Review Article 
A Review on Sustainable Microgreen Cultivation for Urban Farming with Minimal Resources


[bookmark: _GoBack]Abstract
Microgreens, nutrient-rich and high-value crops, are becoming essential in urban agriculture because of their quick development cycles (7–21 days), low resource demands, and considerable nutritional and health advantages. Microgreens are abundant in vitamins (C, E, K), minerals (K, Ca, Fe, Zn, Mg), antioxidants (polyphenols, carotenoids, glucosinolates), and bioactive compounds, providing antioxidant, anti-inflammatory, anticancer, antidiabetic, antimicrobial, and neuroprotective effects, thereby mitigating malnutrition and chronic disease risks. Their cultivation is resource-efficient, utilizing 158–236 times less water than mature crops, requiring minimum space, and eliminating the need for pesticides, rendering them optimal for sustainable urban agriculture. Diverse cultivation techniques, such as cocopeat, soil-based systems, vermiculite/perlite, hydroponic/soilless approaches, and alternative substrates (e.g., compost, coconut coir, rice straw), improve production, nutrient composition, and sustainability. Cocopeat facilitates accelerated development and enhances carotenoid and chlorophyll concentrations, whereas soil-based substrates with organic additions augment micronutrient availability. Hydroponic techniques, including aeroponics and nutrient film technology, diminish nitrate concentrations and increase yields, while local substrates such as sugarcane bagasse and composted waste improve cost-efficiency and environmental sustainability. Critical determinants affecting microgreen cultivation encompass light (blue/red LEDs, 12–24-hour photoperiods), temperature (24–28°C), humidity (45–65%), seed density, and nutrient solutions (e.g., calcium fertigation, Hoagland’s solution). Optimized conditions improve biomass, bioactive chemicals, and shelf life. Microgreens, such as cabbage, amaranth, and basil, are versatile in various growing media and environmental conditions, rendering them a scalable and sustainable solution for urban food security and nutritional improvement with low ecological impact.
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Introduction
Microgreens are high-value crops, gaining popularity due to their unique flavor, color, texture, and acceptance in culinary applications and nutraceuticals, particularly in urban and peri-urban markets [1]-[5]. Moreover, they offer significant health benefits and nutritional superiority.  For instant, nutrient-dense microgreens contain higher levels of vitamins C, E, and K; minerals like K, Ca, Fe, Zn, and Mg; antioxidants (polyphenols, carotenoids, and glucosinolates); and phytochemicals compared to mature vegetables, thus making them valuable functional foods for addressing malnutrition and promoting health [6]-[15]. Additionally microgreens are rich in bioactive compounds, which offering antioxidant, anti-inflammatory, anticancer, antidiabetic, anti-obesity, antimicrobial, and neuroprotective properties, thereby reducing risks of cardiovascular diseases, chronic diseases, and oxidative stress [6], [9], [10], [16]-[18]. Furthermore, biofortification through fertilization, e.g., Ca and Zn, and seed nutropriming significantly increases mineral content like Ca, Zn, and Fe in microgreens, consequently addressing global micronutrient deficiencies [19]-[21]. In additions they require 7–12 days for harvesting, and optimizing cultivation practices, including modular fertigation and lighting (e.g., waveband, intensity, and photoperiod) along with controlled environment factors such as temperature, CO₂, and VPD, enhances yields, bioactive content, quality, and shelf-life of microgreens [22]-[31]. Most importantly, microgreens are sustainable and resource-efficient, since they require 158–236 times less water than mature crops, minimal space, and no pesticides, while their shortened growth cycles of 7–21 days, reducing environmental impact thus supporting sustainable urban farming [7], [8], [21], [26], [32].
Cultivation Methods
Cocopeat-Based Media: Cocopeat, owing to its excellent water retention and aeration, is highly effective, as it encourages quicker growth and shorter harvest periods [33]. Moreover, it improves morphological characteristics of mustard, radish, and flaxseed (e.g., shoot height and yield) and raises carotenoid and chlorophyll content [34]. For example, in red amaranthus, fenugreek, and spinach, vermicompost combined with cocopeat increases plant height, fresh weight, and dry weight [35]. Additionally, additives like humic acid and calcium oxide (CaO) make cocopeat as productive as imported peat while lowering disease risk in Brassica microgreens [36]. In contrast, in onion seedlings, cocopeat outperforms farmyard manure, vermicompost, perlite, vermiculite, and sand in growth parameters [37].
Soil-Based Media: Soil-based media, often supplemented with organic matter like peat moss or compost and inorganic components like perlite or vermiculite, enhance radish and amaranthus productivity and quality when amended with organic materials such as vermicompost and poultry manure [38], [39]. Furthermore, soil-based media can deliver higher micronutrient concentrations (e.g., potassium, magnesium, copper, iron, zinc) compared to other media [33]. For instance, a mixed media of soil, husk charcoal, and perlite in a TAP121 ratio supports balanced growth and high vitamin A, C, and antioxidant levels in bok choy and water spinach [40]. However, when combined with sand or coco coir, there is a risk of soil-borne illnesses, which requires careful management [36].
Vermiculite and Perlite-Based Media: Vermiculite and perlite improve soil structure and drainage but differ in water retention and aeration properties. Their combination in potting mixtures achieves balanced drainage and moisture retention, thus producing high biomass and nutrient content (e.g., phenols, flavonoids) in crops like broccoli, red beet, and black radish [41]. Moreover, perlite with cocopeat promotes longer roots and higher fresh weight in cauliflower microgreens [42]. Similarly, vermiculite enhances germination and shoot development in hydroponic systems, especially with calcium fertilization [43]. Notably, nutrient quality varies among species, with antioxidants (e.g., in red basil) higher in vermiculite media [44].
Hydroponic and Soilless-Based Media: Hydroponic and soilless cultivation use nutrient-rich water solutions or substrates. For example, systems like aeroponics, DWC, NFT, and ebb and flow reduce nitrate levels and improve yields in basil, Swiss chard, and rocket lettuce [45], [46]. Additionally, soilless media like burlap and jute fabric enhance sustainability by reducing post-harvest cleaning costs while maintaining phenols and chlorophyll in mustard and basil microgreens [44], [47]. Furthermore, prawn wastewater in aquaponic systems significantly increases yields of amaranthus and beet microgreens compared to plain water [48]. Similarly, vertical farming multilayer systems without substrates are effective for radish with high nutritional quality [49]. Moreover, hydroponic microgreen growth and nutrient content are optimized with adequate Ca fertigation [20].
Local Substrates (Alternative): Alternative substrates like composted green manure, coconut coir, wood fiber, rice straw, mustard stalk, siliqua, sugarcane bagasse, water hyacinth, banana pseudostem, and sawdust are used as substitutes or in mixtures with traditional substrates [50], [51]. For instance, compost-based cultivation in urban settings enhances access to nutrient-dense foods with minimal environmental impact [7]. Additionally, local substrates like coir dust, sugarcane filter cake, and NaOH-treated rice straw are cost-effective, thus supporting high yields and low microbial contamination in vine spinach and kangkong [51], [52]. Similarly, compost and vermiculite mixtures enhance chlorophyll and carotenoid content in sunflower and water spinach [53]. Moreover, rice husk charcoal increases chlorophyll and carotenoid content in pak choi microgreens [54]. Furthermore, sterilized coconut coir (boiled for 15 minutes) reduces disease incidence and maintains quality in Chinese kale [55]. In addition, using locally available organic waste compost mixed with peat and perlite reduces reliance on peat while improving sustainability [21]. For example, a 50% soil + 50% compost mixture yields the highest fresh weight in mustard microgreens, whereas 100% soil inhibits growth [56]. Finally, cabbage microgreens grown on compost have significant nutrient content compared to hydroponics [57]. 
Factors for Microgreen Cultivation
Several factors influence successful microgreen cultivation, including light (intensity, quality, duration), temperature, humidity, seed density, watering, air circulation, variety selection, fertilization, and growing medium. Optimizing these enhances yields and nutritional content.
Light: Microgreens require adequate light for photosynthesis, which impacts growth rates and nutritional values. Natural sunlight is ideal, but artificial lighting is necessary for indoor cultivation. For instance, blue, red, and white LED lighting enhances yields, plant height, and bioactive compounds like carotenoids and flavonoids in Brassica carinata and amaranthus [58], [59]. Moreover, a 24-hour photoperiod increases yields and nutritional values (e.g., anthocyanin, flavonoids) while reducing nitrate in Brassicaceae microgreens [60]. Additionally, light intensity (120–160 µmol m⁻² s⁻¹) and a 12-hour photoperiod optimize yield and resource efficiency in beet microgreens [61]. Furthermore, algae treatment enhances chlorophyll and carotenoid content in pea microgreens under low light intensity [62].
Temperature and Humidity: Microgreens thrive at 24–28°C and 45–65% humidity, thereby improving growth in mung bean, lentils, red radish, pearl millet, mustard, and red cabbage, with harvest times ranging from 6–13 days [63]. However, high temperatures (28°C) may reduce vitamin C and sugar content in hemp microgreens, while macro elements remain stable [64]. For example, red cabbage microgreens show high vitamin C and phenol content at optimal temperatures [63]. Moreover, humidity influences post-harvest quality, as mustard microgreens stored at 5°C ± 1°C (refrigerated, controlled humidity) exhibit lower weight loss compared to room temperature [65].
Seed Density and Sowing Techniques: Seed density (8–12 seeds/cell or 150–200 g/m²) increases fresh shoot yield but may reduce individual shoot size in arugula, radish, and mustard [66], [67], [68]. Additionally, seed inoculation with endophytic bacteria Herbaspirillum sp. improves buckwheat microgreen growth at 10–20% inoculum concentration [69].
Nutrient Solution and Fertilization: In soilless cultivation, nutrient solutions and fertigation are crucial. For instance, calcium solutions (5–10 mM) improve germination, hypocotyl length, and biomass in radish microgreens, with toxicity above 20 mM [43]. Similarly, Hoagland’s nutrient solution (50%) optimizes yield, while 125% enhances secondary metabolites in basil microgreens [70]. Moreover, coconut water boosts growth and yield in broccoli and mustard when combined with cocopeat or compost [71], [72]. Furthermore, post-emergent fertilization increases shoot height, fresh/dry weights, and macronutrients in Brassica and radish microgreens [73].
Microgreen Cultivation
Cabbage: Cabbage microgreens thrive at 24–28°C, thus supporting maximum yields and nutrient accumulation [63]. Additionally, a 16-hour light/8-hour dark cycle promotes photosynthesis and biomass production [27], [74]. Moreover, relative humidity of 79 ± 2% supports healthy growth without microbial issues [27]. For example, cocopeat is highly effective for growth, yield, chlorophyll, and ascorbic acid content [34], [75]. Furthermore, vermicompost increases mineral content (Fe, Zn, Mn) compared to hydroponic systems [57]. Similarly, NaOH-pretreated rice straw supports high plant length and fresh weight, comparable to cocopeat [51]. In addition, peat-based substrates boost ascorbic acid by 30% and anthocyanins by 12% without nutrient supplementation [19]. Moreover, aquaponic systems with prawn wastewater yield 2180.69 g/m² compared to 1127.69 g/m² with dechlorinated water [48]. Finally, optimal seed density is 10–12 seeds per cell for yield or 4 seeds for nutrition-focused cultivation [48], [76].
Amaranth: Amaranth microgreens grow optimally at 24 ± 2°C [59]. For instance, continuous 24-hour white light at 14–21 mol m⁻² d⁻¹ increases fresh biomass by up to 42% and improves energy-use efficiency, while  a 16-hour light/8-hour dark cycle is also effective [25], [59]. Moreover, blue LED maximizes fresh weight, chlorophyll a, and polyphenol content, whereas red light increases nitrate but depresses polyphenols [59]. Additionally, maintaining 50–60% relative humidity minimizes microbial risks [59]. Furthermore, a cocopeat + vermicompost (60:40) mixture enhances plant height, fresh weight, dry weight, nutrient availability, and sensory acceptability [35]. Similarly, poultry manure + soil (60:40) yields the highest growth and quality [38]. In addition, cocopeat alone is effective for morphological traits and biochemical composition [34]. Finally, integration with prawn cultivation supports sustainable, high-yield production [48].
Basil: Basil microgreens grow best at 21–24°C during the day and 17–19°C at night [70], [77]. For example, continuous 24-hour white light at 14–21 mol m⁻² d⁻¹ increases fresh biomass by 10–42% and energy-use efficiency, while a 16-hour light/8-hour dark cycle is also effective [25], [70]. Moreover, maintaining 50–60% relative humidity is essential [44]. Additionally, vermiculite enhances yield and antioxidants, particularly in red basil [44], [78]. Similarly, cocopeat supports high germination, plant height, and leaf number [78]. Furthermore, jute fabric promotes high antioxidant content with lower nitrate levels [44]. In addition, peat-based substrates are effective for organic production, with control treatments yielding the highest shoot biomass [79]. Moreover, a seed density of 41.0 g m⁻² optimizes yields in hydroponic systems, with higher yields in full sun and warmer seasons [46]. Finally, storing at high humidity and moderate temperatures preserves freshness [80].
Radish Microgreens (Raphanus sativus L.)
Overview:
Radish microgreens are fast-growing (ready in 5–7 days), pungent, and rich in vitamin C, antioxidants, and minerals such as calcium and potassium.
Sustainability Aspects: Require minimal substrate; can grow on cocopeat, jute mats, or even tissue paper. Thrive in ambient temperatures (18–24°C), eliminating the need for heating/cooling. Require only light misting; can be grown in reused trays.
Urban Farming Potential:
Radish microgreens’ rapid growth and adaptability to vertical stacking make them ideal for small balconies or windowsills.
Broccoli Microgreens (Brassica oleracea var. italica)
Overview:
Broccoli microgreens are a nutritional powerhouse, especially rich in sulforaphane, a compound known for its cancer-preventing properties.
Sustainability Aspects:Grow within 7–10 days, with high yields on organic media like coconut husk fiber.Require limited water—1–2 light sprayings per day.Can grow in low-light areas with supplemental LED lighting.
Urban Farming Potential:
Perfect for health-conscious urbanites. They can be grown year-round with simple setups like hydroponic trays or recycled containers.
Mustard Microgreens (Brassica juncea L.)
Overview:
Mustard microgreens are flavorful with a spicy kick and contain glucosinolates, known for their antioxidant properties.
Sustainability Aspects:Germinate quickly (3–5 days), reducing energy inputs.Require low nutrient input; can thrive on spent compost or hydroponically.Very water-efficient.
Urban Farming Potential:
Their bold flavor and fast growth make them excellent for small-scale kitchen gardens.

 Fenugreek Microgreens (Trigonella foenum-graecum L.)
Overview:
Fenugreek microgreens are rich in iron, fiber, and protein, with a slightly bitter taste ideal for detox diets.
Sustainability Aspects:Grow well on moist kitchen towels or trays with compost.Do not require fertilization during the microgreen stage.Minimal space and light requirements.
Urban Farming Potential:
Ideal for sunny windows or terraces. Extremely cost-effective and suitable for daily home use.
Spinach Microgreens (Spinacia oleracea L.)
Overview:
Spinach microgreens are mild in flavor, rich in iron, folate, and vitamin A.
Sustainability Aspects:Slightly slower to grow (10–14 days) but high in biomass.Prefer cooler temperatures (15–20°C), suitable for indoor shaded setups.Minimal pest issues and water requirements.
Urban Farming Potential:
Grow well in recycled shallow containers or under LED grow lights in indoor environments.
 Pea Microgreens (Pisum sativum L.)
Overview:
Pea microgreens are sweet, crunchy, and rich in vitamin C, protein, and dietary fiber.
Sustainability Aspects:Require presoaking but germinate reliably.Tolerant of low light, though better with indirect sunlight or LEDs.Grow well on low-cost substrates like soil-less media or cotton fabric.
Urban Farming Potential:
Due to their height and high yield, they are excellent for vertical trays or rack systems in urban rooftops or corridors.
Kale Microgreens (Brassica oleracea var. acephala)
Overview:
Kale microgreens are nutrient-dense with high levels of vitamin K, calcium, and antioxidants.
Sustainability Aspects:Germinate in 3–4 days and are ready to harvest in 7–10 days.Grow well in organic, compost-based media with minimal fertilizer.Suitable for reuse of waste water from kitchens (after filtration).
Urban Farming Potential:
Their high value and easy cultivation make them popular in both home gardens and commercial microgreen startups.


Conclusion
Microgreens’ high concentrations of vitamins, minerals, antioxidants, and bioactive compounds make them a promising option for nutrient-dense, sustainable food with significant health benefits. Their adaptability in culinary and nutraceutical applications, combined with resource-efficient cultivation techniques like cocopeat, soil-based, hydroponic, and alternative substrates, makes them ideal for urban farming. Optimizing environmental factors like light, temperature, humidity, and fertilizer management improves yield, quality, and shelf-life. Microgreens address global micronutrient deficiencies and promote environmentally friendly agriculture through diverse, sustainable production techniques. Microgreens such as radish, broccoli, mustard, fenugreek, spinach, pea, and kale offer an excellent opportunity for sustainable, space-efficient, and resource-light urban farming. Utilizing low-cost substrates, recycled containers, minimal water, and organic inputs, urban growers can integrate microgreen cultivation into their lifestyle. These crops not only contribute to personal health and food security but also align with environmental sustainability goals.
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