
​1. Definition of Hydroponics 

​Hydroponics is a method of growing plants without soil. 
Instead of searching through earth for nutrients, the plant 
roots are placed directly into a water-based, nutrient-rich 
solution. The word comes from the Greek words hydros 
(water) and ponos (labor)—literally meaning 
"water-working." 

​2. Advantages Over Normal (Soil) Farming 

​Hydroponics completely changes the efficiency of 
resource use compared to traditional agriculture: 

●​ ​Up to 90% Less Water Consumption: Traditional 
farming loses massive amounts of water to soil 
drainage and evaporation. Hydroponics recirculates 
water within a closed loop, meaning the plant only 
uses what it actually drinks. 

●​ ​Faster Growth Rates: Because nutrients are 
delivered directly to the roots in a perfectly balanced 
liquid form, the plant doesn't waste energy growing 
massive root systems to forage for food. This energy 
goes entirely into leaf and fruit production, 
accelerating growth by 30-50%. 

●​ ​Space Efficiency (Higher Yields): Plants can be 
grown much closer together because their root 
systems don't have to compete for space or 



nutrients. This allows for vertical farming, stacking 
crops high in indoor environments. 

●​ ​No Weeding & Drastically Fewer Pests: Eliminating 
soil eliminates soil-borne pests, fungi, diseases, and 
weeds. This completely cuts out the need for 
chemical pesticides and herbicides. 

●​ ​Climate-Independent Growing: Hydroponic systems 
can be set up indoors under LED grow lights, 
allowing for year-round harvests regardless of winter 
freezes or summer droughts. 

The 6 Main Hydroponic Systems 

​1. Wick System (Passive) 

​The absolute simplest setup. The plant sits in a container filled with a growing medium above a 
nutrient reservoir. A cotton or nylon fabric wick connects the two, slowly drawing water and 
nutrients upward straight to the roots through capillary action. 

●​ ​Best for: Small herbs, houseplants, and beginners. 
●​ ​Pros: Completely silent, cheap, and requires no electricity. 
●​ ​Cons: Cannot deliver enough water for large, thirsty plants like tomatoes. 

​2. Deep Water Culture / DWC (Active) 

​Plants are held in net pots embedded in a floating styrofoam platform. Their roots hang 
completely submerged, 24/7, inside the nutrient-rich water below. Because roots will drown 
without oxygen, an electric air pump and air stone are placed in the reservoir to constantly 
bubble oxygen through the water. 

●​ ​Best for: Leafy greens, lettuce, and quick-growing crops. 
●​ ​Pros: Incredibly fast growth rates; very few moving parts. 
●​ ​Cons: If the power goes out or the air pump fails, the roots can suffocate quickly. 

​3. Nutrient Film Technique / NFT (Active) 

​Plants are placed in long, slightly sloped channels (often made of PVC pipes). A water pump 
continuously sends a shallow stream—a "film"—of nutrient water down the channel. The tips of 



the roots sit in the streaming water to drink, while the upper parts of the roots remain in the open 
air to absorb massive amounts of oxygen. 

●​ ​Best for: Commercial lettuce operations and large strawberry setups. 
●​ ​Pros: Highly scalable and uses very little water overall. 
●​ ​Cons: The narrow channels can easily clog if roots grow too large, causing the system 

to overflow. 

​4. Ebb and Flow / Flood and Drain (Active) 

​Plants sit in net pots filled with a medium like clay pebbles inside a large grow tray. An electric 
pump connected to a timer periodically turns on, completely flooding the upper grow tray with 
nutrient water. When the timer turns off, the water naturally drains back down into a reservoir 
below. This cycle repeats several times a day. 

●​ ​Best for: Thicker root vegetables, large plants, and heavy feeders. 
●​ ​Pros: Highly customizable; can hold heavy pots easily. 
●​ ​Cons: Requires precise timer calibration; a pump failure mid-day can dry out the 

medium instantly. 

​5. Drip System (Active) 

​A very popular system for larger commercial setups. Nutrient water is pumped from a reservoir 
through network tubing directly to the base of each individual plant. A small emitter "drips" the 
solution onto the growing medium at a controlled, slow rate. 

●​ ​Best for: Larger, long-term plants like tomatoes, cucumbers, and peppers. 
●​ ​Pros: Highly precise water control; minimizes evaporation waste. 
●​ ​Cons: Emitters have tiny pinholes that easily clog with mineral buildup or algae. 

​6. Aeroponics (Active) 

​The most high-tech variant. The plants hang suspended in mid-air inside a sealed chamber with 
their roots completely exposed. Instead of being submerged or streamed over, a high-pressure 
pump forces nutrient solution through specialized misting nozzles, blasting the naked roots with 
a fine mist every few minutes. 

●​ ​Best for: Professional operations, cloning plants, and space-constrained areas. 
●​ ​Pros: Unmatched oxygen exposure leads to the fastest plant growth possible. 
●​ ​Cons: Incredibly expensive to build; if a misting nozzle clogs for even a few hours, the 

exposed roots will completely dry out and kill the plant. 

 
 



​. Project Aims (Objectives) 

●​ ​To successfully cultivate a crop (e.g., leafy greens or 
herbs) from seedling to harvest without using soil. 

●​ ​To observe, measure, and analyze how a direct liquid 
nutrient delivery system affects plant growth 
velocity. 

●​ ​To understand the balance of water, dissolved 
oxygen, and pH levels required to sustain healthy 
root zones. 

​Materials Required 

​For a standard, highly reliable home or classroom 
project, a Deep Water Culture (DWC) system is ideal: 

●​ ​Reservoir: A large plastic tote bin or bucket (5 to 10 
gallons) with a lid. Crucial: It must be dark or opaque 
to block out all light. 

●​ ​Net Pots: Specialized slotted plastic mesh cups 
(typically 2-3 inches wide) that allow roots to grow 
out into the water. 

●​ ​Growing Medium: Inert clay pebbles (hydroton) or 
rockwool plugs to physically anchor the plant inside 
the net pot. 

●​ ​Air Pump & Air Stone: A standard aquarium air pump 
with flexible tubing and a porous air stone to 
oxygenate the water. 

●​ ​Hydroponic Nutrient Solution: A dedicated liquid or 
powder concentrate containing essential macro and 



micronutrients (Nitrogen, Phosphorus, Potassium, 
Calcium, Magnesium, etc.). 

●​ ​pH Testing & Adjustment Kit: A digital tester or liquid 
drops, along with "pH Up" and "pH Down" solution 
bottles. 

●​ ​Plants: Young seedlings with their soil carefully 
washed off the roots, or starter plugs. 

​ Procedure 

​Phase 1: Setting up the System 

1.​​Prepare the Reservoir: Thoroughly clean the plastic 
tote bin. Cut circular holes into the lid using a hole 
saw attachment or utility knife. The holes should be 
slightly smaller than the top rim of your net pots so 
they sit flush without falling through. 

2.​​Install the Aeration System: Place the air stone at the 
bottom center of the reservoir. Run the airline tubing 
out of the container through a tiny notched hole in 
the top edge and connect it securely to the external 
air pump. 

3.​​Add the Water: Fill the reservoir with clean water 
until it reaches the point where the very bottom of 
the net pots will just barely touch the water surface 
(about 0.25 inches deep into the pot). 

​Phase 2: Calibrating the Environment 

4.​​Mix Nutrients: Add the hydroponic nutrient solution 
to the water according to the manufacturer's dosage 



instructions for the vegetative growth phase. Mix 
thoroughly. 

5.​​Adjust the pH: Test the pH of the water. Most 
hydroponic plants thrive in an acidic range between 
5.5 and 6.5. Use tiny drops of "pH Up" or "pH Down" 
to correct the balance. Note: Soil naturally buffers 
pH, but in water, incorrect pH will instantly lock out 
the plant's ability to absorb food. 

6.​​Turn on the Oxygen: Plug in the air pump. You 
should see a vigorous, continuous stream of bubbles 
rising through the water. 

​Phase 3: Planting and Maintenance 

7.​​Secure the Plant: Thread the roots of your clean 
seedling through the slots of the net pot. Carefully fill 
the remaining space around the base of the plant 
with clay pebbles until the plant stands upright on its 
own. Set the net pot into the lid hole. 

8.​​Ongoing Care: Check the water levels every few 
days—as the plants grow, they will drink rapidly. 
Check the pH level every 48 hours to ensure it hasn't 
swung outside the safe zone. Every 2 weeks, discard 
the water entirely and refill the system with fresh 
nutrients to prevent mineral imbalances. 

​6. Conclusion 

​Hydroponics proves to be an incredibly efficient, modern 
alternative to soil-based farming. By providing direct, 



uninhibited access to water, oxygen, and customized 
nutrients, the system maximizes plant productivity while 
minimizing resource waste. 

​While it demands precise control over water chemistry 
(pH and oxygenation) and relies entirely on external 
power sources for active systems, its ability to produce 
massive yields in tiny footprints makes it a fundamental 
technology for the future of urban agriculture and 
sustainable food security. 
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