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Introduction:
Among the topics that we have discussed concerning the future of weed science, herbicide resistance has been at the forefront.  Herbicide resistance in crops, Herbicide Resistant Crops (HRC), will reduce the cost of weed control significantly(up to 40%.  Herbicide resistance in weeds could make a mode of action useless(we only have essentially 8 modes to work with and even fewer available in any particular cropping system, losing any could be catastrophic.  One of the first examples of herbicide resistant crops (HRC) was Roundup Ready® soybean in the early 1990's.  Soon after that, resistance was transferred into other major crop species: corn, cotton, etc.  Researchers from Monsanto published a paper in Weed Science (Perspectives on glyphosate resistance) that claimed resistance in the weed population would not happen because the gene was so difficult to transfer for Monsanto and that resistance had yet to show up after 20 years of use in the field.  At about the same time, reports of evolved glyphosate resistance in a ryegrass (Lolium sp.) were coming out of Australian orchards which were sprayed repeatedly with glyphosate for many years.  Last year, reports of a glyphosate resistant Italian ryegrass (Lolium multiflorum or L. rigidum) came out of the Chico area (Butte County) in an almond orchard.  Subsequently research by Dave Bayer at UC Davis confirmed the glyphosate resistance.  Evolved resistant is the dangerous type of resistance because it describes a population that was once susceptible but slowly became tolerant after many generations of  repeated exposures to glyphosate.  Several species have an inherent tolerance (e.g. field bindweed (Convolvulus arvensis), common mallow (Malva neglecta)).  They achieve this tolerance by having a thicker cuticle or glyphosate does not translocate well in these plants.  This is not of major concern because the species is not adapting per se to a selection pressure (i.e. the herbicide).  By switching to a different mode of action these tolerant species will be controlled.  Species that demonstrate evolved resistance to one mode of action have the potential to evolve resistance to anything that you spray.   

Objectives:

[image: image4.wmf]Plant Vigor Final Week 

0

2

4

6

8

10

12

0 qts/A

1 qt/A

3 qt/A

6 qt/A

Roundup Concentration

vigor (10=best)

corn

RR corn

cotton

RR cotton

(S) rye

(R) rye

The objective with this experiment is to demonstrate the extent and efficiency of herbicide resistance in crops and weeds.  When resistance develops in a weed population it very often develops slowly as an increased metabolism of the herbicide compared to the susceptible biotype (see figure below).  After repeated use of the same herbicide in the same field you will select for the weed biotypes that have higher metabolic capacities (see survivors in figure).  Repeated use of the same selection pressure (i.e. same herbicide) will lead to a ratcheting effect where the surviving populations become more and more resistant.  In this experiment, I hope to demonstrate an astonishing level of evolved resistance to a very popular herbicide.

Procedures:
You will be working in one of four groups (so each group will be comprised of about six individuals).  Each class will be a replication.  

1.  Each group will need the following materials:

· 2 flats with soil from field

· 2 main labels for the corner of each flat with: 

	Group #: (I,II,III, or IV)

	Class day:(THU 12-3, THU 3-6)

	Herbicide:                   Rate:


2. Treatment list:
	Group
	herbicide
	herbicide rate (qts/A)

	I
	glyphosate
	0

	II
	glyphosate
	1

	III
	glyphosate
	3

	IV
	glyphosate
	6


 3. In each flat plant rows of Roundup Ready corn and cotton, rows of non-HRC, a row of San Luis Obispo ryegrass, and a row of Butte County (Chico) ryegrass (see arrangement below).  Be sure to plant the two rygrasses on opposite sides of the flats to help minimize pollen exchange.  LABEL EACH ROW!
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Results:

We will assess weed control efficacy and crop damage by the herbicide.  

1. Record plant vigor each week following emergence for each flat.  Use a 10=best to 0=dead scale.  Estimate for all plants of the same species/biotype in each flat.  Use the tables provided below.

2. Graph the vigor of each species versus Roundup rate on one graph (see example below Figure 1).

3. Make graphs for vigor over time for each species at each Roundup concentration (see example for cotton Figure 2(do the same for each species/biotype). 

You will be using the data from the tables and the referenced articles to address the discussion questions, below.  If time allows, we will also try to estimate yield drag in the HRC by comparing biomass of the HRC and the non-HRC after several weeks of growth.  

These will aid you in your discussion.

Figure 1. A line graph of what your results might look like.  This is a plot of mean plant vigor at each Roundup concentration.

Plant Vigor in Final Week

	
	0 qts/A
	1 qt/A
	3 qt/A
	6 qt/A

	corn
	10
	8
	3
	0

	RR corn
	10
	10
	9
	9

	cotton
	10
	3
	1
	0

	RR cotton
	10
	9
	8
	8

	(S) rye
	10
	4
	1
	0

	(R) rye
	10
	10
	9
	9





Figure 2. A line chart of what your results might look like.  This is a plot of mean cotton vigor at each Roundup concentration for each week.

Cotton vigor over time

	cotton
	0 qts/A
	1 qt/A
	3 qt/A
	6 qt/A

	week 1
	10
	10
	10
	10

	week 2
	10
	9
	8
	8

	week 3
	10
	4
	2
	1

	week 4
	10
	1
	0
	0





Discussion:

By the end of this project, I’d like you to hand In a 1-3 page paper addressing each of the following questions.  Include your graphs. Use the references that I’ll have on reserve in the library. 

1. Discuss six reasons why Monsanto scientists argued that glyphosate resistance would not develop in the weed flora as discussed in Bradshaw et al. 1997. 

2. What happened in New South Wales, Australia (Powles et al 1998) and soon after in two almond orchards in Chico in 1998 (Stockwin 1999) that threw the virtual monkey wrench into the Bradshaw et al. 1997 argument?  There have been weed species that appeared to be inherently more tolerant of glyphosate than others (e.g. Field bindweed and Malva Westwood et al. 1997 Weed Sci. 45:658-663) why were the discoveries in Australia and Chico, Calif. of much more serious concern compared with these inherently tolerant species? 

3.  What was the Monsanto response to the development of glyphosate resistance (Pacific Nut Producer 2000)?

4. As time passed, how did each of the plant species perform at the different Roundup rates?  Was vigor constant for every species at every rate, for the entire experiment?  When was vigor nearly equivalent for all species?

5. By the end of our experiment, what can you say about the level of resistance in the Chico ryegrass biotype compared with the resistance level in Roundup Ready corn?  Was the level of damage equivalent in the non-HRC corn and non-HRC cotton and the susceptible ryegrass?  

6. What controversy did the Quist and Chapala (2001) article stir in the science world?  Why would their findings be so important?  What were the general criticisms of their work?

7. Can genes move from GM crops to non-GM crops? Examples?  How about from GM crops to weeds?  Examples of likely transfers (Keeler et al 1996)?  What are the things we should be looking for when trying to decide if gene transfer will occur and what can be do about it?

8. Discuss at least five ways to manage for weed resistance (Prather, DiTomaso, and Holt 2000 Pub # 8012 DANR University of California, http://www.weedscience.com and Stockwin 1999)
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This is the EXCEL spreadsheet that I created for some sample data based on a previous class's data.  If you enter your data like this into EXCEL, select the entire Table (labels and all), and then choose Chart Wizard on the toolbar, choose the line chart type, click next, select Series in Rows, click next, then enter the titiles and the x and y axes titles, click on finish, and whala….you’ll get this chart.
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If you enter your data from your data tables like this into EXCEL, select the entire Table (labels and all), and then choose Chart Wizard on the toolbar, choose the line chart type, click next, select Series in Columns, click next, then enter the titiles and the x and y axes titles, click on finish, and whalla….you’ll get this chart.
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Sheet1

		mean vigor

				0 qts/A		1 qt/A		3 qt/A		6 qt/A

		corn		10		8		3		0

		RR corn		10		10		9		9

		cotton		10		3		1		0

		RR cotton		10		9		8		8

		(S) rye		10		4		1		0

		(R) rye		10		10		9		9

		cotton		0 qts/A		1 qt/A		3 qt/A		6 qt/A

		week 1		10		10		10		10

		week 2		10		9		8		8

		week 3		10		4		2		1

		week 4		10		1		0		0



This is the EXCEL spreadsheet that I created for some sample data based on a previous class's data.  If you enter your data  like this into EXCEL, select the entire Table (labels and all), and then choose Chart Wizard on the toolbar, choose the line chart type, click next, select Series in Rows, click next, then enter the titiles and the x and y axes titles, click on finish, and whala….you’ll get this chart.
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If you enter your data from your data tables like this into EXCEL, select the entire Table (labels and all), and then choose Chart Wizard on the toolbar, choose the line chart type, click next, select Series in Columns, click next, then enter the titiles and the x and y axes titles, click on finish, and whala….you’ll get this chart.
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Sheet1

		mean vigor

				0 qts/A		1 qt/A		3 qt/A		6 qt/A

		corn		10		8		3		0

		RR corn		10		10		9		9

		cotton		10		3		1		0

		RR cotton		10		9		8		8

		(S) rye		10		4		1		0

		(R) rye		10		10		9		9



This is the EXCEL spreadsheet that I created for some sample data based on a previous class's data.  If you enter your data from Table 1 like this into EXCEL, select the entire Table (labels and all), and then choose Chart Wizard on the toolbar, choose the line chart type, click next, select Series in Rows, click next, then enter the titiles and the x and y axes titles, click on finish, and whala….you’ll get this chart.
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