Karn, Elizabeth, Serena Bhagirath, Luis Espino, and Whitney Brim-DeForest. 2026.
“Exploratory Survey of Rice Growing Practices Identifies Perceptions and Management of
Weedy Rice.” California Agriculture: The Journal of UC Agriculture and Natural Resources.
https://doi.org/10.37 1¢.161060.

Research Article

California Agriculture: The Journal of UC Agriculture and Natural Resources

Exploratory survey of rice growing practices
identifies perceptions and management of weedy

rice

Elizabeth Karn'®, Serena Bhagirath? Luis Espino’, Whitney Brim-DeForest‘®?

1U.S. Environmental Protection Agency, Durham, North Carolina,
2 County of Yolo, Woodland, California,

3uc Cooperative Extension Butte and Glenn counties, UC Agriculture and Natural Resources, Oroville, California,
4uc Cooperative Extension Sutter, Yuba, Placer and Sacramento counties, UC Agriculture and Natural Resources, Yuba City, California

Keywords: survey, weedy rice, rice

https://doi.org/10.3733/001c.161060

Abstract

Weedy rice (Oryza sativa L. spp.) is an emerging weed in California rice production. To address weedy rice
issues and improve extension efforts, information is needed about the prevalence of growing practices that
may contribute to or prevent weedy rice infestations, and about grower awareness and perceptions of
weedy rice. Using a mail-in and online survey, we gathered information in the spring of 2019 from growers
and pest control advisors about their rice production practices and attitudes about weedy rice. The 157
respondents reported diverse rice production systems, growing practices, and weed management
methods. Weedy rice was reported on only a small number of respondents’ farms, and most respondents
did not consider weedy rice to be a serious issue for them. Survey results indicate that most respondents
are already implementing practices to prevent the spread of weedy rice on the land they manage. These
proactive measures will play a critical role in safeguarding rice production and mitigating the potential for

future infestations.

Rice (Oryza sativa L.) is an important crop in the
Sacramento Valley of California, with 540,000 acres
planted in 2016 (National Agricultural Statistics Ser-
vice 2018). Weedy rice (Oryza sativa L. spp.) is a major
weed in rice-growing regions around the world and
canresultin large yield losses and reduced rice value
— up to 49% yield loss in the southern United States
(Shivrain et al. 2009). Weedy rice is the same species
as cultivated rice, and its similarities to cultivated rice
can make it difficult to identify and control. Weedy rice
is currently a growing issue in California rice produc-
tion. Historically, weedy rice was present in rice cul-
ture in California as early as the 1920s (Bellue 1932),
but adoption of a continuously flooded system and use
of certified weed-free seed led to the virtual elimina-
tion of the weed in the 1950s (Miller and Brandon
1979). However, weedy rice was identified in a dry-
seeded field in California in 2003 and has now been

identified in over 60 fields as of 2020, infesting at least
20,000 acres in Butte, Colusa, Glenn, Sacramento, San
Joaquin, Sutter, Placer, Yolo, and Yuba counties (Luis
Espino, personal communication).

California weedy rice is currently classified into five
major biotypes. These biotypes can be distinguished
from most California rice before flowering by their tall
plant height and yellow-green color, and pubescent
leaves (Karn et al. 2020b). After flowering, they can be
distinguished by the presence of red-pericarped seeds
and, for some weedy biotypes, by long awns and
bronze or black rice hulls (Karn et al. 2020b). Some
biotypes exhibit high seed shattering and seed dor-
mancy, leading to persistent seed banks and infesta-
tions in future years. These weedy rice biotypes are
not very closely related to Californiarice varieties, and
most of them likely originated outside of California (De
Leon et al. 2019). Greenhouse studies of these bio-
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types indicate that yield losses due to California weedy
rice are similar for all biotypes, and could be as high as
83% for heavy infestations if left uncontrolled (Karn et
al. 2020a).

Due to its close relationship with cultivated rice,
herbicides that control weedy rice also kill the crop,
and herbicide-tolerant rice varieties are not available
to California rice growers. Current management of
weedy rice focuses on the adoption of cultural prac-
tices and policies to limit the spread of weedy rice.
Weedy rice infestations can be prevented by planting
weed-free seed and by cleaning equipment moved
from areas with known weedy rice infestations. If
weedy rice is already present in a field, removal of
identified weedy rice plants before harvest, harvesting
infested fields last to reduce contamination by equip-
ment, winter flooding or straw burning if possible, and
fallowing or crop rotation if possible, can help limit the
spread of weedy rice and reduce infestations in future
years (UCCE 2023).

Before this study, little was known about how
widely these management practices were used by rice
growers and pest control advisors, or about their per-
ceptions of weedy rice. In 2019, we conducted a sur-
vey of rice growers and field managers to examine the
extent of production practices that may affect weedy
rice infestation levels and assess perceptions of the
weedy rice problem in California. We collected infor-
mation on rice production practices, perception of
weedy rice compared to other problematic weeds, her-
bicide use, confidence in identifying weedy rice plants,
whether weedy rice is currently present on farmed
acreage, and use of methods for the prevention of
weedy rice infestations. Our goal was to gather knowl-
edge that would aid in University of California (UC) re-
search and extension activities and the development
of better prevention and management practices. To
our knowledge, this is the first survey of its kind con-
ducted in California. While the survey was focused on
management in relation to weedy rice, the results may
also be useful for understanding current rice manage-
ment practices in general.

Methods

Survey methods

Physical mailing addresses for rice growers were ob-
tained from UC Cooperative Extension (UCCE) rice
farm advisors and county agricultural commissioners’
offices in the major rice-producing counties (Butte, Co-
lusa, Glenn, Sacramento, San Joaquin, Sutter, Placer,
Yolo, and Yuba). The lists were combined into one list,
and duplicates were removed. The California Rice
Commission also emailed a link to the online survey to
their email list, which includes all rice operations in
California. The survey questionnaire was designed as a
single-mode survey, as it was delivered via mail to one
group and via email to a second group (Dillman et al.
2014). A total of 1,253 mail-in surveys were delivered
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through the U.S. Postal Service. A total of 851 emails
with the link to complete the online survey were deliv-
ered by the California Rice Commission.

Multiple survey drafts were reviewed with farm ad-
visors and UCCE staff. A draft questionnaire was dis-
seminated to a small group of rice growers, pest con-
trol advisors (PCAs), and UCCE staff to improve the
clarity of the questions as well as to determine the
amount of time needed to complete the survey. Once
the survey questions were finalized, the questionnaire
was translated to an online survey platform (Qualtrics,
Provo, Utah) and delivered via email.

The questionnaire consisted of instructions, 20
guestions, and an open-response section. The instruc-
tions stated that the respondents should answer the
guestions based on the 2018 rice growing season. The
survey consisted of four sections: (1) demographic, (2)
weedy rice, (3) pest management, and (4) other ques-
tions. In the online format, recipients were given the
option to continue with the survey or to decline to par-
ticipate. Closed questions for the multiple-choice
questions were used to limit irrelevant data (Dillman
et al. 2014). An open-response section was provided to
allow respondents to relay any comments or concerns
that UCCE could address in the future.

Survey design

The UC Davis Institutional Review Board approved the
survey design and protocol. Pre-notice letters and
emails were sent to recipients describing the objec-
tives of the survey and informing them that they would
be receiving a survey about weedy rice. On February
26,2019, the pre-notice letter was mailed to 1,253
contacts. On March 6, 2019, a detailed letter explain-
ing the objectives of the survey, the questionnaire, and
pre-stamped, self-addressed return envelopes were
mailed to 1,253 contacts. A follow-up reminder/thank
you postcard was mailed during the week of March 15,
2019. The link to the published survey on Qualtrics
was emailed by the California Rice Commission on
March 6,2019. A follow-up email reminder was sent
outon April 1,2019.

Out of the 1,253 paper surveys distributed, 24 sur-
veys were returned by recipients stating that they did
not grow rice, and one paper survey was refused by a
respondent. Two hundred and thirty-seven surveys
were returned as undeliverable or unable to forward
by the U.S. Postal Service. Since the status of these ad-
dresses was unknown, a total of 1,229 paper surveys
were received by valid recipients. A total of 120 mail-
in surveys were completed and mailed back, for a re-
turn rate of 9.8%. Out of the 851 emails, 39 survey re-
sponses were received. One respondent declined to
participate in the study, and another respondent was
not a rice grower; therefore, 37 online surveys were
completed for areturn rate of 4.4%. A total of 157 sur-
veys were completed out of 2,080 surveys distributed
between March and June 2019, with a return rate of
7.5%. Not all the respondents answered all of the



Table 1. Demographic information of the 157 survey
respondents.

Demographic category n

Occupation

Rice grower 145
Pest control advisor (PCA)

Both rice grower and PCA

Other

Average age 58
Std deviation 13
Min 25
Max 92
Total responses 157
Paper survey 120
Online survey 37

questions within the survey, as they were given the
freedom to opt out of answering any questions they
did not want to or if they did not know the answer.

Results and discussion

Respondent demographics

Responses were received from individuals who were
rice growers, PCAs, both rice growers and PCAs, or
“other” (table 1). The unit of analysis was considered to
be one person, regardless of how they identified them-
selves; thus, there was potential for double-reporting
of some acreage if a PCA and a grower reported on the
same piece of land. The respondents who reported
“other” claimed that they were pest control officers (n
=2) and aresearcher (n = 1). The average age of the re-
spondents who completed the survey was 58, and ages
ranged from 25 to 92 years old.

Rice production systems

The survey responses were received from all major
rice-producing counties in California (Butte, Colusa,
Glenn, Sacramento, San Joaquin, Sutter, Placer, Yolo,
and Yuba). The median amount of land managed by
survey respondents was 627 acres, with an average of
1,157.6 acres and a range of 5 to 10,000 acres per re-
spondent (fig. 1). A total of 180,000 rice acres were
managed by respondents of the survey, about 36% of
the total California rice acreage in 2018 (fig. 1).

The respondents of this survey reported at least 25
different grain varieties (both medium grain and spe-
cialty varieties) that were grown in the 2018 rice sea-
son (fig. 2). The medium grain M-206 was the most
common type of medium grain variety that was grown
throughout the major rice-producing counties, with
67.1% of respondents and a median acreage of 416

Acreage

Min Max

Butte (n=39) 5 300
Colusa (n=30) 65 10000
Glenn (n=47 24 7000
Placer (n=10) 95 900

Sacramento (n=9) 40 925
San Joaquin (n=2) 1100 1100
Sutter (n=38) 28 8500
Yolo (n=16) 10 10000
Yuba (n=16) 10 1500

0 200 400 600 800 1000 1200

Median acreage per farm

Fig. 1. Number of rice farms, median acreage per farm, and
minimum and maximum acreage of farms by county
managed by 157 survey respondents. Note: Forty-eight
respondents managed rice in multiple counties.

Median
acreage
Medium Grain
M-209

M-206

M-205

M-210

M-104

M-105

FRC variety

330
416
141
100
190
342
158

Specialty Variety
M-401/M-402
Calmochi 101/203
Calhikari 201/202
Koshihikari
Hitomebore
Akitakomachi

S-102

L-206/L-207
Aromatic Long Grains
Arborio types
Colored bran varieties

236
300
718
226
0
60
675
177
165
0
150
Other grain 212
Grew organic rice
Do not grow organic rice

92.4

0.0 20.0 40.0 60.0 80.0 100.0

No. of responses (%) n=158

Fig. 2. Reported grain variety grown by category and median
acreage during the 2018 rice season, and reported organic
rice production. Note: Aromatic long-grain varieties include
A-301, A-201, A-202, and Calmati-202. Arborio varieties
include Arborio, Calriso, Carnaroli, and Vialone Nano.

acres. Calmochi 101/203 was the most common type
of special variety grain, with 7% of respondents and a
median acreage of 300 acres. Ninety-two percent of
145 responses stated that they did not grow organic
rice, and 8% declared that they did grow organicrice.
Out of the 152 responses, the majority of the respon-
dents purchased certified or registered seed (93%),
followed by saving their own seed (6%) and obtaining
non-certified seed from other growers (3%). Some re-
spondents (4%) reported obtaining seed from multiple
sources.

Farming practices

We asked survey respondents about a variety of farm-
ing practices, including the acreage on which those
practices were utilized, and frequency or duration of
some practices (fig. 3). All of the surveyed practices
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% who used Median
method  acreage

Drill/dry seeding (n=152) 9.2 432
Straw incorporation (n=152) 86.2 400
Winter flooding (n=151) 82.8 447
Burning (n=150) 253 72
Stale seedbed (n=143) 7.0 140
Crop rotation (n=139) 122 486

0 40000 80000 120000

Total acres

Fig. 3. Total acreage on which respondents reported using
each farming practice, the percentage of survey respondents
who used that farming practice, and the median acreage on
which the practice was used. Note: The total rice acreage
represented by all respondents of the survey was 180,000
acres.

Flood duration (n=122)
<1 Month

1 Month

2 Months

3 Months

4 Months or more

Buming frequency (1=40)
Yearly

Every 2 Years

Every 3 Years

Every 4+ years
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No. of responses (%)

Fig. 4. Duration and frequency of winter flooding and
burning among growers who used these farming practices.

were thought to be associated with either a reduction
or anincrease in weedy rice prevalence. These prac-
tices included drill seeding/dry seeding (increase in
prevalence in comparison to flooding), straw incorpo-
ration (increase in prevalence), winter flooding (de-
crease in prevalence), and burning practices (decrease
in prevalence).

Inthe 2018 rice season, out of 152 responses, 9%
used drill seeding or dry seeding as their planting
method on a median of 432 acres. The drill seeding/dry
seeding method was implemented on a total of 11,346
acres across all respondents (6.3% of the total acreage
represented in this survey). Out of 152 responses, 86%
of the respondents incorporated straw after their har-
vest on a median of 400 acres. Straw was incorporated
on a total of 75,840 acres, 42% of the survey total
acreage. From 151 responses, 83% of respondents said
that they participated in winter flooding on a median
of 447 acres, for a total of 101,863 acres (57% of the
survey total acreage). Out of 122 responses, most of
the respondents (56.6%) stated that they flooded their
lands for at least 3 months (fig. 4). One-fourth (25% of
150 respondents) burned their rice straw (fig. 3) on a
median of 72 acres, for a total of 3,874 acres (2.2% of
survey total acreage). Forty respondents (70%) stated
that they burned their land yearly (fig. 4).

Weed management

When respondents were asked about problematic
weeds, watergrass was ranked number one (out of nine
species), whereas weedy rice was ranked last (table 2).
Among respondents who had weedy rice on land they
managed, weedy rice ranked seventh. Although weedy
rice is known to be a problematic weed of rice world-
wide, the purpose of this survey was to gauge grower
perception in California. Other species the respon-
dents mentioned as write-in choices included spran-
gletop, smartweed, monochoria, water plantain, sage,
and cattails. Respondents were asked about their us-
age of certain pesticides which were thought to make
weedy rice more difficult to distinguish from rice vari-
eties, via their ability to shorten and darkenrrice, as
one of the visual markers of weedy rice is its taller
height and lighter color (Karn et al. 2020b). Out of the
130 responses, 53.1% of respondents stated that they
used the preemergent herbicides thiobencarb (Abol-
ish), pendimethalin (Harbinger or Prowl), or both,
while 46.9% of the respondents stated that they have
not used preemergent herbicides in the last 5 years
(fig. 5). For postemergence herbicides, 128 partici-
pants out of 136 responses stated that they have used
thiobencarb (Bolero or League MVP), penoxsulam
(Granite GR or SC), or both in the last 5 years, while
nine respondents stated they have not used any poste-
mergence herbicides in the last 5 years.

Respondents were also asked about the presence of
herbicide-resistant weeds, which would also make
weedy rice more challenging to identify in the field, es-
pecially in fields highly infested with resistant water-
grass species (Echinochloa spp.) (UCCE 2023). Respon-
dents were asked about the number of suspected
resistant samples sent to the UC, which may be an indi-
cator of their attention to scouting their fieldson a
regular basis. Eighty-eight (63.3%) respondents stated
that they do have herbicide-resistant weeds on a me-
dian of 150 acres, ranging from 0.5 to 3250 acres.
However, only 30 respondents (31.3%) have submitted
samples to the UC to verify resistance.

Respondents were asked about farming methods
such as the stale seedbed method and crop rotation,
both recommended practices thought to reduce
weedy rice prevalence (UCCE 2023). Out of the 143
survey respondents who answered this question, only
10 (7%) utilized the stale seedbed method for control-
ling weeds (fig. 3). This method was utilized on a me-
dian of 140 acres, totaling 2,450 acres (1.4% of survey
total acreage). Seventeen survey responses noted that
they use crop rotation (fig. 3) on a median of 486 acres,
for a total of 18,681 acres (10% of survey total
acreage). Of respondents who rotated crops, the most
common crops planted alternately with rice were sun-
flowers (10), tomatoes (eight), wheat (five), and saf-
flower (four), and smaller numbers of respondents re-
ported vetch, corn, bell beans, forage hay, oatseed, pea
seed, vineseed (melon seed), melons, grain, dry beans,
barley, wild rice, or fallow. Of respondents who did not
rotate crops, the cited reasons were soil type (79), field
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Table 2. Average ranking of the most problematic weeds among all respondents and among respondents who described

weedy rice infestations on land they manage.

Weed Rank

All respondents (146)

Watergrass

Barnyardgrass
Mimic/watergrass
Smallflower umbrella sedge
Ricefield bulrush

Redstem

Ducksalad

Weedy rice

Other

W 0V N U W N OD

Respondents with weedy rice (12)

0o N U h W N OO

Preemergent herbicide usage in the last 5 years (n=130)
Thiobencarb (Abolish)

Pendimethalin (Harbinger or Prowl)

Thiobencarb (Abolish) and Pendimethalin (Harbinger and Prowl)
I have not used preemergent herbicides in the last 5 years

Postemergent herbicide usage in the last 5 years (n=136)

Thiobencarb (Bolero or League MVP)

Penoxsulam (Granite GR or SC)

Thiobencarb (Bolero or League MVP) and Penoxsulam (Granite GR or SC)
Thave not used postemergent herbicides in the last 5 years

Have herbicide resistant weeds (n=139)
Submitted samples to UC for confirmation (n=96)

0 20 40 60 80
No. of responses (%)

Fig. 5. Reported herbicide use and presence of herbicide-resistant weeds on rice farms managed by survey respondents.

layout (48), marketability of rotation crops (46), lack of
equipment/resources (32), and other (33), which in-
cluded write-in responses regarding landlord/lease
agreements, small acreage, water shortages or flood-
ing, and alternative winter land use (e.g., duck hunting).

Weedy rice

Some respondents (32) shared their perspective about
their ability to identify weedy rice. Sixteen of the 32
were moderately or extremely confident in their ability
to identify weedy rice, while four were moderately or
extremely hesitant (fig. 6). A small majority (57%) of
the 33 who responded to this question stated that
they were moderately to extremely comfortable with
reporting the presence of weedy rice. However, the
rest stated they would most likely not report the pres-
ence of weedy rice, probably due to the negative social
stigma associated with its presence (from others in the
rice industry). Nineteen were moderately or extremely
comfortable reporting the presence of weedy rice,
while three were moderately or extremely uncomfort-

able (the remaining 12 fell somewhere in between). Of
the methods used by 148 participants who listed the
methods they use to prevent weedy rice from infesting
their fields, the top three methods were (1) the use of
certified seed (77.5%), (2) sanitation of equipment
when moving from weedy rice-infested fields (13%),
and (3) crop rotation (11%) (fig. 7). Some participants
used several of these methods. Out of the 26 survey
responses, 24 respondents said that they scout for
weedy rice every month, and the most common month
during which the respondents scouted in the 2018 rice
season was August, when rice is heading and weedy
rice is easiest to distinguish from cultivated varieties.
The eight respondents with weedy rice infestations
farmed a median of 150 acres containing weedy rice,
ranging from 12 to 1,000 acres. These respondents
had weedy rice on an average of 26% of their total rice
acreage. The total reported acreage of fields contain-
ing weedy rice in this survey was 1,637 acres, 0.9% of
the 180,000 rice acres represented by this survey. For
comparison, the total estimated acreage of fields in-
fested with weedy rice in California was 20,000 acres
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Confidence levels of identifying weedy rice (n=32):
Extremely confident

Moderately confident

Slightly confident

Neither confident or hesitant

Slightly hesitant

Moderately hesitant

Extremely hesitant

Comfortability in reporting weedy rice (n=33):
Extremely comfortable

Moderately comfortable

Slightly comfortable

Neither comfortable or uncomfortable
Slightly uncomfortable

Moderately uncomfortable

Extremely uncom fortable

42.4

No. of responses (%)

Fig. 6. Respondents’ levels of confidence in identifying weedy rice and comfort in reporting weedy rice.

Methods to prevent weedy rice infestation (n=151):

Usc of certified sced

Crop rotation

Sanitation of equipment when coming from weedy rice-infested fields
Working in weedy rice-free fields before moving into infested fields
Other (specify)

Scouting of weedy rice (n=26):
Every month

Every 2 months

Every 3 months

Every 4 months or more

Scouting months (n=28):

92.3

May

June

July
August
September
October

929

0 20 40 60 80 100
No. of responses (%)

Fig. 7. Reported use of management practices that may help prevent weedy rice infestations and frequency of field scouting
for weedy rice. Note: Growers could select more than one method of weedy rice prevention.

in 2020 (Luis Espino, personal communication), about
3.7% of the total statewide rice acreage. A total of
eight respondents stated that they farmed onrice
fields infested with weedy rice, and a total of 12 re-
spondents described the density of weedy rice popula-
tions in their fields (table 3). Out of the 12 responses
describing weedy rice infestations, eight respondents
had light populations (one patch per field), and four re-
spondents had moderate populations (sparse patches
per field). On average, respondents reported that they

have had weedy rice in their fields for 2.8 years, with a
range of 1 to 6 years. Of the 12 growers who reported
farming weedy rice-infested fields, six ranked weedy
rice as one of their five worst weeds, and none ranked
it as their top worst weed (table 2). Of 11 respondents
who responded with the methods they use to manage
weedy rice, seven use hand-rogueing, five use spraying,
three use crop rotation, and two use fallowing (table
3). Some respondents responded with multiple meth-
ods.
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Table 3. Prevalence of weedy rice among survey respondents, and the methods used to manage weedy rice infestations

Weedy rice focused responses n

Weedy rice farms (n = 148)

Report farming on fields where weedy rice is present 8

Did not report farming on fields where weedy rice is present 140

Did not report farming on fields where weedy rice is present, but did describe weedy rice infestations

in fields they manage 4

Density of weedy rice in fields (n = 12)

Light (one patch per field) 8

Moderate (sparse patches per field) 4

Severe (many patches per field) 0

Median acreage of weedy rice infestation (n = 7) 150 acres
12-1,000

Range of weedy rice acreage acres

Average duration of weedy rice infestation (n = 11) 1.4 years

Range of weedy rice infestation in years 1-6 years

Weedy rice management methods (n=11)

Hand-rogueing 7

Spot-spraying 5

Crop rotation 3

Fallow 2

The presence of weedy rice is not statistically re-
lated to any single rice management practice, as indi-
cated by chi-square tests. The tested management
practices and farm characteristics were large (> 1,000
acres) vs. small (< 1,000 acres) farm size, organic pro-
duction, production of medium grain rice, production
of specialty rice varieties, purchasing certified seed,
saving seed, obtaining seed from other growers, use of
specific preemergent herbicides, use of specific poste-
mergence herbicides, drill/dry seeding, straw incorpo-
ration, winter burning, use of the stale seedbed
method, and crop rotation. Additionally, a logistic prin-
cipal component analysis of use of all management
practices showed no clustering of respondents who
managed farms with weedy rice (fig. 8). This means
that growers who report having weedy rice on farms
they manage do not have much in common in terms of
rice management practices, and that no identified set
of management practices (out of the practices listed in
the survey) has contributed to existing weedy rice in-
festations.

While the responses to this survey did not show any
statistically significant relationship between rice grow-
ing practices and presence of weedy rice, there was an
almost significant relationship both for drill/dry seed-
ing (P =0.053) and use of preemergent herbicides (P =
0.051). This weak statistical connection may be are-
sult of the small sample size and the low number of re-
spondents with weedy rice. It is possible either that
there is no real connection between these practices
and the presence of weedy rice, or that these results
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would be significant with a larger sample size. More re-
sponses from growers with weedy rice would be
needed to answer this question. It is possible that
growers with weedy rice infestations did not partici-
pate in the survey. Drill/dry seeding could be associ-
ated weedy rice presence, as weedy rice does not
emerge as well under flooded conditions as it does un-
der dry conditions; this is well-known for drill-seeded
rice in the southern United States as well as in Asia
(Chauhan 2012). The decline of weedy rice in Califor-
nia rice in the 1950s was attributed to use of a contin-
uous flood system in California (Miller and Brandon
1979); however, more recent data have shown that
weedy rice in California can emerge under flooded
conditions, although at lower rates than under dry or
drill-seeded conditions (Galvin et al. 2022). Use of pre-
emergent herbicides would not be expected to be re-
lated to weedy rice presence, as these herbicides are
used for other weeds and would not be effective in
controlling weedy rice, but since thiobencarb (Abolish)
shortens and darkens rice due to its phytotoxic effects,
its use may make it harder to distinguish weedy rice
from cultivated rice in the field, making it less likely to
be controlled. Furthermore, pendimethalinis only reg-
istered for use in drill/dry-seeded systems, which may
indicate that the association is due to the seeding sys-
tem, and not to the use of preemergence herbicides.
Overall, the results of this survey show that rice
growers and PCAs in California use diverse manage-
ment practices on farms with unique circumstances
and challenges. This is the first survey of its kind con-
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Fig. 8. Principal component analysis of growers’ rice
management practices in relation to the presence of weedy
rice. Note: The included management practices and farm
characteristics were large (> 1,000 acres) vs. small (<1,000
acres) farm size, organic production, production of medium
grainrice, production of specialty rice varieties, purchasing
certified seed, saving seed, obtaining seed from other
growers, use of specific preemergence herbicides, use of
specific postemergence herbicides, drill/dry seeding, straw
incorporation, winter burning, use of the stale seedbed
method, and crop rotation. Points that are clustered closely
together have similar overall management.

ducted with California rice growers, and results could
be useful in understanding current rice management
practices and assessing future extension needs. Since
the survey sample size was low, and there is a possibil-
ity that some land may have been reported twice due
to the overlap of PCAs and growers reporting on the
same land, this survey should be considered ex-
ploratory.

While this survey primarily targeted weedy rice, it
also shed light on other areas of rice management.
Currently, weedy rice is not widespread, and most
growers do not view it as a serious concern. Even so,
many are already taking steps to prevent its spread, ef-
forts that will be important in keeping it from becom-
ing a larger problem in the future.
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