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OBJECTIVES OF PROPOSED RESEARCH:
1. To assess the current distribution of CA weedy red rice by conducting a survey along with
grower interviews, and from the survey, to generate a genetic analysis and morphological
analysis of weedy red rice in CA
2. To expand our knowledge of weedy red rice ecology including response to burial in the soil,
longevity in the seedbank, and germination and emergence patterns during the season
3. To disseminate pertinent results and best management practices to rice growers and other
stakeholders
OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO
ACCOMPLISH OBJECTIVES:
Objective: To survey the distribution of weedy red rice in CA and generate genetic analyses of
weedy red rice populations
1.1 Survey and Grower Interviews.
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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) (Figure 1). 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 (Figure 2).
Over the winter of 2017, after the large and unexpected number of weedy rice infestations found
in 2016, we decided to conduct an informal survey to determine how many more infestations
were likely. We surveyed 160 growers and PCA’s at 5 meetings in 4 counties (Butte, Glenn,
Colusa and Sutter). Responses were anonymous, collected using TurningPoint clickers.
Responses were averaged over the 5 meetings. The questions all concerned weedy rice
infestations: 40% responded that they had previously suspected that a field was infested with
weedy rice; 49% of those respondents had seen it prior to 2016. 57% of the respondents that had
seen weedy rice had not reported the infestation to UCCE. The survey results indicate that the
number of infested fields is likely considerably greater than the reported fields in 2016.
The surveys and submissions continued in 2017, with good participation. Many growers, PCA’s
and County Ag Biologists submitting fields or samples for testing. By the time of the writing of
this report, in December 2018, we had a total of 53 samples submitted for testing. Thus far, 15
were confirmed to be weedy rice, while 7 are still pending genetic testing. The remaining 31
were determined to be not weedy. The California Crop Improvement Association (CCIA) began
their first year of the new seed law and Quality Assurance (QA) Program, and found eight seed
fields infested with weedy rice (all were rejected as seed field). 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.
Soil Sampling and Grower Interviews
In fall 2016, nine growers were identified that had large weedy rice infestations. All ecotypes
were represented except for ecotype 4, and all counties were represented, except for Yolo
county. One field without a weedy rice infestation was also sampled, to ensure the seed
extraction methodology was not biased.
After the fields were harvested, soil samples were taken in each field. A 680-foot transect was
measured in each field, and soil cores of equal volume were collected at every 20 feet, for a total
of 34 samples per field. Soil cores were refrigerated until processing. Cores 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. 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.
The number of seeds were averaged across the soil samples per field, to determine the amount of
seed per meter squared of soil (to a depth of 0.25 meters) and the percentage of samples
containing seeds were also calculated (Table 1). The same fields were again sampled in fall of
2017, after harvest.
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Results
The number of seeds per volume varied considerably between fields, as did the percentage of
cores containing seeds. In general, the longer the length of time that the field was infested, the
more weed rice seeds were found in the soil. Growers that were taking steps to reduce the
infestation tended to have lower seed counts as well. Once we also have the data from 2017, it
will allow us to make some inferences about grower practices and the effect they are having on
reducing seed in the soil seedbank.
Table 1. Weedy rice seed counts from soil samples collected in Fall 2016.
County
Butte
Sutter
San Joaquin
Glenn
Yuba
Sutter
Colusa
Colusa
Sutter
Yolo

Type
1
1
1
1
2
2
3
3
5
Control

Seeds m-2

Samples Present
13.4
1.0
9.9
2.0
12.4
2.0
1.0
3.0
16.8
0.0

41%
6%
32%
9%
21%
12%
6%
18%
42%
0%

Genetic and Morphological Analyses.
Methods: Genetics
In 2006, a total of 102 weedy red rice were collected from Glenn, Colusa and Sutter counties by
A. Fischer. These weedy red rice collections were planted in the greenhouse of the Rice
Experiment station. At the two-leaf stage, leaf tissues were collected and DNA was extracted.
Using 17 SSR markers, the 102 weedy red rice collections were genotyped. Cluster analysis
grouped the 2006 collections into three groups and indicated redundancy of entries. From which,
we selected 16 entries and planted them with 28 weedy red rice collected in 2016 at UC Davis
greenhouse. Along with CA weedy red rice collections, 20 weedy red rice from the Southern US
(AR, MS, MO, LA, TX), 8 wild rices, 7 temperate japonicas, 3 tropical japonicas, 5 indicas, 5
aus, and 4 specialty rices were DNA profiled (for a total of 96 samples).
Genotyping is still on-going to cover a genome-wide survey of DNA profile for each weedy red
rice. After PCR amplification, the products were resolved in 6% polyacrylamide gel using the
ABI 377 DNA sequencer. The differences in the alleles between sample were scored as 1 or 0 for
the presence or absence of allele, respectively. To inquire the number of ecotypes and possible
origin of CA weedy rice, the genotype data were used in the construction of genetic tree by
UPGMA hierarchical cluster analysis using NTSYSpc version 2.21r and DARwin v6. To date, a
total of 51 SSR markers that were distributed in the 12 chromosomes of rice were completed and
used in genetic analysis.
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Principal component analysis will be employed to confirm the phylogenetic grouping of weedy
rice. AMOVA or analysis of molecular variance and genetic distance will be analyzed using
GenAlEx to assess the genetic diversity of CA weedy red rice.
Methods: Morphology
The California weedy red rice collections and other rice groups were allowed to grow and mature
in the greenhouse at UCD. For each entry, five plants were grown and characterized for
morphological and physiological attributes to identify weedy traits that will aid in early
differentiation between weedy rice and cultivated rice varieties. Qualitative traits such as leaf
sheath, node, auricle, ligules and pericarp color were recorded and converted into numerical
scores. Flowering date was noted for each panicle when 2-3 cm of the panicle emerged from the
boot. Thirty-five to 40 days after flowering when grains were physiologically matured and had
about 14% moisture content, panicles were harvested. Seed shattering was evaluated using a
digital force gauge. Briefly, five panicles from five plants per collection were selected. From
which, the top five seeds per panicle were pulled one at a time from the panicles to measure the
amount of force required to break grain from the panicle. Immediately following seed shattering
evaluations, twenty seeds per panicle were sowed in wet paper towels and incubated at 30⁰C for
7 days. The number of seeds germinated were then recorded to assess the level of seed dormancy
in CA weedy rice and cultivated rice varieties. The seed dormancy test was repeated at least
three times per collection or variety.
From the genetic study, at least five genetically distinct ecotypes of weedy rice were identified.
Type 1 are short grain, strawhull without awn, type 2 are medium grain bronzehull without awn,
type 3 are medium grain strawhull with long awn, type 4 is short grain blackhull with long awn
and type 5 are an admixture of medium and long grain strawhull, partially awned. To understand
the differences between ecotypes and cultivated rice varieties, MANOVA was implemented.
Correlations of traits and discriminant analyses were employed to confirm the ecotype
classifications of weedy rice. All data are presented as group mean phenotype. To see the
stability of traits, the weedy red rice collections and other rice groups were planted for the
second repeat of the experiment.
Results: Genetics
At least five genetically distinct ecotypes of weedy rice were identified in California based on 24
SSR markers (165 alleles) (Figure 3). The ecotypes were differentiated based on the hull color,
grain type, and pubescence. Cluster 1 grouped all the medium-grain bronzehull (type 2) ecotypes
that furtherly differentiated into pubescent and partially pubescent type. Cluster 2 is composed
of medium-grain strawhull with long awn (type 3). The short-grain blackhull awned ecotype
(type 4) separated from this cluster. Cluster 3 (type 1) consists of the awnless short-grain
strawhull weedy rice. Cluster 4 (type 5) is an admixture of medium and long grain strawhull type
with variable awn length. The specialty rice grouped together with bronzehull weedy rice
ecotype indicating very close genetic relatedness.
In general, CA weedy rice ecotypes 2, 3, and 4 are related to the Southern strawhull (SH) weedy
rice while ecotype 1 is closely related to Aus and black-hulled awned (BHA) from the South.
These findings support earlier report of weedy rice introductions to CA by contamination of
imported seeds from the South. The introduced weedy rice likely became adapted to CA and
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became genetically distinct from the Southern weedy rice. The phenotypic variability of ecotype
5 and clustering with temperate japonica suggests possible outcrosses or natural hybridization of
existing weedy rice with cultivated CA varieties.
Overall, the diversity of CA weedy rice ecotypes reflects multiple possible origins, thus
indicating the complexity of control measures to implement. The movement and sharing of seeds
between growers, between counties and incoming rice seeds to California should be monitored
closely to prevent the spread of weedy rice. Moreover, strict implementation of “certified seed
only” usage should be practiced to avoid further hybridization of CA weedy rice and cultivated
rice varieties. The results presented here are all preliminary. The topology of genetic tree may
still change with the addition of more SSR and weedy-trait related markers.
Results: Morphology
CA weedy rice collections showed significant diversity in terms of seed hull color, grain type
and awn length. The genetic classification of weedy rice were confirmed by discriminant
analysis (Figure 4), and the CA rice varieties were phenotypically distinct from CA weedy rice
based on 14 morphological traits. MANOVA tests for the hypothesis of no overall ecotype effect
indicated significant differences among ecotypes (p-value=<0.0001) (Table 2). Significant
differences were observed among ecotypes and rice varieties in morphological (pubescence, hull,
bran, auricles, node colors and plant height) and physiological traits (chlorophyll content,
heading date, seed shattering and dormancy). All ecotypes have red pericarp and pubescent
leaves. All weedy rice ecotypes have lower chlorophyll content (pale green leaves) than
cultivated varieties (Figure 5). All are taller than cultivated rice (Figure 6). Blackhull (type 4)
and bronzehull (type 2) weedy rice were both early flowering types (Figure 7), although the
results are preliminary. Medium grain, strawhull (type 3) ecotypes flowered at the same time
with cultivated rice varieties while short grain strawhull (type 1) and admixture (type 5) weedy
rice were late flowering. All weedy rice types exhibit high degrees of shattering, with the
exception of type 5.2 (Figure 8). Types 1, 3, and 4 all have high degrees of dormancy, while
types 2 and 5 have lower dormancy, much closer to the cultivated varieties (Figure 9).
Table 2. Plant characteristics of weedy rice ecotypes and cultivated rice varieties (CARV).
PUB

AWN

HULL GRAIN BRAN LS

AURI

LIG

NODE CHL

PH

HD

SHAT DORM

CARV

N
6

1.5

2.0

1.0

1.8

1.0

1.0

1.0

1.0

1.0

29.5

79.3

62.2

18.5

Type 1

6

2.5**

1.0

2***

1**

2***

1.3

1.0

1.0

1.0

23.8** 140.2*** 79.8*** 3.7

3.2***

Type 2

18

2.7*** 1.2

3***

1.9

2***

1.2

1.2

1.0

1.2

25.8*

10.6

89.9

Type 3

10

2.0

4***

2***

2.0

2***

1.0

1.0

1.0

1.0

22.8*** 117.7*** 61.7

4.8

4.6***

Type 4
Type 5

1
11

2.0

4***

4***

1.0

2***

2.0

1.0

1.0

1.0

26.0

2.0

27.0

2.1

2.2

2.2*** 2.3

2*

1.2

2.2**

24.7** 107.4*** 68.7

32.1

70.7

Ecotype effect
(Pr>F)

2.2*** 1.8**

121.9*** 58.2

99.0

55.0

72.2

<.0001 <.0001 <.0001 <.0001 <.0001 0.0001 0.0039 0.6079 <.0001 <.0001 <.0001 <.0001 0.0125 <.0001

N, number of rice entries. PUB, pubescence. HULL, hull color. GRAIN, grain type. BRAN, pericarp color.
LS, leaf sheath color. AURI, auricle color. LIG, ligule color. NODE, internode color. CHL, chlorophyll
content. PH, plant height. HD, days to heading. SHAT, shattering, DORM, percent germination.
*Significantly different to CARV at 0.05, **significant at 0.01, and ***significant at 0.0001 probability level.
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Conclusions
The implications of these physiological characteristics for management are summarized in Table
3. Types 1, 3 and 4 are high dormancy and high shattering. If allowed to shatter onto the soil
surface, and are subsequently tilled under, the seeds can potentially remain in the soil for many
years. Based on studies from the southern US, the duration of time in the soil may be as long as
10 years. Types 2 and 5 are low dormancy and high shattering. Low dormancy may indicate that
the seeds will persist for less time in the soil (likely less than 10 years), although the exact
duration of time is needs to be further researched.
Table 3. Characteristics of the five California weedy rice populations as related to duration of
time in the soil.

Objective: To expand current knowledge of weedy red rice ecology
1.2 Dormancy and Germination.
The dormancy experiment was carried out as a component of the morphological analysis
(Objective 1.1). The germination portion of this experiment has not yet been started, but will be
conducted by a graduate student, Liberty Galvin, for her PhD under Kassim Al-Khatib.
Seed Viability and Longevity. These experiments have not yet started, but will be conducted by
a graduate student, Liberty Galvin, for her PhD under Kassim Al-Khatib.
Emergence and Growth. These experiments have not yet started, but will be conducted by a
graduate student, Liberty Galvin, for her PhD under Kassim Al-Khatib.
Competition Studies.
This experiment began in summer 2017, and will continue through March 2018. The first
replication was harvested at the beginning of December, and three more replications are
currently running in the greenhouse.
Methods
All five of the weedy rice ecotypes were planted in pots in ever-increasing densities, with M-206
planted at a constant density, of 5 plants per pot. Weedy rice ecotypes were planted at 0, 1, 2, 3,
and 5 plants per pot, planted in a consistent pattern for each density. Weekly measurements of
tiller number and plant height were taken for each plant in each pot, up to 12 weeks after
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planting. At maturity of the M-206, several measurements were taken: aboveground fresh and
dry biomass of both the weedy rice and the M-206, panicle number, tiller number, final plant
height, and yield per plant (M-206). Once all four replications have been harvested, the effects of
each weedy rice ecotype on M-206 growth and yield will be determined.
Herbicide Susceptibility.
This series of experiments were carried out starting in the summer of 2017. Preliminary
evaluations of all currently registered pre-emergent rice herbicides and all post-emergent
granular and foliar-applied registered rice herbicides were conducted to determine if there were
any herbicides that might have a negative effect on weedy rice growth. Goal 2XL (oxyfluorfen)
was also included in the experiments, due to the ongoing research on Roxy rice (a medium-grain
variety resistant to oxyfluorfen). Potential herbicides known to cause mortality to rice were also
selected to test for efficacy on weedy rice spot-treatments.
Pre-emergent herbicides: Methods and Results
All weedy rice ecotypes (1-5), as well as Roxy (oxyfluorfen-resistant rice), and M-206 were
tested. Pre-germinated rice seeds were planted to a depth of approximately 1 cm in clay soil, at a
rate of 5 seeds per pot. Herbicides were applied using a cabinet track sprayer with an 8001-EVS
nozzle delivering 40 gallons of spray solution per acre, one day after planting. Pictures and
visual evaluations were taken 23 days after spraying. Rates were as follows: Prowl
(pendimethalin) at 2 pts/A, Abolish (thiobencarb) at 2 qts/A, and Goal 2XL (oxyfluorfen) at 2
pts/A.
There was no effect of any of the pre-emergent herbicides on any of the weedy rice ecotypes
(Figure 10).
Post-emergent granular herbicides: Methods and Results
All weedy rice ecotypes (1-5) and M-206 were tested. Pre-germinated rice seeds were planted to
a depth of approximately 1 cm in clay soil, at a rate of 5 seeds per pot. Herbicides were applied
into the water at 10 days after planting, when the rice was at the 1-2 leaf stage (approximately).
Water depth for herbicide application was 10 cm above the soil surface, and that depth was
maintained throughout the experiment. Pictures and visual evaluations were taken 14 days after
application. Rates were as follows: Bolero (thiobencarb) at 23.3 lbs/A, Cerano (clomazone) at 12
lbs/A, Butte (benzobicyclon + halosulfuron) at 7.5 lbs/A, and Granite GR (penoxsulam) at 15
lbs/A.
Bolero stunted weedy rice type 1 by about 50% (Figure 11). There were no visual injuries from
the remaining herbicides. Bolero also stunted weedy rice type 2 by about 50% (Figure 11), but
again, there were no visual injuries from the remaining herbicides on weedy rice type 2. Bolero
also stunted weedy rice type 3 by about 35% (Figure ?11), and Cerano caused visible bleaching
of the leaves. There were no visual injuries from the remaining herbicides. Cerano caused visible
bleaching of the leaves on weedy rice type 4 (Figure 11), but there were no other injuries from
the remaining herbicides. There was no effect of any of the herbicides on weedy rice type 5.
Post-emergent foliar herbicides: Methods and Results
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All weedy rice ecotypes (1-5), as well as Roxy (oxyfluorfen-resistant rice), and M-206 were
tested. Pre-germinated rice seeds were planted to a depth of approximately 1 cm in clay soil, at a
rate of 5 seeds per pot. Herbicides were applied using a cabinet track sprayer with an 8001-EVS
nozzle delivering 40 gallons of spray solution per acre. Applications were made 14 days after
planting, when rice was at the 2-leaf stage (approximately). Treated plants and pots were flooded
to a depth of 10 cm above the soil surface at 48 hours after application. Pictures and visual
evaluations were taken one month after application. Rates were as follows: Goal 2XL
(oxyfluorfen) at 2 pts/A, Stam (propanil) at 8 lbs a.i./A, and Regiment (bispyribac-sodium) at 0.8
oz/A. Surfactants were used at the labeled recommended rates.
Goal 2XL provided complete control of all weedy rice ecotypes except type 5 (Figure 12). Stam
(propanil) and Regiment provided no control (there was no visible injury to any of the weedy
rice types).
Spot-Spraying Foliar Herbicide Testing: Methods and Results
All weedy rice ecotypes (1-5), as well as Roxy (oxyfluorfen-resistant rice), and M-206 were
tested. Pre-germinated rice seeds were planted to a depth of approximately 1 cm in clay soil, at a
rate of 5 seeds per pot. Herbicides were applied using a cabinet track sprayer with an 8001-EVS
nozzle delivering 40 gallons of spray solution per acre. Applications were made one month after
planting, when rice was at the tillering stage (approximately). Treated plants and pots were
flooded to a depth of 10 cm above the soil surface at 48 hours after application. Pictures and
visual evaluations were taken two weeks after application. Rates were as follows: Clethodim
2EC (clethodim) at 32 fl oz/A, Gramoxone SL (paraquat) at 4 pts/A, Pursuit (imazethapyr) at 4
pts/A, Liberty (glufosinate) at 82 fl oz/A, and Roundup PowerMax (glyphosate) at 32 fl oz/A
(525 g a.e./A).
Clethodim, paraquat and glufosinate provided complete control of all weedy rice types (Figure
13). Imazethapyr did not provide any control (Figure 13), which have been due to the timing of
application (imazethapyr is usually applied early in the season for weedy rice control). Control
with glyphosate was variable, with complete control of types 1 and 2, but only partial control of
types 3, 4, and 5 (Figure 13). The possibility of glyphosate resistance is being further tested (see
Determination of Lethal Dosage for possible glyphosate-resistant Weedy Rice Ecotypes: 3, 4, 5).
Clethodim Spot-Spraying in the Field: Methods and Results
To test the efficacy of clethodim under field conditions, we conducted a spot-spray application of
SelectMax (clethodim) in an infested field in Glenn county. The field was infested with weedy
rice type 3. Applications were made when the weedy rice was at the tillering stage, using a
handheld backpack sprayer. Ten plants were sprayed with each combination of surfactant and
timing. SelectMax (clethodim) was mixed with either a non-ionic surfactant (NIS) or a crop oil
concentrate (COC) and applied at two different durations. The treatments were as follows:
Treatment 1: 3 second duration spray of 2/3% V/V SelectMax + 0.25% V/V NIS
Treatment 2: 5 second duration spray of 2/3% V/V SelectMax + 0.25% V/V NIS
Treatment 3: 3 second duration spray of 2/3% V/V SelectMax + 1% V/V COC
Treatment 4: 5 second duration spray of 2/3% V/V SelectMax + 1% V/V COC
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Visual evaluations of control of the weedy rice and damage to surrounding non-weedy rice were
taken at 8, 18 and 25 days after treatment (DAT). For all treatments, the damage to surrounding
rice extended no more than 9.6 inches. A longer duration spray provided better control when
using NIS (5 seconds) (Figure 14). Treatments with COC as surfactant provided better control
than treatments with NIS, regardless of duration (82% control for treatment 3, and 93% control
for treatment 4) (Figure 14).
Determination of Lethal Dosage for possible glyphosate-resistant Weedy Rice Ecotypes: 3, 4, 5
Weedy rice ecotypes 3, 4, and 5, and M-206 were tested. Pre-germinated rice seeds were planted
to a depth of approximately 1 cm in clay soil, at a rate of 5 seeds per pot. Two replications were
made for each glyphosate rate. Herbicides were applied using a cabinet track sprayer with an
8001-EVS nozzle delivering 40 gallons of spray solution per acre. Applications were made two
weeks after planting, when rice was at the 2-leaf stage (approximately). Treated plants and pots
were flooded to a depth of 10 cm above the soil surface at 48 hours after application. Pictures
and visual evaluations were taken two weeks after application. Rates were as follows: RoundUp
PowerMax (glyphosate) at 1X (525 g a.e./A), at 2X (1050 g a.e./A), at 4X (2100 g a.e./A) and at
8X (4200 g a.e./A).
All weedy rice types and M-206 showed inconsistent reactions to glyphosate at 1X and 2X rates
(Figure 15). 4X and 8X are lethal to both rice and weedy rice. This may indicate that resistance
to glyphosate is non-target site (NTS). The experiment is being repeated to determine the level
and type of resistance (target-site or NTS).
Herbicide Testing Summary
There are no currently registered rice herbicides that are useful in managing weedy rice. Several
herbicides look promising for spot-treatment, including clethodim, glufosinate, and paraquat.
Oxyfluorfen does not control weedy rice when applied as a pre-emergent herbicide. It may be
effective in controlling weedy rice when applied post-emergent, however, it only controls types
1, 2, 3, and 4. It does not control type 5. Glyphosate was inconsistent in controlling weedy rice,
particularly types 3, 4, and 5, and is being further tested.
Objective: To ensure research results and best management practices are available to
stakeholders
1.3 Publications and Media. Over the course of the 2016-2017 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
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 season. A Weedy Rice Reporter App (for iOS and Android) was developed to allow
reporting of weedy rice infestations. Several blog posts were published on the UCCE Rice blog,
as were several updates in the UCCE County Newsletters.
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Meetings and Field Days. Our UCCE Winter Rice Grower Meetings featured two talks on
weedy rice in January 2017. We reached approximately 200 attendees in 4 counties. UCCE Rice
Advisors also collaborated with Valent Co. to speak at their Thiobencarb Stewardship Meetings.
We reached approximately 500 attendees in February 2017 over the course of 5 meetings
through the rice-growing counties, focusing on weedy rice identification and management.
UCCE Rice Advisors also held a series of small-group meetings for PCA companies from
January to March of 2017, and a series of small-group meetings for County Agricultural
Commissioner’s offices in March 2017. Both series of meetings focused on identification,
management and reporting of weedy rice. During the summer of 2017, UCCE Rice Advisors
held two Weedy Rice Field Days in grower fields, with a focus on identification. A two-day
seminar was held in July to share research updates, and it featured a guest scientist from the
Southern US, who gave her perspective on weedy rice management over the long-term. A weedy
rice table with plants and other materials was displayed in both 2016 and 2017 at the Rice
Experiment Station’s Annual Rice Field Day.
GENERAL SUMMARY OF CURRENT YEAR’S RESULTS:
The first two seasons work on the weedy rice populations in California yielded information
regarding the number of populations as well as the approximate distribution of those populations.
Genetic analysis confirmed that the five populations 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. Current chemical options for managing weedy rice do not exist,
but several promising spot-treatment herbicides may be pursued for possible registration,
including clethodim, glufosinate and paraquat.
Effective teamwork with the rice industry enabled information to be passed on to as many
stakeholders as possible. Much information remains to be researched on weedy rice in
California, but this first year provided a strong foundation from which to continue research and
extension on this important pest.
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APPENDIX: FIGURES

Figure 1. The five populations of weedy rice found in California (L-R), and M-206 (furthest right).
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Figure 2. Map displaying the locations (by population) for the five weedy rice types found in
California in 2016.
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Figure 3. Cluster analysis of the weedy rice types from California as compared to weedy and
cultivated rices from around the world. Cluster I is comprised of Type 2. Cluster II is comprised of
Type 2 and Type 1. Cluster III is comprised of Type 1, and Cluster IV is comprised of Type 5.
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Figure 4. Discriminant analysis confirmed the genetic classification of weedy, indicating that the
CA cultivated rice varieties were phenotypically distinct from CA weedy rice based on 14
morphological traits.

Figure 5. Chlorophyll content (Spad unit) of the leaves for each of the weedy rice types (1-5) as
compared to two cultivated rice varieties (M-206 = RES Varieties), and Koshihikari.
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Figure 6. Average plant height (cm) for each of the weedy rice types (1-5) as compared to two
cultivated rice varieties (M-206 = RES Varieties), and Koshihikari.

Figure 7. Days to heading for each of the weedy rice types (1-5) as compared to two cultivated
rice varieties (M-206 = RES Varieties), and Koshihikari.
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Figure 8. Breaking Tensil Strength (BTS) as a measurement of shattering, for each of the weedy
rice types (1-5) as compared to two cultivated rice varieties (M-206 = RES Varieties), and
Koshihikari.

Figure 9. Percent (%) germination as a measurement of dormancy, for each of the weedy rice
types (1-5) as compared to two cultivated rice varieties (M-206 = RES Varieties), and Koshihikari.
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Figure 10. Response of M-206 and weedy rices ecotypes 1-5 to Abolish, Goal 2XL and Prowl, at
23 days after application. Treatments are (L-R): Control, Abolish, Goal 2XL and Prowl.
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Figure 11. Response at 14 days after application of weedy rice types 1-5 to into-the-water
applications of Bolero (Bo), Butte (Bu), Cerano (Ce) and Granite GR (Gr) at the 1-2 leaf stage of
rice. Untreated controls (Controls) are included for comparison (M-206 and corresponding
weedy rice type).
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Figure 12. Response of M-206, Roxy rice, and weedy rice types 1-5 to foliar applications of Goal
2XL, Propanil and Regiment. Untreated control is included for comparison.
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Figure 13. Response of M-206, Roxy rice, and weedy rice types 1-5 to foliar applications made at
the tillering stage of rice to clethodim, paraquat, imazepthapyr, glufosinate and glyphosate.
Untreated control is included for comparison.
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Figure 14. Percent (%) control with spot-treatment with SelectMax (Clethodim) of weedy rice
Type 3 in the field at tillering. Treatment 1 and 2 were made with clethodim and non-ionic
surfactant at two timings (3 and 5 seconds, respectively). Treatments 3 and 4 were made with
clethodim and crop oil concentrate at two timings (3 and 5 seconds, respectively). Visual
evaluations were made at 8 Days After Treatment (DAT), 18 DAT, and 25 DAT.

Project No. RR17-1

Figure 15. Response of M-206 and weedy rice types 3, 4 and 5 to foliar applications of
glyphosate at the 1-2 leaf stage. Applications were made at 1X, 2X, 4X and 8X rates. Untreated
control is included for comparison.

