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Abstract:
Experiments were conducted to compare the mortality of a of glyphosate-

susceptible (GS) Palmer amaranth (Amaranthus palmeri) plants to label rates of 
glyphosate, glufosinate, paraquat dichloride, saflufenacil, rimsulfuron, and a 
tank-mix of glyphosate + saflufenacil applied at the 4 to 6, 8 to 10, and 12 to 16 
leaf stages. Complete control was obtained with all the treatments when they 
were applied at the 4 to 6 leaf stage but control was reduced with glyphosate and 
glufosinate at the later stages. The other treatments provided excellent control 
at all growth stages.  Tank-mix combinations of saflufenacil + glyphosate, 
saflufenacil + glufosinate, saflufenacil + dicamba, rimsulfuron + glyphosate, 
tembotrione + glyphosate, flumioxazin+ pyroxasulfone + glyphosate, 
flumioxazin+ pyroxasulfone + glyphosate, dicamba + paraquat dichloride, and 
glyphosate + glufosinate were also tested on 8 to 10 leaf stage Palmer amaranth 
plants and all the combinations provided excellent control. Therefore, if 
growers desire to control this species with glyphosate- or glufosinate-alone then 
applications should be made by the 6-leaf stage; else, other herbicides or tank-
mix combinations tested in this study can be used for effective control.  

Post-emergent Herbicide Control Options for Palmer 
Amaranth (Amaranthus palmeri) in the San Joaquin Valley

Introduction:

Growers in California’s San 
Joaquin Valley (SJV) have 
reported poor control of 

Palmer amaranth (Figure 1) in 
orchards and vineyards (Figure 2) 
with glyphosate in recent years. 
Though, it is not known if these are 
cases of glyphosate-resistant (GR) 
populations or survivors of application 
of glyphosate at more tolerant stages 
of the weed. It has been reported 
that glyphosate application at the 
recommended label rate of 22 oz/
ac to weeds larger than 20 inches in 
height can lead to reduced control of 
Palmer amaranth (Nosworthy et al., 

Figure 1. 
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2008). Therefore, a study was conducted in 2013 and 2014 
to determine if Palmer amaranth populations of the SJV 
were GR or survivors due to application of glyphosate at 
more tolerant plant stages.  Additional studies to evaluate 
the efficacy of alternative herbicides at various growth 
stages of Palmer amaranth were also conducted to develop 
information on options for rotation of modes of action.

Methods:
Screening for glyphosate resistance

Seeds of Palmer amaranth were collected from 
23 different locations of the SJV were poor control of 
the species with glyphosate had been reported. . The 
plants were tested for glyphosate resistance by making 
an application of a label rate of glyphosate (22 fl oz/ac 
of glyphosate + 2% v/v solution of ammonium sulfate 
at a volume of 40 gallons/ac) on 5 to 8 leaf stage Palmer 
amaranth plants grown in pots. Plant mortality was rated 21 
days after treatment (DAT).  An untreated control treatment 
was also included. 

Tolerance of plants to various herbicides applied at 
different growth stages in full sunlight

 Palmer amaranth plants from one of the locations 
were further evaluated for control with various herbicides 
at 4 to 6 leaf stage, 8 to 10 leaf stage, and 12 to 16 leaf 
stages. Plants were grown outdoors in 1 gallon pots and 
were treated with the herbicides when they reached 
the desired growth stages.  The herbicide treatments 
included glyphosate (22 fl oz/ac), glufosinate (29 fl oz/
ac), paraquat dichloride (32 fl oz/ac), saflufenacil (1 oz/
ac), rimsulfuron (4 oz/ac), and a tank-mix of glyphosate 
(22 fl oz/ac) + saflufenacil (1 oz/ac). A non-treated control 
was also included. A nonionic surfactant (NIS) at 0.25% 
was added to the glufosinate, rimsulfuron, and paraquat 
dichloride treatments and a methylated seed soil (MSO) 
surfactant at 1% was added to the saflufenacil treatments. 
Plant mortality was rated at 28 DAT. Each treatment was 
replicated 6 times and the experiment was repeated.

Tolerance of plants to various herbicide tank-mixes 
applied at the 8 to 10 leaf stage

Another study on mortality of Palmer amaranth 
plants treated at the 8 to 10 leaf stage with different 
postemergence tank-mixes was also conducted. Plants 
were grown outdoors in 1 gallon pots and treated with the 
herbicide combinations when they reached the 8 to 10 
leaf stage. Treatments included in the study are shown in 
Table 1. An untreated control treatment was also included. 
Each treatment was replicated six times and the study was 
repeated.

Results:
Preliminary and secondary screenings for glyphosate 
resistance

All the plants from the 23 different locations were 
completely controlled at the label rate of glyphosate. 
Therefore, these populations were deemed to be 
glyphosate-susceptible. 

Tolerance of plants to various postemergence 
herbicides applied at various growth stages 

At the 4 to 6 leaf stage all the herbicides tested, 
except rimsulfuron, provided complete control of the 
Palmer amaranth plants by 28 DAT. At the 8 to 10 leaf stage, 
the control of the Palmer amaranth plants treated with 
glyphosate or glufosinate was reduced. Results at the 12 to 
16 leaf stage were similar to the 8 to 10 leaf stage (Figure 
3). Therefore, saflufenacil-alone, saflufenacil + glyphosate, 
and paraquat can provide complete control of Palmer 
amaranth up to the later growth stages evaluated in this 
study. Glyphosate-alone and glufosinate-alone could still 
be used for effective control of the SJV Palmer amaranth 
populations provided that they are applied before the 8 
to 10 leaf stage. Estimated cost of each of the herbicide 
treatments are also provided in the legend in Figure 3.

Table 1. Mortality of Palmer amaranth plants at 28 days after treatment at the 8- to 10-leaf stage with 
different herbicides and associated costs of the herbicides. 
Treatmenta Rate/acre Plant mortality Estimated Herbicide cost

100
100
100
100
100
100
100
100
100
100



48        CAPCA ADVISER | FEBRUARY 2017

Tolerance of plants to various postemergence herbicide 
tank-mixes applied at the 8 to 10 leaf stage

All the herbicide tank-mix combination tested 
provided complete control of the plants by 28 DAT when 
the application was made at the 8 to 10 leaf stage of the 
plants (Table 1). Therefore any of these tank-mixes can be 
used for effective control of Palmer amaranth plants in the 
SJV depending on the cropping system and if the herbicide 
is labeled for that particular system. However, cost of 
these tank-mixes may be a constraint; thus, approximate 
costs based on estimates provided by pesticide dealers is 
provided in Table 1.     

In conclusion, this study showed that none of the 
SJV Palmer amaranth plants that were collected for this 
study were GR and, in the current context, glyphosate-
escapes observed in the field were probably because of the 
herbicide being applied at later growth stages of the plants. 
Palmer amaranth control with most of the herbicides 
tested was greater at the 4 to 6 leaf stage than at the 12 to 
16 leaf stage, especially with glyphosate. This may be a 
major reason why poor control of Palmer amaranth with 
glyphosate could have been observed.   Several herbicides 
notably saflufenacil, mixture of saflufenacil + glyphosate, 
and paraquat were identified as alternatives to glyphosate-
alone for control of Palmer amaranth.  Further, several 
tank-mixes for excellent control of Palmer amaranth were 
also identified.   Several, but not all, of these herbicides are 
registered in orchard and field crops in California. Complete 
details of this study are available in Rios et al. (2016).

Control methods of the most frequently occurring and 
troublesome weed species, such as Palmer amaranth are 
rapidly being lost because of overall lack of stewardship and 
continuous use of the same mode of action. Consequently, 
GR Palmer amaranth was recently confirmed and 
documented from one location in California and will 
continue to spread if pro-active measurements are not 
taken (Heap 2016). T

Figure 2.

Figure 3. 
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