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EXECUTIVE SUMMARY:  
 
OBJECTIVES: Screen a large, diverse collection of snap bean entries for tolerance to 
pyroxasulfone, dimethenamid-p, sulfentrazone, and flumioxazin in controlled environment and 
field studies. 
 
PROCEDURES:  
Greenhouse screening, Oregon. We began screening entries for tolerance to pyroxasulfone 
(0.027 and 0.106 lb ai/A), dimethenamid-p (0.375 and 1.5 lb ai/A), sulfentrazone (0.047 and 
0.188 lb ai/A), and flumioxazin (0.048 and 0.199 lb ai/A), at typical that would provide adequate 
weed control in OR soils (1x rate) and rates 4x greater. A protocol was refined that minimizes 
the number of seeds needed of each entry to obtain reliable crop response data. Grow tubes 2 
feet in length and 1.5 in in dia. were used to avoid the over-saturated soil conditions common 
in pot studies when using only soil as a grow medium. Greenhouse (GH) potting medium is not 
usable in this study because these herbicides have a strong affinity to organic matter, and GH 
potting soil would not be representative of field conditions. Varieties tested for tolerance to the 
above-mentioned herbicides were OR91G and OR5630 and the study was completed twice. 
Herbicides were combined with a volume of water that wetted the soil to 2 inches, and applied 
after the seeds were planted at a 1 inch depth.  
 
Field emergence trials, Oregon. Snap beans were planted in 
microplot field trials at the OSU vegetable research farm in 
2020. Five seeds of 13 varieties representing 5 diversity 
groups (see adjacent table) were planted into 8 herbicide 
treated plots and one check plot. Four herbicides were 
applied at typical field rates that provide acceptable weed 
control (1x) and double that (2x) rates. Herbicides and rates 
applied were pyroxasulfone (0.10 and 0.20 lb ai/A), 
dimethenamid-p (0.75 and 1.5 lb ai/A), sulfentrazone (0.188 
and 0.375 lb ai/A), and flumioxazin (0.096 and 0.199 lb 
ai/A)., Phytotoxicity was rated twice, then snap bean 

 Cultivar Diversity group  

1 Trail of Tears 1  
2 Kentucky Wonder Bush 2  
3 Kentucky Wonder Pole 2  
4 McCaslan No. 42 2  
5 Widusa 2  
6 Esquire 3  
7 OR_1604M 3  
8 OR_5402 3  
9 OR_5630 3  

10 OR_91G 3  
11 Redon 4  
12 Astun 5  
13 Navarro 5  

 



seedlings were cut at the soil surface 4 weeks after planting and fresh and dry weight 
measured. 

Field emergence trials, Illinois. Using SnAP (a snap bean diversity panel that has been 
genotyped for ~25,000 single nucleotide polymorphisms), the response of 277 entries to 
pyroxasulfone (0.37 lb ai/A) and sulfentrazone (0.77 lb ai/A) applied preemergence was 
evaluated. Rates applied at the Ill site were much higher than in OR because of the high organic 
matter content in the soil at the Ill site that would be expected to reduce efficacy of these 
herbicides. Multiple Genome Wide Association (GWAS) models were used to examine crop 
stand and plant biomass three weeks after treatment.  
 
SIGNIFICANT ACCOMPLISHMENTS: 

Oregon GH studies. The experiment ran twice with varieties OR91G and OR5630 planted in the 
first run and only OR5630 planted in the second run. No difference in growth response to 
herbicides was noted between the varieties and treatment effects were similar, so the data 
from the two experiments were combined before analysis.  

Snap beans were most tolerant to sulfentrazone 
at the rates selected for this study, and 
flumioxazin caused the most injury (Figure 1). The 
high rate of flumioxazin reduced growth to only 
10% of the treatment without herbicides (check). 
Pyroxasulfone and dimethenamid-p also reduced 
growth compared to the check treatment, but 
there was little difference in effect between the 
1x and 4x rates, suggesting that overall, snap 
beans are more tolerant to this class of herbicides 
(VLCFA) than flumioxazin. Curiously flumioxazin 
and sulfentrazone have the same mode of action, 
but snap bean tolerance differed between these 
2 herbicides in these controlled environment 
studies.  

Oregon field study. Average dry weight of snap bean seedlings collected per plot was least for 
plots treated with sulfentrazone (Figure 2). Pyroxasulfone and flumioxazin caused intermediate 
damage to snap bean growth. Despite the severe injury caused by sulfentrazone, there were 
apparent differences in tolerance between the 13 varieties tested (Figure 3). This was not 
correlated with seed size, because the variety Redon has extremely small seeds while OR91G 
and OR560 have medium large seeds. And because all seeds were planted at the same depth 
(regardless of seed size), the injury was not caused by differences in proximity to the herbicide, 
as is often a confounding factor in real-field observations of herbicide injury. Similar trends 
were noted with pyroxasulfone. While these results are similar to the outcome of the Illinois 
project, they do not mirror the results from the greenhouse study, and indicate that even when 
adequate soil columns are provided to simulate field conditions, the artificial setting developed 
for greenhouse testing was not adequate for herbicide screening of these particular 

 

Figure 1. Snap bean tolerance to 1x and 4x rates 
of four herbicides. N=12, + SE. 
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preemergence herbicides. Also disconcerting was the injury that sulfentrazone caused to the 
lines from the Oregon breeding program, OR5630 and 91G. 

Illinois field experiment. At the rates tested, sulfentrazone was more injurious to snap bean 
than pyroxasulfone. For instance, the most frequent response to sulfentrazone was seedling 
death. Nonetheless, several entries were not affected by either herbicide. Results of GWAS 
models identified several chromosomal regions associated with snap bean response, including 
chromosomes 4, 5, 7, 9, and 11 for sulfentrazone, and chromosomes 2, 3, and 4 for 
pyroxasulfone. A 3 million base pair region of chromosome 4 was common for snap bean 
response to both herbicides. This region of snap bean also had synteny with an ABC transporter 
gene in soybean (Glyma19g01940.1) which is associated with tolerance to herbicides in the 
same mode of action as sulfentrazone. While interesting, these data are preliminary; the 
experiment will be repeated in 2020 with 375 snap bean entries. 
 
BENEFITS & IMPACT: Vegetable growers in the Pacific Northwest and elsewhere depend on the 
availability of efficacious weed management tools to maintain profitable production in snap 
beans (Phaseolus vulgaris L.). Snap beans for processing are harvested by machine, and 
surviving weeds often are picked up by mechanical harvesters. This contamination may cause 
product to be discarded if the cost to sort weeds from the product outstrips the value of the 
product. Hand weeding is out of the question because of cost and the moderate returns 
growers receive from processors. The problem is exacerbated if nightshade is present and has 
produced berries. Processors have a very low tolerance for nightshade berries in product 
because the berries are toxic. Hairy nightshade is present in nearly every field in the Willamette 
Valley and must be managed carefully.  

In the Great Lakes region, growers struggle to control waterhemp (Amaranthus tuberculatus) in 
snap bean, and stems break into small bean-size pieces that can elude optical sorters, also 
contaminating the product. The foundation of managing nightshade and waterhemp in 
agronomic crops is using an effective preemergence (PRE) program. Unfortunately, many of the 
PREs that have the greatest efficacy on waterhemp, nightshade, and many other summer 

 

Figure 2. Snap bean tolerance to 1x and 2x rates 

of four herbicides averaged over 13 varieties in 

Oregon. N=26, + SE. 
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Figure 3. Tolerance of 13 snap bean varieties to 

sulfentrazone in Oregon. N=2, + SE. 
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annual weeds, are not registered in snap bean because of potential crop sensitivity. In Oregon, 
producers typically rely on preemergence herbicides such as s-metolachlor, fomesafen, or EPTC 
and combinations thereof. These herbicides are commonly followed by applications of 
imazamox and bentazon because nightshade control is seldom adequate. Fomesafen, although 
very effective on nightshade, is persistent and may impact crop rotations and its usefulness is 
limited in current rotations.  

It is estimated that the combination of imazamox (Raptor) and bentazon (Basagran) is applied 
to more than 50% of the snap bean acreage in the Willamette Valley each year. Growers have 
become accustomed to the efficacy of this tank mix, yet imazamox has a mode or site of action 
that is associated with very quick development of resistance in weeds. Given the high use of 
this product, it is unclear why resistance has not developed since registered for use in 2004, 
unless it is the diversity of cropping systems in the Willamette Valley that limits selection 
pressure for resistant traits. Efficacious preemergence herbicides would greatly reduce the use 
of the imazamox-bentazon tankmix and preserve this tool for future use in situations where 
preemergence weed control has failed. The prospect of finding and developing new herbicides 
with new sites of action in the near future is slim. The last meaningful herbicide with a unique 
mode of action applicable to snap bean production was discovered nearly 3 decades ago. 

In screening trials over the last two decades, we have noted that snap lines may differ in 
tolerance to herbicides such as s-metolachlor. Previous research also has identified cultivar 
tolerance to most of these herbicides in dry bean. After all, labels for federal (dimethenamid-p) 
and state (sulfentrazone) use for weed control in dry beans exist. Conceivably, certain 
herbicide-specific alleles in common bean (snap and dry) condition tolerance to the 
aforementioned herbicides. If so, identification of these herbicide tolerance alleles could be 
used in snap bean breeding and improvement.  

Field experiments in 2019 and 2020 supported by the Ag Research Foundation have 
demonstrated that there may be differences between varieties in their tolerance to 
preemergence herbicides and that the predisposition may be genetically based.  

Additionally, using Multiple Genome Wide Association (GWAS) models, several chromosomal 
regions associated with snap bean response, including chromosomes 4, 5, 7, 9, and 11 for 
sulfentrazone, and chromosomes 2, 3, and 4 for pyroxasulfone were identified. While this is 
preliminary data, identification of herbicide–specific tolerance alleles would allow geneticists to 
select for traits that match future weed control objectives, or at a minimum, inform breeders of 
sensitive alleles that could possibly be avoided in crop improvement efforts. 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: None 
 
FUTURE FUNDING POSSIBILITIES: No additional funding was acquired, but this preliminary data 
will be used to ultimately position the team for an SCRI proposal that will address snap bean 
improvement in the US. A planning proposal was submitted to SCRI by the team to begin 
development of that project (Snap Team: Improving U.S. Snap Bean). 
 


