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I. Executive Summary
Managing the risk of herbicide resistance (HR) is an area of strategic importance for leading herbicide technology providers and is the focus of the Global Herbicide Resistance Action Committee (HRAC), an organization comprised of 8 major companies working as a part of Crop Life International. Early detection of HR, understanding the scope of HR in a defined area, and potential mitigation of resistance through efforts to limit its spread are important aspects of managing the risk of HR. Monitoring for HR populations has been employed by public and private weed scientists for both early detection and defining the scope of resistance. The primary methods used to monitor for resistance include:
 field surveys where seed from putative resistant plants are collected and tested in a controlled environment using bioassay procedures,
 market research surveys of farmers and weed management experts, and 
 tracking farmer performance inquiries with appropriate follow up field evaluation and testing.
The most common monitoring method is the use of field surveys designed to either qualitatively (i.e., determine whether the level of resistance is high, medium, or low) or quantitatively (i.e., determine the area infested with HR populations) define existing HR. The primary method to detect resistance in new species and in new geographies is to track farmer performance inquiries.
Once resistance is detected, steps may be taken to mitigate its impact. A critical aspect to mitigation is the implementation of best management practices (BMPs) which is facilitated by effective education and training programs. Education efforts can be enhanced with information obtained from monitoring studies and early detection of resistant populations using appropriate monitoring methods can improve the outcome of mitigation efforts.
 The following is a summary of HRAC’s perspective on monitoring and mitigation goals and methods.
 Monitoring HR using qualitative approaches, such as surveys, is useful to understand and enhance awareness of the scope of the problem and improve adoption of HR best management practices (BMPs).
 Monitoring HR for quantitative purposes is not a cost effective use of limited resources in most cases, nor is it necessary to meet the main goal of encouraging greater farmer adoption of BMPs.
 Routine periodic monitoring of known resistant weeds is of limited value and is not a cost effective use of limited resources. Monitoring studies should be justified and resourced on a case by case basis to address specific needs.
 Proactive HR field surveys (either directed at
discovery of resistance in a new species or
for known resistant species in a new geography)are resource intensive and have a low probabilityof success.
 Monitoring herbicide performance inquiries for
possible cases of resistant weeds can be an
effective means to facilitate the detection of
resistance. However, this method is subjective in nature and may initially overestimate resistance.
[image: ] Better procedures need to be developed in order to facilitate earlier communication between herbicide providers, academics, consultants, and farmers regarding cases of resistance. However, this must be balanced with the need for accuracy.
 The primary goal of mitigation programs is to
contain or slow the spread of resistant populations. Only in rare cases, can ‘eradication’ be a goal. Effective mitigation is accomplished through enhanced farmer awareness and implementation of resistance BMPs.
 Cases of resistance in a new species may warrant special mitigation actions when, based on careful evaluation, uncontained resistance would significantly and negatively impact farm production. Probability of success needs to be  carefully evaluated prior to taking action. 
 Resistance monitoring processes for weeds are fundamentally different from those for insects or diseases. Methods such as baseline monitoring that are used for these other pests are not readily transferable to weeds. 
 All parties involved in weed management have responsibility for the early detection, monitoring and mitigation of HR. HRAC recommends that the following guidelines be used to delineate primary responsibility for various activities:
a. Individual active ingredient registrants should primarily be responsible for the collection, handling, and timely communication of performance inquiries being investigated and those confirmed as resistant.
b. Mitigation programs should be the joint responsibility of the primary registrant for an active ingredient and the local extension  weed management experts. Registrant product stewardship plans can provide general guidance for developing specific  mitigation plans.
c. Weed science organizations (e.g.WSSA) should ensure coordination across the network of those providing technical assistance to farmers.
d. Monitoring programs that define the scope and spread of resistance should continue to be proposed and implemented by either public or private weed scientists, on a case by case basis, and resourced through normal public and private funding opportunities.
II. Introduction 
Herbicides are a primary tool for the control of weeds in modern agricultural production, providing a means to achieve optimum crop yields and enabling the adoption of environmentally friendly practices such as conservation tillage. In most of the world’s major crop production areas the evolution of weed populations with resistance to one or more herbicides is a serious concern. Herbicide resistance (HR) is defined by the WSSA as the acquired ability of a weed population to survive an herbicide application that previously was known to control the population (www.WSSA.net). HR is a natural response of certain weed species to the use of herbicides and can be mitigated using recognized best management practices.
Surveying fields and testing for possible herbicide resistance is an important best management practice (Norsworthy et al. 2012). In addition, the close monitoring of weed populations and early detection of HR are crucial to avert economic losses (Burgos et al. 2013). The early detection of resistance and its extent within defined geographies has been the objective of numerous resistance monitoring projects in the U.S., Canada, Australia, and Europe. Much has been learned about the design and the value of such studies. Furthermore, researchers continue to use them to evaluate the spread of resistance within the context of specific farming practices. This knowledge can help facilitate farmer resistance education and training programs.
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