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The purpose of this research was to examine the effect of different types of nutrient rich soils on 

the growth rates of Lactuca Sativa. Those participating in the research focused on the idea of 

trying to find a more sustainable and quick way to plant juvenile plants of every species. 

Participants planted Lactuca Sativa each in one type of soil: Base soil, Phosphorus rich soil, and 

Nitrogen rich soil which are the three leading elements found in healthy soil so an abundance of 

each was used when planting. Our main source of data collection/research was the process of 

planting three plants all in different soils which we assumed would vary our results as far as how 

much each plant would grow; the way we measured our data was we created two separated tables 

that calculated growth in cm and pH level over time, we also attached a graph that compared the 

two. The control plant grew 11 cm, The bonemeal plant grew 12.5 cm, and the compost plant 

grew 13.2 cm The soil Ph of the control was 5.5 at the end of the experiment while the bonemeal 

soil Ph was at 7 and the compost soil Ph was at 6.2 at the end of the experiment. The main goal 

of our research was to find more efficient and simple ways of germinating juvenile plants in a 

way that lacked intensive labor and use of materials. This experiment is also a deciding factor in 

which type of soil will be best for plants. 
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Hypothesis 
The fertilizer that contains the most nitrogen will have a growth that is greater as 

compared to the other types of fertilizer 
  

Research Question 
How does the nutrient richness of different fertilizers affect the growth of plants  

  
Independent Variables 

Nutrient richness of different fertilizers  
Dependent Variables 

Growth of plants 
 

Background research: 
The study of microbial effects on plants is very important and essential to finding a 
better way of large-scale farming and the reduction of harmful chemicals in our 
atmosphere. Learning which chemicals have negative and positive effects on plants is 
essential knowledge when it comes to the growth of non-organic agricultural 
practices and finding out how to better and more sustainably farm. Many 
mainstream and conventional agricultures “use a lot of chemical fertilizers for 
increasing the productivity that pose a threat to agro-ecosystems like food chain 
contamination, soil quality degradation, water pollution” (Kumar, Mahesh, et al. 
Plant growth promoting microbes: Diverse roles for sustainable and ecofriendly 
agriculture). To combat this problem, me must “shift towards sustainable agricultural 
practices like application of Plant Growth Promoting Microbes instead of 
conventional chemical fertilizers restoring the agro-ecosystems.” (Kumar, Mahesh, et 
al. Plant growth promoting microbes: Diverse roles for sustainable and ecofriendly 
agriculture).  
  
  
  
The potential societal impact that studying microbial effects on plants is huge. We 
can impact society by helping them understand how to enhance crop growth with 
microbial organisms as well as give us an alternative to modern big-scale agricultural 
practices. We know that “Continuous and indiscriminate use of chemicals poses a 
negative impact on soil, environment, and human health” (Naik, Kalyani. et al. 
Microbial formulation and growth of cereals, pulses, oilseeds, and vegetable crops) 
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and yet we continue to use them. Because we have glorified the pesticide use, our 
environment as well as our human health are in jeopardy. Learning about microbes, 
however, could increase the productivity of most farming systems because 
“microbes and plants have been evolutionarily interacting in nature” (Naik, Kalyani. 
et al. Microbial formulation and growth of cereals, pulses, oilseeds, and vegetable 
crops). Teaching society about microbial practices, putting them to use, and reducing 
the number of fertilizers and pesticides in our crops could lead to better soil, 
environmental, and human health. In the long run microbial farming practices are 
more beneficial to humans as a society.  
  
  
  
As stated in the article Plant growth promoting microbes: Diverse roles for 
sustainable and eco-friendly agriculture, “With increasing population and depleting 
natural resources, there is a need for increasing agricultural productivity in 
sustainable and eco-friendly manner” (September 2022) is a very brief yet discrete 
explanation as to why the study of microbes affecting soil and plants is extremely 
important. The knowledge of growth increasing microbes is what has allowed many 
species of plants to be further understood in the eyes of a scientific botanist. Not 
only has the study of growth supporting microbes given scientists a further 
understanding of the biology of plants, but it has also provided new opportunities to 
refine both new and old agricultural practices. Many different types of plants can 
produce larger amounts of crops because of the knowledge of how certain microbes 
have affected plants.  
  
  
  
It is common knowledge that different species of plants all have and operate under 
their own conditions/qualities. What is lesser known by most of the public is that 
many of these plant species are subjected to similar variations of chemicals that 
allow them to operate in a specific way. According to the article, Microbial 
formulation and growth of cereals, pulses, oilseeds and vegetable crops (Written by 
Kalyani Naik  et al.) different types of cereal grains, seeds, and rice all have their 
significant reactions to specific microbes; vegetable plants were assumed that strains 
of microbes alone or with endophytic bacteria exhibit substantially enhanced disease 
resistance in okra and brings more plant growth/yield by improving plant height and 
root length, the authors of said article also  found that Sunflower seeds treated with 
microbial formulations could withstand drought and microbe suspension on 
sunflower crops prevent it from downy mildew.   
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Because the study of microbial effects can be changed with even the slightest of 
bacterial imbalance, the article Divergent national-scale trends of microbial and 
animal biodiversity revealed across diverse temperate soil ecosystems (March 7, 
2019, Paul B. L. et al) reveals how and why even the smallest amounts of odd 
chemicals can negatively affect the microbial process like supporting growth of roots, 
leaves, crops, and life span. Scientists being able to troubleshoot specific microbial 
reactions.  
 
 
 
 

Materials list 

-Three young arugula plants 

Arugula plants were chosen for this experiment because of how fast they mature (at 

least 20 days) and how easy it is to recognize any physical change in the plant itself. 

-3 different types of soil rich in nitrogen, phosphorus, and potassium 

Three different types of soil will be used as indicators that the arugula plants have 

gone through some sort of change. As the independent variable in this experiment, 

the three different types of soil should provide numerous results and potentially an 

opposition to our hypothesis. 

-A ruler to measure plant growth in centimeters 

The centimeter side of a ruler will be used to measure plant growth over a span of 20 

days to get the most accurate results of any growth. 

-A safe and controlled environment for the plants to grow 

A controlled environment for the plants to call home because things like humidity, 

UV rays, and bugs or other microorganisms could keep us from acquiring the soil's 

most accurate effect on the plants. 

-Garden soil PH strips to measure how each soil has undergone change  
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PH strips will be used to measure the PH levels of all three soil types every five days 

to see which type of soil is still considered “habitable” for the plants. 

-A 10-minute timer 

A 10-minute timer will be used to keep track of how much sunlight each plant will 

get everyday over the 20-day period which will be one of the main factors of data 

collection.  

-A computer or a way to document information 

Keeping all the documented information in order will help with realizing what has 

changed about the plants and what has been proven as far as our hypothesis goes. 

-Miracle-Gro 25 qt. Potting Soil Mix 

A good base for the potting soil mix will allow the research conductors to better alter 

the levels of nitrogen, phosphorus, and potassium in each pot of soil. 

-Any kind of fish bones 

Fish bones are a natural source of phosphorus which is how we will alter the pH level 

of the soil of one plant  

-Safe compost like fruit discards and non-toxic, ecofriendly items 

Natural, safe compost will be able to alter the nitrogen levels of a plant which will 

then contribute to the change in the soil’s pH level. 

-Food scale 

The food scale will be used to weigh how much bonemeal and compost (3 ounces) 

we will add to their respective plants 

-Gloves 

Gloves serve as a protection against dirt and germs in soil that could possibly get 

your hands dirty or make you sick. 
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Procedure 

 

1) The arugula plants were germinated until they each began to sprout out of cold, 
well-watered soil 

 

2) 3, 5-inch-deep pots were set up in a cold dark area with at least 1 liter of well-
drained soil placed into them. 

 

3) The baby arugula plants were planted inside each of the three pots 

 

4) The first arugula plant was placed into a pot of soil that had 3 ounces of natural 
compost in it (Nitrogen rich soil) 

- A small plot of dirt was designated for creating the natural compost 

- Small twigs or straws were placed into the plot of dirt to aerate said dirt 

- The compost materials were added in layers meaning the drier ingredients would 
go in first: fruit scraps, table scraps, or dry grass. 

- Natural manure was added to the mix of materials and dirt: flowers, buckwheat, or 
weed clippings which activated the composting process 

- The compost was placed into a container and constantly watered with 1 cup of 
water for four days as we didn’t want the compost to dry out 

- The contents of the container had a cover kept on it as the compost mixture 
needed to stay moist 

- The compost was added to one singular pot of soil to raise its nitrogen contents in a 
natural way after the four days 
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5) The fish bones were grinded up into a fine powder to make the bone meal for the 
phosphorus rich soil 

3 ounces of the bone meal powder was placed into the one of the soil pots  

 

6) The second arugula plant was placed into a pot that had bone meal in it 

(Phosphorus rich soil) 

 

7) The arugula plants were watered with 1 cup of water each morning for the whole 
20 days  

 

8) Each plant was left alone for five days so the different soil types could start taking 
effect 

 

9) Each plant was taken outside into the sun for 10 minutes then brought back inside 
to the dark cold area  

 

10) 3 graphs were created, one that showed data for growth, one that showed data 
for soil pH, and a graph that compared the two measurements 

 

11) Step 8 and 9 were repeated every day for the whole experiment 

 

12) Each plant was individually documented every five days in considering soil pH 
level and plant growth 
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13) Step 12 was repeated every five days for the duration of the experiment 

 

14) The growth was measured by placing a ruler next to plant and measuring the 
highest leaf of the plant in centimeters from the base of the plant stem  

 

15) The pH level of each plants soil was taken using garden soil pH strips 

-Mix 8 tablespoons of the soil in with 8 tablespoons of pH neutral water or distilled 
water into a cup or bowl 

-Mix the soil and water for around 10 seconds and let the mixture set for around 20 
minutes 

-After that, mix once more for 10 seconds and let it set again 

-Insert the test strip into the soil for 3 seconds 

-Any additional residue/soil is shaken off 

-The color of the pH strip is compared to the pH manual for hospitable garden soil 

 

16) All information was documented on the graph from steps 7-15 

 

17) Data from tables and graphs is used to prove or oppose the hypothesis 
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Data Analysis:  

Test 1 (day 5)  

 Plant 1  Plant 2  Plant 3   

Soil Type  Standard Soil  
Soil with added bone 

meal  Soil with added compost  

Soil pH  5.5 7  6.2 

Height   9 cm   14 cm  8 cm  

    

Test 2 (day 10)  

 Plant 1  Plant 2  Plant 3   

Soil Type  Standard Soil  
Soil with added bone 

meal  Soil with added compost  

Soil pH  5.5 7  6.5 

Height   13 cm   21.5 cm  13.5 cm  

    

Test 3 (day 15)  

 Plant 1  Plant 2  Plant 3   

Soil Type  Standard Soil  
Soil with added bone 

meal  Soil with added compost  

Soil pH  5.5 7  6.5 

Height   16.25 cm 22.75 cm 17.5 cm 

    

Test 4 (day 20)  

 Plant 1  Plant 2  Plant 3   

Soil Type  Standard Soil  
Soil with added bone 

meal  Soil with added compost  

Soil pH  5.5 7  6.5 

Height   18 cm 23.5 cm 19.2 cm 
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This Graph shows the Plant Growth (cm) vs the Soil type. We see that initially over the first 5 and 10 days, the plant 

with bonemeal added grows the most at 10.5 cm, while the standard plant has only grown 6 cm and composted 

has grown 7.5 cm. But then after days 15 and 20, the growth for that plant plateaus, and only grows 2cm while the 

standard plant grows 5cm and the composted plant grows 5.7 cm 

 

This graph shows the total plant growth in cm vs soil type. This shows that the standard plant grew a total of 11 

cm, the plant with bonemeal added grew a total of 12.5 which is 13.6% more than the standard, and the plant with 

compost grew a total of 13.2 cm which is 20% more than the standard. 
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This graph shows the pH of each soil type. The graph shows that the soil with bonemeal added had the highest pH 

out of all of them, with a pH of 7.0. Soil with compost had the next highest with a pH of 6.2, and finally, the 

standard soil had a pH of 5.5. 

 

 

 

Conclusions:  

Our research was based around the three leading elements in healthy soil: nitrogen, 

potassium, and calcium. We believed that if we over stimulated soil with each of these 

three chemicals and used these soils to grow plants, the growth of each plant would be 

affected in either one way or another (color, height, or texture). Science would resort to 

the natural functions of plants in which how they grow under certain circumstances to 

explain the results and data gathered during our experiment 

The process of analyzing our data was derived of four sperate parts: measuring the total 

height of each plant, measuring the pH of each pot of soil, calculating how much each 

plant grew, and comparing the total growth and pH of each plant to see which soil 

was the most effective in aiding each plants growth.  One large error in our data aalysis 

was how easy it was to miscalculate the total growth of each plant so when we would 

compare it to the pH of each soil, our results would be inaccurate. We could have also 

incorrectly measured pH which would also give inaccurate results when doing our final 

comparisons between data sets. 

 

Ideas for future research:  

Common soil additives are applied to many plants to increase plant growth. These soil additives are used 

commonly by many people, but this experiment showed the differences in effectiveness between 

bonemeal and compost on a specific plant. Compost proved to be the most effective over unmodified 

soil and bonemeal. Future experiments could be held on different plants to check if compost would be 

the best for all plants or only some plants. These soil additives could be tested to see if their effects on 

pH have any real effect on plant growth or an ideal Ph for plant growth. 
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