
1 
 

 

 

How Can the Dissolved Oxygen Be Increased in A Hydroponic Solution? 

 

 

(/o2grow.com/o2-grow-2020 – water ionizer) 

 

Cyler Robinson 

Ft. White Middle FFA 

Category – PST-Power, Structural, Technical Systems 

Division 1 – Individuals in grades 7-8 

 

 

 

 

 

 

 



2 
 

IMPORTANCE 

     The world today is challenged with the ability to sustain a growing population of 7.5 billion 

people. In the year 2050, it is estimated that the world population will increase to around 10 

billion people (World O Meter).  Even today we have people who are not receiving the correct 

nutrition due to food cost, supply, and logistic shortages. What could we do now and for the 

future? How do we grow more vegetables at a decreased cost, fewer labor hours, use lower 

amounts of plant nutrients to help reduce the risk of contaminating the environment, all of this 

while providing a higher quality and quantity of available foods?   

     Over the years, agriculture technology has given us new and innovative methods to increase 

agriculture production making it more efficient and sustainable.  One such method is the use of 

soilless culture (i.e., hydroponics) in which the plant environment is controlled and managed, 

helping to reduce variables that affect plant production in the environment.  For an efficient and 

effective hydroponic system, nutrient solutions and their management are of great importance. 

The function of a hydroponics nutrient solution is to supply not only the plant roots with water 

and essential mineral elements in a soluble form, it is to also to provide an adequate 

concentration of oxygen for root cellular respiration.   Hydroponic systems utilize a range of 

systems that employ simple air diffusion of oxygen into the nutrient system and incorporate air 

bubblers to physically force air into the plant nutrient solution.  A new approach utilizes 

electrical current to ionize the water releasing oxygen into the nutrient solution. (Suhardiyanto, 

2010).  Research on supplying dissolved oxygen (D.O.) to the plant nutrient solution indicates 

that there is greater plant root formation and root growth with a higher dissolved oxygen 

concentration (Soffer and Burger, 1988).   Their research supports the benefit for more dissolved 

oxygen in the plant nutrient solution during lettuce growth.  They found the dry weight of lettuce 
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grown in a high concentrated dissolved oxygen plant nutrient solution was 2.3-fold larger than 

the control. Research results also suggests that the high concentrated dissolved oxygen content of 

up to 20-30 mg/l is possible and effective to promote accelerated growth of lettuce plants grown 

in deep hydroponic system (Suyantohadi, 2010). 

     Because of the world need to produce more food within an accelerated time, this research was 

conducted to determine how more D.O. can be placed into hydroponic plant nutrient solutions of 

varying concentrations.  This project was designed to be completed as two separate research 

activities.  The first year, which is this year’s research, was to determine which system of 

oxygenating a hydroponic plant nutrient solution is most efficient in producing maximum 

dissolve oxygen concentration into solution, the relationship to the plant nutrient solution 

concentration to concentration of dissolved oxygen in solution, and the nutrient solutions ability 

to retain the dissolved oxygen over time.  The second year, next year, research will address the 

response of plant roots growing in these oxygenated plant nutrient solutions in order to determine 

which system would provide the most efficient and effect system for raising hemp plants 

hydroponically. 

 

OTHER’S WORK 

     Dissolved oxygen is the measure of the gaseous oxygen (O2) within an aqueous solution such 

as water. According to Soffer and Burger,1988, the amount of oxygen in water depends on 

factors such as temperature, pressure, and salinity (salt concentration).  They also explain that 

there are three steps to the dissolving process are:  First, the solvent particles (water molecules in 

this research) must move apart to make room for solute particles (plant nutrients in this research). 

This process requires energy to overcome forces of attraction between solvent particles. This first 
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step is endothermic.  Second, the solute particles must separate from their neighbors. This 

process also requires energy to overcome the forces of attraction between the solute particles. 

The second step is endothermic. Third, when the solute particles move between the solvent 

particles, the intermolecular forces of attraction between solute and solvent releases energy 

making the final step in the dissolving process as exothermic.  

     According to web site lenntech.com, (Oxygen and Water …), gas solubility increases with 

reduced temperature. This means that colder water can hold more oxygen. In addition, gas 

solubility increases along with lower dissolved solids, meaning that freshwater can contain more 

oxygen than saltwater. Both the saturation (point at which the solvent will not hold any more 

solute) point and surface pressure can change with altitude. Lastly, gas solubility (ability of a 

solvent to hold gas in solution, is reduced when pressure decreases. Therefore, oxygen in water 

decreases along with an increase in altitude due to the atmospheric pressure drop. 

     The concentration of O2 dissolved in water is most often expressed in terms of milligrams per 

liter of water (mg/L). This concentration is referred to as the dissolved oxygen (D.O.) content of 

the water. There is a natural tendency for water in contact with air to dissolve O2 until the 

saturation concentration is reached and the amount of oxygen leaving and moving into the water 

reaches an equilibrium. For example, the D.O. in fresh water at 24°C in contact with air is 9.0 

mg/L, when equilibrium between water and air is reached, the amount of oxygen moving into 

solution is in balance with the amount being removed or leaving the water.  

     D.O. concentrations are sometimes expressed as % of saturation. When the D.O. of the water 

is at the saturation concentration, then it is said to be 100% saturated. If the D.O. is 5.0 mg/L in 

fresh water that is at 25°C, for example, then it is 60% saturated. This is derived by knowing 

http://socratic.org/chemistry/acids-and-bases/intermolecular-forces-of-attraction-1
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from research that water at 25°C can hold 8.3 mg/L of oxygen.  Dividing 5.0/8.3 x 100 equals 

60%.  

     This saturation concentration is known as the solubility of O2, which is the amount of O2 that 

water can hold. As stated earlier, the solubility of O2 changes with temperature, salinity and 

pressure. The solubility of O2 in water increases as the temperature decreases, meaning that cold 

water can hold more O2. For example, cold water at 5°C (12.8 mg/L) holds about 55% more 

dissolved oxygen than warm water at 25°C (8.3 mg/L).     

     To understand the process of dissolved oxygen, one needs to understand the structure of a 

water molecule and its interaction with other water molecules (The Structure and Properties of 

Water).  The oxygen in the water molecule will share electrons through covalent bonding and 

hydrogen bonding leaving the hydrogen of the water molecule with a more positive charge as 

shown in the following diagram.   This happens with all water molecules leaving the oxygen 

with more electrons and resulting in a negative side.  The negative side of the oxygen is attracted 

to the hydrogen positive charge producing a hydrogens bond with oxygens. They form bonds 

using polarity, and use a very strong dipole effect. 

                                                      

Hydrogen Bonding of H2O Molecules                               Dissolved O2 in H2O 

(https://www.bing.com/images/search?q=diagram+of+dissolving+oxygen+into+water) 

https://www.bing.com/images/search?q=diagram+of+dissolving+oxygen+into+water
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Dissolving Salts into Water 

     Dr. Dennis Clark, CEO, O2 Grow, /o2grow.com, explained to me that inorganic plant nutrients 

behave similar to an ionic salt, like NaCl.  When added to water, the ions from the salt introduced 

will attract the water molecules in an effort to "solvate" the ions. This has the tendency to decrease 

the weak affinity of non-polar oxygen molecules to water and drive the dissolved oxygen out of the 

polar water. In     general, the solubility of a gas in a solvent is affected by the presence of other 

solutes in the solution and decrease the ability to dissolve gases.  Plant nutrient molecules were the 

solute used in this research and it is thought, that when in the solution, there will be a decrease in the 

ability to dissolve gases, such as oxygen, into the solution as they take away possible spaces between 

the water molecules. 

     When a solute dissolves in a solvent, the individual particles of the solute separate from each 

other and move between the spaces of the solvent particles. The solvent particles collide with the 

solute particles and the intermolecular forces of attraction between solute and solvent particles 

"hold" the solute particles in the spaces. In the diagram below, the negatively chlorine ion is 

attracted to the polar hydrogen charge positively. 

 

Dissolving Salt In Water Diagram (mungfali.com) 

http://socratic.org/chemistry/solutions-and-their-behavior/solute
http://socratic.org/chemistry/solutions-and-their-behavior/solvent
http://socratic.org/chemistry/phases-of-matter/intermolecular-forces-of-attraction
https://mungfali.com/explore.php?q=Dissolving%20Salt%20in%20Water%20Diagram
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     When inorganic salts are dissolved in water, they dissociate into cations and anions.  Each ion is 

surrounded by a layer of oriented water dipoles called a hydration shell.  Therefore, the salinity, or salt 

concentration, of water also affects the solubility of O2, for example seawater holds about 20% less 

O2 than fresh water. 

     As stated earlier, the maximum amount of dissolved oxygen a body of water can hold (saturated             

solution) depends on water temperature, atmospheric pressure and salinity. Cold water can dissolve more 

oxygen than warm water. As the temperature goes up, water releases some of its oxygen into the air.                                     

Water also holds less dissolved oxygen at higher elevations because there is less pressure. Solubility of 

dissolved  oxygen also decreases as salinity increases. 

                      So, just what is dissolved oxygen?  According to How does oxygen dissolve in water despite being                 

non-polar? (/www.quora.com), dissolved oxygen refers to the amount of oxygen contained between water 

molecules. Through a simple diffusion process, oxygen has limited solubility in water usually ranging                         

from 6-8 mg/L.  Dissolved oxygen is significant because most aquatic organisms and plant roots require    

oxygen in specified concentration ranges for respiration and efficient metabolism. The amount of                   

dissolved oxygen may change during the day as the water begins to warm up or respiration of aquatic 

organisms increases.  

     An example of how the solubility of gases in water usually decreases by the addition of other 

solutes is when salt is added to a carbonated drink, the dissolved carbon dioxide is "salted out". The 

drink fizzes as carbon dioxide gasses are released from the drink as salt molecules take the gasses 

place between water molecules. The extent of this "salting out effect" varies considerably with 
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different salts, but with a given salt the relative decrease in solubility is nearly the same for different 

gases including dissolved oxygen. 

     Considering the nutrient concentration of a solution used in direct contact with plant roots is 

important to the production of the plant as to deliver the needed nutrients and needed amount of O2 

for efficient plant production.  The solute concentration has a direct effect on the dissolved oxygen 

content in the solution which also affects root respiration, plant metabolism and growth. 

Methods of Oxygenating Water 

Diffusion 

     Oxygen dissolved in water can come from the atmosphere through natural movement of the 

oxygen molecules into the water. Some oxygen molecules will randomly find their way in between 

water molecules and remain in these spaces being held by water molecules.  Percent saturation is the 

amount of oxygen in water relative to the total amount of oxygen that the water can hold at that 

temperature, pressure, or salinity.  The amount of oxygen moving into the water eventually reaches 

an equilibrium in which the amount of oxygen moving into the water equals the amount of oxygen 

that leaves the water. 

Electrolysis vs Aeration (Bubbling)                                                                                                                                                                   

These two methods will both increase the levels of dissolved oxygen in water.  The biggest difference 

between the two is the percent of saturation that can be achieved. 

      The electrolysis method (ionization), which is the patented process of O2 Grow utilized in this 

experiment, is claimed it can deliver 50% or more dissolved oxygen than a bubbler.  Dr. Dennis 
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Clark, O2 Grow, /o2grow.com, explained to me that a bubbler uses the oxygen from the 

environment which is pumped through the water with a stone or diffuser. The air bubbles will float 

to the surface and burst. Some of the oxygen is absorbed into the water, but the level of dissolved 

oxygen will be limited to the level of oxygen in the air. That is because only 21 % of the air that is in 

the bubble is actually oxygen.  In addition, the oxygen molecule from the air is mostly diatomic and 

takes up more room between the water molecules. With the O2 Grow electrolysis process, the 

hydrogen and oxygen are actually separated from the water molecule delivering a high concentration 

of monoatomic oxygen to the solution which are termed nano bubbles because of their small size. 

Along with the production of the oxygen, nano bubbles of hydrogen are produced and rise to the 

surface and burst, while the oxygen bubbles are easily absorbed back into the water effectively super 

saturating the water with oxygen. Because the process creates the oxygen molecules that are pulled 

towards the cathode from the water molecule itself, there is no real limitation for oxygen production 

as the source is the water itself allowing for a much higher level of dissolved oxygen can be 

achieved.  Dr. Clark referred me to diagrams that explained this process. 

 

 

Diagram of oxygen pulled to cathode in electrolysis - Bing images 

 

https://www.bing.com/images/search?q=diagram+of+oxygen+pulled+to+cathode+in+electrolysis&form=HDRSC3&first=1&tsc=ImageHoverTitle
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 Additionally, the electrolysis technology utilizes a very economical low voltage process which could 

possibly be powered by solar energy in the future. 

 

                  Determining Plant Nutrient Solution Concentration 

      The amount of solute, plant nutrients, used in this experiment, was determined by weighing the 

amount placed into a ten-gallon solution.  In addition, the concentration of this solution was measured 

by a standard method utilized in the hydroponic industry called electroconductivity (EC).  Pure distilled 

water does not conduct electricity; however, tap water contains enough substances (such as hydrogen 

and chlorine ions) that enable water to conduct electricity almost as if it were a metal wire. An article in  

Humboldt Seeds,  Understanding electroconductivity or electrical conductivity (EC) to achieve bigger 

yields, explained that plant nutrient salts in nutrient solutions used for growing add more ions, with 

both positive and negative electrical charges, that are attracted to each other increasing the current it 

will carry. Therefore, the more nutrients in the water, the higher its electroconductivity. This 

conductivity can then be measured to show the concentration of fertilizer in the water.  An EC meter 

shows the readings in Siemens/meter (S/m) or Millisiemens/centimeter (mS/cm); whereas a TDS meter 

measures particles per million (PPM). 

MATERIALS 

     Materials used in this research were fifteen 10-gallon fish tanks, school greenhouse with tables, 

Miracle Gro Plant Nutrient, O2 Oxygenator, fish tank aerator with five multiple feed lines, O2 and 

Temperature Meter, EC Probe, Triple Beam Balance, Weigh Paper, Timer,  

 

https://www.humboldtseeds.net/en/blog/understanding-electroconductivity-achieve-bigger-yields/
https://www.humboldtseeds.net/en/blog/understanding-electroconductivity-achieve-bigger-yields/
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METHODS 

     The fifteen 10-gallon fish tanks were located in the agriculture store room and placed in the 

greenhouse at Fort White Middle School on greenhouse benches.  Tanks were assigned a number 

from 1 – 15.  Tanks 1- 5 were designated as diffusion treatment (D), tanks 6 – 10 were designated as 

bubbler treatment (B), and tanks 11 – 15 were designated as ionized treatment (I). 

     After fish tank arrangements were completed, a 1-gallon Milk Jug was used to accurately measure water 

out of a water hose. The gallon Milk Jug was filled 10 times with the water hose to place 10 gallons of water 

in each of the fifteen tanks. This was completed for all fifteen tanks so that each of the fifteen tanks were 

filled equally with ten gallons of water and the level marked on the side of the aquarium using a Sharpie in 

case evaporation or spillage lowered the level, at which time more water or plant nutrient concentration 

would be added to adjust the level back to the 10-gallon mark. The reason for using 10 gallons is that the 

directions for the ionizer suggested (10 gallons of water) to be placed into a holding tank in order to 

accurately measure the efficiency of dissolved oxygen collection.  The filled ten-gallon tanks were left in 

the greenhouse without being disrupted for two days to allow the water to reach the normal saturation level 

for natural diffusion as air had been added to the water when filling the fish tanks. 

     Before treatments, each tank was measured for temperature, electroconductivity (EC), and Dissolved 

Oxygen (D.O.) with that the data recorded.  Each of the solutions (0g/10-gal2g/10-gal, 4g/10-gal, 8g/10-

gal, and 16g/10-gal) to be treated were duplicated five times each for natural diffusion, bubbling (aeration) 

and ionization treatment.  

     The first test conducted was using a solution representing a concentration of 0g/10-gal (water only 

and no plant nutrients). The ionizer was placed into the water of tank #15 (due to costs, only one 

ionizer was able to be obtained for this experiment) and bubblers placed into tanks 6-10.  Tanks 1 – 5 

represented the natural diffusion process with no bubbling or ionizing. The ionizer and air pumps 
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were turned on without disruption for 20 minutes. At the end of the 20 minutes, the ionizer and 

bubbler were turned off.  The ionizer was immediately removed from Tank 15 and immediately was 

placed in the next tank (14).  The ionizer was then turned on for twenty minutes in Tank 14. While 

the ionizer was running in Tank 14, Tanks 1-5, Tanks 6-10 and tank 15 were then measured for the 

amount of dissolved oxygen (D.O.) using a dissolved oxygen probe. The probe was placed into the 

center of the tank to take the readding.  Also, the temperature and EC of the water in each tank was 

taken.  These measurements were continued for another 60 minutes at ten-minute intervals with 

readings at 0, 10, 20, 30, 40, and 50 minutes after the initial period of ionization, bubbling or 

diffusion of each tank was ceased 

      Because there was only one ionizer, treatment of Tanks 11-15 had to be staggard on a 20-minute 

rotation to the next tank. This procedure was repeated for each water tank numbered 11-15 and tanks 

were tested in descending order as treatment was done one tank at a time. After testing, all tanks were 

allowed to set for one day to reestablish a natural diffusion of air into the 0g/10-gal plant nutrient 

solution. 

     After the first test of a 0g/10-gal concentration of plant nutrient solution (no plant nutrients), the 

water level in the tanks was checked to make sure it was at the 10-gallon mark due to water loss by 

evaporation or spillage.  If needed, additional water was added until the 10-gallon level was reached.   

2 grams of plant nutrients were then added in equal weighed amounts into each tank and stirred until 

dissolved to produce a 2g/10-gal plant nutrient solution. The procedure of measuring the temperature, 

EC. and D.O. and treatment was continued as practiced with the 0g/10-gal plant nutrient concentration 

in the first testing.   After treatment and measurement was concluded, the tanks were allowed to set for 

a day to balance out by natural diffusion.   
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     Before beginning testing the 4g/10-gal plant nutrient solution, gallon jugs were prepared with the 

plant nutrient solutions being tested.  These jugs would be used to raise the solution level in the fish 

tank before increasing the plant nutrient concentration in the tank.  For example, before preparing a 

4g/10-gal plant nutrient solution to test in the tanks, the gallon jug containing the 2g/10-gal 

concentration would be used to fill the tanks to the 10-gallon level to provide 10 gallons of that 

solution where needed.  After making sure the level in the tank was at the 10- gallon mark, 2grams of 

plant nutrient was added in equal weighed amounts into each tank and stirred until dissolved into 

solution. This then produce the desired 4g/10-gal plant nutrient concentration for the next test.  The 

procedure of measuring the temperature, EC. and D.O. and treatment was continued as practiced with 

the previous testing.   This same procedure was continued for each of the plant nutrient solution to be 

tested.  These concentrations were produced by doubling the amount of plant nutrient in the tank after 

the preceding test (for 8g/10-gal add 4 grams of plant nutrient, for 16 g/10-gal add 8 grams of plant 

nutrient). 

     The results of this experiment were recorded in the student notebook. Data was averaged, the 

means graphed and statistically analyzed by conducting a T test. 

 

HYPOTHESIS 

     A hypothesis was made that the tanks, where the electronic ionizer is used for 20 minutes, 

ionizing water and plant nutrient solution, would contain more dissolved oxygen than those tanks 

that were treated with diffusion or bubbling for the same amount of time even as plant nutrient 

concentration increases which means there would be more dissolved oxygen readily available for 

use by the plants to aid in a greater plant root growth. 
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RESULTS 

 

  AVERAGE DISSOLVED OXYGEN CONCENTRATION (mg/ml)   

                           (SOLUTE = Og/10 GALLON) (N=15)    

          

                                20 MINUTE TREATMENT     

          

D 7.08 7.06 7.08 7.16 7.16 7.15 7.14 

B 9.34 8.58 8.72 8.34 8.31 8.16 8.22 

I 10.76 10.24 10.02 9.66 9.50 9.04 8.60 

TIME 
(MIN) 0 10 20 30 40 50 60 

     

 

 

 

 

     Ionized and bubbled plant nutrient solution produced more dissolved oxygen (DO) than the Diffused plant 

nutrient solution.  Initial readings of produced DO in the water indicted that ionizing water produced 1.51 

times more D.O. in the water than the diffused water and was 1.25 times greater than the bubbled solution.  

The bubbler produced 1.31 times mor D.O. than the diffused water.  After 60 minutes, the final reading was 

taken.  The ionized water contained 1.2 times more D.O. than the diffused water and the D.O. Of the bubbled 

plant nutrient solution was 1.15 times greater than the D.O. of the diffused plant nutrient solution. Statistical 

analysis determined that D.O. production was significantly greater (p< 0.048121) in the ionized water than in 

the diffused water and significantly different (p< 0.003768) than the bubbled water.  The bubbled solution 

produced significantly (p<0.000001) more D.O. than the diffused water. 
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                    AVERAGE DISSOLVED OXYGEN (mg/ml)   

                      (SOLUTE = 2g / 10 GALLON) (N=15)    

                               (20 MINUTE TREATMENT)    

          

D 6.84 6.82 6.83 6.82 6.84 6.85 6.86 

B 8.84 7.80 7.30 7.46 7.30 7.38 7.38 

I 9.18 9.06 8.78 8.56 8.46 8.34 8.22 

TIME (MIN) 0 10 20 30 40 50 60 

     

 

 

 

 

     Ionized and bubble plant nutrient solution produced more D.O. than the diffused plant solution.  Initial 

readings of D.O. indicated that ionizing the 2g/10gal plant nutrient solution produced 1.34 times more D.O. 

that the diffused 2g/10-gal plant nutrient solution and 1.04 times greater than the D.O. produced in the 

bubbled 2g/10-gal solution.  The bubbler produced 1.30 times more D.O. in the 2g/10-gal plant solution than 

the D.O. produced in the diffused plant nutrient solution.  After 60 minutes, the ionizing water contained 1.2 

times thee D.O. in the 2g/10-gal plant nutrient solution, then that of the diffused Plant nutrient solution and 

1.2 times more D.O. than the bubbled plant nutrient solution.  The bubble plant nutrient plant solution 

contained 1.10 times greater D.O. concentration than the diffused plant nutrient solution.  Statistical analysis 

determined that D.O. production in a 2g/10-gal plant nutrient solution by ionizing was significantly different 

(p, 0.00001) and was significantly different (p< 0.00075) than the D.O. found in the bubbled 2g/10-gal plant 

nutrient solution.  The bubbled 2g/10-gal plant nutrient solution had a significantly difference (p< 0.00125) of 

D, O, concentration than that found in diffused 2g/10-gal plant nutrient concentration.  
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                          AVERAGE DISSOLVED OXYGEN CONCENTRATION (mg/ml)    

                                               (SOLUTE = 4g/10 GALLON) (N=15)    

          

                                                          (20 MINUTE TREATMENT)    

D 6.86 6.76 6.78 6.82 6.78 6.72 6.68 

B 7.82 7.64 7.22 7.04 6.84 6.82 6.78 

I 9.04 8.68 8.72 8.02 7.72 7.54 7.32 

TIME (MIN) 0 10 20 30 40 50 60 

     

 

 

 

 

     Ionizing and bubbling of the 4g/10-gal plant nutrient solution produced mor D. O. than the diffused 4g/10-

gal plant nutrient solution.  Ionized 4g/10-gal plant nutrient solution contained 1.31 times mor D.O. than the 

diffused 4g/10-gal plant nutrient solution and 1.16 than the D.O. concentration of the bubbled 4g/10-gal plant 

nutrient solution. The bubbled 4g/10-gal plant nutrient solution contained 1.15 time more D.O. than the 

diffused 4g/10-gal plant nutrient solution.  After 60 minutes, the final reading of D.O. in the ionized 4g/10-gal 

plant nutrient solution was 1.10-times greater than the D.O. concentration int the diffused 4g/10-gal nutrient 

plant solution.  The bubbled 4g/10-gall plant nutrient solution contained 1.01 times more D.O. than the 

diffused 4g/10-gal plant nutrient solution.  Statistical analysis determined that the production of D.O. by 

ionization of the 4g/10-gal plant nutrient solution was significantly greater (p< 0.000196) than the D.O. 

concentration of the diffused 4g/10-gal plant nutrient solution and significantly different (p< 0.00085) than the 

D.O concentration in the bubbled 4g/10-gal plant nutrient solution.  Bubbled 4g/10-gal plant nutrient solution 

was significantly higher (p< 0.015728) than the D.O. concentration in diffused 4g/10-gal plant nutrient 

solution. 
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AVERAGE DISSOLVED OXYGEN CONCENTRATION (SOLUTE - 8g/10 GALLON)  

                                                                       (mg/ml) (N=15)     

          

                                                             (20 MINUTE TREATMENT)    

D 6.60 6.50 6.60 6.50 6.40 6.50 6.40 

B 8.44 8.14 8.22 8.30 7.90 7.84 7.78 

I 10.12 9.86 9.46 9.50 9.22 8.96 8.88 

TIME (MIN) 0 10 20 30 40 50 60 

   

 

 

 

 

       Ionizing and bubbling 8g/10=gal plant nutrient concentrations produced more D.O. in solution that the 

diffused method.  Initial readings of D.O. found that ionizing water produced 1.53 times more D.O. in 8g/10-

gal plant nutrient solution than the diffused method and 1.28 times greater than that produced by the bubbler. 

The D.O. produced by the bubbling of the 8g/10-gal plant nutrient solution produced 1.28 times more D.O. in 

solution than the diffused method.  After a 60-minute period. The ionized 8g/10-gal plant nutrient solution 

contained 1.39 times more D, O. than the diffused method and 1.14 times more D.O. than the bubbler method.  

When comparing significant difference between the methods, ionizing the 4g/10-gal plant nutrient solution 

significantly (p< 0.00001) contained more D. O. in solution than the diffused method and significantly (p< 

0.00001) more than the bubbler system.   The bubbled 4g/10-gal plant nutrient system significantly (p< 

0.000085) contained more D.O. in solution than the diffused method. 

6.60 6.50 6.60 6.50 6.40 6.50 6.40

8.44 8.14 8.22 8.30 7.90 7.84 7.78

10.12 9.86 9.46 9.50 9.22 8.96 8.88

0

2

4

6

8

10

12

0 1 0 2 0 3 0 4 0 5 0 6 0

D
.O

. (
m

g/
m

l)

TIME (MINUTES)

AVERAGE DISSOLVED OXYGEN CONCENTRATION 
(SOLUTE=8g /10 GALLON)(mg /ml)  (N=15)

(20 MINUTE TREATMENT)

D

B

I



18 
 

 

   AVERAGE DISSOLVED OXYGEN CONCENTRATION (mg/ml) 

                               (SOLUTE =16 g/10 GALLON) (N=15)    

          

                                   20 MINUTE TREATMENT     

          

D 8.26 8.14 8.00 7.90 7.80 7.79 7.76 

B 8.84 8.34 8.22 8.30 7.98 7.84 7.80 

I 10.12 9.86 8.46 9.50 9.22 8.96 8.88 

TIME (MIN) 0 10 20 30 40 50 60 

    

 

 

 

 

      Ionized and bubbled 16g/10-gal plant nutrient solutions contained more D.O. than the diffused method.  

Ionized 16g/10-gal plant nutrient solution contained 1.23 times more D.O. than the diffused method and 1.14 

times more than the bubbler and diffused method.  After 60 minutes, the ionized 16g/10gal plant nutrient 

solution contained 1.14 time the D.O. than the bubbler and diffused method.  Statistical analysis determined 

that the ionized 16g/10-gal plant nutrient solution contained significantly (p< 0.00044) more D.O. than the 

diffused method and significantly (p< 0.001389) more than the bubbler method.  The bubbled 16g/10-gal plant 

nutrient solution did not significantly (p< 0.0521) contain more D.O. than the diffused method. 
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                                               AVERAGE TEMPERATURE OF TEST SOLUTION (F O)       

                     

                                                                          TEST SOLUTION (g / 10 GALLON)       
                     

  0       2       4       8       16   

D B I   D B I   D B I   D B I   D B I 

78.3 79.1 78.1   80.1 79.6 79.22   75.8 74.4 73.9   75.6 76.7 77.2   76.8 77.8 78.4 

     

 

To determine if variances were of any significance difference for temperature, a T-test was run for each 

comparative group for each concentration level of test solution.  The summary of the T-test is as follows: 

STATISTICAL ANALYSIS OF TEMPERATURE OF NUTRIENT SOLUTION 

SOLUTION (g/10-GAL) 
CONCENTRATION 

            p VALUE OF COMPARED 
GROUP     

  I-D        I-B B-D 

0 0.089478 0.335309 0.304275 

2 0.059878 0.500000 0.063398 

4 0.008306 0.030687 0.033120 

8 0.011443 0.011443 0.000360 

16 0.001119 0.019052 0.055691 
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                                 AVERAGE ELECTROCONDUCTIVITY OF TEST SOLUTION (mS / cm) 

                     

                   

                                                                          TEST SOLUTION (g/GALLON)        

  0       2       4       8       16   

D B I   D B I   D B I   D B I   D B I 

0.44 0.43 0.43   0.45 0.46 0.46   0.56 0.54 0.54   0.61 0.59 0.61   0.76 0.78 0.78 
    

  Data obtained comparing the temperature of the plant nutrient solutions at the end of testing had some 

variance between test groups.  To determine if these variances were of any significance difference, a T-test 

was run for each comparative group for each concentration level of test solution.  The summary of the T-test is 

as follows: 

                   STATISTICAL ANALYSIS OF ELECTRO CONDUCTIVITY 

SOLUTION (g/10 -GAL) CONCENTRATION               p VALUE OF COMPARED 
GROUP 

  I-D I-B B-D 

0 0.098510 0.097510 0.342280 

2 0.070857 0.000162 0.070851 

4 0.278460 0.227683 0.175550 

8 0.441620 0.029617 0.082253 

16 0.023960 0.148820 0.349014 
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DISCUSSION 

     Data from this research indicates the amount of D.O. that the ionization of water in varying plant 

nutrient concentration solutions can produce is significantly greater that oxygenating water by 

diffusion or bubbling.  This means that with the use of an ionizer, the amount of D.O. in hydronic 

solutions, can be significantly increased.  Research conducted by Suhardiyanto et al. (2010) also 

indicated that the utilization of electrical current to ionize the solution producing a higher D.O. in the 

solution.  The research also indicated that the solubility of oxygen, either by diffusion, bubbling or 

ionizing, decreased with the addition more plant nutrients. As noted in the research discussion, it has 

been found that as more solute enters into water and fills the spaces, there is less room for O2 gas. It 

was observed that at the 16g/10-gal plant nutrient concentration, fine bubbles, like a small foam, 

were formed on top of the ionized solution after ionizing and continued for 60 minutes after the 

ionizing process was stopped indicting the saturation point in the water had been reached with the 

release of excess oxygen gas.  This was not observed in any other treatment, although, the bubbler 

produced air bubbles that bubble up through all concentrations of solutions, leaving the surface of the 

water during the bubbling process. 

     It was noted that the temperature of ionized plant nutrient solutions increased as the concentration 

of the solution increased.  Dr. Dennis Clark, who was the inventor of the O2 Grow Oxygenator used 

in this experiment, found in his research, that if there are other chemicals in the water, the solution 

being ionized can heat up. In addition, it is known that when water is ionized, energy is released.  

However, although significantly different, this temperature rise was within acceptable parameters of 

hydroponic growing.  Also affecting water temperature was the possibility of sunlight hitting some of 

the tanks and not others, thus increasing the water temperature during testing. 
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     Data indicated a difference in EC between treatments at the same plant nutrient solution 

concentration.  Commercially, EC is used to prepare a certain plant nutrient solution for use in a 

hydroponic system.  The difference in the EC among the compared test solutions could be the effect 

of the treatment on the plant nutrients in solution, or errors were made with the measurement of plant 

nutrient weight mixed into solution.  In future research, the EC should most likely be used to 

determine the plant nutrient concentration.  Also, evaporation may have left a more concentrated 

solution in the tank at the end of the day.  Even with the addition of the same plant nutrient 

concentration to level the tank before preparing the next concentration to be tested, the tank would 

still have a slightly higher plant nutrient concentration than the day before. 

     It was also noted that as plant nutrient concentration in solution increased, DO in solution 

decreased.  However, it was noted that at 8g/10 gal. and 16 g/10 gal., the DO was higher than 

expected.  Upon closer inspection, algae were found to be growing in these tanks and could have 

contributed extra oxygen into solution. 

CONCLUSION 

     Data from this experiment supports the hypothesis.  It was determined that ionization of water or 

plant nutrient solutions can significantly increase the amount of D.O. in solution when compared to 

diffusion and bubbling.  However, there are more questions that are raised from this research that 

should be tested?  Was the increase in EC due to the ionization process or error in weighing out plant 

nutrients?  Is the significant change in solution temperature due to the ionization process or due to the 

location in the greenhouse and exposure to the sunlight? At what plant nutrient concentration is the 

D.O. in solution equal for two or all treatments?  Can the amount of D. O. in solution be increased 
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above the values found in this research by repeating the treatment of the solution over longer time 

intervals?  How can we achieve levels of 20mg/ml as achieved by other researchers? 

SUMMARY 

     Today’s world population is 7.5 billion people. In the year 2050, it is estimated that the world 

population will be around 10 billion people. What could we do now and for the future to meet the 

increase in the need for food? How do we grow more vegetables at a decreased cost, fewer labor 

hours, use lower amounts of plant nutrients to help reduce the risk of contaminating the environment, 

all of this while providing a higher quality and quantity of available foods?  Hydroponics, in which 

the plant environment is controlled and managed, reducing variables that affect plant production in 

the environment, has been found to be effect in increasing food production.  For an efficient and 

effective hydroponic system, nutrient solutions and their management are of great importance. The 

function of a hydroponics nutrient solution is to supply not only the plant roots with water and 

essential mineral elements in a soluble form, it is to also provide an adequate concentration of oxygen 

for root cellular respiration.   Hydroponic systems utilize a range of systems that employ simple air 

diffusion of oxygen into the nutrient system and air bubblers to physically force air and oxygen into 

the plant nutrient solution.  A new approach utilizes electrical current to ionize the water releasing 

oxygen into the nutrient solution. (Suhardiyanto, 2010).  Research on supplying dissolved oxygen 

(D.O.) to the plant nutrient solution indicates that there is greater plant root formation and root 

growth with a higher dissolved oxygen concentration (Soffer and Burger, 1988). They also found that 

tomato plants grown in high oxygen treatment could result in greater plant growth as measured by 

shoot and root weights.  Dr. Dennis Clark, who invented the O2 Grow Oxygenator used in this 

research project, demonstrated the use of an ionizer can significantly increase the amount of D.O. in a 
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solution.  This experiment determined that the ionizer delivers significantly greater D.O. into solution 

than natural diffusion and the bubbler all plant nutrient concentrations tested. 

     A hypothesis had been made that the tanks, where the electronic ionizer is used for 20 minutes 

within water and plant nutrient solution, would contain more dissolved oxygen than those tanks that 

were treated with diffusion or bubbling for the same amount of time even as plant nutrient 

concentration increases which means there would be more dissolved oxygen readily available for use 

by the plants to aid in a greater plant root growth.  Data from this experiment did support the 

hypothesis. 

     The results of this research indicate a significant increase in the D. O. concentration in solution with 

the use of ionization. If the research conducted by Suyantohadi (2010) where the dry weight of lettuce 

grown in a high concentrated dissolved oxygen plant nutrient solution was 2.3-fold larger than the 

control holds true, the data from this experiment indicates that applying the ionization of plant nutrient 

solutions will increase the D.O. in that solution is the best possible way to increase hydroponic plant 

production by the increase of D.O. to the roots of plants thus giving the ability to increase future food 

production. 

FUTURE RESEARCH 

     Possible errors were introduced into this experiment. The experiment needs to be replicated again 

with more attention to covering the sides of the fish tank to block sunlight, making sure that all tanks are 

shaded equally to prevent algae growth, concentrations of nutrient solutions be set by using an EC meter 

and not the scale method (weighing), That plant nutrient solutions be produced fresh for each testing 

(not by the addition of nutrients each day to increase the concentration) and that all data is recorded 
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correctly.  In addition, test procedures on length of treatment time past 20 minutes to increase the D.O. 

in solution, increase retention time of D.O. in solution as well as test root up take of D.O. by growing 

plants with roots in a floating, deep-water culture hydroponic system (using the 10-gallon tanks). 
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