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Fertilizer and fire change microbes in prairie soil 

Featured Scientists: Lydia Zeglin and Christine Carson from the Konza Prairie Biological 
Station. Written By: Jaide Allenbrand 

 
Research Background:  
 
Stepping out into a prairie feels like looking at a sea 
of grass, with the horizon evoking a sense of eternity. 
Grasses and other prairie plants provide important 
benefits, such as creating habitat for many unique 
plants, mammals, insects, and microbes. They also 
help keep our water clean by using nutrients from the 
soil to grow. When plants take up these nutrients, 
they prevent them from going into streams. High 
levels of plant growth also keeps carbon bound up in 
the bodies of plants instead of in the atmosphere.   
 
Prairies grow where three environmental conditions 
come together – a variable climate, frequent fires, 
and large herbivores roaming the landscape. 
However, prairies are experiencing many changes. 
For example, people now work to prevent fires, 
which allows forest species to establish and 
eventually take over the prairie. In addition, a lot of 
land previously covered in prairie is now being used 
for agriculture. When land is used for agriculture, 
farmers add nutrients through fertilizer. With all these 
changes, prairie ecosystems have been declining globally. Scientists are concerned that 
as they disappear so will the benefits they provide.  
 
Lydia and Christine are two scientists contributing to the effort to learn more about how 
to preserve prairies. They both became interested in studying soil because of their 
appreciation for prairies at a young age. For Lydia, she lived in an area that was 
covered by trees and farmland, but knew at one time it used to be prairie. This made 
her want to learn more about prairie environments and how places like where she grew 
up have changed through history. For Christine, she grew up surrounded by prairies 
where she developed a passion and curiosity for the natural world. Especially for the 
organisms living in the soil that you cannot see, called microbes.  

Christine collecting samples from 
the experimental plots to measure 
root growth.   
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Lydia and Christine read about how 
grassland scientists have been doing 
research to learn more about what happens 
when fire is stopped and excess nutrients 
are added. These changes reduce 
biodiversity and affect which species of 
plants can grow in the prairie. However, 
Lydia and Christine noticed that the research 
had been mostly focused on what happens 
aboveground.  Lydia and Christine had a 
hunch that the aboveground communities 
were not the only things changing. They 
thought that belowground components would 
be changed by fire and fertilizer too. They 
turned their focus to microbes in the soil, 
because they also use nutrients. In addition, 
they thought these microorganism would be 
affected by the changes in aboveground plant biodiversity.  
 
To see if this was true, they used data that they and other scientists collected at Konza 
Prairie Biological Station from a large field experiment. The experiment was set up in 
1986 and the treatments were applied at the field site every year until 2017! Lydia and 
Christine focused on the fertilizer (nitrogen) addition and prescribed burning treatments 
to answer their questions. The nitrogen treatment had eight plots where nitrogen had 
been added and eight with no nitrogen as a control. Similarly, the prescribed burn 
treatment was applied to eight plots, while eight plots had no burning as a control. 
These two treatments were also crossed with each other, meaning that some plots were 
burned and nitrogen was added. 
 
Lydia and Christine expected the types of microbes in the soil to change in response to 
the nitrogen and burning treatments because of the different aboveground plant 
communities and difference in soil nutrients. Soil microbial communities can change in 
multiple ways. First, the number of unique species can increase or decrease, measured 
as richness. The other way is how many individuals of each species there are in the 
community, measured as evenness. Taken together, richness and evenness give a 
measure of diversity, which can be summarized using the Shannon-Wiener index. The 
value will get bigger if either richness or evenness increases because it incorporates 
both. For example, a community with five species that has equal abundance of each will 
have a larger Shannon-Wiener index than a community with five species where one 
species has a lot more individuals than the other four.   
 
Scientific Question: How do prescribed burns and nitrogen fertilization affect the 
diversity of soil microbe communities in prairies? 

These are two different experimental plots 
within the large field experiment at Konza 
Prairie Biological Station. The one with lots of 
trees is an unburned plot, the one with lots of 
grass is a burned plot.  
 



  Name_________________ 

 
Data Nuggets developed by Michigan State University fellows in the NSF BEACON and GK-12 programs 

3 

What is the hypothesis? Find the hypothesis in the Research Background and underline 
it. A hypothesis is a proposed explanation for an observation, which can then be tested 
with experimentation or other types of studies.  
 
Scientific Data:  
 
Use the data below to calculate averages and to answer the scientific question: 
 

  
 
• Nitrogen availability was estimated using an in-field method that measures the total amount 

of inorganic nitrogen in the soil from June to September and is given in µg. 
• Higher values of species richness and the Shannon-Wiener Index indicate higher diversity. 
• Plot 20 is missing the nitrogen data because the materials to measure nitrogen in the field 

went missing in that plot. 

Richness
Shannon-

Wiener 
diversity 

Richness
Shannon-

Wiener 
Diversity

13 Burned, Not 
Fertilized 158 20 1.75 7115.5 9.48

25 Burned, Not 
Fertilized 198 12 1.40 7909.4 9.48

42 Burned, Not 
Fertilized 165 13 1.40 7178.0 9.23

56 Burned, Not 
Fertilized 138 15 1.53 8080.3 9.47

16 Burned, 
Fertilized 3265 5 0.16 7848.4 9.47

28 Burned, 
Fertilized 4993 4 0.15 6586.9 9.23

41 Burned, 
Fertilized 3477 4 0.39 7129.5 9.47

54 Burned, 
Fertilized 10074 6 0.23 7747.5 9.34

2 Unburned, 
Not Fertilized 1716 21 1.98 7425.3 9.18

20 Unburned, 
Not Fertilized . 13 1.69 7089.6 9.19

38 Unburned, 
Not Fertilized 417 9 0.90 7031.0 9.32

57 Unburned, 
Not Fertilized 764 16 1.03 7271.3 9.27

1 Unburned, 
Fertilized 59468 16 1.87 6840.6 9.21

18 Unburned, 
Fertilized 39529 11 1.20 7509.3 9.46

40 Unburned, 
Fertilized 24145 10 0.98 6626.8 9.22

60 Unburned, 
Fertilized 37976 6 0.56 6908.1 9.07

Plant Community Microbial Community
Measured 

soil nitrogen 
(µg)

TreatmentPlot
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What data will you graph to answer the question?      
                

Independent variable(s):          
 
            

 
Dependent variable(s):          
 
            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatment Average soil 
nitrogen (µg)

Average 
plant 

richness

Average 
plant 

Shannon-
Wiener

Average 
microbial 
richness

Average 
microbial 
Shannon-

Wiener
Burned, Not 

Fertilized
164.8 15.0 1.52 7570.8 9.42

Burned, 
Fertilized

5452.1 4.8 0.23 7328.1 9.38

Unburned, 
Not Fertilized

965.6 14.8 1.40 7204.3 9.24

Unburned, 
Fertilized

40279.4 10.8 1.15 6971.2 9.24
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Draw your graph(s) below: Identify any changes, trends, or differences you see in your 
graph. Draw arrows pointing out what you see, and write one sentence describing what 
you see next to each arrow. 
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Interpret the data: 
 
Make a claim that answers the scientific question.  
 
 
 
 
 
 
What evidence was used to write your claim? Reference specific parts of the tables or 
graph(s).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Explain your reasoning and why the evidence supports your claim. Connect the data 
back to what you learned about the three environmental processes that maintain prairie 
ecosystems. 
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Did the data support the hypothesis?  Use evidence to explain why or why not.  If you 
feel the data was inconclusive, explain why. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Your next steps as a scientist: Science is an ongoing process. What new question do 
you think should be investigated? What future data should be collected to answer your 
question? 
 
 


