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Introduction

Summary and Conclusions

• The Sacramento Valley grows approximately 200,000 ha of rice. The 
majority is grown in a continuous flood system. Weeds are considered the 
major impediment for achieving high yields in rice production. Common 
California rice weeds include:
• Barnyardgrass [Echinochloa crus-galli (L.) Beuv.] (BYG), 
• Early watergrass [E. oryzoides (Ard.) Fristch] (EWG), 
• Late watergrass [E. phyllopogon (Stapff). Koss] (LWG), 
• Bearded sprangletop [Leptochloa fusca (L.) Kunth ssp. 

fascicularis (Lam.) N. Snow] (ST), 
• Smallflower umbrella sedge (Cyperus difformis L.) (SF) 
• Rice field bulrush [Schoenoplectus mucronatus (L.) Palla] (BR) and 
• Redstem (Ammannia spp.) (RS)

• Continued use and limited number of herbicides available has led to a great 
incidence of herbicide-resistant weeds and suspected herbicide-resistant 
weeds.

• The UC Rice Weed Group developed the Herbicide Resistance Weed 
Screening Survey. A service for growers to screen weed seed from fields for 
suspected resistance. 

Objectives
• To showcase the Herbicide Resistance Weed Screening Survey.
• To present Herbicide Resistance Weed Screening Survey data from 2015 to 

2021, elucidating herbicide resistance in California rice.

Methods
Weed Seed Submissions

• A community-driven approach is adopted for the survey on suspected 
herbicide-resistant weed seed samples. Growers and consultants collect 
seed of weed species that were not controlled after an herbicide application, 
that should have controlled the weeds, and submit them to the UC Rice 
Weed Group at the Rice Experiment Station in Biggs, CA. 

• The proper seed collection method is available at the UC Agronomy 
Research and Information Center-Rice website, 
https://rice.ucanr.edu/Resistant_Weed_Seed_Testing/.

Assessing Samples
• Weed seed samples were cleaned 

and assessed for quality/quantity, 
then given an identification number 
based on the species. 

• Seed of grass species and ricefield 
bulrush have primary dormancy, 
which can lead to low or 
unsuccessful germination (See 
Figure 1).  

• The seeds are then sown in pots 
filled with field soil in the 
greenhouse (See Figure 2). 

Herbicide Testing
• Registered herbicides are applied at 1X - 2X of the field rate to labeled 

species at the appropriate timing, pre- or post-emergent (Figure 2, Table 
1).

• Four or more replications of each sample are carried out. 
• Samples are visually assessed 3 weeks after treatment for survival and 

compared to a known susceptible biotype. 

Survey Data from 2015 to 2021
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Figure 2. Pots with watergrass seed are placed into tubs flooded to 4 in above the 
soil for granular herbicide applications at day of seeding (L), or placed into flooded 

basins for foliar treatments at 3-4 leaf stage (R).

Figure 1. Seeds are placed in 
containers with water and stored at 4 
C for 3-4 weeks to break dormancy. 

Figure 4. County rice acreage appeared to correlate with submission frequency. Rice 
acreage by county in decreasing order: Colusa, Sutter, Butte, Glenn, Yuba, Yolo, 
Placer, Sacramento and San Joaquin (USDA-NASS, 2021). RES, Rice Experiment 
Station 

• ALS- and PSII-inhibitor herbicides have the highest incidence of resistance 
likely due to popular use, high number of mutations and increased 
metabolism.

• Watergrass species, SF, and ST appear to be the most problematic weeds to 
manage based on submitted samples, and level of multiple resistance.

• The community-driven approach demonstrates the positive collaborative 
relationship between the UC and the California rice industry. 

• The data assists UC researchers to discover emerging resistant biotypes and 
provides growers a decision-making framework for weed management.

Reporting

Figure 3. Example of two reports sent to the submitters. According to findings, a 
“Yes” represents resistant and a “No” represents susceptible.

Table 2. Total observed resistance for each herbicide tested in the Herbicide 
Resistance Weed Screening Survey from 2015 to 2021a

Herbicide MOA Samples 
Tested

% Resistant

Bensulfuron-methyl ALS-inhibitor 104 99 a
Halosulfuron-methyl ALS-inhibitor 77 96 ab
Propanil PSII-inhibitor 475 88 b
Bispyribac-sodium ALS-inhibitor 407 85 b
Penoxsulam ALS-inhibitor 382 82 b
Cyhalofop-butyl ACCase-inhibitor 411 59 c
Thiobencarb VLCFAs-inhibitor 490 43 d
Benzobicyclon+
Halosulfuron-methyl

HPPD-inhibitor + 
ALS-inhibitor

525 12 e

Carfentrazone PPO-inhibitor 216 7 ef
Clomazone DOXP-inhibitor 362 6 f
Triclopyr Synthetic Auxin 73 1 f
p-value 0.0005
aValues with the same letter do not significantly differ by the Fisher’s Exact Test for count data and the Holm-
Bonferroni p-value adjustment pairwise comparison at α=0.05. MOA. Mode of action.

Table 3. Observed resistance to zero, one or more modes of action for screened 
rice weed species in the Herbicide Resistance Weed Screening Survey from 2015 
to 2021a

Weed Samples % Resistant to Given Number of Modes of Action
Species Tested Zero One Two Three Four Five
BYG 173 5 bc 7 c 23 bc 34 a 24 b 1
EWG 49 2 c 20 bc 59 a 6 c 2 c -
LWG 107 2 bc 9 bc 12 bc 19 bc 53 a 3

SF 189 0.5 c 8 b 64 a 25 ab 0.5 c -
ST 110 55 a 39 a 4 d - - -
BR 18 61 a 33 ab 6 cd - - -
RS 15 27 ab 66 a 7 cd - - -

p-value 0.0005 0.0005 0.0005 0.001 0.0005 0.374
aValues with the same letter do not significantly differ by the Fisher’s Exact Test for count data and the Holm-
Bonferroni p-value adjustment pairwise comparison at α=0.05. A dash indicates no population with the given amount of 
multiple resistance was recorded for the given weed species. Refer to introduction for species abbreviations.
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Figure 5. Weed Seed Sample Submissions from 2015 to 2021

Table 1. Field label rates for the herbicides tested
Thiobencarb 23.3 lbs/ac 

or 2 qt/ac
Bispyribac-

sodium
0.8 oz/ac

Clomazone 12 lbs/ac Penoxsulam 2.5 floz/ac
Cyhalofop 13 floz/ac Benzobicyclon/

Halosulfuron
7.5 lbs/ac

Propanil 6 qt/ac 
or 5 lbs/ac

Halosulfuron-
methyl

1.3 oz/ac

Carfentrazone 2 oz/ac Bensulfuron-
methyl

1.6 oz/ac

Triclopyr 1 pt/ac
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