductance, photosynthesis, and the growth and development of plants [83]. Furthermore, certain bioactive substances become more concentrated during temperature ranges that are not in the best parameters for cultivating, while others drop under the same conditions. In the opposite direction, thermal stress with temperatures under the normal range (18 °C) can determine a slowdown or even the stagnation of growth, in the case of certain thermophilic plants. In general, basil prefers temperatures between 18 and 27 °C, with a lack of growth and subsequent radicle emergence response in cooler conditions. Basil does not tolerate cool weather during its vegetative growth stage, as the plant development slows down, and it can be damaged at temperatures between 0 and 1 °C [34,39]. These thermal ranges and outcomes can be harnessed to achieve desirable microgreen production during different phenological stages while also maximizing their desirable outputs.




3.3.4. Relative Humidity


Controlling the relative humidity (RH) is important for ensuring optimal functioning of the plant by helping to ensure a correct nutrition uptake and profile, reducing drought stress through excessive transpiration, and controlling pathogenic microorganism activity. Atmospheric humidity is directly related to air temperature, which depends, among other things, on air composition. For instance, at 5 °C, saturated air contains 6.8 g m−3 water that reaches 17.4 g m−3 at 20 °C. In the case of a sudden drop in temperature, air sheds water, and condensation appears, i.e., gas liquefaction with water droplet formation. In general, the ideal value of RH for temperate plants is 50–60%, and for tropical plants, it is 70–90%. For basil, the ideal RH is approximately 60–70% at a constant temperature of 22 °C [1]. Moving beyond this RH range can lead to microbial spoilage of the plants, with a very likely incidence of mold or other pathogens. There are a few key factors that can augment or diminish RH in hydroponic systems; for instance, the type of water delivery system, such as aeroponics, which can acutely increase RH. Another example is via temperature changes from the type of lighting system used, such as HPS lights, which will increase the temperature and therefore lower RH. Proper ventilation can also greatly influence the RH and likelihood of pathogenicity by correcting the amount of humidity in the air. Simple fans in this regard can effectively distribute air and wick moisture directly off the microgreen leaves. Another example of exogenous factors that can influence RH is CO2 concentration, which can augment temperature and lead to the accumulation of humidity and thereby increase the humidity in a room. This is important to consider for systems that have added CO2 to improve plant photosynthetic capacity.




3.3.5. Dissolved Oxygen


Dissolved oxygen in water is an important parameter for the optimal functioning of the nutritional solution in hydroponic systems. It influences the respiration of the radicular system and its capacity to extract micro- and macro-elements [84]. Moreover, a reduction in the quantity of oxygen from the water can lead to a reduced conductivity of the leaf’s stomata [85], which can impact photosynthesis, thus affecting the growth and development of the plant species [86]. Low levels of oxygen in the water can also be detrimental to root growth and incite the colonization of anaerobic microbes. Although oxygen can be enriched by applying peroxide, this can chemically alter the nutritional solution as a consequence. Furthermore, this parameter has some dynamics that are hard to anticipate, as it is influenced by several biotic and abiotic factors [87]. However, it has been noted in the literature that the concentration of oxygen dissolved in water of over 6 mg O2 L−1min−1 prevents the development of diseases in the nutritional solution [88]. Furthermore, oxygen dissolved in water has a deterministic effect on the growth and development of plants, but also in the accumulation of bioactive substances; for basil, it is recommended to be 6.5 mg L−1 [1]. Therefore, controlling the oxygen levels is essential for successfully achieving desired microgreen production outputs without having to undertake remedial solutions for disease burdens or setbacks due to low growth trajectories.




3.3.6. The Nutrient Solution


In hydroponic systems, the nutrient solution must be carefully monitored by checking certain essential parameters such as pH, electrical conductivity, specific nutrient quantities, dissolved oxygen, and temperature, as well as qualitative factors such as algae presence or other microorganism activity. In addition to other parameters, the nutrient solution has a very important role in ensuring successful seed germination [89]. Beyond this, the nutritional solution has an important role in the growth and development of plants, but if done incorrectly, can also lead to chemical stress, which can be diagnosed in a variety of ways [90]. One example of this chemical stress is when nitrogen, in excess, slows down water absorption and causes dysfunctional growth and photosynthesis. This can be identified via the observation of yellowed leaves, for instance.



In the case of hydroponic systems, one must take into consideration the ratio of macro- and microelements from the nutritional solution. An adequate nutrient solution used in hydroponics must contain nitrogen, potassium, phosphorus, calcium, magnesium, sulfur, iron, manganese, copper, zinc, molybdenum, boron, and chlorine. These have a direct effect on the primary and secondary metabolism of the plant, which influences the health and downstream quality of products. Gaseous elements, such as oxygen and carbon dioxide, also significantly influence the secondary metabolism of plants. Oxygen and carbon dioxide have an essential role in photosynthesis and transpiration, which influences the accumulation of active substances in plants.



The nutrient solution is the ideal environment to facilitate more effective standardization of food quality and helps assure the safety of the food product that is eventually offered to the consumer [9]. The adequate biofortification of plants with appropriate nutrition can help ensure both health and quality, as well as buffering against decay and microbial spoilage. For example, among the various biofortification techniques, selenium application in the nutrient solution of hydroponic systems has been shown to be effective. This is important because selenium is considered essential for human nutrition as it is involved in the metabolic pathway of selenoproteins and relevant biological functions [9]. By using the technique of liquid absorption, selenium presence in the environment is minimized, and selenium assimilation is maximized by the absence of soil interactions; moreover, the constant root exposure to the nutrient solution affords the application of reduced selenium rates for adequate uptake compared to plants in soil systems. Calcium chloride biofortification has also shown promising results on increasing microgreen nutrient and phytochemical presence, which increases their value for human consumption [13].




3.3.7. pH


In general, basil prefers a pH between 6 and 7. However, the optimal ranges of pH for the production of basil are different compared to conventional systems that are planted in the soil. For hydroponic systems, the pH must be between 5.5 and 7, in which case the radicular system has macro and microelements available in the nutritional solution, which are necessary for plant development. The pH and electrical conductivity are parameters that can be corrected by the nutritional solution [91], as well as through the addition of buffer solutions that can augment or diminish pH. These are widely available and simple to use, ensuring that this parameter is both relatively easy to measure with affordable instruments and also easily corrected via solution buffering.




3.3.8. Electrical Conductivity (EC)


The optimal electrical conductivity range for a nutrient solution depends on the species cultivated and on the developmental stage of the plants. Seedlings must initially be fertilized with a solution with an electrical conductivity of 1.2 mS as a maximum, with its concentration growing progressively with the development of plants. Electrical conductivity has no influence on the pathogens that can develop in the solution, although optimal nutritional fortification is important for plant immune functioning, and chemical corrections can be made to control pests. For example, the use of potassium silicate can control pathogens such as Fusarium spp. [92]. Therefore, controlling electrical conductivity is essential for ensuring an adequate supply of molecular building blocks for growth, and thereby buffering the plant against pests and completing the desired microgreen production in a timely manner.



Table 6 describes nine different examples from the literature on the impact of different treatments of the pH, EC, substrate, and nutrient solution on downstream outcomes of basil microgreen production.






4. Conclusions


The literature review undertaken here has demonstrated that the production of basil microgreens using hydroponic systems must be organized with care for controlling the many environmental and production parameters to achieve desired outputs that are of adequate quality. This is in comparison to more conventional production methods using soil, considering all the controllable factors in hydroponic systems that have been shown to influence the accumulation of bioactive substances, the harvest timeframe, and the quality of the finished product. Furthermore, the lack of a soil’s microbiome in hydroponic systems is also important to consider, as unsuccessful parameterization leaves the plants vulnerable to harmful spoilage by microorganisms. However, the high degree of environmental control necessary for optimal growth can also be beneficial to hydroponic systems, as the sophisticated organization can lead to the elaboration of certain protocols to influence factors that can positively influence plants in order to obtain a crop as uniform as possible throughout the year, with higher concentrations of active substances and nutrients valuable for human health. This is why it is necessary to standardize certain cultivation protocols to ensure their quality; this is also why future research will benefit from syntheses of a wide variety of data on the value and production trends of hydroponically grown basil microgreens. For instance, there is a wide variation of environmental impact factors and their relationship to downstream basil outputs, which means that there is no single prescription that will guarantee perfect results. Despite this, the literature review undertaken here has demonstrated that there are optimal ranges within which one can begin the task of designing effective prescriptions for successful microgreen production.



This paper has shown that the nutritional solution, temperature, and light regime have the most important role in seed germination and development while also summarizing the recent research on the many promising research trends in refining microgreen production to achieve optimal outputs along its phenological stages. The nutritional solution, air, and water temperature, light regime, pH, electrical conductivity, dissolved oxygen, CO2 concentration, and relative humidity are all important factors that influence secondary metabolism from an incipient phase, which in the final stages increases both the perceived and actual value of the plants by contributing to human health and nutritional fortification. This literature review has shown that microgreen producers must integrate specific systematic hydroponic strategies to obtain high-quality microgreens and high quantity and quality bioactive substances while also avoiding the potential for spoilage and low-quality production when moving too far beyond the noted parameter ranges summarized here. Many authors in the literature review have noted that best practices have not been developed; this literature review has therefore gathered critical information regarding hydroponically grown basil microgreen production that can be used by researchers and producers to improve the chances of a successful production of yields and valuable secondary metabolites.
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Table 1. Multiple uses of basil products.
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	No.
	References
	Use and Advantages of Basil





	1
	[19,20,21]
	Used in traditional medicinal tea for the treatment of bronchial asthma, pertussis, etc., and

pharmaceutical products are used for the treatment of inflammation of the airways, as a tonic

of the nervous system, or as an antispasmodic remedy



	2
	[22]
	Substances extracted have a fungicidal effect, and grain plants treated with it remained

healthy



	3
	[23,24]
	Has antibacterial, antioxidant, and antitumor effects



	4
	[25,26]
	Volatile oil can also be used as a repellent against Culex pipiens, a mosquito that spreads

diseases such as meningitis, or against fire blight (Erwinia amylovora)



	5
	[27]
	Fresh juice can be used in otitis (inflammation or infection of the ear)



	6
	[28]
	Volatile oil has been shown to prevent the development of Fulvia fulva, Glomerella

cingulata, Alternaria alternate, and Fusarium solani var. coeruleum phytopathogens in lab

conditions



	7
	[29]
	Volatile oil and extracted estragole, linalool, methyl-eugenol, and trans-anethole compounds

have shown insecticidal effects on Ceratitis capitata, Bactrocera dorsalis, and Bactrocera

cucurbitae fruit flies



	8
	[18]
	Often been used in traditional medicine, especially against intestinal worms, flu, or kidney

disease, for the carminative effect (that relieves abdominal pain and promotes the evacuation

of intestinal gas) and even for the treatment of insect or snake bites



	9
	[30]
	Has shown positive impacts on diseases such as: depression, neurosis, dysfunctions of the

sweat, adrenal, mammary, and sexual glands, diseases of the respiratory system (asthma,

bronchitis, cold and flu, allergy), nausea, liver and gallbladder disease, kidney disease,

rheumatisme, parasitic disease, insect bites and different types of skin cancer



	10
	[31]
	Has been widely cultivated globally and used to reduce the serum lipid content



	11
	[32]
	Extraction of ethyl alcohol has shown an antibacterial effect in the case of Escherichia coli,

Pseudomonas auruginosa, Proteus mirabilis, Klebsiella pneumoniae, Staphylococcus aureus,

and Enterococcus faecalis pathogens, in certain concentrations equaling the effectiveness of

synthetic antibacterial substances



	12
	[33,34]
	Known to have stimulant-digestive, bactericidal, antifungal, spasmolytic, carminative,

galactogoge, expectorant, antipyretic, febrifuge, diuretic, sedative, and anti-inflammatory

properties. Cultivated for use in the perfume industry to prepare different cosmetic products

such as perfumes, soaps, shampoos, and toothpaste, for example



	13
	[1]
	Volatile oils (methylchavicol, linalool) reduced the development of the Botrytis fabae

phytopathogen in grain (Vicia faba) in vitro conditions



	14
	[35]
	Volatile oils have proven effective against Staphylococcus aureus and Pseudomonas

aeruginosa pathogens, acting even synergistically with certain antibacterial substances



	15
	[36]
	Can be used in the food industry as a preservative and antioxidant for different food

products



	16
	[17]
	The World Health Organization (WHO) has estimated that medicines based on plants,

especially extracts of plants, are used by almost 80% of the world population for their first

treatment



	17
	[15]
	Can be used for the treatment of a wide range of diseases and ailments: diarrhea, dysentery,

nausea, vomiting, gastric ulcer, biliary colics, bloating, flatulence, aerophagia, fermentation

colitis, abdominal cramps, anorexia, migraines, neuroses, depression, insomnia, headaches,

gonorrhea, acne, thrush, stomatitis, etc.



	18
	[37]
	Essential oils have been used in a new type of packing system to extend the validity period of

food: microcapsules and packing systems that inhibit the bacterial activity and increase the

pH of packed food



	19
	[38]
	Essential oils have shown effectiveness when used in cosmetic formulations and food

supplements as antioxidant agents
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Table 2. Overview of hydroponic systems available on the market.
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	No.
	Systems
	Characteristics
	Website





	1
	Wick System
	The plants are placed in a container on an absorbent growth

medium, and the connection to the tank with nutrient

solution is made with absorbant wicks, through which the

nutrient solution diffuses to the level of the plant roots.
	www.hydroponics.eu

(accessed on 1 July 2021)



	2
	Drip System
	The plants are installed in a medium, and the nutrient

solution is transported from the solution tank through drip

tubes; the excess solution reaches the tank again and

recirculates through the system.
	www.trees.com

(accessed on 1 July 2021)



	3
	Ebb and Flow

System
	It works by flooding and then draining the growing

environment in which the roots of plants with nutrient

solution are located. A pump pushes the nutrient solution

out of the tank, and then the excess drains back slowly,

allowing the plants to receive nutrients regularly.
	www.nosoilsolutions.com

(accessed on 1 July 2021)



	4
	Deep Water

Culture (DWC)

System
	The plants have their roots immersed directly in the nutrient

solution and float above it. As support, one can use

expanded polystyrene plates with perforations in which the

plants are inserted. Oxygenation of the solution is necessary.
	www.epicgardening.com

(accessed on 1 July 2021)



	5
	Nutrient Film

Technology

(NFT)
	This system ensures a constant flow of nutrient solution

directly to the plant roots. The plants are grown in

perforated polyethylene tubes and PVC pipes.
	www.thespruce.com

(accessed on 1 July 2021)



	6
	Aeroponic

System
	This system suspends the plants on top of a water pump that

directly sprays the roots with nutrient solution every few

minutes. The advantages of this system are the use of a much

smaller amount of water, the roots receive oxygen in large

quantities, and the plants grow faster. However, the roots of

the plants being suspended in the air are more prone to

drying faster than in any other hydroponic system.
	https://aeroponicsdiy.com

(accessed on 1 July 2021)



	7
	Aquaponic

Systems
	Aquaponics integrates aquaculture and hydroponics into a

single culture system. The water used in these crops

normally comes from the fish farming system. The fish

secrete nitrogen compounds that are captured and used by

plants in their growth, prolonging water use and reducing

the adjustment of the nutrient solution for plants.
	www.futurefarming.group

(accessed on 1 July 2021)
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Table 3. Environmental needs of basil microgreens grown in a hydroponic system synthesized from the literature review.






Table 3. Environmental needs of basil microgreens grown in a hydroponic system synthesized from the literature review.





	No.
	Parameter
	Unit of Measurement
	Average Value of Parameters

(Parameter Variation)





	1
	Light
	W
	400



	1.1
	Photoperiodicity
	h
	06:30–21:30 (15 h) (10–20 h)



	1.2
	Light intensity
	μmol m−2 s−1
	300 (200–400)



	1.3
	Color spectrum
	nm
	440–460 (260–780)



	1.4
	Position
	cm
	150—Lamps HPS (high-pressure sodium)

40—Lamps LED



	2
	Ambient temperature
	°C
	21 ± 2 day; 17 night



	3
	Humidity
	%
	65 ± 5 (50–60)



	4
	Nutrient
	N-P-K: 3-2-3 (%)
	Changed every 10 days



	5
	pH
	pH units
	6.8 ± 0.4



	6
	Electrical conductivity
	mS
	1.2 ± 0.2



	7
	Dissolved oxygen
	mg L−1
	6.5



	8
	Solution temperature
	°C
	20 ± 2
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Table 4. Days elapsed until the emergence of the first radicles under different temperature and growth hormone treatment [15].
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Basil Cultivar

	
Germinated Seeds at Different Temperatures (%)




	
10 °C

	
15 °C

	
20 °C




	
Control

	
Gibberellic Acid

	
Ascorbic Acid

	
Control

	
Gibberellic Acid

	
Ascorbic Acid

	
Control

	
Gibberellic Acid

	
Ascorbic Acid






	
Aromat de Buzău

	
-

	
-

	
-

	
8

	
6

	
7.75

	
3

	
3

	
3.5




	
Serafim

	
-

	
14

	
-

	
4.5

	
3.75

	
5

	
2.75

	
2

	
2




	
Busuioc Dulce

	
-

	
-

	
-

	
5.5

	
3

	
5.25

	
3

	
2

	
2




	
Italiano Classico

	
-

	
-

	
-

	
4.5

	
3

	
5

	
3

	
2

	
1.75




	
Dark Opal

	
-

	
11

	
-

	
4.5

	
3.5

	
4

	
2.75

	
2

	
1.5




	
Genovese

	
-

	
14

	
-

	
3.25

	
3

	
5

	
2

	
2

	
2




	
Grand Verte

	
-

	
13

	
-

	
3.5

	
3.25

	
4

	
3

	
2

	
2
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Table 5. Studies on light spectrum, intensity, and photoperiod combinations on basil growth and yields.
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	No.
	Crop
	Treatments
	Effects
	Reference





	1
	Basil,

Ocimum

basilicum L.,

sweet basil
	Three treatments: only white

LED (W); combination of blue

and red LED (BR) (84% R, 16%

B); combination of red (R), blue

(B) and far-red (F) LED (BRF)

(79% R, 11% B, and 10% F);

PPFD was set at 155 µmol m−2

s−1; photoperiod: 20 h
	Combination of blue (B), red (R), and far-red (F) LED

illumination led to a one-fold increase in the yield in

comparison with only white LED illumination (W);

on the other hand, the use of blue (B) and red (R)

LED illumination resulted in a half-fold increase in

plant yield; the results of this study demonstrated the

commercial viability of both BRF-, and BR-

illuminated grow tents compared to the commonly

used W-illuminated counterparts
	[77]



	2
	Basil,

Ocimum

basilicum L.,

Sweet

Genovese,

and Red

Rubin
	Different ratios of LED blue

and red illumination; 4 light

treatments were 100% white

(White) and various red (R) to

blue (B) ratios, as follows:

2R:1B, 1R:1B, and 1R:2B,

intensities
	Growth was enhanced with predominantly blue

illumination, leading to larger cotyledon area and

higher fresh mass. The same treatment elevated

chlorophyll a and anthocyanin pigments contents.

Stimulation of phenolic synthesis and free radical

scavenging activity was improved by predominantly

red light in the green cultivar and by predominantly

blue light in the red cultivar
	[68]



	3
	Basil,

Ocimum

basilicum L.,

Sweet

Genovese
	LED’s blue 447 nm, red 638–

665 nm, and far-red 731 nm

from increased or

supplemental red light. PPFD

was set to 231 during growth, up to

300 μmol m−2 s−1 during

3-day treatment changing R638

or R665 PPFD level; 16 h

photoperiod
	The treatments significantly increased contents of

phenolics, beta-tocopherol, ascorbic acid, and DPPH

(1,1-diphenyl-2-picrylhydrazyl) center dot, an

indicator of antioxidant capacity, but suppressed

accumulation of lutein and beta-carotene; under

supplemental or increased red 638 nm light, amounts

of tested antioxidants were greater
	[78]



	4
	Basil,

Ocimum

basilicum L.,

Sweet

Genovese
	Supplemental 520 and 622 nm

lighting; supplemental 366-

and 390 nm UV-A radiation;

lighting with high PPFD level

of red (638 nm) LEDs; 16 h

photoperiod
	Supplemental 520 and 622 nm lighting was more

efficient for nitrate reduction, while the antioxidative

system indices were enhanced by 595 nm diodes;

supplemental 366 and 390 nm UV-A radiation were

more favorable for antioxidant accumulation; short-

term (3-days before harvesting) lighting with high

PPFD level of red (638 nm) LEDs increased the

amounts of the secondary metabolites of microgreens
	[79]



	5
	Purple-leaf,

Dark opal,

and green-

leaf Sweet

Genovese

forms of

Ocimum

basilicum L.
	The main lighting system (HPS

lamps and natural daylight)

was supplemented with ~13.0

μmol m−2 s−1 flux of UV-A 390

nm blue light, and total PPFD

was ~125 μmol m−2 s−1 (16 h

photoperiod) for 1 or 7 days

before harvest, or entire

growth period, 14 days
	UV-A enhanced antioxidant properties in green-leaf.

Generally, UV-A irradiation for 7 days significantly

inhibited growth and hypocotyl elongation of green-

leaf, and for 14 days of both varieties. The total

phenols and anthocyanin contents significantly

decreased after 1 day UV-A irradiation in purple-leaf

basils, with continuous decrease following UV-A

irradiation for 7 or 14 days being shown. No

significant differences in leaf chlorophyll index were

determined
	[80]
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Table 6. Studies on effects of nutrient solution, pH, EC, and substrate on basil growth and production.
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	No.
	Reference
	Investigation Context
	Treatment
	Results (Yield, Quality, and Quantity, Chlorophyll, etc.)





	1
	[93]
	Influence of three growing

media (vermiculite, coconut

fiber, and jute fabric) on yield

and quality parameters of two

varieties (green and red)
	Microgreens were grown

in a floating micro

experimental growing

system equipped with

LED lamps, with

modulation of both

quantity and spectra of

the light
	Results showed high yield, comprised

from 2 to 3 kg m−2, and nutritional quality

varied among species, and higher

antioxidant compounds were found in red

basil on vermiculite and jute; coconut fiber

allowed the differentiation of crop

performance in terms of sucrose and

above all nitrate; the choice of the

substrate significantly affected the yield,

the dry matter percentage, and the nitrate

concentration



	2
	[94]
	Influence of substrate: nutrient

film technique (NFT) culture

compared with conventional

soil culture and compost mixed

coco-peat substrate
	The treatments were: top

soil (control; T1) as

compost and coir dust

mixture at the rate of 1:1

(T2) and NFT (T3); the

pH and EC of the supply

solution were 5.9 (at 27.9

°C) and 1.5 mS cm−1,

respectively
	A significantly high vegetative growth and

total yield was found in the NFT; the

nitrate accumulation was well below the

maximum permissible limit (MPL), set

forth by the recommendations of the

European Health Commission



	3
	[9]
	Identification and quantification

of polyphenols, major

carotenoids, and macro/micro-

minerals; twenty-seven phenolic

compounds were quantified, of

which the most abundant were:

cichoric acid and rosmarinic

acid
	Sodium selenate

applications at three

concentrations (0, 8, and

16 μM Se) on green and

purple basil; Hoagland

nutrient solution was

used, and they used a

pH: 6 and EC: 0.35 dS

cm−1
	In green and purple varieties, the 8 μM Se

application enhanced the lutein

concentration by 7% and 19%,

respectively; the same application rate also

increased the overall macroelement

content by 35% and total polyphenols

concentration by 32% but only in the

green; the latter had a tripled chicoric acid

content compared to the untreated control



	4
	[95]
	Selenium biofortified

microgreens from selenium-

enriched seeds; substrate:

perlite and vermiculite with a

pH: 5.6 and EC: 2.04 dS m−1
	Grown in a nutrient

solution containing 0

(control), 4 or 8 mg Se L−1

as sodium selenate
	Seeds from plants treated with Se showed

a significantly higher germination index

than seeds from control plants, and the

microgreens retained the Se; the

antioxidant capacity of Se-fortified

microgreens was higher compared to the

control



	5
	[96]
	Effect of salinity on biomass

yield; for every 10 mM increase

in NaCl, treatment solution EC

increased 1.1 dS m−1; pH: 5.1–

5.2; hydroponic solution pH

decreased slightly during the

experiment (7.5 to 6.8), but all

treatments had similar pH
	Two cultivars were

grown hydroponically

for 71 d with four

different concentrations

of NaCl (no NaCl, low,

moderate, and high

(20 dS m−1))
	In both cultivars, salinity increased leaf

concentrations of certain caffeic acid

derivatives, caftaric acid, cinnamyl malic

acid, and feruloyl tartaric acid and

decreased concentrations of chicoric acid;

salinity increased leaf concentrations of

the two of the major polyphenolics,

quercetin-rutinoside, and rosmarinic acid;

salinity decreased concentrations of

rosmarinic acid in leaves



	6
	[10]
	Yield, mineral uptake, and

quality were measured, among

other outputs
	Hoagland’s nutrient

solution; pH: 5.56; EC:

1.12 dS cm−1; minimum

and maximum

temperatures: 9.7–43.1

°C; microgreens were

harvested at the first true

leaf stage, with green

and swollen cotyledons
	Results showed high concentrations of

some minerals, but their nutrient uptake

was limited due to low yield; nitrates

content was lower if compared with that

usually measured in baby leaf or adult

vegetables of the same species, as well as

the concentration of chlorophylls,

carotenoids, phenols, and sugars



	7
	[97]
	Nutritional dynamics
	Compared between

aquaponic and

hydroponic systems

using crayfish

(Procambarus spp.) as

the aquatic species
	Aquaponic (AqB) showed 14%, 56%, and

65% more height, fresh weight, and dry

weight, respectively, compared to

hydroponic (HyB)



	8
	[98]
	Quantify productivity and

characterize growth of 35

cultivars grown in two

hydroponic production systems
	In this study, two

hydroponic systems

were compared: nutrient

film technique (NFT)

and deep flow technique

(DFT) systems, grown

for 3 weeks
	Fresh weight of plants grown in DFT

systems was 2.6 g greater compared with

plants grown in NFT systems. Cultivars

differed greatly in fresh weight; however,

the yield seems to be affected more by

cultivar selection than hydroponic

production system



	9
	[99]
	The nutrient solutions

contained different NO3−

concentrations (0.5, 5.0 and 10.0

mol m−3) or NO3−/NH4+ molar

ratios (1:0, 1:1 and 0:1; total N

concentration was 10.0 mol m−3);

concentration of other nutrients

were as follows: 1.0 mol m−3 P-

H2PO4, 10.0 mol m−3 K+; 3.0 mol

m−3 Ca2+; 1.5 mol m−3 Mg2+ plus

trace elements
	Influence of nitrogen

nutrition on growth and

accumulation of

rosmarinic acid
	The use of a total NO3− concentration of 5

mol m−3 resulted in optimal plant growth

and rosmarinic acid production; this

suggests that the standard N concentration

used in hydroponic culture (10 mol m−3 or

higher) could be reduced considerably,

with important implications from the

environmental point of view; in contrast,

the addition of NH4+ to the nutrient

solution was detrimental to both growth

and rosmarinic acid production
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