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ABSTRACT 
 
Duckweed is a naturally occurring water bound plant that recycles water toxins for plant 

consumption, providing filtered water. A rising need for resources is diminishing as population 

increases. Chemical fertilizers supply the population’s agricultural demands but leave toxic 

residue. The goal of the study was to compare aquaponic duckweed, MIRACLE-GRO™, and 

Jobe’s Blood meal™. Fertilizer and runoff comparisons determined which proficiently supplies 

Pennington™ Smart Seed (perennial ryegrass) most efficiently. Aquaponic duckweed was grown 

in a 10 gallon fish tank to supply waste for filtration. Nineteen pots were designated to receive 

nutrient-less Harvest Organics™ soil and seed with fertilizer. Each was given water every day 

and 12 hours of sunlight, for five weeks. A Rapid Soil™ nutrient test concluded soil and runoff 

values every week. Secondary comparisons analyzed which provided the least nutrient rich 

runoff. Conclusions show Jobe’s Blood meal™ was the most proficient nutrient provider to 

perennial ryegrass. The alternative hypothesis was shown to be false with Jobe’s Blood meal™ 

rather than duckweed being most proficient. Duckweed is a valid option for clean fertilizer and 

runoff use, although blood meal yields more productive results. 

 
 

INTRODUCTION/REVIEW OF LITERATURE: 
 

Bioremediation and pollution reduction are immediate solutions to combat the rising 

crisis of climate change and rising death rates due to lack of resources around the world. The 

improvement of water filtration systems provides families access to essential resources for 

survival. Industrial equipment can exhaust a budget easily and often isn't appealing on a large 

scale. Without safe access to water, farmers can not provide crops for income and will suffer 

 



 

financial setbacks. Population is on a steady increase, FAO (Food and Agriculture Organization) 

projects that feeding a world population of about 9 billion people in 2050 will require raising 

overall food production by at least 70 % (Achim, 2013). To support this increase in food 

demands, fertilizer usage will increase to meet the demands, and itself will become a demand to 

supply the agricultural economy. However, the resources required to do so are dwindling. 

 

DUCKWEED  

Duckweed, a naturally occurring surface dwelling plant that can survive in highly 

polluted bodies of water, is a natural recycler of toxins in aquatic environments. Duckweed has 

been targeted for efficient biofuel replacement, water purifiers and fertilizer supplements. Due to 

the low cellulose and lignin content of duckweed, the biomass-to-ethanol conversion process is 

relatively easy and more cost-effective in duckweed than it is for other dedicated energy plants 

(Yu et al., 2014) making it a potential option within the industry to promote environmental 

health. Being able to provide nutrients through decomposition, extraction, and photosynthesis, 

duckweed is a viable resource to replace mass made fertilizers. 

 Being a water bound plant, aquaponically grown duckweed (Lemna Minor) using a 

modified Enhanced biological phosphorus removal (EBPR) process, is one of the best-studied 

microbially mediated industrial processes because of its ecological and economic relevance 

(Martín, et al, 2006) and will lower costs and maintenance of the tank housing the plants. The 

EBPR process allows for an aerobic and anaerobic process to occur, supplying and starving the 

plant of oxygen to rapidly manipulate excessive growth for collection. “[It] has great potential to 

 



 

remove mineral contaminants from waste waters emanating from sewage works, intensive 

animal industries or from intensive irrigated crop production (Leng et al., 1995)”. 

Targeting duckweed allows for a natural solution to the recycling of water toxins whilst 

providing multiple other functions to create other resources within multiple industries. Having 

the renewable flexibility of the plant’s self sustainability allows for easy care, handling, and 

cleaning of its experimental environment. With multiple styles and sizes within the species, 

duckweed also caters to aesthetic and functional needs and limits. As the rising demands of 

waste removal progress to secure essential resources for survival, duckweed is proving to be a 

popular competitor amongst large business resources. 

 

BLOOD MEAL 

Blood meal is a product of the meatpacking industry. The fertilizer is mainly composed 

of hemoglobin which is characterized by the presence of a prosthetic group containing iron (Fe) 

(Ciavatta, C., et al, 1997).  

Diagram 1: Standard Blood Meal Processing Procedure 

 

 

 

 

 

 

 



 

Considered an organic fertilizer, blood meal is obtained by drying and powdering the 

block of slaughtered warm blooded animals. It contains about 10 to 13% of organic nitrogen 

which is normally quickly released during mineralization of the organic matter. Blood meal is 

employed both as organic nitrogen fertilizer and as the organic matrix in the production of 

organic minerals fertilizers (Ciavatta, C., et al, 1997). 

 

 
HYPOTHESIS: 

 
Null:  
Growth efficiency, N, P, K, pH, and runoff values in duckweed, Jobe’s Blood meal™, 

and MIRACLE-GRO™ nutrients show no relevant statistical difference 

Alternative:  
Duckweed fertilizer will have the most productive values in N, P, K in Pennington™ 

Smart Seed: Northeast mix of perennial ryegrass soil, an average pH of 7, than in soil 

with MIRACLE-GRO™ and soil with Jobe’s Blood meal™ to provide grass growth in 

soil and runoff 

 

Dependent Variables:  
Height and growth rate of plant 

For MIRACLE-GRO™’s, Jobe’s Blood meal™, and duckweed: Nitrogen levels, 

phosphorus levels, potash (potassium) levels, soil pH, and runoff amount in milliliters 

 

 

 

 



 

Independent Variables:  

Amount of MIRACLE-GRO™ (59 ml) , Jobe’s Blood meal™ (1 tablespoon), and 

duckweed (4 tablespoons) applied under soil, determined by the brand's recommended 

amounts and duckweed to match the weight of the bloodmeal dosage. 

 
Constant:  
Amount of water given to plants (700 ml for all 6 by 5 inch pots) , tank duckweed is 

grown in, type of fish duckweed is in contact with, space the experiment is taking place, 

and grass and duckweed type, fertilizer brand,s reduced wet weight of weekly harvested 

duckweed, amount of soil, size of pot 

 
Positive Control:  
Placing a single pot per fertilizer brand (duckweed, Jobe’s Blood meal™, and 

MIRACLE-GRO™) with Nutrient-less (Harvest Organics™) organic soil, without 

Pennington™ Smart Seed: Northeast mix perennial ryegrass, to test the uptake values of 

elements in the soil to distinguish the uptake of plant nutrients in soil and runoff values to 

evaluate fertilizer’s influence in soil without plant growth 

 

Negative Control:  
Nutrient-less (Harvest Organics™) organic soil in three pots (6 inches wide by 5 inches 

deep), without fertilizer, with 12 hours of sunlight and 700ml of purified water for 

evaluation of soil without plant growth and fertilizer influence 

 
 

 



 

 
METHODS/PROCEDURES: 

 
Materials required for experimentation include: 

Aquaponic Duckweed Production: 
● Thermometer 
● Aqueon™ water conditioner 
● Ten gallon fish tank  
● 10-25 Neon Tetra 
● 5 Red Eye Tetra 
● API™ Water maintenance tests 
● Tank net 
● Lemna minor duckweed 
● Pet Supplies Plus™ Air tube and stone 
● Pet Supplies Plus™ Water heater 
● Tank substrate (optional) 
● JackSuper™ growth light (2watts) 
● Tetra™ Fish food 
● Pet Supplies Plus™ Gravel Filter 

 
Fertilizer and Runoff Comparison: 

● Pennington™ Smart Seed: Northeast mix, as perennial ryegrass 
●  15 (6 inches wide by 5 inches deep) black plastic pots with filtration holes 

(Amazon) 
●  15 (6 inches wide by 8 inches deep) runoff containers (donated restaurant 

grade ketchup bottles) 
●  Jobe’s Blood meal™ 
●  MIRACLE-GRO™ Pour & Feed™ Singles (59 ml) 
●  Ruler 
●  Rapitest™ soil nutrient tests 
●  Rapitest™ pH gauge 
● Nutrient-less (Harvest Organics™) organic soil 

 
 

Aquaponic Duckweed Production: 
1. A ten gallon fish tank was prepared for duckweed production. The Tank was filled with 

9.7 gallons of water (maintained at 76 degrees: Fahrenheit, as per recommended by 

 



 

Fishkeeping WorldTM) with the addition of 5 ml of Aqueon™ water conditioner and let sit 

overnight for conditioning. An Aqueon™ airstone was added to aerate the tank and a 

JackSuper™ growth light (2 watt bulb ) to simulate solar rays  

2. A Tank heater (Aqueon™ 10 gal heater) was essential for fish survival due to tropical 

origin  

3. After providing de-stressors (ornaments) for fish, provide 10-25 neon tetra and 5 Red Eye 

tetra to the tank for waste production for consumption of Lemna Minor duckweed 

4. Inspect/clean (eliminate possible larva and other hazards) and add all duckweed when 

purchased, only disturb for fish feeding (once per day, 1 teaspoon) and water tests to 

maintain fish survival 

 

 
Diagram 2: 

10 gallon fish tank layout for aquaponic growth of Lemna Minor duckweed 
 
 
 
 

 



 

Nutrient Test Production: 
 

1. Fiftenteen pots (6 inches wide by 5 inches deep) were filled with nutrient-less (Harvest 

Organics™) organic soil as to avoid soil nutrient contamination 

2. In nine pots, 1 cup of Pennington™ Smart Seed: Northeast mix (seed) was provided 

under 2 inches of soil and covered per pot 

3. Six pots did not get seeds and were sectioned off separately, under every pot a recycled 

runoff container were placed 

4. Three of the sectioned pots were not given Pennington™ Smart Seed: Northeast mix and 

were only given the same fertilizer dosages as the initial 9 pots, as a positive controls 

5. The other 3 pots were left without Pennington™ Smart Seed: Northeast mix and without 

fertilizer as the negative controls 

6. Every two weeks, three grass containing pots and one associated non-grass pot were 

designated to receive (4 tablespoons) of Lemna minor aquaponic duckweed 

7. Another set of pots (4) under the same parameters received (1 Tbsp) of Jobe’s Blood 

Meal™ separately and 4 pots received (59 ml) of MIRACLE-GRO™ respectively 

8. Amounts were determined by products recommendation of dosage and limitation of 

packaging for application 

9. All pots received 700ml of purified water (pH of 7) and received 11 hours of consistent 

sunlight with varying outdoor temperatures 

10. Every 7 days nutrient tests were taken to measure nitrogen, potassium, phosphorus and 

pH levels in soil and runoff using a Rapid Soil™ Rapitest™ (Nutrient Test) and 

Rapitest™ probe along with a ruler measure grass height test in centimeters 

 



 

Diagram 3 : Layout for Aquaponic duckweed, MIRACLE-GRO™, and Jobe’s Blood Meal™ 
comparison with Pennington™ Smart Seed: Northeast mix. 

 
Diagram 4 : Layout for positive and negative controls. Both pot sets have no seeds and positive 
control pots are provided the same dosages of fertilizer as the main fertilizer experiment pots. 

 
 
 

 



 

 
 
 

 

 

 

 

 

 

 

Chart 1: Parts per Million of nutrient availability within Rapitest™ nutrient test indicators  

 

Monitoring the results of the chemical reaction of the soil to the soil test, each suspension 

(part water : part soil, 1:1) was compared to a color coded chart from the values 0 to 4  

(0depleted/absent, 1 deficient, 2 adequate, 3 sufficient, and 4 surplus). To quantify, each general 

analysis a chart was later attained to reference the parts per million each single value represented 

of a whole. See chart 1 

 
DATA ANALYSIS  

 
An ANOVA III Test was utilized from Data Classroom Software. See chart 2 
 
 
 
 
 
 
 

 



 

RESULTS: 

The highest in all categories (In Parts per Million in soil Nutrient Test) (Sufficient values: 

Nitrogen: 40/80 PPM, phosphorus: 50/100 PPM, potassium: 600/900 PPM, but limiting values 

out of the sufficiency not the over-abundance of matter) within the category of grass growth 

production and soil nutrient is Jobe’s Blood meal™ with values of: Nitrogen: 24/40 PPM, 

phosphorus: 17/50 PPM, potassium: 390/600 PPM, pH: 6.8/7. The second most supportive was 

MIRACLE-GRO™ holding values of: Nitrogen 6/40 PPM, phosphorus: 11/50 PPM, potassium: 

290/600 PPM, pH: 6.3/7. Finally duckweed, closely rivaling MIRACLE-GRO™, with values of: 

Nitrogen 8/40PPM, phosphorus: 7/50 PPM, potassium: 290/600PPM, pH: 6.2/7PPM.  

 
Graph set 1: Soil Nutrient results for nitrogen, phosphorus, potassium and pH 

 
Within the nitrogen (PPM) soil content graph, positive control mimics negative control 

 
 

 



 

The positive control soil values consist of: Nitrogen: 4/40PPM, phosphorus: 12/50PPM, 

potassium: 320/600PPM, pH: 6.4/7. Negative control soil values consist of: Nitrogen: 

14/40PPM, phosphorus: 0/60 PPM, potassium: 120/600 PPM, pH: 6.4/7. Therefore, the response 

rate of northeastern perennial rye grass to duckweed, Jobe’s Blood meal™, and 

MIRACLE-GRO™ yields that Jobe’s Blood meal™ was most successful overall (431/690 

PPM). 

The average runoff values in nitrogen, potassium, phosphorus, and pH were most 

beneficial in Jobe’s Blood meal™, ranking the lowest score averages in nitrogen, phosphorus 

and pH (N:6/40 PPM, P:6/50 PPM, pH:6.2/7) and the highest value of potassium (K:390/600 

PPM)  

Graph set 2: Runoff values for nitrogen, phosphorus, potassium and pH in Jobe’s Blood meal™, 
MIRACLE-GRO™ and duckweed 

 
Within nitrogen (PPM) runoff content testing blood meal mimics commercial fertilizer 

(MIRACLE-GRO™) 
 

Within phosphorus (PPM) runoff content testing blood meal mimics commercial fertilizer 
(MIRACLE-GRO™) 

 
 
 
 
 
 
 
 
 
 

 



 

The average maximum height within the first grouping of pots for all fertilizers (9) was Jobes 

Blood Meal™ with an average of 10.9 centimeters. Within the second grouping of pots of 

fertilizer (9), the average maximum height was for duckweed with an average height of 11.42 

centimeters, For the third grouping of pots of fertilizer (9), MIRACLE-GRO™’s grass averaged 

10.12 centimeters. 

 
 

Graph 1: Heights of Perennial Ryegrass in First Group of Three Pots in Fertilizer Categories 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 2: Heights of Perennial Ryegrass in Second Group of Three Pots in Fertilizer Categories 

 



 

Graph 3: Heights of Perennial Ryegrass in Third Group of Three Pots in Fertilizer Categories 

 
 

Graph 4: All heights of Soil Test Grass in Fertilizer Categories (cm) 

 

 



 

Graph 5: Averaged Grass Heights of Grouped Soil Test Pots (3 Pots Per Group) over 5 Week 
Testing Period (cm)

 
 

 

Temperature played an important role in growing the perennial ryegrass. Although 

perennial ryegrass was chosen for its varying rates of tolerance to a wide range of temperatures, 

it was still susceptible to weather influences. Having varying temperatures provides a realistic 

environment for growth but had harmed the plants. 

Graph 6: Temperature Highs over 5 Weeks of Experimentation  

 



 

Due to the constant heat and lack of excess water regardless of rain, the plants were subject to 

dehydration and to decay due to overexposure to heat. 

 

Discussion:  

Lemna Minor Duckweed is a valid competitor to chemical fertilizers. Jobe’s Bloodmeal 

was the most successful in growing perennial rye grass but the soil’s nutrient content in 

comparison to the other fertilizers was not statistically significant. In a similar fashion, runoff 

values for the nutrient experimentation provided no statistical significance between fertilizer 

choices, meaning the nutrients were absorbed and utilized by the soil rather than present in the 

runoff. 

 

 

Chart 2: ANOVA III Test for height tests, showing there is no statistical significance between 

runoff values and in plant height 

 

 Height SumSq Df F Value 

Day 0.05936 5.802 1 74.8733 

Fertilizer 0.97488 0.069 2 4.326 

Day Fertilizer 0.78729 0.654 2 0.0259 

Residuals  16.093 2 0.244 

 
 

 

 

 



 

Jobe’s Blood meal™ was shown to be the most successful nutrient provider in supporting 

Pennington™ Smart Seed: Northeast mix as perennial ryegrass, making the alternative 

hypothesis false. All averaged values of nitrogen, phosphorus, potassium, and pH when tested in 

duckweed, MIRACLE-GRO™, and Jobe’s Blood meal™ provided soils with relative nutrients 

but not within a significant range to be considered steady and sufficient supplements if not 

constantly monitored and maintained daily. Duckweed did not provide the most successful 

values, making the alternative hypothesis false.  

Although presented upon a minor scale with a limited budget, if provided amplified 

dosages and appropriate space without the concern of aesthetic appeal, it is possible to compose 

a large enough system to supply suitable amounts of nutrients to grow plant life with recycled 

nutrients. Seperate from the initial experimentation, the control values (positive and negative) do 

not significantly vary other than in phosphorus values. Reviewing the findings of past cases, 

looking into the food industry and its impact upon nutrient and fitness compared to composed 

powders is a large possibility for further studies. 

 Working with the bioremediation industry into the EBPR process and as mass water 

filtering option, duckweed was studied in its consumption and decomposition rates for countries 

in need of water cleansing options. Having duckweed as a readily available, mass multiplying 

resource with the ability to change toxic substances into recycled substances (and being edible) 

allows duckweed to compete against larger commercial brands.  

Limitations and restrictions of the data collected can be heavily focused, in future research, in 

nutrients, composition, decomposition rates, water nutrient impacts. Physical limitations for 

small scale experimentation are the place where the experiment is conducted (light and weather 

 



 

-heat, rain, frost- influence). The quality of materials is a major determining and limiting factor 

on data type and rage, dealing with consistency and how intricate specifications are allowed to 

become (example: evenly mixed by centrifuge vs potential for uneven mixing by hand).  

Time frame presents the largest pressures and restrictions in meeting requirements in addition to 

finalizing and concluding analysis whilst maintaining proper health and consistency within 

experimentation. Using a readily available, naturally recyclable plant form as a bioremediation 

agent allowed for the analysis of a valid natural competitor to mass produced chemical nutrient 

supplements. Verifying its ability to support life naturally in addition to supplying other forms of 

bioremediation show Lemna Minor as a competitive replacement for man-made fertilizers. 

Harnessing duckweed for biofuel, combating world hunger, bioremediation and as recycling 

filters present is a more viable option for the future revival of pollution preventative operations. 

The addition of duckweed also allowed aesthetically pleasing results (87%) in relation to the 

design of the aquaponic display. 

 

Future Research: 

Study and development are achieved gradually over time. Further areas of research that hold 

great potential for conceptual expanse include altering plant temperature resistance in varying 

soils to determine if alkalinity alters root branching patterns. Furthermore, monitoring 

duckweed’s influence within the Nitrogen cycle and its ability to aid in environmental 

preservation efforts provides a record of duckweed’s ability for not only water cleansing but 

potential for air cleansing as well. A similar route of comparison may also analyse a solely 

 



 

chemical based fertilizer for soil nutrients and runoff elements and its comparison to other 

chemical based substances for growth efficiency. 
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