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OBJECTIVES OF PROPOSED RESEARCH:  

1. To screen the 2020 watergrass samples for herbicide resistance 
2. To conduct a phenotypic analysis of the watergrass species and/or biotypes 
3. To create an online map to display the 2019 weed species survey results  

 
 

BACKGROUND AND SUMMARY: 
Over the past several years, there have been several new weed species identified, including 
Ludwigia decurrens (winged water primrose), 6 biotypes of weedy rice, and possibly 2 new 
species or sub-species of Echinochloa spp. (watergrasses). Likewise, the California Department 
of Food and Agriculture has placed restrictions on Ludwigia and Monochoria vaginalis (false 
pickerelweed), in terms of seed production. For monochoria, this was partially because we were 
unable to establish a range for the weed. Only a couple of locations were recorded, although 
anecdotal evidence suggests that it is widespread throughout the rice-growing region. All of 
these instances occurred within the last 5-6 years and came as a relative surprise to the industry 
and growers. The last weed survey was conducted in the 1980’s.  
 
In 2017, at least 2 fields were identified with an unknown watergrass biotype. After extensive 
attempts at identification at both the UC Davis Herbarium, and with two Echinochloa experts at 
two other universities, we were unable to conclusively identify the species. An additional attempt 
at identification was undertaken in a joint effort with Amar Godar (former SRA with Kassim Al-
Khatib) and Ellen Dean (at the UC Davis herbarium) using multiple samples from the herbicide 
resistance screening samples. These results were also inconclusive. Since identification appears 
difficult, the research team has been focusing on control methods in the meantime.  
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The overall goal of this research is to continue to address emerging weed issues promptly. In 
2019, we collected a survey of soil samples from across the rice-growing region, to establish a 
baseline of the weed species and biotypes present across the California rice region. This was in 
response to the growing list of new weeds identified in the past 5 to 10 years. In 2020 we 
finished the baseline survey, concluded the herbicide screening for the 2018 watergrass samples, 
and conducted a larger watergrass survey.  
 
In 2021, we conducted the herbicide screening for the 2020 watergrass samples (two 
replications), and the phenotyping of the same samples (two replications). We submitted 
representative samples of each to the UC Davis herbarium, and we will be working on keying the 
species this spring. We started to make an ArcGIS map of the weed survey but will rethink the 
formatting of the map, to allow regulators, growers, PCA’s, and other interested parties to view 
the predominant weeds in their location.  
 
OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO 
ACCOMPLISH OBJECTIVES: 
 
Objective 1: To screen the 2020 watergrass samples for herbicide resistance 
 
1.1 Herbicide Screening 2018 Samples. The 10 samples collected in 2018 were multiplied in 
the greenhouse in 2019, to produce enough seed to conduct the screening. There were 4 samples 
from Butte County, 2 from Glenn County, 3 from Sutter County, and 1 from Yolo County. Two 
susceptible samples (from the Rice Experiment Station and the Lundberg Family Farms) were 
used as controls. The herbicides to be used for screening were: clomazone (Cerano®), 
thiobencarb (Bolero®), cyhalofop (Clincher®), benzobicyclon+halosulfuron (Butte®), 
penoxsulam (Granite GR®), bispyribac-sodium (Regiment®), and propanil (Stam® or 
SuperWham®). Rates were the recommended label rate (Table 1) with at least 4 replications per 
herbicide-sample combination.  
 
Screenings took place at the Rice Experiment Station greenhouse in Biggs, CA, in the spring of 
2020. All formulations were tested at the 1.5 leaf stage of the watergrass. Dormancy was broken 
for the watergrass by wet-chilling in the fridge for approximately two weeks before planting. 
Pots were seeded and then thinned down to 4 plants per pot. All liquid formulations (Clincher®, 
SuperWham®, and Regiment®) were applied with the label-recommended surfactant (crop oil, 
crop oil, and Dyneamic®). Applications for into the water herbicides were made onto the water 
surface of bins that were flooded to 4” above the soil surface of the pots (where the watergrass 
was planted). All herbicide treatments were applied with a cabinet track sprayer with an 8001-
EVS nozzle delivering 40 gallons of spray solution per acre (at a pressure of approximately 20 
psi). At 7 days after treatment, plants were evaluated for visual percent control (in comparison to 
an untreated control). At 14 days after treatment, the number of living plants per pot was 
counted, and fresh biomass was measured (per pot) by cutting plants at the soil surface and 
taking the weight (per pot).  
 
Table 1. Herbicides and rates utilized for 2020 and 2021 watergrass screening. Rates are given 
in product per acre, as well as grams of active ingredient (a.i.) per hectare.  
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Trade Name Active Ingredient Rate  Rate (a.i.) 
Cerano® Clomazone 12 lb a-1 673 g ha-1  
Bolero® Thiobencarb  23.3 lb a-1 3918 g ha-1 
Butte® Benzobicyclon + Halosulfuron 7.5 lb a-1 306 g ha-1 
Granite GR® Penoxsulam 15 lb a-1 40 g ha-1 
Clincher® Cyhalofop 15 fl oz a-1 263 g ha-1 
Regiment® Bispyribac-sodium 0.57 oz a-1 32 g ha-1 
SuperWham®  Propanil  6 qt a-1  6726 g ha-1 

 
Results. 10 of the 10 unknown samples were not controlled (less than 50% by biomass, in 
comparison to the untreated controls) by Granite GR® or Butte® (Table 2). 9 of the 10 samples 
were not controlled by Bolero®, and 6 of the 10 were not controlled by Cerano®. This closely 
follows what growers were stating had occurred in the field: the watergrass was escaping early-
season control and was then difficult or impossible to control with later-season herbicide 
applications. SuperWham®, Regiment®, and Clincher® controlled 10 of 10 samples (at least 
60% control). However, since the greenhouse application was conducted at an early timing (1.5 
leaf stage), later applications in the field may be less effective. 
 
For growers, this preliminary screening implies that control of this new biotype/species will need 
to be prioritized early in the season. Possible treatments (keep in mind that these have not been 
field-tested and could cause phytotoxicity) could be: a stale seedbed using a non-selective 
herbicide; pre-plant Abolish® (thiobencarb) followed by Cerano® or Butte® or Granite GR®; 
Cerano® followed by Butte® or Bolero® or Granite GR®; or Butte® followed by Granite GR® 
or Bolero®. There is still a strong likelihood that a follow-up application may still be required 
later in the season, even with these early-season applications. 
 
Table 2. Percent control compared to untreated control by fresh biomass at 14 Days After 
Treatment of 2 known susceptible late watergrass populations (Susceptible 1 and Susceptible 2), 
and 10 unknown watergrass populations.  
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1.2 Herbicide Screening 2020 Samples. The 64 samples collected in 2020 were the same 
samples used in the phenotypic analysis of weedy rice. We are trying to determine of there  The 
herbicides used for screening were: clomazone (Cerano®), thiobencarb (Bolero®), cyhalofop 
(Clincher®), benzobicyclon+halosulfuron (Butte®), penoxsulam (Granite GR®), bispyribac-
sodium (Regiment®), and propanil (Stam® or SuperWham®). Rates were the recommended 
label rate (Table 2) with at least 4 replications per herbicide-sample combination.  
 
Screenings took place at the Rice Experiment Station greenhouse in Biggs, CA, starting in the 
summer of 2021. The foliar applications and granular applications were conducted at different 
timings, and each was replicated twice in time. There were 3 replications of each treatment per 
sample. All formulations were tested at the 1.5-2 leaf stage of the watergrass. Dormancy was 
broken for the watergrass by wet-chilling in the fridge for approximately two weeks before 
planting. Pots were seeded and then thinned down to 5 plants per pot. All liquid formulations 
(Clincher®, SuperWham®, and Regiment®) were applied with the label-recommended 
surfactant (crop oil, crop oil, and Dyneamic®). Applications for into the water herbicides were 
made onto the water surface of bins that were flooded to 4” above the soil surface of the pots 
(where the watergrass was planted). All herbicide treatments were applied with a cabinet track 
sprayer with an 8001-EVS nozzle delivering 40 gallons of spray solution per acre (at a pressure 
of approximately 20 psi). At 7 days after treatment, plants were evaluated for visual percent 
control (in comparison to an untreated control). At 14 days after treatment, the number of living 
plants per pot was counted, and fresh biomass was measured (per pot) by cutting plants at the 
soil surface and taking the weight (per pot). Dry biomass was measured after drying the fresh 
weight samples down to a constant weight.  
 
Results. On average, control of samples with granular herbicides was low (Figure 1). Junglerice, 
which is not a rice weed, but rather a weed that borders rice fields, was well controlled with 

Granite GR Cerano Bolero Butte Propanil Regiment Clincher
Susceptible 1 68 65 92 49 100 48 92
Susceptible 2 55 63 84 22 98 81 93
Glenn 1 45 80 71 45 100 85 87
Glenn 2 37 74 7 0 98 63 83
Butte 1 45 29 16 41 100 68 86
Butte 2 47 30 17 25 100 87 84
Butte 3 36 93 0 12 100 80 87
Butte 4 19 59 47 47 100 71 78
Sutter 1 47 33 0 0 100 78 89
Sutter 2 32 44 46 0 99 68 92
Sutter 3 26 0 0 7 98 80 81
Yolo 41 68 27 22 100 81 76

Control (%) Compared to Untreated Control 
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Bolero® and Cerano®. It was not quite as well controlled with Butte® or Granite GR®.  It was 
well-controlled by Clincher®, Propanil, and Regiment® as well (Figure 2). The two susceptible 
late watergrass samples were mostly well-controlled by Bolero® and Cerano® (Figure 1). They 
were not quite as well controlled with Butte® or Granite GR®.  They were well-controlled by 
Clincher®, Propanil, and Regiment® as well (Figure 2).  
 
For the unknown samples, on average, control was poor with Bolero®, Butte®, and Granite 
GR®, regardless of species. Control with Cerano® was similar to control of the susceptible 
samples (Figure 1). We saw good control of all of the resistant samples with Clincher®, except 
for late watergrass. Propanil showed good control of all species as well. Regiment® had poor 
control of all of the species, except for junglerice (Figure 2).  
 
Further analysis of the dry weight data for these samples is forthcoming. 
 

 
Figure 1. Average percent control compared to untreated control by fresh biomass at 14 Days 

After Treatment of 2 known susceptible late watergrass populations (Susceptible 1 and 
Susceptible 2), and 64 unknown watergrass populations, separated by species (UTC = Untreated 

Control, BO = Bolero, BU = Butte, CE = Cerano, GR = Granite GR) 
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Figure 2. Average percent control compared to untreated control by fresh biomass at 14 Days 

After Treatment of 2 known susceptible late watergrass populations (Susceptible 1 and 
Susceptible 2), and 64 unknown watergrass populations, separated by species (UTC = Untreated 

Control, CL = Clincher, PR = Propanil, RE = Regiment) 
 

Information on each sample for each of the growers will be sent out in reports in 2022. A sample 
report is included in Appendix 1.  
 
1.2 Field Testing of Experimental Herbicides. A field experiment was conducted in a grower’s 
field in 2019 in Yuba County in cooperation with an herbicide manufacturer (results are not 
available for publication at this time). The manufacturer had seen promising results in watergrass 
control in 2018 in an experimental trial in Butte County and wanted to see if the results were 
replicable in another location. This particular Yuba County field was first identified in 2017, and 
it had an unidentifiable watergrass population at the time that had not been controlled with 
several different herbicides (with multiple applications). In the 2019 experiment, we tested an 
experimental chemical against a registered chemical. Unfortunately, the results were not 
promising, showing little to no control of the watergrass in this field.  
 
In 2020, the same experimental chemical was tested at a grower’s field in Glenn County. The 
biotype in the field was multiple-herbicide-resistant late watergrass (Echinochloa phyllopogon), 
resistant to thiobencarb and ALS-inhibitors. The chemical did appear to have a small (but 
insignificant) amount of control on the late watergrass biotype.  
 
In 2021, the same experimental chemical was tested at two different grower’s fields, both in 
Colusa County. The biotypes in one field were late watergrass (unknown susceptibility, but was 
controlled by grower-applied herbicides in the surrounding field), and in the other field, the 
unknown biotype, late watergrass, and barnyardgrass. The grasses were not well-controlled in 
either field, but grass pressure was very high, especially in the second field. Due to the poor 
results, it is unsure if testing will continue this year, but contacts have been made to try other 
herbicides as well.  
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Objective 2: To conduct a phenotypic analysis of watergrass species  
 
2.1 Field Survey. A survey of watergrass was conducted in August-September of 2020. Growers 
and PCA’s were contacted directly by Espino and Brim-DeForest, and solicitations for additional 
locations were put out through social media, the Rice blog, and the Sutter-Yuba email list. We 
also collected from our experimental fields in some cases, including UC Davis, the Rice 
Experiment Station, and grower collaborators. In total, we collected 64 samples, from across the  
rice-growing region (Figure 3).  

Figure 3. Samples were collected from across the rice-growing region, in all major rice-growing 
counties except for Sacramento.  
 
The greatest number of samples were collected from Sutter (36%) and Yuba (15.6%) Counties 
(Table 3). In some fields, more than one sample was collected, if distinct biotypes/species could 
be distinguished visually from one another in the field. Each collected sample was large enough 
to be able to utilize for the phenotypic analysis as well as an herbicide screening (in 2021).  
 
Table 3. Watergrass (Echinochloa spp.) samples collected across the rice-growing region. Note 
the variability in the number of samples from county to county (high of 23 in Sutter to low of 0 in 
Sacramento). The variability is due to growers and Pest Control Advisors' self-submitting 
samples.  

 No. of Samples Percent (%) 
Butte 8 12.5 

Colusa 6 9.4 
Glenn 5 7.8 
Sutter 23 36.0 
Placer 9 14.1 
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Yuba 10 15.6 
Yolo 3 4.7 

Sacramento 0 0 
 
 
3.2 Phenotypic Analysis. From the collected samples, we did a preliminary analysis of the 
seeds, to determine if we had a representative sample of the watergrass species/biotypes in 
California. We used the following descriptions: new biotype = small seeds, long awns; junglerice 
(Echinochloa colona) = extra small seeds, no awns; barnyardgrass (Echinochloa crus-galli) = 
small seeds, variable awns; late watergrass (Echinochloa phyllopogon) = large seeds, no awns. 
The vast majority of the samples were categorized as either barnyardgrass (48.4%, 31 samples) 
or the new biotype (34.4%, 22 samples) (Table 4). Figure 4 gives a visual of the characteristics 
we were using for the identification of the different species.  
 
Table 4. Watergrass (Echinochloa spp.) samples were collected across the rice-growing region 
in 2020. The samples were sorted by the seed description (preliminary description) and 
tentatively identified to species/biotype. Note the number of samples of each type, as well as the 
percentage of the overall samples.  
 

Description Tentative 
Identification 

No. of 
Samples 

Percentage (%) 

Small seeds, long 
awns 

New biotype 22 34.4 

Extra small seeds, 
no awns 

Junglerice 2 3.1 

Small seeds, 
variable awns 

Barnyardgrass 31 48.4 

Large seeds no 
awns 

Late watergrass 9 14.1 
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Figure 4. Photo of panicles from the three species. From left: unknown species/biotype, 
barnyardgrass, and late watergrass.  
 
In 2021, we conducted further analysis of the samples, by growing them out in a greenhouse and 
measuring certain key traits. From the greenhouse samples, we also pressed and mounted 64 
samples that are now in the UC Davis collection, for further phenotypic analysis, as well as for 
future use (for possible genetic testing). Each sample was wet-chilled for two weeks, to break 
dormancy, before planting, and each sample was pre-germinated in an incubator to ensure good 
germination.  
 
Each sample was planted in three separate pots and thinned down to one plant per pot a couple of 
weeks after planting and all were grown in a common greenhouse in a Randomized Complete 
Block Design (RCBD). Replication one was planted in December 2020, and replication two were 
planted in July 2021. The greenhouse is located on the UC Davis campus.  
 
Measurements were taken of plant height, heading date, number of tillers, awn length, panicle 
length, panicle weight, seed weight, flag leaf length, and number of seeds per panicle. Other 
observational data were recorded, including the color of the nodes, stems, and seeds.  
 
Results. Preliminary results (from one replication of the experiment) show that the new biotype 
has a similar tiller number to barnyardgrass (Figure 5). Although tiller thickness was not 
measured, both barnyardgrass and the new biotype were the tallest of all of the species, 
indicating that they likely had several very thick tillers which grew rapidly at the beginning of 
the season. In comparison, late watergrass had the greatest number of tillers.  
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Figure 5. Average tiller number for the new biotype, barnyardgrass, junglerice, and late 
watergrass, using preliminary identification.   

 
In terms of number of days to heading, preliminary results (from one replication of the 
experiment) show that the new biotype, barnyardgrass, and junglerice all head at roughly the 
same time. Late watergrass heads significantly later than the other species (Figure 6), which 
corresponds with its common name of “late” watergrass, which refers to its heading date.  
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Figure 6. Average days to heading for the new biotype, barnyardgrass, junglerice, and late 
watergrass, using preliminary identification. 
 
Preliminary results (from one replication of the experiment) show that the new biotype and 
barnyardgrass are the tallest, followed by junglerice and late watergrass (Figure 7). It is worth 
noting that although junglerice appears tall, it is a prostrate, spreading plant, whereas the new 
biotype, barnyardgrass, and late watergrass are all upright.  
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Figure 7. Average height (cm) for the new biotype, barnyardgrass, junglerice, and late 
watergrass, using preliminary identification. 
 
Preliminary results (from one replication of the experiment) show that the junglerice has the 
lowest threshed panicle weight, whereas barnyardgrass, the new biotype, and late watergrass all 
have heavier panicles. (Figure 8). Panicle length has not yet been analyzed, although the data has 
been collected. Likewise, the seed count (not yet analyzed) will lend some insight into the 
relative reproductive capability of each of the species.  
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Figure 8. Threshed panicle weight (g) for the new biotype, barnyardgrass, junglerice, and late 
watergrass, using preliminary identification. 
 
Awn length (Figure 9) showed the clearest differences between the new biotype and the other 
species. On average, the awn length was 12 mm, significantly longer than barnyardgrass, 
confirming the preliminary visual identification that we have been utilizing. Late watergrass and 
junglerice are both shorter-awned on average.  
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Figure 9. Awn length (mm) for the new biotype, barnyardgrass, junglerice, and late watergrass, 
using preliminary identification. 

 
 
Objective 3: To create an online map to display the 2019 weed species survey results  
 
3.1 In the fall of 2019, a comprehensive survey took place by soil sampling from fields in each 
major rice-growing county. Fields were randomly selected: 10 from Glenn, Butte, Sutter, and 
Colusa Counties, 5 from Yolo and Yuba Counties, and 2 from Sacramento and Placer Counties 
(Figure 10).  
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Figure 10. Locations (in red) of the sampling locations of the 2019 weed survey, which took 
place in October-November 2019. The number of sites per county was as follows: 10 in Butte, 
Sutter, Colusa, and Glenn counties, 5 in Yuba and Yolo counties, and 2 in Sacramento and 
Placer counties.   
 
The samples were collected after the rice harvest, from October to November. Each field was 
sampled four times, randomly throughout the field, approximately a gallon of soil for each 
sample, for a total of approximately 4 gallons of soil from the top 6 inches of soil in each field.  
The samples were wet-chilled in freezers (to break dormancy) until the beginning of January 
2020. Samples were then placed in pots and grown out in the Department of Plant Biology 
greenhouses in Davis, CA for approximately 3-4 months. Each sample (four per location) were 
split equally into two 12-in by 12-in flats: one pot was flooded and one pot was kept at saturation 
(0 mPa). The total number of pots per location was 8 (4 flooded, 4 flushed). The two types of 
irrigation per sample were to ensure that weeds species that emerge under only one irrigation 
type versus the other were allowed to emerge.  
 
Each soil sample was marked simply for the presence or absence of known weed species. Any 
unidentifiable or unknown species were grown to flowering and were identified by Advisor 
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Brim-DeForest. Samples were averaged per field, and averages for all samples in each county are 
summarized in Table 5 (only major weed species at this time).  
 
Table 5. Presence-absence of each major weed species in rice over the major 8 rice-growing 
counties. For each county, the percentage of samples is the average of the samples per field, 
averaged over the number of sites per county.  
 

 
 
Results. Preliminary data analysis indicates that redstem and smallflower umbrella sedge were 
the only two weed species found across all sites and counties. Ducksalad was found in all 
counties, as was waterhyssop, but not 100% of sites in each of those counties. Surprisingly, 
arrowhead was not found at any sites in any county. Junglerice was not found in any counties at 
any sites either, but junglerice tends to be found primarily around field edges, so the results are 
not surprising. Arrowhead is normally not a widespread species and often occurs around field 
edges. Bulrush was widespread (across all but Yolo counties), but was not found at 100% of sites 
in each county. Late watergrass, early watergrass, and barnyardgrass were found in all counties 
except for Placer, Sacramento, and Yolo counties. This could partially be because rice is not the 
primary crop in those counties, so there may be some crop rotation occurring in those fields.  
 
Preliminary data regarding the identification of non-major rice weeds is included in Appendix 1. 
Some common weed species that are not considered major weeds of rice in California include: 
common spikerush (Eleocharis palustris), lowland rotala (Rotala ramosior), and upright burhead 
(Echinodorus berteroi). A more comprehensive list will be completed in 2022, and all will be 
added to the online database.  
 
The weed species survey was completed in 2020. In order to ensure that the data is available to 
growers, registrants, and other industry members, it needs to be easily accessible. Preliminary 
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maps were created using ArcGIS (Figures 11 and 12), which summarized the data at a county 
level. After feedback from the Rice Research Board, the maps will be redone using individual 
data points for each field, and will show presence/absence data on a per-field basis.  
 
 

 
 
Figure 11. County-level summarized data for arrowhead in ArcGIS. Larger size circles indicate 
a greater percentage of sampled fields containing the weed species in each county. 
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Figure 12. County-level summarized data for monochoria in ArcGIS. Larger size circles indicate 
a greater percentage of sampled fields containing the weed species in each county.  
 
 
GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 
In 2019, we collected a survey of soil samples from across the rice-growing region, to establish a 
baseline of the weed species and biotypes present across the California rice region. This was in 
response to the growing list of new weeds identified in the past 5 to 10 years. The survey was 
completed in 2020, and we started working last year on putting the results online (in ArcGIS) 
into a database that can be used for reference of weed species distribution in California rice 
fields. In 2020, we also concluded the herbicide screening for the 2018 watergrass samples and 
conducted a larger watergrass survey (collecting 64 samples from across 8 counties). This past 
year, we completed a phenotypic analysis for the 64 samples, submitted representative samples 
of each to the UC Davis herbarium, and completed an herbicide screening with all of the samples 
using all registered California grass herbicides.  
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APPENDIX 1 
 
Common weeds from 2019 survey not considered major weeds of California rice:  
 

 
 
 
 
 
 
 
 
 

 
Common spikerush (Eleocharis palustris) 
 

 

Lowland rotala (Rotala ramosior) 
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Upright burhead (Echinodorus berteroi) 
 

 
 
 
 
 
 
 
 
 
 

 

 



 

Whitney Brim-Deforest-Rice Advisor/ County Director wbrimdeforest@ucanr.edu  
Taiyu Guan- Assistant Specialist  tyguan@ucanr.edu  
Troy Clark- Junior Specialist  troclark@ucanr.edu 
Sutter-Yuba UCCE  (530) 822-7515 

  
 

2021 Greenhouse Herbicide Resistant Screening 
 

Grower: Alex Struckmeyer 
 
County: Colusa  
 
Date Collected: Fall 2020 
 
Field Location: 39.1294320, -121.9740040 
 
Watergrass Species: 
Common name: 
 
 

 Herbicide Tolerant Susceptible Resistant 

Foliar 

Propanil    x   

Regiment  x     

Cincher    x   

Granular 

Butte      x 

Granite Sc    x   

Cerano      x 

Bolero      x 
 

 
 
 
Notes: 
(New W.G.) small seed, long awns  
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