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     Tree and vine growers in California try to maintain fields in a relatively weed-free state were 
possible to facilitate irrigation, harvest, and other cultural operations, as well as to promote 
healthy, vigorous trees and vines. Although both pre- and postemergent herbicides are routinely 
used in orchards and vineyards, glyphosate is the most widely used herbicide (see figure) in these 
systems because of its ease of use and relatively cheap cost, compared to other herbicides. 
Currently in California, there are 19 herbicide-
resistant weed biotypes resistant to herbicides in eight 
different chemical families, including the glycines 
(glyphosate). In recent years, glyphosate-resistant 
Conyza bonariensis (hairy fleabane) C. canadensis 
(horseweed), Echiochloa crus-galli (junglrrice), and 
Lolium multiflorum (Italian ryegrass) have become 
especially problematic in tree and vine production 
systems in the southern San Joaquin Valley. 
Development of herbicide-resistant weed biotypes is usually associated with repeated use of a 
single herbicide mode-of-action (MOA), as is the case with those mentioned here. 
     To help combat glyphosate- and other herbicide-resistant weed populations and prevent 
additional outbreaks, growers must be proactive in their approach to weed management. This 
means growers need to consider multiple options and be willing to modify their programs as 
conditions warrant. The different weed control options available vary in effectiveness at 

impacting resistance (see chart). 
     At the forefront of combating herbicide 
resistance is preventing weedy plants from 
producing new seed (potential herbicide-resistant 
offspring). This means eradicating weeds within 
the treated field escaping chemical or physical 
control, as well as those along field edges, borders, 
ditches, and other near-by sites where weeds tend 
to proliferate. Preventing weed seed production in 
these areas will help reduce the risk of new weeds 
entering the field. 

     Herbicide labels have written sections referring to weed resistance management 
recommendations and strategies. It is important to follow these label guidelines, to help reduce 
the risk of developing herbicide resistance and to maintain that product’s effectiveness over time. 
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     A third consideration should be given to the operation of the spray equipment used to treat 
weeds. If the proper dose of herbicide and carrier are not uniformly applied over the treated area, 
weed control will suffer and risk of resistance development increases. It is necessary to routinely 
monitor the spray operation, including items such as sprayer and spray tip performance, spray 
coverage, and environmental conditions. Employing an applicator with the right attitude and 
level of skill necessary to ensure the area is treated appropriately is critical for successful weed 
management. The applicator should be aware of the consequences of under- or over-dosing 
herbicides applied to the field to help minimize risk of resistance. 
     Applying herbicides at the appropriate timing, according to label recommendations, is also 
important to consider. Failure to treat when weeds are the most susceptible to the herbicide(s) 
usually leads to herbicide failure, requiring additional follow-up treatments, Often times, this 
leads to hardened-off plants which can still flower and produce seed. This is a common 
occurrence when hairy fleabane and horseweed are treated with glyphosate beyond their seedling 
stages of growth. 
     Because tree and vine growers in California rely on herbicides for economic weed control, it 
is important that consideration be given to use of herbicide MOAs for management of weed 
resistance. Over-reliance on a single herbicide MOA is a sure-fire way of encouraging resistance 
development. Combining multiple 
herbicides with different MOAs in 
the spray tank and rotating different 
herbicide MOAs should be used 
where possible. Simply changing 
herbicide brand names or active 
ingredients may or may not mean 
one is using different herbicide 
MOAs. Therefore, one needs to 
recognize these differences when 
selecting products. Most herbicide 
labels list the herbicide MOA for 
that particular product and active 
ingredient. To aid recognition, 
product labels often list the MOA by name and/or by group number or code. An example of 
herbicide active ingredients and their corresponding MOA group numbers for herbicides 
registered for almonds in California is shown in the table. As weed flora changes within a field 
over time, there will be a need to modify the herbicide program as needed. 
     Herbicide-resistant weeds are not new to California. Growers must take a proactive approach 
to weed management, particularly when it comes to herbicide selection and use, in order for 
them to be effective in their weed management efforts. Consideration must be given to weed 
seed production, label recommendations, spray operation, herbicide timing, and herbicide MOA 
selection in order to successfully combat and help prevent herbicide-resistant weed populations 
from developing. 
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