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Fair Traders or Freeloaders? - Cooperative and Uncooperative Bacteria
Data provided by and written by REU Jennifer Schmidt 
Background Information:

When two species do better when they cooperate than they would on their own, the relationship is called a mutualism. One example of a mutualism is the relationship between a type of bacteria, rhizobia, and plants like peas, beans, soybeans, and clover. Rhizobia live in bumps on the plant roots, where they trade their nitrogen for sugar from the plants. Rhizobia turn nitrogen from the air into a form that plants can use. This means that legumes that have rhizobium living in their roots can get more nitrogen than those that don’t.
However, some rhizobia are less cooperative than others. These less-cooperative bacteria are freeloaders: they fix less nitrogen, but still get sugars from the plant and other benefits of living in their roots.  Less-cooperative rhizobia are often found where the soil already has lots of nitrogen. When the plant doesn’t need to rely on rhizobia for its nitrogen, it doesn’t give as many sugars to the rhizobia, so the rhizobia become less cooperative as well.

Since farms use a lot of nitrogen fertilizer, researchers at KBS were interested in how different types of farming affected cooperating in rhizobia. They grew soybeans in a greenhouse and added rhizobia from three different farms: high N, low N, and organic (no N fertilizer). 
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After four weeks, the researchers measured chlorophyll content of the soybean plants. Healthy plants that have lots of nitrogen will have high chlorophyll content, and nitrogen-deficient plants will have low chlorophyll content. More-cooperative rhizobia 
provide more nitrogen, so the researchers expected plants grown with cooperative rhizobia to have higher chlorophyll content than plants receiving less-cooperative rhizobia. Because high nitrogen usually leads to less-cooperative rhizobia, they expected that rhizobia from organic plots would be most cooperative, then those from low N plots, then high N.
DATA   (A) Look at the data below. See if you identify some potential patterns. Then, proceed to (B).

Scientists collected data on soybean chlorophyll content.

	Chlorophyll Data

	Treatment
	Chlorophyll content
	Standard Error

	High N
	26.66
	0.7191

	Low N
	21.91
	0.6952

	Organic
	22.13
	0.6829


 (B) Use the data given above collected by MSU scientists to answer the following question:

Scientific Question: Did nitrogen fertilization cause rhizobia to become less-cooperative?
Evidence: What scientific evidence supports your claim? Refer to specific data, and use graphs to illustrate your point.
Use the data given above collected by MSU scientists to draw a graph of the relationship between treatment type  and chlorophyll (Draw your graph below).
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Claim: Write a conclusion that answers the above question.
Plants inoculated with soil from high N farms had higher chlorophyll content than plants inoculated with soil from other treatments. This means that rhizobia from high N plots appear to be more cooperative than rhizobia from other farms. The researchers’ hypothesis was not supported: different farm management techniques did affect how cooperative the rhizobia were, but not in the predicted order. 

Reasoning: How does this evidence support your claim? Draw arrows and/or circle the specific parts of the graph that you used as evidence.

The average chlorophyll content of plants inoculated with soil from no-till treatments is higher than the other treatments. Chlorophyll content in the other two treatments is essentially equivalent. Because chlorophyll is an indication of how much nitrogen the plant has, and the nitrogen is provided by Rhizobia, chlorophyll content tells us how cooperative the rhizobia are. High chlorophyll content corresponds to cooperative rhizobia, so rhizobia from high N plots appear to be more cooperative.  

It is interesting that there is no difference between the low N and organic treatments, since they had different levels of N fertilization. It may be that there has to be a certain threshold of N fertilization to see an effect.
(The higher chlorophyll content in high-N rhizobia seems unexpected in the context of N fertilization, but the high N treatment here was cultivated under no-till conditions, which are beneficial for rhizobia. Thus, it looks like the benefit of no tillage outweighed any effect of N fertilization.)

Measuring chlorophyll content in the greenhouse.





Scientists expected Rhizobia from organic soil to be more cooperative and cause soybeans to grow bigger than Rhizobia from low N or high N soil.
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