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Abstract
The world population is continuously growing. Using only conventional farming methods it is difficult to meet the production demands. Many regions in the world are suffering from hunger and harmful health hazards today. Increasing population, global warming, urbanization are a few major reasons, interconnected and tangled with each other. It is a difficult, but manageable problem now, which can soon turn into a serious crisis. It is required to either modify the current farming strategies, change the economic policies or adapt to new ways of growing food. While there are a bunch of solutions to apply, one effective way is trying modern Future Smart Farming techniques like Hydroponics. It is a soilless plant growing method, which sometimes involves using materials like coco peat, rock wool, perlite, etc; for mechanical support. It utilizes nutrient rich water, supplied directly to the plant roots using systems like NFT, DWC, etc. It is presently being used in countries like Japan, China; and has surprising outcomes. It is being studied by designated science institutions and is predicted to have a positive impact on the future by enhancing the living conditions in over populated, under-developed or developing countries. Currently it is important to spread awareness about hydroponics among the farmers and the common man. Our paper is a review article comparing the traditional - Soil Farming and the modern - Hydroponics Farming with various aspects, providing the reader insights of the two to understand the distinctness. 
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Introduction
Soil growing is a conventional method where plants grow in organic matter and minerals, providing essential nutrients for their growth. It is the most accessible medium for plants, with synthetic nutrients supplemented for added benefits. However, soil types can present obstacles like improper pH, densification, erosion, inadequate drainage, and nematodes. Conventional crop production is weather-dependent and requires resources like area, irrigation, and equipment (Fussy and Papenbrock, 6). To address concerns including declining soil efficacy, limited nutrient stores, restricted irrigation water availability, and climate shifts modern agriculture must be more productive and environmentally sustainable. Encouraging soil-independent farming methods, such hydroponics, can reduce the risks connected with soil-based growing systems and assist address the shortage of water and fertile land. (Majid et al., 12). Despite being a more beneficial method, factors such as higher initial investment and lack of awareness are the loopholes of this method. Another barrier to this industry’s expansion is the shortage of skilled workers in hydroponics; more research and development is needed to introduce more standardized procedures and evidence-based instruction in this area so that it can compete with other conventional methods. Even with its benefits, hydroponics still has a lot of drawbacks, such as high initial expenditures, a need for technical know-how, and sustainability issues over the long run. Although there are plenty of research papers on hydroponics there are few aspects that are to be worked on. Among them the main research gaps are: Nutrient Optimization, Impact on the Environment, Scalability and Economic Feasibility, Microbial and Phytochemical Changes (Vyshnavi et al., 28).  The objective of this review is to present a thorough comparison of hydroponic and soil-based farming, filling in current knowledge gaps and providing insights into the agronomic, environmental, and economic effects of each. 
What is hydroponics?
Hydroponics is a technique for growing plants without soil that makes use of nutrient enriched water. Inert media like peat moss, charcoal, gravel, rock wool, perlite, coco peat, and coconut coir nourish the roots of plants grown in hydroponic systems. Its resource efficiency has been praised, allowing for the growing of plants in places where conventional farming is not feasible. For the best growth, the system can be made to give the plants the right quantity of oxygen, nutrients, and water. This method encourages rapid growth, increased yields, and superior quality. The roots of a plant growing in soil are always searching for the nutrients the plant needs to survive. A plant doesn’t necessarily require any energy to survive if its root system is exposed to water and nutrients right away. The plant’s growth can be aided by channelling the energy that the roots would have used to gather food and water. As a result, leaf growth and fruit and flower blossoms thrive. (Rajaseger et al., 20).
Hydroponic systems are proven to be successful because they optimize fertilizer and water exposure while allowing a minimal control over environmental factors such as pH balance and temperature. Providing plants with what exactly they need the most is the basic tenet of hydroponics. Hydroponic systems should have a well-draining medium, sufficient ventilation, the ability to store water, and be free of weeds and potentially harmful elements, according to the majority of researchers. Utilizing natural resources is preferable to utilizing artificial ones. Compared to soil-based farming, hydroponics has many benefits, such as increased productivity, lower labor costs, and easier management; nevertheless, it also requires specialized knowledge and a higher initial investment. (Dholwani et al., 2). Below is a little more detailed information about Hydroponics.
 The various types of Hydroponic units : 
Hydroponic systems come in a variety of forms to suit varying farming requirements and sizes. An outline of the various Hydroponic systems is represented in Fig 1.
 
Fig. 1. Different types of hydroponic systems (Rajendran et al., 21)

· Nutrient Film Technique (NFT): The nutrient film technique (NFT) is a type of hydroponic system in which plants are positioned as such their roots are exposed into a shallow tray or channel that is filled with nutrient enriched water. A minor pump helps in circulating water over the roots, providing them with the nutrients they require and exposing them to oxygen. This method works well with leafy greens, herbs, cucumbers, radish, beans, and strawberries. (Santosh and Dinkar, 23).
· Deep Water Culture (DWC): In these systems plants are arranged such that their roots dipped in nutrient enriched water. A basic bucket or a complex arrangement with several compartments can be used as the container, which is usually composed of plastic. With the help of a support structure, such as net cups, the plants are suspended above the water, their roots submerged in it. This technique works well for plants with larger root systems like tomatoes, cucumbers, and bell peppers as well as rapidly growing crops like lettuce, herbs, and leafy greens. It is very easy to set up. (Santosh and Dinkar, 23).
· Wick System: One of the simplest hydroponic systems is the wick system. A cotton rope wick is employed in these systems to assist the nutrient solution in rising from a reservoir to the root zone while the plants are submerged in an inert growing media. Small-scale setups and low-maintenance plants are ideal for it.(Rajaseger et al., 20).
· Coco Peat Systems: The growing medium used in this technique is coco peat, which gives plant roots adequate aeration while retaining moisture and nutrients. It works well for a range of crops and is a sustainable substitute for soil (Khyathi, 11). 
· Aeroponics: Aeroponics is a bit unique from other systems as it uses a misting or spraying system to supply nutrient-rich water to the roots of the plants. These systems allow maximum oxygen exposure to roots as they are suspended in the air such that the roots are exposed to the mist; as a result, it promotes faster growth and is suitable for leafy greens, herbs, strawberries, and chili. (Santosh and Dinkar, 23).
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     1. NUTRITION AVAILABILITY AND UPTAKE
1.1 SOIL
Nutrient availability in soil refers to the presence of essential nutrients in a form that can be absorbed by plants. The main nutrients required by plants are: Macronutrients: Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca), Magnesium (Mg), and Sulfur (S) and Micronutrients: Boron (B), Copper (Cu), Iron (Fe), Manganese (Mn), Molybdenum (Mo), Nickel (Ni), and Zinc (Zn).
The rhizosphere zone, located 2mm from the root surface, is crucial for plant ecology and nutrient chemistry. Farmers often apply fertilisers without understanding its impact on plant growth. The rhizosphere influences the availability of micronutrients like iron, manganese, zinc, and copper, which can affect plant output and soil microbial population. (Dotaniya and Meena, 3). The availability of nutrients in a soil system varies throughout its matrix as nutrients attach to soil particles to form microenvironments. (Nguyen et al., 15). Plants are only able to absorb and use a portion of the total nutrients in the soil. Numerous soil, plant, and environmental factors affect this proportion. In the soil, nutrients travel to the soil surface by mass flow and diffusion, and the relative importance of these two processes varies with nutrients. Depletion zones form around roots as a result of the slow diffusion of nutrients. Root hair length, nutrient-mobilizing exudate release, root density, soil structure, and soil water content are the factors that influence the size of this depletion zone and its nutrient availability. (Marschner and Rengel, 13).
The most crucial factors to consider when evaluating the chemical characteristics of growth media are nutrient concentrations, pH, and cation exchange capacity (CEC). For the majority of plant species, the ideal pH range for nutrient availability in the root environment is 5.5 to 6.0. Lower pH values as well as lower quantities of nutrients and salt are often preferred for crop production. (Fussy and Papenbrock, 6). Understanding nutrient availability and uptake is crucial for optimizing plant growth and development. By recognizing the factors that influence them, we can better manage soil fertility and promote healthy plant growth. Table-1 lists various processes and factors involved.
Table 1. Various Soil related processes and factors influencing nutrient availability and uptake by plants.
	Root Nutrient absorption processes
	Nutrient uptake mechanisms
	Factors influencing nutrient uptake
	Factors affecting nutrient availability

	Diffusion
	Active Transport
	Soil Temperature
	Soil pH

	Mass Flow
	Passive Transport
	Soil Moisture
	Soil Texture

	Root Interception
	Ion Exchange
	Nutrient Concentration
	Organic Matter

	Mycorrhizal Association
	-
	Root Depth & Distribution
	Microorganisms


                                                                  
Customers' growing concern for the environment, the ongoing devastation of ecologically significant lands, water, air and a widespread waste issue have driven the agriculture sector to start altering its methods. (Fussy and Papenbrock, 6). One of the few living things that can use solar energy to create all the necessary metabolites from inorganic ions, water, and CO2 is a plant. This characteristic is used by the hydroponics method of plant cultivation, which uses liquid media with or without solid media to supply all of the nutrients in their inorganic form. (Nguyen et al., 15). 
          1.2 HYDROPONICS 
Hydroponic plants get their nutrition from an external source, such as an aqueous solution that mostly consists of inorganic ions from soluble salts of elements required for higher plants, as opposed to soil. Eventually, iron chelates and other organic materials may be discovered (Steiner, 1968). “An essential element has a clear physiological role and its absence prevents the complete plant life cycle,” claim Taiz and Zeiger (1998). Carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, iron, copper, zinc, manganese, molybdenum, boron, chlorine, and nickel are currently believed to be essential for the majority of plants. (Trejo-Téllez and Gómez-Merino, 27). 
Hydroponic systems use solutions containing a combination of primary, secondary, and trace nutrients. To prevent inadequacies or toxicities, these components must be in balance. Every nutrient has a distinct function.
Macronutrients (N, P, K): Nitrogen (N) is plays a crucial role in vegetative growth since it aids in the synthesis of chlorophyll and amino acids. In order to transfer energy and encourage root growth and flowering, phosphorus (P) is essential. Potassium (K) promotes stress tolerance, water absorption, and enzymatic activity.
Secondary Nutrients (Ca, Mg, S): Sulfur (S) is a constituent of vital amino acids, calcium (Ca) helps strengthen cell walls, and magnesium (Mg) is a fundamental component of chlorophyll.
Micronutrients (Fe, Zn, Mn, etc.): Although needed in smaller quantities, these are essential for functions such as the production of chlorophyll (iron) and the activity of enzymes (zinc and manganese). (Sánchez, 22). For plants to grow in hydroponic systems, proper nutrition management is necessary. Inequalities can reduce output; for example, too much nitrogen encourages leaf growth at the expense of flowering, while a magnesium deficiency results in chlorosis, or yellowing of the leaves. (Sánchez, 22). 
The nutrient concentration of water used in hydroponics can be checked using Electrical conductivity (EC) or a Total Dissolved solids (TDS) meter. These meters guide us to add the nutrient solutions when required. A higher EC could lead to plant stress and toxicity, whereas lower EC may retard the growth. The nutrient concentrations vary for each growth stages from seedlings to flowering or fruiting plants. Hence it is important to check the nutrient concentration and add the nutrient solutions when required. (Dunn and Singh, 4).
For the nutrients to be absorbed properly the pH of the nutrient solution (optimal range 5.5-6.5) should be monitored on a daily basis. A pH above 7 hinders the absorption of nutrients like iron, whereas pH below 5 can lead to a toxic over-availability. Proper management of nutrient concentration and pH ensures healthy growth and productivity in hydroponic systems. (Dunn and Singh, 4).
2. WATER USE AND EFFICIENCY 
In soil both matric and osmotic potentials cause less water to be available for the plant. (Farvardin et al., 5). For plants to develop, crops to be productive, and the ecosystem to be sustainable, soil water efficiency is essential. Soil texture, organic matter, soil compaction, and irrigation management are some of the factors that impact water efficiency. Mulching, cover crops, crop selection, soil amendments, and precision irrigation are methods for increasing soil water efficiency. Benefits of water efficiency include improved crop yields, water conservation, improved soil health, and mitigation of environmental impacts. But there are obstacles like water scarcity, soil erosion, and climate change. Adoption of water-efficient techniques in agriculture and other industries, as well as ongoing research and innovation, are necessary to address these problems.
The water consumption of hydroponic systems is lower than that of conventional farming methods, these systems recycle the same water with exactly the right amount of water to supply the plant's needs. The greenhouses in these hydroponic systems make use of a watering system, which gives the water directly to the plant roots. There won’t be any water runoff or evaporation. The plants will only receive the precise amount of water. Compared to conventional agricultural methods, the combined effect of these efforts results in water usage that is up to seven times lower. (Pomoni et al., 18).
In addition to water conservation and growing without soil, soilless agriculture methods provide an option to produce food in urban locations, including rooftops of residential areas, or in close reach to the consumers. (Fussy and Papenbrock, 6).
3. PLANT GROWTH MECHANISM
Plant growth in both soil and hydroponics relies on key processes such as germination, nutrient and water uptake, and hormone regulation, but the mechanisms differ in execution. In soil, seeds absorb water to break dormancy, allowing the radicle to emerge and roots to grow downward, forming root hairs that enhance nutrient and water absorption. Nutrients and water are absorbed through processes like diffusion and osmosis and transported to shoots via the xylem, supporting shoot elongation and leaf development for photosynthesis. Soil characteristics, such as structure, pH, and microorganisms, play a vital role in nutrient cycling, root growth, and plant health. (Marschner and Rengel, 13). 
The overall plant growth in hydroponics is primarily influenced by nutrient concentration, pH, oxygen and light. Hydroponics uses inert mediums like rock wool or perlite to provide root support, to retain moisture and nutrients which makes everything readily available for the plants. As the water in these systems is recirculated using pumps the roots receive maximum oxygen and when these plants are provided with a proper light exposure either naturally or artificially using LED lights they thrive and grow at a notably faster rate. The nutrient rich-water which is maintained at an optimal pH range helps the plants absorb the nutrients better. Unlike soil in hydroponics the plants are readily supplied with everything that is essential for the growth and that is the reason the plant growth and yield is comparatively better in hydroponics. (Shrestha and Dunn, 25). 
4. PLANT GROWTH AND YIELD 
 Hydroponics can be viewed as an engineering approach to plant culture, employing a soilless growing medium and a nutrient solution that is adjusted to provide the predicted resources required for plant growth and development. In order to maximize yields in the same amount of space while using much less water and labor, Eigenbrod and Gruda (2015) define water management “as the art of regulating water, providing it with the nutrients that plants need, and distributing it to their thirsty roots as needed”. Because they are fed a well-balanced diet, plants cultivated hydroponically are healthier than those grown on soil. In contrast to traditional farming hydroponics allows for total control over crop nutrition, utilizing only the amount of water and nutrients needed by each crop, resulting in improved water management and more effective nutrient regulation. (Majid, M et al., 12).
A hydroponics system allows for chemical-free development by suspending plant roots in nutrient enriched water. It allows home and commercial gardeners to produce food in areas where it is not cost-effective or feasible to employ a conventional soil system. Hydroponic plants can produce 20 to 25 percent more than those grown in soil, with productivity two to five times higher. (Gashgari & colleagues, 7). Since hydroponic farming removes the impacts of any potentially harmful chemicals in the soil, it is considerably preferable to organic farming since it is completely pesticide-free. Customers end up with the healthiest product possible as a result.
(Vyshnavi et al., 28). 
5. PHYTOCHEMICAL ANALYSIS - A STRONG EVIDENCE
As mentioned above various comparisons can be distinctly observed but what is unseen and significant is the chemical constituency of the harvest from both soil and hydroponics. Different methods can be followed to obtain their phytochemical analysis. The process begins with the extraction of the required plant part followed by respective tests. The extraction technique and the test procedure can vary from person to person. Few of the Extraction methods and Identification tests are listed in the below Table-2 & Table-3.
Table 2. Extraction methods and solvents that can be used 

	EXTRACTION METHOD
	SOLVENT 

	Percolation
	Water, Aqueous and non-aqueous solvents.

	Decoction
	Water

	Reflux extraction
	Aqueous and non-aqueous solvents

	Soxhlet extraction
	Organic solvents

	Pressurised liquid extraction
	Water, aqueous and non-aqueous solvents

	Supercritical fluid extraction
	Co2

	Ultrasound-assisted extraction
	Water, aqueous and non-aqueous solvents

	Microwave-assisted extraction
	Water, aqueous and non-aqueous solvents

	Pulsed electric field extraction
	Water, aqueous and non-aqueous solvents

	Enzyme assisted extraction
	Water, aqueous and non-aqueous solvents.


        (Nortjie et al., 16)









Table 3. Phytochemical components and their respective qualitative tests

	COMPONENT
	TEST

	Proteins
	Millon’s test
Ninhydrin test

	Carbohydrates 
	Fehling’s test
Benedict’s test
Molisch’s test
Iodine test

	Phenols and Tannins
	Ferric Chloride test

	Flavonoids
	Shinoda test
Alkaline Reagent test

	Saponins
	Froth test

	Glycosides
	Liebermann’s test
Salkowski’s test
Keller-Kilani test

	Steroid
	Salkowski test

	Terpenoids
	Salkowski test

	Alkaloids
	Mayer’s test
Wagner’s test
Hager’s test



                                  (Yadav and Munin, 29)


6. ENVIRONMENTAL IMPACT
The importance of sustainable farming methods in the modern world cannot be overstated. Considering the increasing concerns about resource scarcity, climate change, and population growth worldwide, it is essential to look at alternative agricultural methods that can lessen environmental impacts while maintaining a steady supply of food. A different approach to farming that is becoming more popular due of its convenience and sustainability is hydroponics. Compared to conventional farming methods, hydroponics has a very low carbon footprint, helps reduce land and soil degradation, and reduces or even eliminates the need for pesticides and herbicides. As hydroponic systems use recycled water this method also reduces water pollution and is the best solution to conserve water. Overall, hydroponics improves agricultural sustainability by making crop production more efficient and environmentally friendly. Water conservation, Fewer pesticide, Space efficiency, Reduced fossil fuels, Higher crop yields and Reduced water pollution are some of the environmental benefits of hydroponic farming as stated by (Romeo et al., 21).

7. COST AND RESOURCE MANAGEMENT
Cultivating plants in soil is easy and initially less expensive compared to the soil-less techniques. It does not require a person to be skilled but is bound to certain factors like water, climate, soil etc., which makes it complex and often the farmer is in trouble. Adding to this, it requires a greater level of manual labour, big equipment and the most important thing- land with fertile soil, which is currently very scarce and expensive. Land, if available, is either infertile or highly polluted and not suitable for farming, due to excess use or due to harmful chemical deposits. Therefore, considering the above-mentioned factors, it is best advised to modify the traditional practices or adapt to new ones based on the current problems. (Fussy and Papenbrock, 6).
Hydroponic farming is expensive to set up initially and requires careful resource management to be efficient and sustainable. Hydroponic farming may or may not be cost-effective, depending on the system type, crop, and appropriate management. Although hydroponics might seem expensive to set up and start initially this method has a profitable income in the long run. It reduces the amount invested in fertilizers and pesticides as it is less prone to soil borne diseases and has a better yield comparatively. Hydroponic farming can be a cost-effective option since the increased crop yields and possible savings in land and water can compensate for the initial and continuing costs. Hydroponic systems can also allow for year-round production and an extension of the growing season, which raises the possibility for additional income. (Thanushree, 26). The long-term colonization of Mars or the Moon and future space travel depend heavily on NASA’s hydroponics research goals. With a wider range of food options and a bio-regenerative life support system that absorbs carbon dioxide and stale air, hydroponics makes it possible for space stations and other planets to be inhabited for extended periods of time. (Sardare and Admane, 24).
8. CHALLENGES AND ADVANTAGES OF SOIL & HYDROPONIC SYSTEM
8.1 SOIL SYSTEM
Table 4. Challenges and advantages of soil as a plant growing system
	CHALLENGES
	ADVANTAGES

	Requires a lot of space 
	Easy and less expensive

	Daily manual maintenance
	Forgiving to beginners error

	Higher chances of disease
	Nutrients naturally available

	Slow and time taking
	No skills required as such

	Dependent on various factors
	Consumer beliefs

	Excess use of resources and wastage
	Natural Process

	Affected by crop damage and weeds
	No monitoring of pH, TDS etc..








                (Fussy and Papenbrock, 6)
8.2 HYDROPONICS SYSTEM
Table 5. Challenges and advantages of the hydroponics system 
	CHALLENGES
	ADVANTAGES

	High Initial costs
	Space efficiency

	Power supply
	Water efficiency

	High  Maintenance
	Faster Growth Rates

	Risk of Waterborne diseases
	Pest and Disease Control

	Technical expertise
	High yield

	Regular monitoring of pH levels
	Efficient use of resources

	Organic nutrients
	Recycling of excess water and nutrients


               (Banboukian et al., 2)
Compared to conventional soil-based agriculture, hydroponic farming has several benefits, including lower water use, more effective use of available space, quicker growth rates, and increased yields. It provides year-round farming under regulated circumstances and can be used in a variety of settings, including cities. However, issues including nutrient management, technical complexity, and expensive initial setup costs need to be resolved. By guaranteeing consistent crop yields and food security, hydroponic farming may combat urbanization, resource shortages, and climate change. Additionally, it can lessen greenhouse gas emissions and dependency on fossil fuels. Future studies should concentrate on improving nutrition management, creating affordable technology, and encouraging regional food production through urban planning projects. Subsidies and instructional initiatives from the government can aid in promoting broad adoption. (Khatri et al., 10).
Conclusion
 Plants grown in soil receive their nutrients from the minerals in the soil, whereas hydroponics uses a soilless technique that delivers the nutrients in liquid form. By optimizing water and nutrient use, hydroponic systems provide a viable alternative to traditional farming, supporting local food production and contributing to food security. Hydroponics represents a promising advancement in sustainable agriculture, particularly in urban settings where space and resources are limited. It offers a practical way to achieve sustainable urban agriculture as the number of people living in cities increases and the amount of arable land becomes limited. While traditional farming is frequently not feasible in urban locations because of a lack of space and suitable soil, hydroponics can be used indoors, on rooftops, and on balconies. By enabling local food production, this technology lowers transportation requirements and the carbon emissions that go along with it. Higher yields and more nutrient-dense products are the results of hydroponic farming's improved control over growth conditions. Although the final outcomes of both methods may be identical, they mostly vary in the way you feed and care for your plants, the accuracy of the outcomes, and their financial impact. Hydroponics is set to play a significant part in farming’s future as technology and knowledge develop further, tackling socioeconomic and environmental issues. In almost every country in the world, hydroponics is regarded as a superior agricultural method for the reasons listed above. Before being used in crop production, the approach, which is still in its infancy in underdeveloped countries, requires a great deal of research on a number of topics, including crop selection, energy efficiency, and nutrient management. Therefore, the review article gives a combined understanding, highlighting the natural complexity of the Soil Systems alongside the precision and sustainability of Hydroponics.
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