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EXECUTIVE SUMMARY: 
Carrot seed is a major crop in Central Oregon, which produces up to 60% of US 

commercial carrot seed and up to 40% of global stocks in any given year. Weed control in carrot 
seed relies heavily on repeated applications of a few active ingredients, and industry recognizes 
the risk of herbicide resistance. Despite the potential management complications herbicide 
resistance could pose to the industry, no systematic investigation of herbicide resistance has 
been made in carrot seed production in central Oregon. This project will conduct a systematic 
survey of weed escapes in central Oregon carrot seed production fields, then test these escapes 
for resistance to important herbicides used in carrot seed production. 

OBJECTIVES: 
1) Conduct a systematic survey of the species composition and spatial distribution of

post herbicide application weed escapes in seed to seed carrot production fields in central 
Oregon, and collect seed samples of escaped weeds for herbicide resistance screening. 

2) Screen samples for presence/absence of resistance to important herbicides registered
for use in carrot seed production using a discriminating dose method. 

3) For any populations with identified herbicide resistance, conduct full dose-response
analysis to quantify magnitude of resistance. As appropriate, screen for multiple-resistance to 
other herbicide modes of action important in common rotational crops. 

PROCEDURES: 
     Collection -Weed collection was conducted in late July 2020. With assistance from Central 
Oregon Seeds Inc., 43 seed to seed carrot production fields were sampled, representing a near-
census of carrot seed production fields in central Oregon in 2020. At each field, all weed species 
detected were recorded and rated for severity of infestation, and seed collected for major 
weed species present. Individuals of nearly all weed species had produced viable seed by the 
time of survey, and a composite sample was collected from 10-30 individual weeds per field. 
For all putative resistant weed species collected, a composite population sample was also 
collected from a population presumed to be susceptible to carrot production herbicides on the 
basis of recent known herbicide performance or minimal herbicide use history. Given the 
ubiquity of field observations indicative of herbicide resistance in common groundsel in central 
Oregon, putative S accessions for groundsel were collected from several outside growing 



regions (Willamette Valley, Grande Ronde Valley of eastern Oregon, and a non-agricultural 
region in western Washington). 
     Screening - Prior to screening putatively resistant accessions, the response of susceptible 
check accessions will be confirmed using a single, representative field use rate of each 
herbicide. The herbicides linuron, prometryn, dimethenamid, pendimethalin, and oxyfluorfen 
will be screened at pre-emergent timing; and linuron, prometryn, oxyfluorfen, bromoxynil 
(broadleaves only) and clethodim and fluazifop (grasses only) screened at post-emergent 
timing. Pre-emergent herbicides will be screened using the assay described below, and post-
emergent herbicide will be screened in field plots established from transplants started in the 
lab. Accessions will be considered confirmed susceptible if completely controlled by the field 
use rate. 
     Following confirmation of susceptible status, preliminary dose response experiments will be 
conducted with susceptible check accessions to establish the discriminatory dose for each 
herbicide. The discriminatory dose is the lowest rate of herbicide that fully controls known 
susceptible accessions under experimental conditions, and gives maximum differentiation 
between susceptible and resistant accessions with single rate screening of unknown 
populations. As greenhouse grown plants are typically considerably more susceptible to 
herbicides than field grown plants, each herbicide will be tested with five rates: 1x, 0.5x, 0.25x, 
0.125x, and 0.0625x of the recommended label rate, plus a non-treated control. This 
experiment will be conducted in a randomized complete block design with 6 replications in 
greenhouse facilities at COAREC, and repeated. For pre-emergent herbicides, pasteurized field 
soil will be layered to 1 cm depth in an aluminum baking sheet, watered to a workable moisture 
content (~25% PAWC, constant for all treatments within an experimental run), and sprayed 
with pre-emergent herbicide using experimental track sprayer at COAREC. Treated soil will then 
be fully homogenized and partitioned into experimental units. Individual experimental unit will 
be a zip top bag containing 7 mL of treated soil and 30 individual seeds, watered with tap water 
to reach ~ 50% of plant available water capacity after seeding. For post-emergent herbicides, 
Cone-tainers (Ray Leach Company, 25mm diam x 120mm depth) will be over-seeded and 
thinned to 3 emerged plants per tube prior to spraying. Herbicides will be applied via 
experimental track sprayer. Treatments will be evaluated with visual assessments of control on 
a percent scale (from no effect at 0%, to complete plant death at 100%), and the proportion of 
surviving plants at 3-4 weeks after first emergence of non-treated controls (for pre-emergence 
treatments) or 2-3 weeks after application (for post-emergent treatments). Dose response 
curves will be generated using log logistic analysis with the drc package in R (Ritz 2015, PLOS). 
The discriminating dose will be set at the estimated LD95, or the dose required to kill 95% of 
the known susceptible population. 
     Following establishment of discriminatory doses, field collected putative resistant accessions 
will be screened. Experiments will be conducted in COAREC greenhouse facilities in a 
completely randomized block design with 6 replications, using the same individual experimental 
units and evaluations previously described. Each experimental run will include known 
susceptible check accessions. For accessions controlled by a particular herbicide∙application 
timing, the experiment will be repeated once for confirmation. Accessions will be considered 
controlled at ≥ 90% visual control, and/or < 0.1 survival.  For accessions that show apparent 
resistance in the initial discriminating dose experiment, full dose response experiments will be 



conducted, and repeated once. Dose response experiments will include a non-treated check 
plus 9 increasing herbicide rates across the anticipated range of relavent responses. Treatments 
will be evaluated with visual assessments of control on a percent scale, proportion of plants 
surviving, and final biomass at 3 weeks after the beginning of emergence in non-treated 
controls (pre-emergence treatments) or 2 weeks after application (post-emergent treatments). 
Dose-response curves will be generated using log logistic analysis with the drc package in R. 
     Finally, resistant accessions will be screened for multiple-resistance to important modes of 
action used in the rotational crops that typically follow carrot seed crops using a slightly 
modified version of the discriminating dose protocol previously outlined. Of particular interest 
are herbicides in Group 2 (ALS-inhibitors), Group 4 (synthetic auxins), Group 5 (PS II inhibitors), 
and Group 9 (glyphosate), which provide the bulk of weed control in rotational crops typically 
following carrot seed (wheat, grass seed, forages, or fallow). 

SIGNIFICANT ACCOMPLISHMENTS IN 2021 (SINCE LAST REPORT): 
Objective 2. Screen samples for presence/absence of resistance to important herbicides 
registered for use in carrot seed production using a discriminating dose method. 

The first step for objective 2 is to confirm susceptible status of reference S check 
accessions to herbicides of interest under representative field conditions. Unfortunately, 
substantial unanticipated difficulties were encountered in this task. As a result, a 1 year, no cost 
extension was requested (and granted) in summer of 2021.  

Unsuccessful attempts to establish field plots from seed in the fall of 2020, and again 
from transplants in spring of 2021 depleted much of the original collection of seed for the 
putative S check accessions for marestail and common groundsel (2 accessions). This 
necessitated grow-out of more seed for both of these selfing species from remaining original 
collection. Large quantities of seed for the S check accession of marestail were produced by the 
end of the 2021 growing season, but a second round of seed increase will be required for 
groundsel S accessions (currently in progress in the greenhouse at COAREC). 

In fall of 2021, plants of putative check accessions of groundsel, downy brome, and 
rattail fescue were started in 5mL horticulture cell trays filled with pasteurized field soil, 
transplanted into field plots at 2 true leaves, and sprayed with post-emergent herbicides 
(linuron, prometryn, metribuzin, oxyfluorfen, and as appropriate bromoxynil, clethodim, and 
fluazifop) at ~ 6 leaf stage with a single representative field use rate of each herbicide (with 
appropriate adjuvants) to confirm susceptibility (Figure 1). Response to some herbicides was 
clearly susceptible, but for several key herbicides (linuron and prometryn particularly) the 
response was ambiguous and requires repeating the experiment in spring of 2022. Slightly 
larger than optimal plants (dictated by the recovery time needed to obtain active growth after 
transplanting) is thought to be a likely cause of these ambiguous responses. As marestail seed 
was not available in adequate quantity to include in this field screening, it will also require 
screening in spring of 2022. With additional experience gained in propagating and transplanting 
these species, improved methods were developed that are anticipated to greatly improve 
success in future experiments and allow treatment of field grown plants at the optimal 4 leaf 
stage. 

For pre-emergence herbicides, a lab-based assay technique using field soil was 
developed to test for susceptible response (described in methods section, example photos 



Figure 2). Check accessions of downy brome, rattail fescue, groundsel, and marestail were 
screened for susceptibility to linuron, prometryn, dimethenamid, oxyfluorfen, and 
pendimethalin in Dec 2021. The assay method appeared to work well, and observed responses 
of plant growth and herbicide symptomology were as expected for most herbicides (with the 
exception of pendimethalin, which did not control most species, presumed due to experimental 
error of unknown cause). The experiment will be repeated in February 2022.  

Figure 1. Results of field experiment to confirm susceptible status of putative S checks to 
selected post-emergent herbicides. For accession Groundsel 2, the range of observed responses 
(S, PC, and M) are shown below, with NC/nontreated check far left 

Figure 2. Results of lab-based assay to confirm susceptible status of putative S checks to 
selected pre-emergent herbicides. Photo illustrates protocol and S, P, and NC responses 
(nontreated check far left). 

nontreated linuron prometryn metribuzin oxyflourfen bomoxynil clethodim fluazifop

Groundsel 1 na NC* P NC S S - -

Groundsel 2 na P P M S S - -

Rattail Fescue na NC NC S P - P NC

Downy Brome na NC NC M P - S S

Post-Emergence Herbicides
Accession

* Abbreviations: S - susceptible (full control), P - partial control (suppression),

NC - no control, M - mixed S and NC  responses on individual plant basis

nontreated linuron prometryn dimethenamid oxyflourfen pendimethalin

Groundsel 1 na S* S S S P

Groundsel 2 na S S S S S

Marestail na P S S S NC

Rattail Fescue na NC P S S S

Downy Brome na NC P S S NC

Pre-Emergence Herbicides
Accession

* Abbreviations: S - susceptible (full control), P - partial control

(suppression), NC - no control



 
 
SIGNIFICANT ACCOMLISHMENTS IN 2020 (PREVIOUS YEAR INTERIM REPORT) 
Objective 1. Field survey of species composition and spatial distribution of late season weed 
escapes in seed to seed carrot production fields in central Oregon. 
 Field sampling was completed as planned in July/August 2020, and detailed in previous 
interim progress report (submitted January 2021). A near-census of carrot seed fields for 2020 
was completed, with 43 fields surveyed (total field numbers were reduced from historic levels 
of up to 200 fields per year by irrigation water shortages). Escaped weed accessions were 
observed and collected from 35 fields. As expected, predominant species collected were 
marestail (28 accessions) and common groundsel (18 accessions). Putative susceptible check accessions 
of each species were also collected. 
 
REMAINING OBJECTIVES 

Objective 2. Screen samples for presence/absence of resistance to important herbicides 
registered for use in carrot seed production using a discriminating dose method. 
 Planned for spring-summer 2022. 
 
Objective 3. For any populations with identified herbicide resistance, conduct full dose-response analysis 
to quantify magnitude of resistance. As appropriate, screen for multiple-resistance to other herbicide 
modes of action important in common rotational crops.  

 Planned for summer-fall 2022. 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 
None. 
 
FUTURE FUNDING POSSIBILITIES:  
None at this time, future opportunities may be identifiable at completion of project. 


