
Pesticide Resistance – Evolution at Work

Introduction

Farmers are constantly battling the insect pests that destroy their crops. A variety of methods to help control crop pests have been developed (chemical pesticides, crop rotation, biological control agents, planting transgenic crops that produce their own pesticides, etc). However, these methods can gradually lose their effectiveness over time because insect pests continuously evolve to overcome them. When we apply pesticides to crops and/or plant transgenic crops (produce their own toxins), we change the environment in which the insect pests live and we introduce new selective pressures to these insects. As a result, pests can evolve resistance to pesticides. 
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By understanding natural selection as one of the mechanisms of evolution, we can better anticipate how pest populations will respond to different selective pressures such as chemical pesticides and we can develop specific strategies delay pesticide resistance. The purpose of this activity is to determine the effectiveness of one such strategy, refuge fields.
 A refuge field is an area that has been planted with untreated crops and, therefore, will allow pests to survive. The thought is that by allowing a certain portion of the pest insect population to reproduce without the selective pressure of the pesticides, the number of pesticide resistant insects will decrease.
Hypothesis:

The use of a refuge field will/will not decrease the number of pesticide resistant insects.

Reasoning:

In this activity, the mechanism for pesticide resistance is genetically recessive (r). Thus, the allele for resistance will be masked in heterozygous individuals, making them non-resistant. 
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Use the Punnett Squares below to figure out the genotype and phenotype of progeny produced if insects of the various genotypes mate: RR x RR, Rr x Rr, RR x rr, Rr x rr, Rr x RR, and rr x rr. 
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ACTIVITY
Farmer 1 plants Bt corn in his fields but he follows agricultural regulations and plants at least 20% of his fields with non-Bt corn to serve as a refuge area. Farmer 2 also plants Bt corn in his fields, but he decided to try to maximize profits by not planting any non-Bt corn refuges. Thus, 100% of Farmer 2’s fields are planted with Bt corn. This activity will simulate what happens to the beetle pest populations on each of the farmers’ fields. The beetle pests are killed by the Bt toxin produced by Bt corn.

Begin with Farmer 1’s Field (with Refuge): 

1. Your starting beetle population will consist of:

· Bt corn Field: 45 homozygous dominant (RR) insects and 5 homozygous recessive (rr) insects 
· Refuge (non-Bt corn): 9 homozygous dominant (RR) insects and 1 homozygous recessive (rr) insect

2. All non-resistant individuals eat the Bt corn and are killed by the Bt toxin, so remove them from the Bt field. Non-resistant individuals are able to survive in the refuge.

3. Insects from the Bt field and the Refuge mix together, so mix up your remaining insects. The insects then pair up and mate so randomly select 2 insects at a time to mate. 

4. Each mating pair produces 4 progeny. The genotypes of the progeny depend on the genotypes of the parents. Use the punnett squares that you filled out earlier to determine the number of each genotype produced. For example if you have an RR individual mating with an rr individual, all 4 progeny are of the Rr genotype. Do this for each mating pair.

5. This will be the next generation of insects. The parents die after mating, so remove them from the population. Record the number of progeny of each genotype on your data sheet.
6. Add insects to the refuge according the numbers on the data sheet (Ex. Generation 1: Add 8 BB and 2 bb).
7.  Remove all non-resistant individuals from the Bt field and mix the remaining insects from the Bt field with the insects in the Refuge again. Pair the insects up again to mate and repeat steps 4-6.

8. Repeat steps 2-6 for four generations. 

9. Calculate the number of non-resistant insects and resistant insects for each generation. By the end of the fourth generation your data table for Farmer 1 should be complete.

Farmer 2’s Field (No Refuge): 

1. Your starting beetle population will consist of:

· Bt corn Field: 45 homozygous dominant (RR) insects and 5 homozygous recessive (rr) insects 

· Since Farmer 2 did not plant a refuge, there will be no insects in the refuge.

2. Follow the same steps as you did for Farmer 1’s field but do not add insects from the refuge. The only insects that will be able to mate and reproduce are those that are resistant in the Bt field. Fill in the data sheet for Farmer 2 and calculate the number of resistant and non-resistant insects for each generation.

Data Sheet:

Farmer 1’s Field (with refuge)

	
	Bt field
	Non-Bt field

	
	#RR
	#Rr
	#rr
	#RR
	#Rr
	#rr

	Gen 1
	45
	0
	5
	9
	0
	1

	After eating Bt corn
	0
	0
	5
	9
	0
	1

	Gen 2
	
	
	
	8
	1
	1

	After eating Bt corn
	
	
	
	
	
	

	Gen 3 
	
	
	
	7
	2
	1

	After eating Bt corn
	
	
	
	
	
	

	Gen 4
	
	
	
	6
	3
	1

	After eating Bt corn
	
	
	
	
	
	


Farmer 2’s Field (with NO refuge)

	
	Bt field

	
	#RR
	#Rr
	#rr

	Gen 1
	45
	0
	5

	After eating Bt corn
	0
	0
	5

	Gen 2
	
	
	

	After eating Bt corn
	
	
	

	Gen 3 
	
	
	

	After eating Bt corn
	
	
	

	Gen 4
	
	
	

	After eating Bt corn
	
	
	


Graph your results. 
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


Answer the following questions:

1. Did providing a non-Bt corn refuge stop the evolution of pesticide resistance? Why or why not?
2. How does providing a refuge work to slow the evolution of pesticide resistance? 

3. What attributes of insects allow them to evolve quickly?
4. How is pesticide resistance in insects similar to antibiotic resistance in humans (antibiotics are used to kill harmful bacteria in the human body)? 
5. What is integrated pest management and how can it be used to slow the evolution of pesticide resistance?

6. Does it matter where the refuge area is located in relation to the transgenic (Bt) fields? Which of the following field layouts would be best? Why?
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