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Abstract 

Starting almost 2500 years ago, hydroponics has been an old skill. It is a highly productive method of farming 

that conserves both water and land. In present times, most area of the world is being utilized for agriculture. 

Unfortunately, the available land for agriculture is becoming unfertile. This is due to most of the land being 

adapted for industrial evolution. Modern techniques such as farming by soil-less technique also known as 

hydroponic system. A well-planned hydroponics system provides a new way of an agricultural system that 

minimizes human involvement. This paper aims to support research towards the marketing of hydroponic 

solutions by identifying and delivering a detailed study of the necessary parameters in hydroponics. This article 

focus on various parameter of the automated hydroponics system such as Total dissolved solids present in the 

water, air circulation required for the plants, temperature of the water and surroundings,  Automation history the 

hydroponics have with it, and the cost management. 
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1. INTRODUCTION 

At a steady pace, the world's population is climbing while resources continue to steadily diminish. According to 

research, it is possible for the population to reach 9.5 billion in 2050, which is a significant increase from the 

current population of six billion.,(Mamta D. sardare et al, 2013). Agricultu   re without soil, also known as 

hydroponic farming, involves using mineral solutions to cultivate plants. This scientific approach addresses the 

growing issue of food demand surpassing available farmland. Although hydroponic farming differs from 

traditional agriculture, it utilizes similar techniques to create vertical gardens. By using mineral solutions instead 

of soil, Plants grows efficiently. (Muhammad E H Chowdhury et al,2019). The nutrients are directly absorbed 

from the water solution so the roots cannot be stressed to search the minerals and go deep in the soil, which 

results in the main growth will focus on the yield of the plants   (Rakshitha M et al, 2018). At various stages of 

development, researchers have studied the effectiveness of hydroponics. Efficient collaboration between 

theoretical, numerical, and experimental analysis was implemented. An experiment was conducted using Design 

Expert software to analyze, compare, and evaluate the effects of the hydroponic system on traditional soil by 

planting two types of cucumber seeds. Results showed that the hydroponic system promotes faster and healthier 
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growth of plants compared to traditional soil, as indicated by the ANOVA test. (Raneem Gashgari et al, 2018). 

To produce a soil-less crop and a soluble synthetic fertilizer, a controlled cultivation system is utilized. 

Tomatoes are grown under drip irrigation with fertigation as the focus of the researcher. The yielded results 

indicate a per-plant tomato yield of 2.16 kg and a yield per hectare of 112 t/ha. (Dr. Umesh Barikar et al, 2013). 

An efficient method of delivering water to plants, particularly fruit trees, is through drip irrigation. Various 

experiments have been conducted by researchers in this field, resulting in the discovery that the highest fruit 

yield (126.7 t ha-1) and fruit weight (46.77 g) are obtained through drip irrigation once a day using a base of 

cocopeat, perlite, and vermiculite in a ratio of 50:25:25, with the water delivery rate set to 100% of pan 

evaporation. ( R. Parameshwarareddy, 2018). In 2019, S. M. Ghatage aimed to evaluate common crops that 

could operate without depending on the outside climate. Pop-up Agriculture is the farming that enables a 

modern system to grow outside of its traditional environments. This type of enclosed system is highly adaptable 

and can be attached to any space or water access point. (Gwynn-Jones et al, 2018). Increasing yields while 

reducing costs is the biggest advantage of pop-up agriculture. Additionally, farmers have the option to choose 

from various varieties and adjust their schedules to incorporate the most suitable seasons for the crop. The 

potential of pop-up agriculture in fulfilling the lack of arable land in Bangladesh is noteworthy. With high space 

research and development, it has the prospect to meet the needs of growing crops. (N.C. Barman, 2016). A 

closed feedback loop system is utilized in hydroponics to automate various processes by using sensors. This 

eliminates the need for manual intervention, and important parameters are decided by the output data. The 

Android application provides users with the ability to easily monitor the plants and sensor readings.  

The data from the output sensor is continuously recorded and displayed on the Android phone, allowing 

farmers to make informed decisions for better results and maximum profit. Application made on PLC, and the 

output signals of sensors can be accessed by the user from anywhere with minimal delay. With the Android 

application, farmers can plot sensor data for several weeks and make the necessary decisions within the 

stipulated time. The application also allows real-time data to be downloaded from sensors placed in different 

locations. This enables farmers to supervise their plants effectively and efficiently. (Rakshitha M. 2018).To 

optimize crop production and improve yields, users can utilize a platform that stores and displays real-time 

information on crop growth conditions can be easily accessed, allowing for efficient monitoring and adjustment 

of crop cultivation strategies. (Palande V. et al, 2017). The farm sector is benefiting from the capabilities of 

wireless sensors and IoT, as highlighted by the work of (Ayaz, M. et.al. 2019). The main part of the work 

framed AI system which supported the cultivation of medical marijuana, which required attention and tuning of 

138 variables. The idea of Ontology was thoroughly examined by me, with a focus on its application in control 

systems. The ontology of this system has been designed to cater to the needs of control systems in the future. 

With its adaptability to other systems based on the environment, sensors, and actuators, this control system has 

proven to be highly versatile (Phutthisathian, A. et. Al. 2011).  

 

2. Limiting Factor for water 

In hydroponic systems, various parameters are utilized, and each of them employs different methods of 

measurement. For instance, pH sensing systems may vary from pH test strips, independent sensors with 

accompanying LCD screens, to analog sensors that transmit data wirelessly or through wires to control panels. 
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The design of a dependable, secure, and profitable hydroponic system necessitates the use of automated sensing 

methods. Researchers have employed (Wel et al. 2019).   
 

2.1 Water  

To achieve successful soil-less agriculture, the quality of water plays a crucial role. Referred to as the ‘carrier’ 

in hydroponic systems, water dissolves nutrients and transports them to plant roots. The quality of water can be 

easily resolved if properly identified. It is imperative to maintain pH levels, the temperature of the water, and the 

percentage of dissolved oxygen, and dissolved minerals needed for the plant's survival. (“Lab Water Purification 

Systems”, 2021). 

2.1.1 pH 

Hydroponic schemes heavily rely on pH levels as a significant factor that affects plant growth. pH, which stands 

for the control of hydrogen and pertains to the concentration of hydrogen ions in a solution, is crucial as it 

affects nutrient absorption. Extremely high or low pH levels can make it difficult for plants to absorb essential 

nutrients, which ultimately endangers their health. While some plants thrive in acidic water, others prefer an 

alkaline growing media. In most cases, the superlative pH range for crops fully fledged in soil-less farming is 

between 5.5 to 6. Fruits and vegetables cultivate best in this range. Fruits like blueberries need a sour solution 

with a pH value range between 4.0 to 5.0. (Judith, 2019).   Similarly in the case of Rhizomes plants like ginger 

plants the pH value between 6.0 to 8.0. (Fitria Hidayanti et al.,2020). To maintain a healthy growing 

environment for epiphytes plants the pH level of the fluid needs to hold on within the range of 5.5 to 8.0. 

(Mamta D. sardare et al., 2013). 

2.1.2 Temperature 

In the hydroponic system, the role played by water temperature is crucial. For plant life, the water temperature 

should be maintained between 180 to 26 0C. This temperature maintains the root of the plant showing the best 

results for dissolved nutrients observed by the plants. It is also recommended by researchers that the nutrient 

solution and water temperature should be the same to prevent sudden shock to plants' roots, which can cause 

their death. In cold seasons, aquarium heaters are utilized to maintain the proper temperature of the water, while 

an aquarium chiller is used in the summer season.  (“London Grow” Jan 31, 2020).). 

2.1.3 Dissolved oxygen  

Oxygenated water in which root are submerged is an essential for the growth of the plant 5mg/L is an Dissolve 

oxygen require in the water use for soil-less farming else plant will not able to survive. But due to 

environmental hurdle it is found that temperature of surrounding increases then correspondingly dissolve 

oxygen in the water decreases. To overcome this hurdle components such as air-pumps, air-stone and oxygen 

diffuser is used to increase DO levels. (DO sensor hanna instruments, 2015). 

 

2.1.4 Electro-conductivity  

Dissolved salt ions in a mixture have varying specific conductivity. The ions used to determine pH values, on 

the other hand, have a hundred times more specific electrical conductivities. Researchers often attempt to 

replicate the same EC and solution concentrations for several weeks, but they struggle to recreate the required 

pH and EC levels for the plant (Hardeep Singh, 2016)  If the value of pH remains intact, the method of mixing 
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nutrients in the hydroponic solution is suggested. The previous nutrient solution can be regenerated with the 

help of the EC sensor probe. If the EC value falls considerably to 70% of the original value, then the solution 

becomes unsuitable for the plant and should be replaced with a new one. It has been found that the ideal EC for 

cultivating ginger hydroponically is 2.5 dS/m. (“How to grow ginger hydroponically (Complete beginner 

guide)”, 2020). 

2.1.5 Total Dissolve Solids 

Organic and inorganic compounds, as well as minerals, can be dissolved by water, which is why it is often 

referred to as the universal solvent. Total Dissolve Solids (TDS) is the unit used to determine the quantity of 

dissolve minerals in water. Calcium, magnesium, and chloride ions are in the middle of the many dissolved 

minerals and salts institute in all bodies of water. (“Hydroponics vs. Aquaponics – A Complete, and Honest 

Comparison”, 2022). Below 1000ppm are the requirement of the hydroponics solution.(D. Adidrana and N. 

Surantha, 2019). 

 

3. Circulation of Air 

To avoid the leaf burn on the tip (Jun Gu Lee et al., 2013) did the study of the air circulation required for close 

environment soil-less farming. He concluded that the horizontal flow is more beneficial than the vertical flow. 

Low velocity of the air, with less intensity of the white LED lights gives the proper growth and also consider as 

the most feasible for the plants survival. To demonstrate this the researcher also build 3-D model in 

Computational fluid dynamics using software called as Ansys  (Ying Zhang et al., 2016) 

 

4. Automation in soil-less farming 

Parameters can be measured differently from system to system. Automation plays a major role in hydroponics 

by delivering nutrients, and regulating parameter for better health and life of the plant. The relevant data is 

processed by a microcontroller, such as Arduino Nano, which then generates output signals. Motor pump sets, 

sprinklers, conveyor belts, and solenoid valves, among other devices, follow these signals to supply nutrients. 

After certain time intervals with the help of micro-controller the simulation starts automatically. (Soniya Joshi et 

al., 2018). Aeroponics is an alternative method to traditional farming in the soil-less cultivation domain. Rather 

than using soil, the system utilizes an atomization nozzle to provide the basic needs of the plant in the moisture 

form. The system's essential parameters are closely monitored and controlled at regular intervals to ensure plant 

health. (Imran Ali Lakhiar et al, 2018). An automated software has been developed to monitor the electrical 

conductivity and pH values continuously for 24 hours. The parameter to be control the flow of nutrients in the 

water can be controlled using solenoid valves. The micro-controller serves as the processing unit, extracting 

valuable information from the sensor. If the solution fluctuates outside the specified range, the micro-controller 

corrects the pH, EC, temperature, and other values. The author observed an inverse relationship between 

temperature and pH while establishing their correlation. In a hydroponic system, the water becomes more acidic, 

indicated by a decrease in pH, as the water temperature rises. A temperature increase of 100°C results in a pH 

decrease of 0.06. ( Diego S. Domingues et al., 2012) An efficient tool has been designed to maintain pH values 

within the range of 6.5 to 7.5. The tool is embedded with actuators and a control system which allow for optimal 

functioning. (Fitria Hidayanti et al, 2020). By utilizing IoT devices, the observation of PH levels and air quality 
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index becomes possible. If the automated hydroponic system fails to maintain its standard condition, a warning 

alarm is triggered. In addition to this, an application has been developed for the android operating system that 

enables researchers to track data from IoT devices. ( B S Shubhashree et al, 2020). Utilizing an ultrasonic sensor 

HC-SR04, the height of nutrient solution can be determined, while a temperature sensor LM35 detects the 

current temperature. The collected data is wirelessly transmitted to an Arduino Uno microcontroller by means of 

a wireless transmission and display the same on screen attach to controller. The flow of minerals is regulated 

through use of the if-else command by the Ardunio Uno microcontroller. With the ability to monitor the 

hydroponic system's data through an Android smartphone, users are granted a comprehensive view of the 

system's current state. (P Sihombing et al., 2017). An automatic nutrient delivery system is incorporated into the 

hydroponic model, allowing for a consistent supply of minerals to be provided to the tomato plants. The plants 

receive a weekly infusion of a water and nutrient mixture that is recycled through a water pump. (Vijendra 

Sahare et al., 2015). After conducting experiments on selected species comes under the Stonecrop family. The 

effectiveness and productivity of the artificial lights were tested by subjecting the plants to 16 hours of 

exposure. The results indicated that this duration was optimal for achieving the desired outcomes. (Sang Yong et 

al., 2016). In real-time, data importation through an AVR microcontroller board is a primary focus of the work 

being conducted. The researcher utilizes NI Labview look after the data, and to computerize all of the processes 

in the system. For various IoT applications, data can be transferred with the assistance of a network. (S. Adhau 

et al., 2017). Titan Smarphonics, a leading firm in the field of hydroponics, has developed a range of IoT-based 

solutions for distance monitoring and operating hydroponic systems. Their hardware comprises a variety of 

sensors and actuators that facilitate the processing of pH, humidity, temperature, and other relevant parameters. 

Through their cutting-edge applications, these solutions can easily be run and operated on smartphones, 

providing users with a seamless experience. Furthermore, Titan Smarphonics utilizes Arduinos and Raspberry Pi 

to develop fully automated hydroponics software, taking the industry to new heights of efficiency and 

productivity. (Dr. Asawari Dudwadkar et al., 2020) 

Through the complete monitoring, the optimal output is continually sought after. The researcher implemented a 

pest detection system to increase the flexibility of the hydroponic system and connected it with a Wi-Fi module 

for IoT applications. (Shreya Tembe et al., 2018). An IoT-based system has been developed to transmit data, 

Various Apps on the mobile devices utilizing this information to inform end-users.  The aim is to enhance the 

accessibility and portability of the information.     (Dr.D.Saraswathi et al., 2018)All parameters are displayed on 

the software platform, an IoT-based system. To control diverse hydroponic system parameters were facilitated 

by the web interface under the researcher's guidance. A provision was made to send SMS messages to the user's 

mobile in case of any interruptions in the  operation of the automation of hydroponics system. (Muhammad E H 

Chowdhury et al., 2020).  ANOVA, coupled with regression models, was employed for the experimental 

analysis of phosphorous and potassium concentrations in the shoot. Experiments were conducted with five 

distinct electrical conductive solutions (0.8dS/m, 1.3dS/m, 1.8dS/m, 2.3dS/m, and 2.8dS/m). The results 

revealed a quadratic relationship for phosphorus and a linear positive relationship for potassium concentration in 

the shoot (João Pedro Silvestre et, al, 2016). Explicit work on fault detection in the hydroponic system was 

carried out by a researcher using neural networks, a fuzzy logic control system by operating system for nutrient 
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injection into the solution. The researcher combines robotic culture with automated soil-less farming to achieve 

maximum accuracy in the production of yield. (Alejandro Isabel et al., 2019).  

Finally simplifying the operating procedure (Miss. Felicia Bernadine Vaz et al. 2016) have mentioned five steps 

1) Initiate and set the sensors to optimal values. 2) Examine parameters such as soil moisture, humidity, 

temperature, pH, and EC. If the specified requirements are met, proceed with the irrigation process. 3) Verify 

the water level in the tank; initiate irrigation if sufficient, otherwise activate the motor to refill the water tank. 4) 

Following the completion of the irrigation process, transition to the fertigation tank, combining fertilizer with 

irrigation water. The fertigation period is pre-programmed for a defined time interval. 5) Present the soil 

moisture, temperature, pH values, EC values, and humidity values on the LCD. 

The system autonomously adjusts to climatic changes, maintains continuous self-rotation, and saves energy. 

Additionally, it possesses the capability to self-optimize by gaining information from data from different 

sources. The prediction of data contributes to informed decision-making (Monteiro, J. et al. 2018). Forecasting 

changes in the root of lettuce, specifically the pH and electrical conductivity (EC) values, is achieved through 

the utilization of a neural network model algorithm. The algorithm is structured with nine parameters as input 

(pH, EC, nutrient solution temperature, air temperature, relative humidity, light intensity, plant age, amount of 

added acid, and amount of added base) and two outputs (pH and EC). Same data points were taken to trained 

and make set of data points by using the quasi-Newton back-propagation algorithm. The forecast involves 

predicting the pH and EC values at every 20-minute time step, with intervals of 0.01 pH units and 5 S/cm of EC 

(K. P. Ferentinos et. al. 2002). The future work in automating hydroponic systems explores the complexities of 

assessing acidity levels in pH solutions, viscosity, and oxygen levels. The prospective scope involves data 

collection from the hydroponic environment using sensors, with subsequent processing by AI robots to guide 

their actions. Researchers also identify potential in amalgamating data from hydroponic systems and AI robots 

to create standardized systems compatible with other operating systems (Alejandro Isabel et al., 2019). The 

University of Sakai, japan introduce the future scope to determine every ion of the minerals. From the obtain 

data every ion nutrient solution can be controlled automatically by a controlling system (Chapter 1.1 - Theory 

and Technology to Control the Nutrient Solution of Hydroponics, 2019). 

 

5. Growing of plants in soil-less farming 

Less water is utilized in hydroponic systems when compared to traditional farming practices. Vegetables such as 

tomatoes, peppers, and lettuce hold significant commercial value in the Arabian (Gulf countries) market. The life 

cycle and growth pattern of plants cultivated through hydroponic systems mirror those of traditional farming. 

(Sabrina Naz et al., 2021). The success of horticultural crops like strawberries, lettuce, tomatoes, and carnations 

cultivated through hydroponic systems is elucidated. This system necessitates nominal inorganic elements, 

complemented by water, oxygen, and sunlight, to make sure the plants' health and energy (Shailesh Solanki et 

al., 2017). An test was conducted on the nutrient content of vegetables cultivated from side to side hydroponic 

systems, enlightening a 50% higher attendance of vitamins A, B, C, and E compared to vegetables grown using 

customary farming methods. The hydroponic system remains unaffected by external environmental variations, 

and the absence of soil in farming contributes to a reduction in pesticide consumption. (Satya Prakash et 

al.,2020). Three crops namely radish, beetroot, and Turnip were grown in September 2019, with after 15 days 
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old sampling were transplanted into the hydroponic system., on the other hand, Colocasia was cultivated within a 

hydroponics system. The outcomes indicated successful growth of Colocasia under the NFT system, with a 90-

day duration for cormlet production. In contrast, Radish, Turnip, and Beetroot required 48-70 days for 

harvesting. (Agarwal A. et al., 2021). The examination of the impact of various seeds and planting systems 

involved a 30-day experiment with two distinct types of seeds. The observations were scrutinized using the 

Design-Expert software, and a variance test (ANOVA) was conducted. In investigating it come to know the 

growing of the plant is unaffected irrespective of seeds, emphasizing the crucial role played by the planting 

system. Notably, the hydroponic system exhibited superior plant development compared to traditional farming 

practices (Raneem Gashgari et al., 2018). New business models, safeguards against security breaches, privacy 

protection, and data governance were recommended. Additionally, obstacles and limitations in developing a 

large-scale IoT-based system were identified. (Brewster C. et. Al. 2017). 

 

6. Reward 

Hydroponics becomes a preferred choice when conventional or fertile land is unavailable for farming. 

Farming can be conducted in a more controlled manner, and with immediate data analysis, decisions are made 

more effectively. Following the initial startup costs, hydroponic farming is approximately 20 percent more cost-

effective to operate and maintain than conventional farming. It allows for the planting of more trees in a smaller 

space, and the controlled growth of roots facilitates efficient nutrient absorption, resulting in shorter root lengths. 

Maintenance time is significantly reduced in hydroponic indoor farming, and weed growth is minimized. Even in 

urban areas, hydroponic plants can be cultivated on rooftops, window shelves, corridors, garages, bedrooms, and 

living rooms. Hydroponic plants can achieve up to 50 percent faster growth, addressing the future population's 

increasing demand. 

 

7. Disadvantages 

The primary disadvantage of hydroponics lies in the requirement for expertise in technical knowledge and a 

thorough understanding of the principles involved. On a commercial scale, the initial investment is relatively 

high. Vigilance is necessary in formulating, analyzing data, nutrient mixing procedures, and monitoring plant 

health. 

 

8. Application 

The hydroponics system finds extensive applications in house gardening, indoor gardening, and the cultivation 

of medicinal plants. The ability to alter nutrient content and modify plant properties eliminates the need for 

additional spending on pest control. Hydroponic systems can be employed both vertically and horizontally, 

enabling the cultivation of more plants in limited space. This system is particularly well-suited for countries 

heavily reliant on imports for basic needs, especially in arid regions.  
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9. Results 

The proposed work demonstrates the efficient automation of hydroponic farming using minimal resources and 

cost. This system can be easily installed under challenging environmental conditions. Experimental results 

confirm the performance of the system, showcasing its great stability and control actions.  

 

10. Conclusions 

This paper sought to bridge the gap between engineering and agriculture, familiarizing agriculturalists with 

automation, neural networks, IoT, and SMART applications in hydroponic systems. It provided in-depth 

knowledge of nutrients and biological activities in hydroponics for Mechanical, Electrical, and Electronics 

engineers. The paper presented a comprehensive overview of work in the field of hydroponics, aiming to attract 

attention and encourage contributions from researchers. The fully automated hydroponic system was entirely 

self-controlled, requiring human involvement only to initiate monitoring parameters. The cultivation with the 

automated hydroponics system proved to be productive as parameters were effectively controlled. Hydroponics, 

as proposed, holds good prospects for future sustainable development, meeting the demands of the ever-

increasing population. 
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