
Project No. RR20-5 
 

 
ANNUAL REPORT 

COMPREHENSIVE RESEARCH ON RICE 
January 1, 2020 – December 31, 2020 

PROJECT TITLE: Weedy Red Rice Control in Rice  

PROJECT LEADER AND PRINCIPAL INVESTIGATORS: 

Project Leader: 
Whitney Brim-DeForest, CE Farm Advisor, Sutter, Yuba, Placer, and Sacramento Co. 
 
Principal UC Investigators: 
Kassim Al-Khatib, Professor, Department of Plant Sciences UC Davis  
Bruce Linquist, CE Specialist, Department of Plant Sciences, UC Davis  
Luis Espino, CE Farm Advisor, Colusa, Glenn, Yolo Co. 
Michelle Leinfelder-Miles, CE Farm Advisor, San Joaquin Co.  
 
Field and Greenhouse Operations: 
Ray Stogsdill, Research Associate, Department of Plant Sciences UC Davis 
Puja Uphadahay, Lab Helper, UCCE Sutter-Yuba 
Ryan Hall, Agricultural Technician, UCCE Sutter-Yuba 
 
Collaborators: 
Timothy Blank, California Crop Improvement Association, UC Davis  
 

LEVEL OF 2020 FUNDING: $42,156.00 

OBJECTIVES OF PROPOSED RESEARCH: 
1. To continue to assess the current distribution of CA weedy red rice  
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BACKGROUND:  
Weedy rice was re-discovered in California in 2016. Over the past four years, UCCE advisors 
and specialists have implemented a multi-faceted research and extension program, covering 
weedy rice genetics, phenotyping, surveying and sampling, and recently, in-the-field 
management, both in-season and over the winter. This report covers the weedy rice research 
conducted in 2020, as well as new results from further data analysis of experiments conducted in 
2019.  
 
OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO 
ACCOMPLISH OBJECTIVES: 
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Objective: To continue to assess the current distribution of CA weedy red rice 
 
1.1 Survey and Grower Interviews. 
Since the beginning of the 2016 season, the UCCE Rice Team has been working together with 
growers, Pest Control Advisers, and County Agricultural Commissioner’s offices to identify 
weedy rice infestations. By the end of the 2016 season, we had identified 5 distinct ecotypes 
(populations). The infested fields covered over 10,000 acres and were found in every major rice-
growing county in California, with the exception of Sacramento County. As of the end of 2018, 
the total acreage is up to 13,866 acres (Figure 1, Table 1). Butte County has the most acreage 
(3,365), with Sutter and Yuba the next most acreage (2,688 and 2,370 acres, respectively). 2019 
acreage has not yet been calculated, but the number of new fields found in 2019 was relatively 
low, so the acreage remains at approximately 14,000 acres. When taking into account the 
approximate total acreage of rice in California, approximately 500,000 acres, weedy rice 
infestations have been found on 2.8% of the acreage, a relatively small area, in comparison to 
other rice-growing regions of the world.  
 
Table 1. 2018 weedy rice acreage by county, and total acreage across all nine major rice-
growing counties.  

County 2018 Acreage 
Butte 3,365 
Colusa 795 
Glenn 926 
Placer 873 
Sacramento 354 
San Joaquin 659 
Sutter 2,688 
Yolo 1,836 
Yuba 2,370 
Total 13,866 
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Figure 1. The six populations of weedy rice found in California through the end of the 2018 
season, and distribution across the nine major rice-growing counties: Butte, Colusa, Glenn, 
Placer, Sacramento, Sutter, Yolo, and Yuba.   
 
The acreage by type is important to note (Table 2): Type 1 covers the most acreage, at 6,341 
acres. Since Type 1 is the most similar (phenotypically) to the medium-grain Calrose varieties 
(straw-hulled, awnless), it makes sense that growers and PCA’s would have difficulty identifying 
it, allowing it to spread easily. Type 2 is the second most widespread, with 4,093 acres. The 
widespread acreage of Type 2 may be related to the Both Types 4 and 6 are found at one site 
each.  
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Table 2. 2018 weedy rice acreage by weedy rice biotype (Types 1 to 6). Note: weedy rice type 7 
was found in 2019 and acreage is not listed in the table.  
 

Weedy Rice Biotype 2018 Acreage 
1 6,341 
2 4,093 
3 791 
4 161 
5 2,553 
6 148 

 
In 2017, we had a total of 53 samples submitted for testing, and 15 were confirmed to be weedy 
rice. The California Crop Improvement Association (CCIA) found eight seed fields infested with 
weedy rice (all were rejected as seed fields). Three of the fields were new medium-grain seed 
fields (never before been in the seed certification program); one field was a previously-certified 
medium-grain seed field; and four fields were specialty variety seed fields newly submitted to 
the QA program. In 2018, 25 samples were submitted. 5 were confirmed to be weedy rice, in a 
total of 4 sites (1 site had 2 types). One new biotype was found, Type 6. A preliminary 
phenotypic assessment describes its characteristics as: black-hulled, awned (awns are red in 
color), and it is tall (similar in height to types 1, 2, 3, and 5). It was found at only one location, in 
Butte County. In 2019, nine samples were submitted. Out of the nine samples, only 5 samples 
were weedy rice, mostly Type 1. One new biotype was identified, Type 7. It was found only at 
one location, in Butte County. The preliminary phenotypic assessment is: straw-hulled, awned 
(awns are red in color), no color on the nodes (stem), and a height that is similar to the 
previously-described types.  
 
In 2020, out of 31 samples submitted, six were confirmed to be weedy rice: three new sites, in 
Sutter (Type 1), Yuba (Type 1), and San Joaquin (Type 1). Three current locations had additional 
types, one location in Yuba, and two locations in Butte. Additionally, there were 4-5 samples 
that were questionable, and need to be further confirmed by shattering and dormancy testing in 
the lab. One type (found in both Yuba and Sutter) was straw-hulled, with awns, and is white-
pericarped and short-grained. Another sample (found in Yuba and Sacramento) was straw-
hulled, long-grained, with red pericarp, and no awns. Both potential new types shattered (in the 
greenhouse), but further testing is necessary to be sure. If the white-pericarped type turns out to 
be weedy (shattering with dormancy), it would be the first weedy rice type lacking red pericarp 
in California. A number of seed fields were also found contaminated with weedy rice (primarily 
Type 5) and were rejected. It is unknown at this time the primary means of weedy rice spread, 
but shared equipment (including airplanes) is strongly suspected.  
 
All previously-infested weedy rice fields (found since 2016), were re-surveyed in the 2020 
season and results will be reported in February-March 2021, in collaboration with the California 
Rice Commission.  
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1.2 In-Season Field Trials. 
Methods 
The research began in 2018 at the UC Davis Agronomy Field Headquarters. Due to constraints 
of field setup, the field was divided into three areas, each approximately 2/3 acre (approximately 
0.25 ha). The treatments were un-replicated in space but were replicated in time.  Treatments 
started in 2019 and repeated in 2020, as follows:  
 

1) Treatment 1 (Control) was seeded and maintained as is typical of most CA rice: pre-
germinated seed was broadcast into a flooded field. The plots were maintained with a 10-
cm flood up to approximately 1 month before harvest. 
2) Treatment 2 (Stale Seedbed) was managed with light tillage in the spring, followed 
by a flush of water to allow weedy rice germination. Approximately 2 weeks after the 
initial flush, the field was sprayed with glyphosate. 24-hours after the glyphosate 
application, the field was flooded to 10 cm, and rice was seeded into the flooded field.  
3) Treatment 3 (Crop Rotation) was seeded in rice in 2019 and managed in the same 
way as the continuously flooded treatment (Control). Due to problems with geese in 
2019, the treatment was also planted in rice in 2020.  

 
Within each treatment plot (basin), weedy rice biotypes 1, 2, 3, and 5 were seeded in plots (8 feet 
by 150 feet). Plots were replicated three times per biotype within each basin, in a Complete 
Randomized Design. A portion of each basin was also left weedy rice free, to allow for the 
collection of data on the rice variety without competition from weedy rice. 2018 was an 
establishment year for the weedy rice populations. In 2019, due to bird damage from 2018, 
weedy rice was again seeded onto the soil surface in the plots. Due to the late rains in the spring, 
fieldwork started later than normal this year. Tillage occurred twice, due to rain after the first 
tillage, to ensure that weedy rice seeds did not germinate before water was applied to the field. 
Before planting the rice, nitrogen was added at a rate of 150 lbs per acre in the form of urea. It 
was broadcast onto the soil surface and lightly harrowed to incorporate.   
 
After tillage and before planting, in both 2019 and 2020, soil samples (to assess the weedy rice 
seedbank) were taken from each 8 ft x 150 ft weedy rice plot. Samples were collected from the 
center of each plot, at 10’, 30’, 50’, 70’, 90’, 110’, and 130’ from the north end of each plot, to a 
depth of approximately 6 inches, for a total of 84 samples per basin. Soil samples were 
refrigerated until processing. A constant volume of 990-cm3 of soil was removed from each 
sample, which was the volue processed. Samples were processed by dissolving in them in a 
saline solution to extract the organic matter. Any undissolved soil was then washed through a 
strainer to ensure maximum seed extraction. All recovered rice seeds were subjected to a 
potassium hydroxide test (KOH test) to determine if they were red pericarped (red branned). All 
seeds testing positive for the KOH test were assumed to be weedy rice, since the soil samples 
were all collected from fields that were planted with brown pericarped varieties. 
 
In 2019, the Stale Seedbed treatment was flushed May 30, 2019, then the water was allowed to 
subside into the soil. It was flushed again on June 7, 2019. Once again, the water was allowed to 
subside, until the soil was dry enough to walk on. Volumetric Water content (m3 m-3) of the soil 
in the Stale Seedbed was monitored up until June 30, 2019 (Figure 2). Temperature sensors to 
measure soil temperature were also placed in each of the plots in the Stale Seedbed and Control 
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treatments. Glyphosate (Roundup WeatherMAX®) was applied to half of each weedy rice plot at 
a rate of 2.33 L ha-1 (32 fluid ounces per acre), which is the label recommended rate for weedy 
red rice control, on June 10, 2019. Wind speed was recorded at 1.10 m s-1 and the air temperature 
was recorded at 34.2 °C on the day of the application. The application was made using a CO2-
pressurized (30 PSI) hand-held sprayer equipped with a ten-foot boom and 8003 nozzles, 
calibrated to apply 20 gallons of liquid per acre. Two days after the application was made, on 
June 12, 2019, all three treatments were flooded to 10 cm deep. All treatments were then seeded 
with M-105 at 150 lbs per acre (with a Stihl SR 450 backpack sprayer) on June 13, 2019. The 
seed was pre-soaked for 24 hours prior to planting. Seed was also pre-treated with a 2.5% 
solution of Clorox bleach for 1 hour, to eliminate bakanae, prior to the 24-hour water soak.  
 
Penoxsulam (Granite GR®) was applied at a rate of 15 lbs per acre on June 25, 2019, with a 
Stihl SR 450 backpack sprayer, when the rice was at the 2.5 leaf stage. Per label instructions, 
water was held on the field for 15 days after application (no drain). The field was kept at a 
constant 10 cm deep from that time until drainage. The field was drained on September 26, 2019, 
so the soil could dry prior to harvesting.   
 
In 2020, the field was initially flooded on May 22, water was allowed to subside, and then on 
May 29, it was flushed again. Similar to 2019, a permanent flood of 10 cm was applied on June 
4, 2020, all three treatments were flooded to 10 cm deep. All treatments were then seeded with 
M-105 at 150 lbs per acre (with a Stihl SR 450 backpack sprayer) on June 13, 2019. The seed 
was pre-soaked for 24 hours prior to planting. Seed was also pre-treated with a 2.5% solution of 
Clorox bleach for 1 hour, to eliminate bakanae, prior to the 24-hour water soak.  
 
In 2020, due to grass control issues, (Cerano®) was applied at a rate of 10 lbs per acre on June 5, 
2020 (day after seeding) with the Stihl SR 450 backpack sprayer. Penoxsulam (Granite GR®) 
was applied at a rate of 15 lbs per acre on June 18, 2020, with a Stihl SR 450 backpack sprayer, 
when the rice was at the 2.5 leaf stage. Per label instructions, water was held on the field for 15 
days after application (no drain). The field was kept at a constant 10 cm deep from that time until 
drainage. The field was drained depending on timing of 50% heading, in each basin separately 
(maturity was variable in 2020, due to smoke cover and water temperature), so the soil could dry 
prior to harvesting (September 11-Stale Seedbed, September 23-Rotation, October 13-Control).  
 
Weedy Rice Emergence Counts 
To count weedy rice emergence, three circular rings (1 sq. ft per ring) were placed per plot, in 
each treatment basin, for a total of three replications of each weedy rice biotype per treatment 
basin. A system of boards on top of bricks was set up across the field to allow for counting 
without disturbing the soil or seed. Counts were taken daily, starting from the time of application 
of water on the field, and for 30 days after, when the emergence of weedy rice had stopped.  
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Figure 2. Volumetric water content (m3 m-3) of stale seedbed treatment (Treatment 2). In 2019, 
the field was flooded on May 30, then water was allowed to subside. A second flush occurred on 
June 7, and a permanent flood of 10 cm was applied on June 12. Volumetric water content (m3 
m-3) was similar in 2020 and was not differentiated for this report. In 2020, the field was initially 
flooded on May 22, water was allowed to subside, and then on May 29, it was flushed again. A 
permanent flood of 10 cm was applied on June 4.  
 
Harvest  
In 2019, severe geese damage occurred early in the season (June 26, 2019), destroying half of the 
field, including the section that was sprayed with glyphosate. Thus, yield data was impossible to 
collect. In lieu of that, biomass harvests (fresh and dry), tiller count, individual panicle weight, 
yield per plant (panicle and seed) were collected from each of the plots for each of the weedy 
rice biotypes, as well as for M-105 (in the absence of competition). Three random weedy rice 
plants were selected per plot, and tillers were counted in the field. Plants were harvested by 
sickle at approximately 1 inch above the soil surface. Fresh and dry biomass were collected (per 
plant). Total panicle weight per plant was measured, and 5 random panicles per plant were 
selected and weighed to get an estimate of individual panicle weight. Panicles were threshed, and 
seed weight was taken per plant. Weights were not adjusted for seed moisture due to insufficient 
seed amounts to measure (per plant). However, all measurements for all plants were taken on the 
same day, so it was assumed that any moisture loss was similar between plants. 
 
In 2020, geese damage was controlled (through fencing and bird balloons), but rat damage 
occurred in the east side of the field nearest to the Primate Facility, making it impossible to 
determine yields in the east half of the Stale Seedbed plot. Therefore, experimental procedures 
for harvest were the same as in 2019.  
 
Results 
Weedy Rice Seedbank 
Soil seedbank analysis in 2019 has been completed, and the soil seedbank analysis for 2020 is 
nearing completion at the timing of the writing of this report. Although not analyzed for 
significance, there are some differences between the treatments, as well as between the biotypes 
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(Table 3). This difference is evident even though the amount of plants transplanted and seeds 
spread of each biotype was constant in 2018-2019 for each basin, plot, and biotype.  
 
Likewise, there is variability within each plot, ranging from north to south (Table 4). The 
variability is common in weed populations, and reflects the spread of the plants across the field 
out from the seed sources (mature plants that have gone to seed) as well as the spring tillage, 
which moves seed around the top 10-15 inches of soil. Once the processing is completed for the 
spring 2020 sampling, we will be able to see the population dynamics over time, comparing the 
treatments and biotypes. 
 
Table 3. Weedy rice seeds (adjusted to seeds per 1000 cm3 of soil) per treatment per biotype, 
averaged across the 150 ft (39 m) long plots and three replications (plots) per basin per biotype.  
  

Seeds per 1000 cm3 
Type Control Rotation Stale Seedbed 

1 0.2 1.1 1.0 
2 1.2 1.1 1.2 
3 0.3 1.4 1.2 
5 1.9 0.8 0.5 

 
 
Table 4. Weedy rice seeds (adjusted to seeds per 1000 cm3 of soil) per treatment per biotype, 
averaged across the 150 ft (39 m) long plots and three replications (plots) per basin per biotype.  
  

Seeds per 1000 cm3 
Transect Control Rotation Stale Seedbed 
m from 
North 

Type 
1 

Type 
2 

Type 
3 

Type 
5 

Type 
1 

Type 
2 

Type 
3 

Type 
5 

Type 
1 

Type 
2 

Type 
3 

Type 
5 

3 0.0 0.0 0.0 0.0 1.3 0.7 1.7 1.3 0.7 3.0 4.4 1.0 
9 0.3 0.3 0.3 0.0 0.5 1.3 0.7 1.3 3.0 2.0 0.7 1.0 

15 0.0 0.3 0.7 1.0 0.3 0.0 0.0 1.0 0.0 0.7 0.0 0.0 
21 0.7 0.3 0.3 0.7 0.0 0.7 0.7 1.0 0.7 0.3 1.7 0.3 
27 0.3 0.0 0.0 0.3 1.5 0.3 0.3 1.3 0.0 0.7 0.0 0.0 
33 0.3 0.3 0.0 1.0 1.3 1.0 0.7 1.7 2.0 1.3 1.0 0.0 
39 0.3 0.7 0.3 1.0 1.3 1.3 3.4 3.7 0.3 0.0 0.3 0.0 

 
 
Weedy Rice Emergence Counts 
The weedy rice emergence differed between the two treatments (Figure 3). In the stale seedbed 
(flushed) treatment, the plants started emerging at around 9 days after watering in 2019. For the 
flooded treatment, emergence started around 8 days after watering. The difference may be due to 
a difference in degree-days between the two plots. Degree-day calculations will be made this 
year (2021), with the base temperature data generated by Liberty Galvin (Kassim Al-Khatib’s 
graduate student). There were differences between the number of plants that emerged in the 
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flooded field versus the flushed (stale seedbed) field. In the flushed field, Biotype 3 had as many 
as 5 plants per square foot, in comparison to approximately 2 plants per square foot in the 
flooded field. There were similar patterns found in the other biotypes. This is similar to data 
found with late watergrass species, where emergence is suppressed under anaerobic (flooded) 
conditions. Likewise, it confirms data collected by Liberty Galvin (a PhD student under Kassim 
Al-Khatib), which indicates that weedy rice cannot emerge from deep under the soil under 
flooded conditions. There appear to be differences between the biotypes, but the data needs to be 
adjusted for the soil seedbank counts, which will indicate whether the differences are due to real 
differences in emergence between the biotypes, or are an artifact of differing amounts of seed in 
the soil seedbank.  

 
Figure 3. Average weedy rice emergence (per ft2) for the Stale Seedbed (aka “Flushed”) 
treatment (Left) and the Rotation (aka “Flooded”) treatment (Right) in 2019.     
 
In 2020, the emergence timing was the same in the Stale Seedbed (flushed), as in 2019, emerging 
at approximately 8 days after water application on the field (Figure 4). In the flooded treatment, 
the plants emerged at around 9 days after watering in 2019, and at around 24 days in 2020. The 
difference may be explained by soil temperature. The number of emerged plants in the Stale 
Seedbed (flushed) treatment was almost 10 times higher in 2020 than in 2019 (across most of the 
biotypes), whereas the number of plants emerging in the flooded treatment decreased from 2019 
to 2020. The data appears to show that continuous flooding, without draining (for any reason) 
may have the potential to suppress weedy rice emergence, if it is repeated over time.  
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Figure 4. Average weedy rice emergence (per ft2) for the Stale Seedbed (aka “Flushed”) 
treatment (Left) and the Rotation (aka “Flooded”) treatment (Right) in 2020.     
In terms of the efficacy of the stale seedbed treatment in controlling weedy rice, the timing of the 
glyphosate application controlled the following amounts of weedy rice, per biotype (Figure 5): 
25% control of biotype 1, 75% control of biotype 2, 58% control of biotype 3, and 0% control of 
biotype 5.  In 2020 (Figure 6), although the spray was applied at the same timing (11 days after 
application of water on the field), the emergence patterns were quite different. The timing (based 
on the emergence curve) yielded 40% control of biotype 1, 26% control of biotype 2, 40% 
control of type 3, and 40% control of type 5. Some of the differences are likely due to differences 
in temperature, some may also be due to differences in soil moisture. Adjusting for degree-days 
may diminish the differences (data will be further analyzed in 2021).  
 
The timing will likely thus have to be adjusted per biotype, depending on the length of time each 
biotype requires to reach at least 90% emergence.  
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Figure 5. Average weedy rice emergence (%) for the Stale Seedbed treatment (A) and the 
Flooded treatment (B) in 2019. The glyphosate application is marked at 11 days after water was 
applied to the field (A).    
 

 
Figure 6. Average weedy rice emergence (%) for the Stale Seedbed treatment (A) and the 
Flooded treatment (B) in 2020. The glyphosate application is marked at 11 days after water was 
applied to the field (A).    
 

2019 
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Harvest  
A few trends emerged from the harvest data (Table 5): M-105 is more competitive under flooded 
conditions than under flushed conditions (greater biomass and panicle weight); Type 3 is also 
more competitive under flooded conditions than under flushed conditions; and Type 5 is 
generally less robust than other types across treatments, however it appears to do best under dry-
seeded conditions. No clear trends emerged for other biotypes. Colder temperatures in the 
continuously flooded check may be impacting rice growth and development, and it is unclear at 
this time how to mitigate that effect. Generally, 2020 plants were smaller than in 2019, this could 
be due to year-to-year differences in weather and smoky conditions. 2020 was slightly cooler, 
with less Photosynthetically Active Radiation (due to smoke cover) at UC Davis, for a long 
period of time (over 1 month) during the middle of the rice-growing season. It is unclear how the 
smoke affected both rice and weedy rice growth.  
 
Table 5. Harvest data for weedy rice biotypes 1, 2, 3, and 5 as well as variety M-105 for three 
different treatments (Stale Seedbed), Rotation (rice in 2019 and 2020), and Control (continuous 
flood) over 2019 (Year 1) and 2020 (Year 2). Tiller number, plant dry weight (biomass), panicle 
count, total panicle weight, per panicle weight, and seed weight per plant were recorded at 
harvest.   
    

TILLER 
NUMBER 

DRY WEIGHT 
(G) 

PANICLE 
COUNT  

TOTAL 
PANICLE 
WEIGHT 

(G) 

PER 
PANICLE 
WEIGHT 

(G) 

SEED 
WEIGHT 

(G) 

STALE 
SEEDBED 

M-105 Year 1  8.3 11.5 6.2 14.3 2.5 14.3 
Year 2 5.9 8.2 5.6 5.9 1.1 5.9 

Type 1 Year 1  16.2 24.4 15.7 35.3 2.2 30.6 
Year 2 5.5 8.0 4.3 6.6 1.1 6.0 

Type 2 Year 1  18.9 41.3 18.7 55.7 3.6 45.5 
Year 2 8.7 17.2 9.0 19.0 2.2 16.5 

Type 3 Year 1  16.7 25.8 16.2 32.2 1.9 27.4 
Year 2 3.3 5.9 3.3 3.4 0.6 2.8 

Type 5 Year 1  12.8 26.2 9.7 26.4 2.6 23.1 
Year 2 8.3 17.3 8.0 16.5 2.2 15.0 

ROTATION 
(RICE) 

M-105 Year 1  12.3 22.2 11.0 30.3 3.0 30.3 
Year 2 6.7 10.1 6.3 11.4 1.9 11.4 

Type 1 Year 1  19.7 33.4 20.3 48.4 2.6 38.0 
Year 2 9.4 28.3 9.2 22.4 2.0 19.2 

Type 2 Year 1  20.0 49.4 19.9 54.3 3.3 46.3 
Year 2 7.4 32.1 8.3 24.8 2.8 17.3 

Type 3 Year 1  33.1 46.9 32.1 55.3 1.7 47.3 
Year 2 16.8 55.2 16.4 35.9 2.0 29.8 

Type 5 Year 1  11.7 19.8 11.6 25.4 2.0 22.1 
Year 2 5.7 23.0 5.3 9.0 1.5 7.9 

CONTROL 
(FLOOD) 

M-105 Year 1  9.5 17.4 9.5 23.0 2.9 23.0 
Year 2 8.7 13.1 8.4 11.2 1.7 11.2 
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Type 1 Year 1  16.3 20.9 15.0 33.4 2.0 27.0 
Year 2 6.3 7.6 5.2 5.3 0.6 4.4 

Type 2 Year 1  13.0 24.8 13.0 33.8 2.4 25.5 
Year 2 10.7 34.4 10.7 18.5 1.3 15.3 

Type 3 Year 1  25.4 30.3 23.9 40.2 1.6 34.7 
Year 2 10.9 24.2 10.8 11.6 2.8 9.7 

Type 5 Year 1  6.1 9.7 5.4 13.9 2.1 10.9 
Year 2 8.0 20.9 7.9 11.2 1.3 10.2 

 
 
1.4 Over-Wintering Experiment 
Over-Wintering Experiment 
The research is taking place outdoors over the winter (October through March) at a fenced site 
on Colusa County property, in Colusa, CA. The experiment began in fall 2019, and the first year 
finished in the spring of 2020. It is being repeated in the winter of 2020 through spring of 2021. 
Since winter flooding in the field is not possible, the experiment was set up in wading pools, 
similar to a recent experiment that Luis Espino and Larry Godfrey conducted on an invertebrate, 
soil-borne pest, tadpole shrimp (unpublished data). Homogenized rice-field soil was placed about 
6 inches deep into the tubs. Burning of rice straw was attempted in 2019, but the mesh bags and 
labels were destroyed by the fire, so a separate experiment to test the efficacy of fall burning will 
be explored in 2020. As of the writing of this report, an experiment to test the efficacy of burning 
(on all weed species in rice) was written for funding through the Western SARE grant program. 
It unfortunately was not funded.  
 
The experiment was set up as a Randomized Complete Block Design (RCBD). The two main-
plot treatments to tested are as follows: 

1) Control: ambient winter conditions; 
2) Flooding: flooded to 3-4 inches above the soil surface in October, and maintained 
through February 

 
In November of 2019, 100 seeds each of weedy rice types 1, 2, 3, and 5 were buried in mesh 
bags, at two depths: at the soil surface and buried approximately 6 cm deep. M-206 was also 
utilized as a control. In total, there were eight replications of each treatment and depth, of each 
weedy rice type as well as M-206. Bags of weedy rice that were not buried in the soil (from the 
same seed source), were allowed to remain at room temperature in the lab as well and were 
subjected to the same germination/viability testing. Bags were removed at 1-month intervals: 
December 2019, January 2020, and February 2020. Removed seeds were placed in an incubator 
at 30⁰ C as soon as they were removed from the soil. They were kept constantly moist, and 
germination counts were taken at 7 days and at 14 days after placement in the incubator. At 14 
days, any seeds that had not germinated were assessed for viability and dormancy. Remaining 
seeds were gently pressed, and if seed contents evacuated from the seed coat, seeds were rated as 
“dead’. Seeds that did not evacuate from the seed coat were cut in half (lengthwise) and placed in 
a solution of 1% Tetrazolium. Approximately 24 hours after placement in the solution, seeds 
were evaluated for staining of the embryo. If the embryo was stained red, seeds were assumed to 
be viable. Seeds that were still viable after 14 days of incubation, and had not germinated, were 
assumed to be “dormant”.  
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The second year of the experiment started in November 2020 and will continue through February 
of 2021.  
 
Results 
Over-wintering Experiment 
There were changes over the 3-month period, both in terms of seed viability (germination), 
death, and dormancy, regardless of the treatment (ambient/control or flooding). Generally, there 
was in increase in death/dormancy, and a decrease in germination. However, there were some 
differences depending on the weedy rice type (Figure 7 and Figure 8). As expected, the M-206 
had almost no dormancy, regardless of treatment or time in the soil. Likewise, the germination 
rate decreased over time and the proportion of dead seeds increased over time, which is 
consistent with M-206 being a domesticated rice variety (little to no dormancy). Type 5 weedy 
rice, which in previous studies was shown to be most closely related to domesticated California 
varieties (with low dormancy), showed similar behavior to M-206 (no increase in dormancy over 
time, increased seed death). Type 1 showed increased dormancy over time when buried in the 
soil at 6-cm, both in the flooded and control (ambient) conditions, as did Type 2, but to a lesser 
degree (smaller percentage of seeds when compared to Type 1). Type 3 showed an increase in 
dormancy over time only under control (ambient) conditions, when buried at 6-cm. Type 1, Type 
3, and Type 5 showed increased mortality over time when buried at 6-cm under ambient 
conditions. Type 2 showed similar mortality under all field conditions over time.  
 
At 90 days after burial (Figure 9, and Figure 10), all of the types had higher mortality under 
ambient conditions than under flooded conditions. The burial depth did make a difference, 
however, with seeds buried at 6 cm showing slightly higher mortality for Type 1, Type 3, and 
Type 5 (under both ambient and flooded conditions). Type 2 was the opposite, with mortality 
being slightly higher when at 2-cm (under both ambient and flooded conditions). Germination 
was higher when seeds were at the 2-cm depth (across all biotypes, and for both flooded and 
ambient conditions). Dormancy was higher when seeds were buried at 6-cm, for Types 1, 2, and 
3, with slightly higher dormancy under ambient conditions for Types 2 and 3. Type 5 had no 
dormancy, regardless of treatment.  
 
Evidence from the southern United States found that weedy rice seeds under flooded winter 
conditions showed greater mortality than those under ambient conditions. The difference 
between the two locations could be due to the fact that in California, winter conditions generally 
involve rain, so even fields that are not purposefully flooded often are waterlogged. However, 
further investigation is necessary to be able to draw conclusions from the data.  
 
 
Objective: To ensure research results and best management practices are available to 
stakeholders 
3.1 Publications and Media. Over the course of the 2016-2020 seasons, a number of extension 
publications were published through several different channels, including an identification 
brochure and poster, which were published with the assistance of the California Rice 
Commission (CRC). Likewise, a weedy rice-specific website, www.caweedyrice.com was also 
launched at the beginning of the 2017 season (with the CRC). Two videos were created and 

http://www.caweedyrice.com/
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published on YouTube with the assistance of the CRC: both were focused on weedy rice 
identification in the field. UCCE launched a weedy rice-specific email listserv, which provided 
periodic updates of research and other information pertinent to weedy rice, over the course of the 
2017, 2018, 2019, and 2020 seasons. A Weedy Rice Reporter App (for iOS and Android) was 
developed to allow reporting of weedy rice infestations. In both 2017, 2018, 2019, and 2020 
several blog posts were published on the UCCE Rice blog, as were several updates in the UCCE 
County Newsletters. There have also been trade journal articles, published in CAPCA Adviser.  
 
3.2 Meetings and Field Days. Our UCCE Winter Rice Grower Meetings featured one talk on 
weedy rice in January 2017, two talks in January 2018, one talk in January 2019, and one in 
2020. A weedy rice table with plants and other materials was displayed from 2016-2019 at the 
Rice Experiment Station’s Annual Rice Field Day. The Rice Weed Course featured one talk on 
weedy rice in 2019, and a weedy rice identification interactive session as well. In 2019, Luis 
Espino and Whitney Brim-DeForest held two weedy rice specific workshops. One was 
invitation-only, and representatives from all rice-breeding facilities in California were invited to 
discuss the genetics of weedy rice, as well as means of preventing the importation of new weedy 
rice plants into California. A second workshop, open to the public, was held to update growers 
and PCA’s on research and identification for weedy rice in California. In 2020, two virtual 
updates were given, one at the Virtual Rice Field Day (125 attendees), and one at the Sacramento 
Valley CE Webinar (65 attendees). The videos from the virtual field days will be published on 
YouTube for viewing.  
 
PUBLICATIONS OR REPORTS: 

• De Leon, Teresa; Karn, Elizabeth, et al. (2019). Genetic variation and possible origins of 
weedy rice found in California. Ecology and Evolution. 9:10, 5835-5848.  

• Karn, E., De Leon, T., Espino, L., Al-Khatib, K., & Brim-DeForest, W. (2020). Effects of 
competition from California weedy rice (Oryza sativa f. spontanea) biotypes on a 
cultivated rice variety. Weed Technology, 1-9. doi:10.1017/wet.2020.35 

• Karn, E., De Leon, T., Espino, L., Al-Khatib, K., & Brim-DeForest, W. (2020). 
Phenotypic Diversity of Weedy Rice (Oryza sativa f. spontanea) Biotypes Found in 
California and Implications for Management. Weed Science, 68(5): 485-495. 

• Brim-DeForest, W., Karn, E., Bhagirath, S., Espino, L. (In press). Survey of rice growing 
practices identifies perceptions and management of weeds and weedy rice. California 
Agriculture.  
 

AWARDS: 
The paper entitled “Phenotypic Diversity of Weedy Rice (Oryza sativa f. spontanea) Biotypes 
Found in California and Implications for Management.” was selected as the “Outstanding Paper 
of the Year” by the Weed Science Society of America, for the journal Weed Science for 2020.   

 
GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 
The past four seasons of work on the weedy rice populations in California yielded information 
regarding the number of weedy rice populations as well as the approximate distribution of those 
populations. In the past 4 years, we have identified over 13,000 infested acres and 7 biotypes, 
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with 1-2 possible new biotypes identified in 2020. Genetic analysis confirmed that the five 
biotypes discovered in 2016 were genetically and morphologically distinct from one another. 
Comparison to weedy rice populations from around the world has begun to elucidate the possible 
pathways for introduction of weedy rice into California, as well as giving insight into prevention 
of its spread. Information on dormancy and shattering has allowed UCCE advisors to begin to 
give management recommendations based on which population is found in a field. Competition 
experiments and growth potential experiments in the greenhouse yielded specific reductions in 
several yield components, some of which differed between biotypes. In 2018, a preliminary 
drone flight with the IGIS Center at UC Davis was not able to distinguish between rice, weedy 
rice, and other weed species, including watergrass. Work continued in 2019 with the drones, but 
results were shared in the report entitled “Evaluating the potential for aerial imagery in detecting 
weedy rice in California rice fields”. We have completed two years of field studies which show 
population dynamics and emergence of weedy rice under field conditions. The first year of the 
overwintering experiment showed differences between biotypes, in response to winter flooding, 
as well as fall tillage. Our extension program has reached approximately 3,000 growers, PCAs, 
and county agricultural biologists. Effective teamwork with the rice industry enabled information 
to be passed on to as many stakeholders as possible, through a variety of publication and meeting 
formats.  
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Figure 7. Average percentage of dormant seeds (over 8 replications per type/variety) still viable 
after 14 days of incubation (subjected to 1% Tetrazolium test), when removed at 30, 60, and 90 
days after placement in the soil. 

0%

5%

10%

15%

20%

30 days 60 days 90 days

Control M-206 2-cm Control M-206 6-cm

Flood M-206 2-cm Flood M-206 6-cm

Non-buried  M-206

0%

5%

10%

15%

20%

30 days 60 days 90 days

Control Type 1 2-cm Control Type 1 6-cm

Flood Type 1 2-cm Flood Type 1 6-cm

Non-buried  Type 1

0%

5%

10%

15%

20%

30 days 60 days 90 days

Control Type 2 2-cm Control Type 2 6-cm

Flood Type 2 2-cm Flood Type 2 6-cm

Non-buried  Type 2

0%

5%

10%

15%

20%

30 days 60 days 90 days

Control Type 3 2-cm Control Type 3 6-cm

Flood Type 3 2-cm Flood Type 3 6-cm

Non-buried  Type 3

0%

5%

10%

15%

20%

30 days 60 days 90 days

Control Type 5 2-cm Control Type 5 6-cm

Flood Type 5 2-cm Flood Type 5 6-cm

Non-buried  Type 5



Project No. RR20-5 
 

 
Figure 8. Average percentage of dead (non-viable) seeds (over 8 replications per type/variety) 
after14 days of incubation when removed at 30, 60, and 90 days after placement in the soil. 
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Figure 9. Percentage of total seeds after 90 days for each weedy rice biotype that were dead 
(purple), dormant (green), germinated after 7 days (blue), and germinated after 14 days (red) 
under flooded conditions, buried at 2-cm and 6-cm depth.  
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Figure 10. Percentage of total seeds after 90 days for each weedy rice biotype that were dead 
(purple), dormant (green), germinated after 7 days (blue), and germinated after 14 days (red) 
under ambient conditions (control), buried at 2-cm and 6-cm depth.  
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