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Part II – Herbicide Considerations
By Jeff Coultas, Consulting Agronomist for Seeds 2000, Inc.
Sorting through the various weed management strategies for soybeans can be a complex task that has taken on even greater importance with the surge of commodity prices.  Emphasis should be placed on selecting herbicides and use patterns that provide optimum yield protection and sustainable weed management practices throughout the rotation.  Preemergence herbicides (PRE) with soil residual activity have returned to the market to address weed issues with glyphosate only programs.  The accompanying proliferation of premix products has caused some confusion for growers trying to select products with the appropriate weed spectrum and diversity of modes of action (MOA) to manage weeds in soybeans without crop damage or rotational problems (1).  
A PRE herbicide ahead of a planned glyphosate or other postemergence herbicide(POST)  can provide invaluable assistance reducing early season weed competition and synchrony in weed populations to ensure good POST performance and yield potential.  The PRE should control the spectrum of early emerging weeds during the critical period of weed competition or until the POST application is made. There are several things to consider when using PRE herbicides.  PRE herbicides need rainfall or irrigation to activate and position the herbicide properly to contact germinating weeds or be available for root uptake, depending on the product.  Does the PRE have activity on the weeds in each field and truly cover the spectrum glyphosate or other POST products don’t control?  Does the PRE have activity against emerged weeds or the crop which may influence application or replant flexibility, crop tolerance or weed control?  Does the PRE rely on crop metabolism or position in the soil to be safe to the crop?  What crops can be replanted once the PRE has been applied?  Will the residual activity carryover into the succeeding crop due to soil, environmental or management conditions?  The herbicide label has all the specific information for addressing these and other questions regarding product use.
Constructing diverse herbicide tactics in soybeans can be a reasonable input proposition that reduces the risk of non-performance due to weather, unanticipated weed problems or weed tolerance to a planned treatment like glyphosate.  Some useful tools to help sort out information pertinent to PRE products include, Table 1 which outlines PRE and POST options to complement glyphosate use in glyphosate-resistant soybeans and corn and includes effectiveness ratings on ragweed, lambsquarters, waterhemp and kochia as well as rotational considerations (http://appliedweeds.cfans.umn.edu/pubs.html); a corn and soybean herbicide chart that shows the site of action and herbicide components of premix products for corn and soybeans (http://www.glyphosateweedscrops.org/Info/MOA_060807.pdf) and the Herbicide Resistant Weed section of the NDSU Weed Control Guide (http://www.ag.ndsu.edu/weeds/weed-control-guides/nd-weed-control-guide-1/wcg-files/14-Herb%20RW.pdf).
Much of the interest in PRE herbicides in soybeans stems from the spread of weeds resisting control with glyphosate.  Currently common ragweed, waterhemp, lambsquarters and kochia are suspected of being resistant and species like giant ragweed, buckwheat, horseweed, nightshade, smartweed are just difficult to control (http://www.ag.ndsu.edu/weeds/weed-control-guides/nd-weed-control-guide-1/wcg-files/14-Herb%20RW.pdf).  There are a number of PRE herbicides that control these weeds and reduce the risk of yield loss or non-performance.  A sequential program of PRE + POST is necessary to cover the spectrum and duration of emergence, particularly when dealing with common ragweed and waterhemp (Table 1).  
Understanding how weeds like ragweed and waterhemp become resistant to glyphosate and ALS herbicides can help design and implement diverse weed management plans to keep resistance in check.  ALS resistance occurs quickly because there is a high frequency for the resistant biotype in most populations and completely because of a single site of action that is overcome by an altered ALS enzyme which renders these herbicides ineffective.  Glyphosate resistance represents a different situation because the trait for resistance is relatively rare in plants, there are several different mechanisms that confer resistance to glyphosate plus most weeds with glyphosate resistance have a high natural tolerance to glyphosate.  Regardless of the resistance mechanism, resistance results from high frequency use of an herbicide or herbicides with the same MOA which removes susceptible biotypes and allows resistant biotypes to become dominant in a field.  Pollen or seed movement have been shown to move the waterhemp resistance trait to populations 3 to 25 miles, respectively, away from the initial field, increasing the rate of infestation significantly beyond independent selection in a field (www.weeds.iastate.edu/mgmt/2011/GRspread.pdf).   
Waterhemp is an instructive example of the need to diversify weed management tactics.  Waterhemp has been confirmed resistant to five herbicide groups (Group-2 /Triazine, Group-5/ ALS-5, Group 14/PPO, Group-9/Glyphosate, Group-27/HPPD).  In January 2011, researchers at the University of Illinois released results confirming the most recent example of waterhemp resistance to the HPPD group of herbicides (Callisto, Laudis, Impact).  Resistance has occurred rapidly and independently in two different fields in Illinois and Iowa with different crop rotations continuous corn and a corn-soybean rotation (Table 2).   Although different herbicide MOA were used including a PRE, Callisto or Impact were used each corn cycle from 2001-2009.  Explanations regarding the reason for failure of the HPPD, in addition to repeated use, are that the PRE were used at low rates that didn’t cover the entire emergence period for waterhemp and the crop canopy of corn and soybeans was not adequate to assist the herbicides in controlling waterhemp (8).  This example reinforces the need to use multiple, effective (rate, timing, activity)herbicide MOA in each crop in the rotation, complemented by cultural practices (plant density, spacing, cultivation, etc.) that enhance crop competitiveness and shows how dynamic weed resistance mechanisms in species like waterhemp are in relation to herbicide selection pressure.
LibertyLink® soybeans (LL) are an alternative to glyphosate resistant soybeans to help manage weed resistance and are available in early maturity varieties.   LL soybeans are tolerant to Ignite herbicide which is a contact, non-selective POST applied product.  Ignite should be applied  sequentially after PRE residual herbicide to 3-6 inch weeds .  Ignite differs from glyphosate because it is not translocated and requires complete coverage of weed foliage to be effective.  Ignite can control weeds resistant to glyphosate, ALS, and other resistant weeds listed on the Ignite label.  
New trait offerings from Dow for corn and soybeans will be resistant to phenoxy herbicides and from Monsanto for soybeans to dicamba herbicides.  The first Dow corn hybrids could be launched in 2013 with soybean varieties coming in 2014.  Monsanto field tested dicamba-resistant soybeans with several Universities in 2010 (http://www.purdue.edu/newsroom/research/2010/100927JohnsonDicamba.html).
Some of the new herbicide products for soybeans in 2011 include: Verdict™, formerly Integrity™, which contains saflufenacil (MOA 14)+ dimethenamid (MOA 15) that provides burndown and residual activity in corn and soybeans.  Warrant™ is an encapsulated acetochlor (MOA 15) which controls annual grass and small seeded broadleaf weeds and is  intended for early POST application to soybeans but PRE to weeds.  Do not apply PRE to avoid crop injury and rainfall is required for activation.  .  Fierce™ (pending registration) contains pyroxasulfone (MOA 15) and flumioxazin (MOA 14) which has a broad spectrum of activity on weeds glyphosate misses.  There’s an 18 month rotation restriction to all crops except labeled crops.
Effective weed management that facilitates optimum yields requires close attention to weed composition within each field, knowledge to exploit of their biological attributes in conjunction with knowledge of how herbicides work, using herbicides with diverse MOA effectively throughout the season and managing the crop canopy to maximize crop competitiveness and yield.
References
1. Herbicide Resistant Weeds, NDSU Weed Control Guide 2011 http://www.ag.ndsu.edu/weeds/weed-control-guides/nd-weed-control-guide-1/wcg-files/14-Herb%20RW.pdf
2. Spread of Glyphosate Resistant Weeds www.weeds.iastate.edu/mgmt/2011/GRspread.pdf
3. How Plants Survive Glyphosate www.weeds.iastate.edu/mgmt/2007/glysurvival.pdf
4. Biology and Management of Common Lambsquarters, Giant Ragweed, Common Ragweed, Waterhemp.  GWC-11, 12, 13,14 www.glyphosateweedscrops.org
5. Patrick J. Tranel and Terry R. Wright (2002) Resistance of weeds to ALS-inhibiting herbicides: what have we learned? Weed Science: November 2002, Vol. 50, No. 6, pp. 700-712.
6. Hausman, N. E., Singh, S., Tranel, P. J., Riechers, D. E., Kaundun, S. S., Polge, N. D., Thomas, D. A. and Hager, A. G. (2011), Resistance to HPPD-inhibiting herbicides in a population of waterhemp (Amaranthus tuberculatus) from Illinois, United States. Pest Management Science, 67: 258–261. doi: 10.1002/ps.2100 - http://onlinelibrary.wiley.com/doi/10.1002/ps.2100/abstract.
7. McMullan, P.M. and Green, J.M.  2010. Identification of a Tall Waterhemp (Amaranthus tuberculatus) biotype resistant to 4-HPPD inhibiting herbicides and atrazine in Iowa.  Proc. NCWSS 65:125.
8. Waterhemp Wins Again.  Bob Hartzler. www.extension.iastate.edu/CropNews/2011/0208hartzler.htm
9. Power of the Crop Canopy.  R. Hartzler - www.weeds.iastate.edu/mgmt/2007/cropcanopy.shtml
10. Weed  Control in Dicamba-resistant Soybeans. 2010. Bill Johnson, et. al. -www.purdue.edu/newsroom/research/2010/100927JohnsonDicamba.html.
11. 

