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management strategies. Remote sensing is proving its 
usefulness. In one experiment a top-dressed nitrogen 
application increased yields between 200 and 1,000 
pounds/acre. Two years of studying early season nitrogen 
loss through denitrification and as nitrous oxide has shown 
that 20 to 30 pounds/acre of fertilizer nitrogen can be lost 
through drainage events. A study at the Rice Experiment 
Station examined different sources and timing of nitrogen 
applications. Split applications produced the highest 
yields. This work, as well as other experiments on lodging 
and planting dates, are reported in Improving Fertilizer 
Guidelines for California’s Changing Rice Climate. 

Weed management research focuses on new and 
existing herbicides, alternative crop establishment 
methods, and herbicide resistance strategies. Several 
herbicide combinations provided good to excellent control 
of target weeds. Special areas of focus included Cerano® 
rate and timing and optimizing Loyant® programs. Nine 
separate studies in 2020 evaluated different formulations 
and new active ingredients in continuously flooded rice 
systems. Herbicide resistance in different weed species is 
summarized in a table generated from 2019 screening. This 
work is reported in Weed Management in Rice.

Scientists have been working with the industry since 
2016 on weedy rice. In 2020, six out of 31 samples were 
confirmed to be weedy rice, including three new sites in 
Sutter, Yuba, and San Joaquin counties. Several seed 
fields were found to be contaminated with weedy rice. 
How weedy rice spreads is not known, although shared 
equipment is strongly suspected. Results of a field trial and 
an overwintering experiment also are reported in Weedy 
Rice Control.

Loyant® is a promising new herbicide for California rice. 
In 2020, research evaluated its potential risks for off-target 
crops, particularly trees and vines. Pistachio was found to 

California’s public rice breeding program is conducted 
and managed by scientists at the Rice Experiment Station 
(RES). The program has made 52,416 crosses and 
released 51 improved public rice varieties in 11 different 
market classes since 1969. Just over 500 entries were 
evaluated in advanced yield tests and 687 entries in the 
preliminary yield tests in 2020. Read about the intensive 
work involved for new variety development in the Rice 
Breeding Program section.

Testing of promising experimental lines takes place at 
representative farm locations and at the RES. Top-yielding 
advanced lines are reported, along with yields of standard 
varieties. Testing advanced and preliminary lines under 
a variety of conditions is a critical aspect of new variety 
development. Results of this testing are described in the 
Rice Variety Trials section. 

One of the main areas of current focus for genetics 
research is screening three advanced mutant populations 
associated with with reduced uptake of arsenic in rice. 
Evaluation of herbicide tolerance is another area and 
was planned for early 2021. The timetable for work on 
this project was delayed in 2020 by restricted access to 
research facilities caused by the pandemic. This work is 
reported in Genetics for Rice Improvement.

A project examining ways to treat rice seeds to improve 
early plant growth entered its second year. The process 
involves low-frequency vibration of the water used for seed 
soaking. Greenhouse and field trials were conducted last 
year. This approach could lead to multiple advantages 
in the rice crop. Read about this promising research in 
Treatment of Rice Seeds for Early Growth.

Fertilizer research in 2020 focused on three primary 
areas: assessing nitrogen need through remote sensing; 
early season nitrogen losses caused by the action of 
flooding and draining; and developing alternative fertilizer 

California Rice Research 
Board Chairman 

Drew Rudd 

Welcome to the 52nd annual report to the California Rice Growers.  In the following pages, we 
report on grower funded research from 2020 that is essential to the California rice industry. This report 

details progress on rice breeding, genetic improvement, variety trials, weed and disease management, fertilizer 
guidelines, invertebrate pest control and insect monitoring, water use efficiency, environmental concerns, new 
work on crop rotations, and several studies examining rice byproduct utilization. 
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be more sensitive to the herbicide than other crops such as 
grapes, prune, peach, almond, and walnut. This simulated 
herbicide drift study provided useful information for 
developing integrated stewardship plans for rice adjacent to 
perennial crops. Read about this work in Stewarding a New 
Herbicide for California Rice. 

A number of new weed species have been identified in 
the last several years. The range of some of these species 
is unknown. Results of a comprehensive soil survey 
conducted in the fall of 2019 are reported and summarized 
in a table of identified weeds by county. Preliminary 
analyses show that redstem and smallflower umbrella 
sedge were the only two weed species found across all 
sites and in all counties. Additional research confirms 
what growers have been observing—watergrass has 
been escaping early season control efforts and becoming 
very difficult to control later in the season. Learn more in 
Emerging Weed Issues in Rice.

Rice diseases of concern to the California rice industry 
include aggregate sheath spot, stem rot, and kernel smut. 
In 2020, 11 fungicide trials were conducted at several 
locations throughout the Sacramento Valley. In general, 
results continue to show that reduction in stem rot, 
aggregate sheath spot, or blast incidence and severity 
can be achieved with applications at mid-boot stage. 
Additional work focused on testing methods to rate kernel 
smut damage and assess kernel smut damage to different 
rice varieties. CH-202 had the lowest kernel smut levels 
compared to other varieties. This work is reported in Rice 
Disease Research and Management.

Although rice water weevil (RWW) has been in California 
for more than 60 years, populations have been declining 
and they are no longer considered a key pest. Nonetheless, 
work continues on RWW control. Data from insecticides 
used in recent years show that Warrior® and Belay® are 
effective. Dimilin® showed mixed efficacy, while an organic 
product, Venerate®, showed minimal efficacy. Tadpole 
shrimp are crustaceans that have been a problem in 
California rice fields since the 1940s. A number of different 
products were tested in metal ring plots. Researchers 
report some interesting results, with Dimilin® and Belay® 
proving to be effective alternatives where tadpole shrimp 
may be developing resistance to pyrethroids. Armyworms 
have become an increasing concern, so use of pheromone 
traps to improve detection has expanded in recent years.  
One trial confirmed that Intrepid® and Prevathon® can 
provide good control of armyworms in rice. Work also 
continued on a simulated defoliation study that showed the 
significant potential impacts to plant height, panicle weight, 
and yield from armyworms. This, and related research, is 
reported in Protection of Rice from Invertebrate Pests.

A new project is looking into the advantages and 
disadvantages of crop rotations in California rice systems. 
One big advantage in which many surveyed growers agree 
upon is the potential for better weed control and reduced 
reliance on herbicides. And there are other potential 
advantages to consider, including economics, soil health 
and types of rotations. Read about those in Crop Rotations 
in California Rice Systems.

A somewhat related study is examining water use by 
non-irrigated cover crops grown in rotation with rice. Four 
fields in Yolo County were measured to quantify differences 
in evapotranspiration rates between a fallow field and three 
fields under different non-irrigated cover crops. Learn about 
preliminary results from this work in Quantifying Water Use 
of Cover Crops in Rotation with Rice.

Water use is always a top of mind concern for farmers, 
especially during drought. Attention in an ongoing study 
of water use is now focused on how land use changes in 
the Sacramento Valley are linked to water and what that 
could mean for the future of the rice industry. Research in 
2020 documented an increase in perennial crops in some 
traditional rice fields; the dynamics of leaving fields fallow 
in response to drought; and the extent of rotation into 
other field crops in the southern Sacramento Valley. Read 
more in Identifying Opportunities for Improving Water Use 
Efficiency.

Engineers continued making refinements to a real-time 
insect monitoring and detection system for use in rice 
storage facilities. Research in 2020 focused on testing 
and demonstrating a scaled-up system at the Sutter Basin 
Growers Cooperative in Knights Landing. Results were very 
positive, but testing at other storage locations is needed, 
as well as research on the quality and economic benefits 
of this new technology. Read about this research project 
in Insect Monitoring and Early Detection System in Rice 
Storage Facilities.

An ongoing project studying the conversion of rice straw 
components into nanomaterials and advanced functional 
products has produced impressive results that are gaining 
the interest of industry in some novel applications. This 
work is reported in Novel Nanomaterials and Performance 
Industrial Products.

A project at Chico State focused its research in 2020 
on utilizing rice straw cellulose in automotive interior 
parts. A prototypical mix with rice straw, almond shells, 
and recycled plastic was sent to Michigan for further 
development and examination by Ford Motor Company. 
The rice straw mixture should make for a superior interior 
auto part. Read about this research in Automotive 
Headliner made from Rice Straw and Recycled Plastic.

Rice-based ashes have potential for use in concrete to 
fill a growing need in the construction industry and to help 
meet carbon emission reduction requirements. Research in 
2020 focused on improving the consistency and increasing 
the reactivity of rice hull ash produced in conventional 
bioenergy systems. Analysis is continuing on understanding 
the influence of various treatment methods. Read more 
about this work in Treatments to Improve Properties of Rice 
Ash in Concrete. 

In spite of a year full of challenges for everyone, I’m 
happy to report that we are making good progress in 
the various research projects funded by the rice industry. 
And none of it happens without the ongoing support of 
California growers through the Rice Research Board. 
Thank you. Wishing you all the best for another safe and 
productive year in rice country.

—Andrew Rudd, chairman



Rice Breeding Program
Rice Experiment Station administration and  

plant breeding staff
Kent McKenzie, director (retired 12/31/2020)

Virgilio Andaya, director of plant breeding; plant breeder, Calrose medium grains 
Teresa De Leon, plant breeder, short grains

Shyamal Talukder, plant breeder, long grains
Cynthia Andaya, research scientist, DNA marker laboratory
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23. Drill seeding of seed maintenance was done May 6 and 
7. Water-seeding of progeny rows, preliminary yield tests, 
advanced yield tests and other breeding lines started on 
May 4 and was completed on May 13. 

A total of 501 entries were evaluated in the advanced 
yield tests and 687 entries in the preliminary yield tests. 
Preliminary yield tests are the initial step of replicated large-
plot testing for experimental lines and superior entries 
before being advanced to statewide yield tests.

The breeding nursery included 31,668 water-seeded 
pedigree rows, 548 drill-seeded second-generation plots, 
and 12,000 drill-seeded seed maintenance rows. 

The Hawaii Winter Nursery shortens the product 
development timeline by at least two years through 
advancing materials in the off-season. In 2020, however, 
the nursery had to be planted without the presence of any 
RES employees because of the pandemic. Seeds and 
layout were sent about two weeks earlier than normal in 
an effort to catch more favorable conditions for rice growth 
and development.  All planting was conducted by a local 
crew with supervision from RES through a live call.

The 2020-21 winter nursery consists of 4,440 
regular rows and 578 transplanted rows. The second 
generation rows were dry-seeded October 13, while the 
first generation seeds were planted in pots on October 
12. Seventy percent of seedlings were transplanted on 
November 10, with the remainder transplanted November 
17. Harvested seeds are to be planted in the 2021 
breeding nursery at RES.

The San Joaquin cold tolerance nursery was planted in 
cooperation with a local rice grower. The three-acre, drill-
seeded nursery included 3,840 rows of advanced breeding 
materials, 423 second generation plots, and 29 third 
generation ROXY® plots.

Statewide yield tests
Statewide yield tests were conducted in grower fields 
and at the RES in 2020 to evaluate promising advanced 
selections from all three maturity groups—very early, early, 
or intermediate/late. More details can be found in the Rice 
Variety Trials section of this annual report.

The rice breeding program’s primary research objective 
is the development of high-yielding, high-quality rice 
varieties that are commercially competitive in the world 
market. Other specific breeding objectives include grain 
quality and milling yield, cold tolerance and seedling vigor, 
early maturity and strong culm, and disease resistance.

Virgilio Andaya is director of plant breeding and is 
responsible for building the breeding and research team 
and for providing guidance to achieve goals for all grain 
types and market classes. He primarily breeds medium 
grains.

Teresa De Leon leads the short grain program and 
has temporarily taken charge of stem rot disease field 
screening and quarantine of introductions.

Shyamal Talukder leads the long grain program and 
serves as the liaison to breeding programs in the Southern 
U.S. and handles screening of the Uniform Rice Regional 
Nursery.  

Cynthia Andaya is the research scientist in charge of 
the DNA marker laboratory (now the genetics lab). The 
lab supports all breeding projects with marker-assisted 
selection, purity and uniformity testing through DNA 
fingerprinting, development of mutant populations, and 
performing genetic studies for traits important to California. 

Kent McKenzie retired from his position as RES director 
at the end of December 2020. He led the special project 
developing a  non-GMO herbicide tolerant rice called 
ROXY®.  He is continuing to serve as a consultant to 
the Rice Experiment Station and Albaugh LLC. A shared 
partnership and commercial agreement has been reached 
with Albaugh LLC and the California Cooperative Rice 
Research Foundation (CCRRF).

Breeding nurseries
The breeding nursery in 2020 was composed of 50% 
medium grains, 25%, short grains, and 25% long grains. 
Based on market class, about half is conventional rice and 
half is specialty types. A total 977 crosses were made in 
2020, bringing the total to 52,416 since 1969.

Because of favorable conditions, RES planting was 
almost two weeks earlier than in 2019. Drill-seeding of 
second generation populations was done on April 22 and 

The California public rice breeding program has developed 51 improved rice varieties in 11 different 
market types since accelerated research began in 1969. Foundation seed of 17 public varieties and one 

experimental line were produced at the Rice Experiment Station (RES) in 2020.
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Calrose medium grains
The predominant rice varieties planted in California are 
medium grains, commercially and internationally known as 
Calrose rice, and account for more than 80% of California 
rice acreage. Breeding for medium grain rice, including 
premium quality, comprises about half the rice breeding 
program. 

The main goal of the medium grains breeding project 
is to develop new rice varieties with high, stable grain and 
milling yields with excellent eating and cooking qualities. 
Huge emphasis is given to selecting materials with high 
seedling vigor, improved cold tolerance, and excellent grain 
quality attributes sought by the rice market. Resistance to 
stem rot and rice blast diseases is another breeding focus. 
Development of medium grain varieties with oxyfluorfen 
herbicide resistance is now an integral part of the medium 
grains breeding project. 

M-211 release
In early 2020, the experimental line 12Y2175 was 
approved for release as M-211. It is a high-yielding, semi-
dwarf, early maturing, glabrous, high-quality medium 
grain. It has excellent yield potential, outstanding grain 
characteristics, and cooking quality superior to current 
Calrose varieties. M-211 is the first to be classified as a 
premium Calrose. 

Its area of adaptation is similar to M-205 and M-209—
the warmer regions of the Sacramento Valley. M-211 is 
susceptible to blast. Agronomic and yield performance in 
2020 statewide testing showed M-211 superior to check 
varieties M-209 and M-206. M-211 out-yielded M-206 
by 14% at RES in 2020 and registered an overall yield 
advantage of 12% to 15% in four to six years of testing. 
M-211 out-yielded M-209 at RES by 1% to 3% in 2020, 
with a 5% to 9% overall average across years. Grain yield 
did best under high-yielding, favorable environments such 
as those in Butte County but poorly in colder rice growing 
areas such as south Yolo County.

Milling attributes, particularly total and head rice 
percentage across harvest moistures, are an especially 
important consideration in releasing a new medium grain. 
Although its cooking and taste qualities are outstanding, 

M-211 milling characteristics are not at as good as M-206 
but far better than M-401. M-211 is more sensitive to 
harvest moistures below 20%. Therefore, it is essential 
that M-211 be harvested at high moistures like any other 
premium rice.

M-211 consistently received high marks from mills and 
marketing organizations for its cooking quality and overall 
acceptability to the rice market.

Check variety performance
Check varieties used in statewide testing include M-105, 
M-206, M-209, M-210, and M-211.

M-206 and M-210 averaged 9,050 pounds/acre and 
9,080 pounds/acre, respectively. M-210, the only blast 
resistant variety in commercial production, is a good 
alternative to M-206 in areas with that disease problem. 
M-209 yielded 9,380 pounds/acre, while M-211 yielded 
the highest among the medium grain checks with 9,600 
pounds/acre.

In comparison of grain characteristics and milling 
performance of the medium grain checks, M-211 has the 
biggest and heaviest kernels but also has slightly more 
chalkiness in the milled grains. Head rice percentage of 
M-211 (61/72 head/total) is lower than M-206 (65/72 
head/total) and M-105 (69/73 head/total). These results 
show that M-211 and M-209 should not be harvested at 
low moistures because of their tendency to break.

Promising advanced lines
The medium grain project tested a combined total of 885 
entries in 2020—599 preliminary lines, 159 advanced 
lines, 59 advanced ROXY® lines, and 68 statewide entries. 
These advanced materials were composed of regular 
and premium medium grains, blast and stem rot resistant 
lines, specialty type fragrant medium grains, the herbicide 
resistant ROXY® lines, and lines with combinations of 
traits such as herbicide and blast resistance. All were 
evaluated against check varieties for milling and quality 
attributes, tolerance to cold and disease, and overall 
agronomic performance. Exceptional materials are further 
purified and evaluated for cooking and quality. 

Several promising lines registered a grain yield 
advantage over check variety M-210 (9,080 pounds/acre) 

Plant breeder Dr. 
Teresa DeLeon 
water seeding 
a 10x20’ yield 
plot in the RES 
nursery.



in two-rep preliminary and two-rep and four-rep advanced 
tests at RES, including 18Y3018 (9,370 pounds/acre) and 
19Y3088 (9,670 pounds/acre). These two entries matured 
four days later than M-210, but with better lodging 
resistance. A stem rot resistant line, 19Y3035, registered 
9,540 pounds/acre. All three selections may be entered in 
four-rep advanced statewide tests in 2021, pending further 
grain quality and cooking evaluation.

ROXY® line recommended for foundation seed
The medium grains project began making crosses of an 
oxyfluorfen herbicide tolerant M-206 mutant in 2014. As of 
2020, 514 crosses have been made with this ROXY® rice. 

Sixteen herbicide tolerant medium grains were included in 
statewide tests in 2020. Two advanced lines, 17Y3000 and 
19Y4000, underwent expedited selection in 2020. Compared 
to M-206 (9,050 pounds/acre), these lines registered 8,980 
pounds/acre and 8,910 pounds/acre, respectively. 

Agronomic attributes are described as remarkably 
similar. For grain attributes, 19Y4000 is better in terms 
of chalkiness and overall grain appearance. It has bigger 
and heavier grains compared to M-206, with similar, if 
not better, milling characteristics. Cooking evaluation also 
revealed better sensory scores for 19Y4000. It also is 
resistant to blast disease. 19Y4000 will be recommended 
for foundation seed production in 2021.

Other promising herbicide resistant lines yielded well 
in a separate herbicide test and will be entered into the 
statewide tests in 2021, pending grain quality evaluation.

Long grains
The long grains breeding project focuses on four major 
rice types—conventional, jasmine, basmati, and aromatics. 
Milling and cooking quality improvements of conventional 
long grains and specialty types remain major priorities, 
followed by resistance to cold-induced blanking and other 
agronomic and disease resistance traits.

Yield and agronomic performance
Test materials in the 2020 statewide tests were 
compared to the long grain check varieties L-207, L-208, 
Calaroma-201, and A-202 for grain yield and agronomic 
performance. Milling characteristics, grain quality, blanking, 
and disease reaction also were analyzed.

L-207 is a conventional long grain with higher yields, 
intermediate height, early maturing date and desirable 
cooking quality similar to Southern long grains. It is 
adapted to most rice growing areas except San Joaquin 
County. L-208 is the newest conventional long grain with 
agronomic characteristics, adaptation, milling, and cooking 
quality similar to L-207.

Calaroma-201 is a jasmine type long grain with 
aroma similar to typical aromatic long grains, but taste 
characteristics close to Thai jasmine quality. It has an area 
of adaptation similar to L-207. With its low gel type, it 
cooks softer than other long grains.

A-202 is a conventional aromatic variety released in 
2014 as a replacement for A-301. It heads nine days earlier 
than A-301, is taller, and has a significantly higher seedling 
vigor score. Milled kernels of A-202 are slightly bolder than 
A-301. Starch characteristics are typical of conventional 
long grains. It is not recommended for cooler areas.

Based on pooled averages from very early, early, 
and intermediate/late testing groups, L-208, L-207, and 
Calaroma-201 had higher yields at RES compared to 
other statewide locations. A-202 had higher yield in other 
statewide locations.

Yields for L-208 were 10,733 pounds/acre at RES, 
10,553 statewide. For L-207, yields were 10,300 at RES, 
10,216 pounds/acre statewide. For Calaroma-201, the 
figures are 9,943 pounds/acre at RES, 9,716 statewide. 
For A-202, yields were 8,893 pounds/acre at RES, 9,146 
pounds/acre statewide.

The new variety, L-208, had about a 3% higher yield 
than L-207 in 2020. It performed better and had higher 
yield in eight out of 10 statewide experiments, the 
exceptions being in Yuba and Sutter counties. Average 
head rice yield was 63.3%, with a range of 57% to 66% 
at various harvest moistures, which was 2% higher than 
L-207.

Head rice yield of Calaroma-201 was 63.1%. For 
A-202, it was 60.1%. 

None of the varieties had lodging at RES except very 
low lodging (5.4%) in L-208.

Promising long grains
Four experimental lines showed promise in the 2020 
statewide yield trial—19Y1071, 19Y1008, 18Y1024, and 
17Y1087. 

Advanced line 19Y1071 is a jasmine type long grain in 
the statewide trial for the first time in 2020. It was planted 
in three locations and outperformed Calaroma-201 for yield 
by 4.8%. Average yield was 10,760 pounds/acre at RES 
and 9,870 pounds/acre statewide. Calaroma-201 yield 
was 9,943 pounds/acre at RES and 9,716 pounds/acre 
statewide.

Another newcomer, 19Y1008, is a regular long grain 
that was planted in four statewide locations in 2020. This 
line had an average yield of 9,320 pounds/acre at RES and 
10,460 pounds/acre statewide. It outperformed L-207 by 
2.4%

Average grain yield and agronomic characteristics of medium grain check varieties 
in all statewide tests in 2020

Variety
Grain Yield 
(lbs./acre)

Harvest MC 
%

Seedling 
Vigor

Days to 
Heading

Plant Height 
(cm)

Lodging 
(percent)

M-105 9,170 17.3 4.83 84 96 38

M-206 9,050 18.3 4.80 85 98 33

M-209 9,380 18.3 4.83 91 99 24

M-210 9,080 17.9 4.82 85 99 27

M-211 9,600 18.2 4.82 91 101 25

6 The 52nd Annual Report to the California Rice Growers
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CH-202 had the highest amount of lodging at 84%. 
S-202 lodged 60% and CM-203 lodged 44%. Lodging 
may be attributed to heavy panicles or other environmental 
factors. Time to 50% heading included 76 days for 89Y235, 
82 days for S-102 and CM-101, 85 days for S-202, and 86 
days for CM-203 and CH-202.

S-202 and CM-203 have wide adaptation, with highest 
yield potential in Butte County. CM-101 has stable but low 
grain yields across all areas. S-102 also is adapted to all 
locations, but yields best in Butte County. Calhikari-202 is 
best suited to cooler environments such as in Yuba, Yolo, 
and Sutter counties.

Promising conventional short grains
S-202 was released as an early maturing, very high-yielding 
regular short grain in 2019. It consistently outperforms S-102 
in all experiments at all locations.

S-202 averaged 10,147 pounds/acre at RES and 
9,922 pounds/acre at all statewide locations in 2020. One 
conventional short grain, 18Y117, also outperformed S-102 
in all RES experiments. Grain yield for this line was 9,820 
pounds/acre at RES, compared to 10,147 pounds/acre 
for S-202. Across all statewide locations, average yield for 
18Y117 was 9,924 pound/acre and 9,922 pounds/acre 
for S-202, not significantly different. However, 18Y117 has 
better adaptation than S-202 in the early warm environment 
of Glenn and Colusa counties. In these locations, S-202 
averaged 8,800 pounds/acre, while 18Y117 yielded 9,725 
pounds/acre. It also showed better yield than S-202 in Yuba 
County. Both have similar seedling vigor, cold tolerance, and 
susceptibility to stem rot. Lodging percentage is lower in 
18Y117, and it is better adapted than S-202 in Glenn and 
Colusa counties. In these locations, S-202 averaged 8,800 
pounds/acre, while 18Y117 yielded 9,725 pounds/acre. It 
also showed better yield than S-202 in Yuba County. Both 
have similar seedling vigor, cold tolerance, and susceptibility 
to stem rot. 

In addition to 18Y117, seven other conventional short 
grain lines in the advanced yield trial proved promising. Grain 
yield ranges from 10,200 pounds/acre to 10,700 pounds/
acre.

Premium short grains
Calhikari-202 (CH-202), genetically derived from the 
Japanese variety Koshihikari, is the most recent premium 
short grain rice in California. It has excellent cooking and 
eating qualities, but also has high lodging potential and 
relatively lower yield compared to other short grains.

One line, 17Y2087, is very promising and has consistently 
yielded higher than CH-202 since 2018. In 2020, it averaged 
9,448 pounds/acre, compared to 7,982 pounds/acre for 
CH-202. In all statewide locations, 17Y2087 significantly 
outperformed CH-202 with its highest yield recorded in 
Yolo County at 10,265 pounds/acre. In Glenn and Colusa 
counties, where CH-202 has poor adaptation, 17Y2087 
offered an additional 23 sacks of yield—a 35% advantage 
over CH-202. 17Y2087 showed better seedling vigor and 
lower lodging potential, as well as similar cold tolerance and 
stem rot resistance.

Milling yield harvested at different moisture contents, 
indicated that 17Y2087 averaged 65/72 (head/total) milling 
yield at 19% moisture content, while CH-202 had an average 
of 64/71 milling yield.

18Y1024 is a regular long grain planted for the second 
time in 2020. Average yields were 8,030 pounds/acre at 
RES and 10,030 pounds/acre statewide. The line did not 
outperform the regular long grain checks.

17Y1087 is another regular long grain with stem rot 
resistance in its background. It showed moderate stem 
rot resistance with good yield. Average yield was 10,046 
pounds/acre at RES and 9,777 pounds/acre statewide.

Short grains
The short grains project includes conventional short 
grains and specialty types such as waxy rice, low amylose 
short grains, waxy short grains, Arborio types, and 
premium short grains. New lines are bred and selected 
for improved, stable grain yield and yield-related traits, 
milling and cooking quality, blanking resistance, lodging 
resistance, very early to early and uniform maturity, short 
flowering duration, and resistance to diseases. The project 
is approximately 34% premium quality short grains, 30% 
waxy or sweet rice, 23% conventional short grains, 9% low 
amylose short grains, and 4% Arborio or bold short grains. 
A total of 360 crosses were made in 2020, 253 populations 
at second generation were drill-seeded and evaluated, and 
7,370 progeny rows at third to fifth generations were water-
seeded and evaluated. In the preliminary yield trial, 65 lines 
were evaluated, 154 lines were in advanced yield tests, and 
eight lines were entered in statewide yield tests.

Statewide yield test performance
Commercially grown short grain varieties are used as 
checks or benchmarks for trait improvements in selection 
and advancement of experimental lines. Check varieties 
include S-102, S-202, Calhikari-202, Calmochi-101, 
Calmochi-203, Calamylow-201, and 89Y235.

Average grain yields were based on pooled results 
from six statewide locations and three RES maturity group 
experiments. S-202 yielded the highest at 9,922 pounds/
acre, followed by CM-203 at 9,804 pounds/acre. CA-201 
and 89Y235 had the lowest yields at 7,330 pounds/acre 
and 7,318 pounds/acre, respectively. Other average yields 
included S-102 at 8,332 pounds/acre, CH-202 at 8,032 
pounds/acre, and CM-101 at 7,858 pounds/acre.



Rice samples of 17Y2087 were sent to marketing 
companies for evaluation. Thus far, Japanese evaluators 
indicate that 17Y2087 has excellent cooking and taste 
qualities similar to Koshihikari and is suitable for the premium 
quality rice market. Further head row purification and 
experimental seed increase is being proposed for future 
release of this high-yielding premium quality short grain.

Five additional lines averaged 10,036 pounds/acre to 
10,763 pounds/acre. Seedling vigor for these lines is equal 
to or better than CH-202, with excellent lodging resistance. 
While these lines are very promising, further evaluations for 
grain and cooking taste qualities are needed to qualify for 
statewide yield trials in 2021.

Waxy short grains
Sweet or waxy rice is characterized by its stickiness, 
softness, and sweetness. Calmochi-101 (CM-101) and 
Calmochi-203 (CM-203) are commercially grown waxy rice 
varieties in California. They are used as checks to measure 
performance of promising new sweet rice varieties.

CM-203 continues to outperform CM-101 with an
average statewide yield of 9,723 pounds/acre. Nine 
promising lines in the advanced trial yielded more than 
9,500 pounds/acre. Five of these show no lodging. One 
promising line, 19Y2023, yielded 9,854 pounds/acre.

Low amylose and Arborio
Low amylose short grains are ideal for bento box rice, 
as they stay soft and taste good even after a period of 
refrigeration. Cooked rice is shiny, creamy, but less sticky 
than waxy rice. Since the release of Calamylow-201 (CA-
201) in 2006, the Rice Experiment Station has not released
a new low amylose variety. Foundation seed production of
CA-201 ended in 2015. Breeding for lines in this segment
continues on a small scale.

In 2020, one promising line, 16Y2028, was tested in all 
locations of the statewide advanced experiments. CA-201 
had a mean yield of 7,330 pounds/acre, while 16Y2028 
averaged 9,414 pounds/acre, a 29% yield advantage. 
However, it flowers seven days later than CA-201 and has 
lower lodging resistance.

Additionally, four more low amylose lines had grain yield 
more than 9,000 pounds/acre in the advanced trial at RES. 
One line, 20Y2130, yielded 10,405 pounds/acre. All four 
lines are more lodging resistant than CA-201 and 16Y2028.

Despite its small niche market and the uncertainty of 
acreage for Arborio rice, breeding efforts continue. For 
comparison, 89Y235 is used as a check, with grain yield 
of 7,318 pounds/acre. It was planted only at RES. It has 
high seedling vigor, lodges by 35%, is cold tolerant, and is 
susceptible to stem rot. 

Two lines were entered in preliminary yield trials. The line 
18Y2069 was evaluated in two locations in Butte County 
and at RES. Another line, 18Y2070, was entered in very early 
statewide experiments in Sutter, Yuba, and Yolo counties and 
at RES. Both of these lines have higher yield potential than 
the check but flower 12 to 13 days later. Between the two, 
18Y2070 is a better choice with grain yield of 9,050 pounds/
acre. It also has moderate resistance to stem rot.

Disease resistance breeding
The short grains project aims to incorporate resistance 
to stem rot and blast in all short grain types. Using some 

medium grains carrying blast resistance genes, 58 crosses 
were made to transfer resistance into short grains.  USDA-
derived seeds such as Kamenoo and Aichi Asahi were also 
used to transfer additional blast resistance genes. Previous 
crosses are now in the third generation.

With the support and DNA marker capacity of the 
genetics lab, more than 4,000 third generation individual 
plants from various short grain types were tested for the 
presence of blast resistance genes with linked markers. 
Lines containing the desired blast resistance genes are 
being grown in the greenhouse and will be advanced into 
progeny rows in 2021.

For stem rot resistance, a line designated as 14Y3143 
was used in 2018 short grain crosses. Additional crosses 
were made in 2019 and 2020 with medium and long 
grains that showed resistance to stem rot in 2018 field 
evaluations. Crosses made for stem rot resistance will be 
evaluated when these lines enter the advanced yield trial.

Environmental stress tolerance
Environmental stress resilience is another area targeted 
for inclusion into all short grains.  In 2019, preliminary 
evaluations for cold, salinity, and drought stresses were 
conducted during the seedling stage. Medium and long 
grain varieties were included in these tests.

Evaluations of salinity and drought stress were 
conducted in the greenhouse, while cold stress evaluation 
took place in a refrigerated growth chamber. All plants 
were scored visually. Some varieties showed encouraging 
levels of tolerance to the three abiotic stressors. The 
experiments were repeated in the summer of 2020 to 
confirm observations.

The analysis shows that cold tolerance is ubiquitous in 
RES varieties, especially in short grains and medium grains. 
Long grains have moderate cold tolerance. The majority 
of short, medium, and long grains are sensitive or highly 
sensitive to salinity—except for Calhikari-201, M-105, 
M-207, and Calaroma-201, which showed moderate salt
tolerance. Varieties CS-S4, M-103, L-202, and A-301
showed good levels of drought tolerance. Additionally,
S-201, S6, L-204, and Calmati-201 showed moderate
drought tolerance.

Stem rot evaluation
To support the medium, short, and long grain projects in 
the development of varieties with stem rot resistance, rice 
pathology experiments continued in a limited capacity. In 
2020, a total of 2,565 rows were inoculated and evaluated 
in the stem rot nursery. Out of these, 187 are entries from 
statewide yield trials, 547 are from advanced yield trials, 58 
are released RES varieties, and 183 are recombinant inbred 
lines from a gene mapping study.

Results of this evaluation show that stem rot resistance 
is very rare in RES breeding lines despite years of effort. In 
fact, the majority of varieties and germplasm released by 
the station are susceptible or highly susceptible to stem 
rot. Only the check germplasm 87Y550 showed high 
resistance. For short grains, S-102 and CH-202 showed 
moderate resistance to stem rot. For long grains, L-201 
and Calmati-201 also showed moderate resistance. All 
medium grains were susceptible or highly susceptible to 
stem rot.

From the 187 statewide entries, only two medium 
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grains showed resistance similar to 87Y550. From the 
advanced yield tests, three lines were resistant. Only five 
resistant lines were identified in the mapping population. 
Further genotyping these five resistant lines will help in the 
identification of DNA markers for future stem rot resistance 
selection.

Disease survey
The weather in 2020 allowed for early planting, followed 
by insignificant precipitation until harvest time. However, 
smoke and haze from wildfires in September and October 
coincided with grain filling as rice matured. Those hazy 
days likely contributed to high temperature and high 
humidity, leading to little or no disease observance in yield 
plots and the surrounding rice fields of the six statewide 
testing locations inspected September 3. Although disease 
observance in 2020 was not significant at RES, precaution 
and appropriate field management will continue.

Quarantine introductions
In participation with the Uniform Regional Rice Nursery 
(URRN) of the Southern U.S. rice breeding programs, 
RES continues to receive and provide field evaluations of 
Southern breeding materials. In 2020, a total of 145 lines 
were received—52 from the University of Arkansas, 27 
from Louisiana State University, 42 from Mississippi State 
University, 10 from Texas A&M, and 14 from the Missouri 
Rice Council. The majority of these entries are regular or 
Clearfield® long grains with few medium grains and no 
short grains. Seeds were processed for the brown rice 
protocol in the pathology lab. Healthy seedlings showing 
no disease were transplanted to the greenhouse and were 
monitored through maturity. All but four lines passed the 
quarantine protocol. Harvested clean seeds were stored in 
the cold room for 2021 field evaluation.

Genetics laboratory
The new 2,200 square-foot Rice Genetics Building 
(formerly the DNA marker laboratory) became fully 
operational in March 2020. The name change reflects 

the larger role it now plays in the research activities of the 
station. Specific activities include marker-aided selection 
for the different projects; fingerprinting and testing the 
purity of advanced lines and RES-released rice varieties; 
and generating mutant populations using both irradiation 
and chemical mutagenesis. Since 2015, it has also been 
involved in the herbicide resistance project, generating 
mutant populations and mapping genes and developing 
DNA markers.

Marker-aided selection
Screening materials for blast resistance, grain quality, 
aroma, and herbicide resistance are common functions at 
the genetics lab. Highlights of this work include: 
• 3,960 lines were screened for different blast resistance

genes in the medium grains project and 4,736 in the
short grains project.

• 1,672 lines were screened for aroma in the medium grains
project to potentially introduce some value-added traits.

• 4,400 early generation advanced ROXY® lines, head
rows, seed maintenance rows, and progeny rows were
analyzed for herbicide tolerance.

• 14,768 lines were screened using DNA markers for
aroma, blast resistance, and oxyfluorfen tolerance traits.

DNA fingerprinting
A key function of the rice genetics lab is to assess the 
identity and purity of varieties and lines. About 3,080 lines 
from the breeding program were assessed for purity. 

In one case, growers in Glenn County reported that rice 
plants in an M-210 field were infected with blast, but DNA 
fingerprinting revealed that the submitted samples were 
actually M-209, which does not have the resistance gene. 
Speculation is that this may have been the result of an 
overflight from a neighboring field.

In another case, seed growers requested the identity of 
a variety planted in a large acreage. In another instance, 
growers suspected mislabeled seed lots. The seeds 
headed differently from their expected maturity profile. 
Fingerprinting work in the genetics lab ascertained the 
varieties planted in these fields.

Off-types growing in an aromatic rice field also were 
submitted for analysis. DNA results revealed the field 
was contaminated by a variety that was not an RES-bred 
variety.

Herbicide tolerance
The lab has performed mapping studies of oxyfluorfen 

resistance in a mutant population of M-206 to determine 
the gene or genes responsible for the resistant phenotype. 
Studies over the last six years show the source of this 
resistance in a specific gene inside chromosome 5. The 
mechanism of tolerance is unique, stemming from three 
independent mutations in the rice. 

All information on the genetics of oxyfluorfen resistance 
and identification of the the genes responsible for tolerance 
has been submitted in a patent application under review. 
To support the patent application, the genetics lab has 
used CRISPR (a non-GMO technology). In 2020, CRISPR-
derived plants were further characterized and showed 
that this technology can successfully be used to control 



oxyfluorfen resistance in rice. While a promising technology, 
CRISPR is very labor intensive and time consuming. 
Therefore, RES will continue to rely upon traditional 
pedigree methods alongside gene editing methods.

Herbicide tolerant rice
ROXY® is a heritable non-GMO rice trait that provides 
tolerance to the post-patent herbicide ALB2023 
(oxyfluorfen) and has been recovered in the variety M-206, 
California’s most widely grown Calrose variety. The trait 
is controlled by a single recessive gene and is a new 
mechanism for rice herbicide tolerance.

Lines from a backcross to M-206 (17Y3000) and M-210 
(19Y4000) have been increased and purified. They have 
been analyzed in yield tests from 2017 through 2020. 
Agronomic and quality performance observations show that 
these lines are not significantly different from M-206. 

Six years of research in multiple locations shows that 
the herbicide applied preplant in a water-seeded system 
provides high levels of rice weed control with the ROXY® 
trait. It is also effective in drill-seeded rice with a preplant 
and preflood application and may have potential in other 
rice-growing regions.

A provisional U.S. patent was filed in 2016 and 
expanded upon in 2019, providing additional information on 
genes, mutation sequences, new data, and a biochemical 
pathway in support of the patent application. A response 
from the patent office is anticipated in 2021.

A shared partnership and commercial agreement 
has been reached with Albaugh LLC and the California 
Cooperative Rice Research Foundation (CCRRF). 
Submission to the federal Environmental Protection Agency 
for herbicide registration in rice with concurrent review by 
the California Department of Pesticide Regulation will be 
made by Albaugh in 2021. Target commercial production 
for what will be known as the ROXY® Rice Production 
System is 2023. 

The breeding program has focused initially on developing 

an herbicide tolerant Calrose medium grain. Experimental 
lines 17Y3000 and 19Y4000 will be considered for 
foundation seed increase in 2021.

ROXY® field research and demonstration was extensive 
in 2020, including six Albaugh off-station efficacy 
experiments. However, cancellation of Rice Field Day and 
group tours last year because of the pandemic prevented 
this work from being presented and shared with growers.

Breeding with genomic selection
Almost all the national and international rice breeding 
programs use conventional breeding schemes—the 
pedigree method, a very time-consuming approach. 
Advances in molecular genetics have been incorporated 
into plant breeding programs in recent years. However, 
this approach is limited by the small number of useable 
molecular markers.

A new approach called genomic selection shows 
enormous potential to significantly enhance breeding 
efficiency and is being integrated into the RES rice breeding 
program. In 2018, a rice population was developed to 
analyze the variability of all the advanced lines from the 
previous five years. This “training population” consists of 
360 lines, including 210 medium grains, 64 long grains, 73 
short grains, and 13 compound grain types. All the varieties 
released by RES are included in this population, capturing 
most of the diversity in the RES breeding program. The 
training population was transplanted at RES in 2019 for line 
purification, seed multiplication, and agronomic study.

In 2020, a drill-seeded field plot experiment was 
conducted with the training population. Yield and other 
agronomic traits were taken. Milling data also was 
recorded. Average yield was 10,672 pounds/acre and 
ranged between 5,523 pounds/acre and 13,680 pounds/
acre, which shows the large diversity in the population. 
Percent head rice ranged between 20.4% and 71.1%, with 
an average head rice yield of 61.43%. Average harvest 
moisture was 16.8%.
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Planting crews water 
seed rice through 
an aluminum trough. 
Approximately 40,000 
rows are planted in the 
RES breeding nursery 
in about six days.
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with mutants associated with the silicon/arsenic uptake 
gene and the herbicide target gene. Field evaluations 
in this screening process assess traits such as plant 
height, heading date, seedling vigor, tiller number, panicle 
morphology, and yield. From these field evaluations, seed 
is collected to evaluate for other traits such as grain quality 
and stress tolerance.

Evaluation of herbicide tolerance was planned for 
January and February 2021 and will initially involve mutants 
carrying mutations in the protoporphyrinogen oxidase 
(PPO) gene. These plants will be tested for their response 
to carfentrazone (Shark®) and flumioxazin (Chateau®).

Background on mutant lines
The advanced mutant lines under study are derived 
from seed mutagenesis from the varieties Nipponbare, 
Kitaake, and Sabine. Nipponbare and Kitaake are 
temperate japonica varieties originally from Japan. 
They have been used primarily as model varieties by 
the research community, particularly for genomics and 
genetic engineering work. Sabine is a tropical japonica rice 
developed for parboiling by the USDA/ARS.

Nipponbare mutants were previously developed in 

Primary emphasis is on screening rice populations 
generated by traditional mutagenesis for new traits that 
improve the value of the rice crop and reduce production 
costs. This is achieved by directly screening plant materials 
for traits of interest and by identifying changes in the DNA 
sequence of genes that may result in the expression of 
these traits. Recent examples include potentially reduced 
uptake and/or localization of arsenic in milled rice grains 
and resistance or tolerance of rice plants to select 
herbicides.

However, progress toward research objectives in 
2020 was severely hampered by restricted access to 
the USDA/ARS laboratory and other research facilities at 
UC Davis caused by the COVID-19 pandemic. Another 
roadblock concerned field facilities used to evaluate mutant 
populations, which will necessitate finding alternative 
locations for this work. Thus, the research agenda from 
2020 has been extended through 2021. Researchers 
with this project were actively making preparations for the 
extended timeline in late 2020 and early 2021.

The current primary focus of this project is to conduct 
trait screens of lines from three advanced mutant 
populations—Nipponbare, Kitaake, and Sabine—along 

Genetics for Rice Improvement
Project Leader

Thomas H. Tai, research geneticist 
USDA/ARS Crops Pathology and Genetics Research Unit 

Department of Plant Sciences 
UC Davis

The overall goal of this project is to employ trait and DNA-based genetic screens to identify and 
characterize novel rice germplasm that advances the understanding of agronomic performance and grain 

quality for incorporation into breeding programs for the California rice industry. 
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the Tai lab. About 6,300 first-generation lines have been 
used to produce second-generation lines. A total of 4,096 
second-generation lines were used to establish DNA 
libraries for further screening at the UC Davis Genome 
Center through the “TILLING” process that identifies genes 
of interest.

The varieties Kitaake and Sabine also have been used 
to generate mutant populations through TILLING and other 
DNA-based screening approaches. However, more recent 
emphasis has been placed on advancing these populations 
to produce “fixed” mutant lines. This is accomplished 
through several generations of self-crossing. 

In the case of Kitaake, about 1,200 first-generation 
lines were initially generated about 10 years ago. Currently, 
the Kitaake population lines are at seventh and eighth 
generation. Approximately 155 eighth-generation plants 
grown in the greenhouse in 2019 were threshed and 
prepared for planting in 2021. Kitaake is well-suited to 
the greenhouse environment during winter months. An 
additional 150 to 350 eighth-generation plants will be 
grown to produce ninth-generation seed by spring 2021. 
About 500 ninth-generation lines generated from 2019 and 
winter 2020 will be evaluated to produce genetic stock of 
Kitaake mutants for interested breeders and researchers.

A similar strategy was employed with Sabine. An initial 
population of 3,000 first-generation lines resulted in 7,000 
fertile second-generation mutants. An estimated 30,000 
third-generation individual mutants from 2013-14 were 
used to create the fourth generation, which is still being 
processed (evaluation of grain shape, fertility, and other 
traits). Individual mutants of interest have been undergoing 
characterization. Fourth-generation mutants will be planted 
in the spring of 2021.

Genetic characterization
Work on the silicon/arsenic uptake and accumulation 
mutants is continuing. Genetic crossing and phenotypic 
evaluations of these mutants were planned for winter and 
early spring 2021.

In 2019, total arsenic and silicon content were 
determined from leaf and brown rice of Nipponbare 
mutants grown in 2018 at the UC Davis rice field facility 
and the Rice Experiment Station. Leaf samples from the 
2018 plantings have been submitted for elemental analysis 
to examine the content of metals other than arsenic and 
silicon. This will help elucidate whether mutations in the 
Lsi1, Lsi2, and OsABCC1 genes have any effect on the 
uptake and accumulation of boron, germanium, antimony, 
and tellurium. Boron is an essential micronutrient for 
rice, and the other elements are toxic to plants in varying 
degrees. In fact, germanium toxicity was used to identify 
silicon uptake in mutants that led to the identification of the 
Lsi1 and Lsi2 genes by Japanese researchers.

A few metalloid uptake mutants and two cuticle wax 
mutants were included in the 2019 stem rot nursery at 
the Rice Experiment Station to determine whether altered 
silicon or cuticle wax content affects stem rot tolerance. 
Over three replications, two mutants, E2244 and 1558.1, 
consistently exhibited the highest tolerance compared 
to their respective wild types, the stem rot tolerant line 
87Y550, and susceptible check variety, M-206. E2244 
carries a Lsi2 mutation. 

The cuticle is the outer wax layer found in terrestrial 
plants that prevents uncontrolled loss of water and gases. 
The level of cuticle wax affects a plant’s water adhesion 
ability and also helps protect plants from biotic stressors 
like insects and disease. 

Composition and content of total waxes of several 
mutants were determined by the Tai lab. Genetic analysis 
of these cuticle wax mutants has led to backcrossing with 
the parental variety, Sabine, and has resulted in lines that 
should enable more accurate phenotyping of resistance to 
stem rot and other diseases.
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Average yields across varieties and locations in the 
advanced-line tests ranged from 9,770 pounds/acre in the 
early tests (zone 2) to 9,020 pounds/acre in the very early 
tests (zone 1). In the intermediate/late tests (zone 3), the 
advanced lines average yield was 9,320 pounds/acre.

Several advanced lines produced high yields, as well as 
demonstrating important breeding goals aside from yield, 
such as disease resistance, grain quality, and specialty 
types. Testing advanced and preliminary lines under a 
variety of conditions remains a critical aspect of releasing 
varieties adapted to changing cultural practices, markets, 
and pests.

Rice variety evaluations
The seven on-farm breeding-line trials consisting of four-
replication advanced, two-replication advanced, and 
two-replication preliminary evaluations were conducted 
throughout the major rice producing areas of California. The 
RES breeders conducted three additional tests—one from 
each of the three growing zones. Many of the experimental 
lines have been tested and screened in previous years and 
were advanced for further testing. The RES provided the 
seed for public varieties and experimental cultivars. No 
proprietary lines were tested.

Very early maturity tests (zone 3)
Eight commercial varieties and six advanced breeding lines 
were compared in four four-replication advanced tests. 
Three commercial and 11 breeding lines were compared 
in four two-replication advanced tests. The two-replication 
preliminary tests evaluated five commercial varieties and 23 
preliminary lines at each location. Commercial varieties at 
each location included S-102, S-202, CH-202, CM-101, 
CM-203, M-105, M-206, M-209, M-210, M-211, A-202,
CJ-201, L-207, and L-208.

Grain yields in the four-replication advanced tests 
averaged 9,320 pounds/acre overall, 9,670 pounds/acre at 
RES, 9,560 pounds/acre at Sutter, 10,090 pounds/acre at 
Yolo, and 7,980 pounds/acre at Yuba.  The three highest-
yielding entries on average were long grain L-207 (10,390 
pounds/acre), long grain L-208 (10,340 pounds/acre) 
and short grain S-202 (9,980 pounds/acre). Top-yielding 
commercial varieties also included L-207, L-208, S-202, 
and M-211. 

In the two-replication advanced test, the highest yielding 
experimental line was 18Y117 at 9,820 pounds/acre. The 
top commercial variety was CJ-201 at 9,580 pounds/acre.

Averaged across four locations, yields for lines in the 
preliminary tests ranged from 9,760 pounds/acre to 8,420 
pounds/acre.

Average grain moisture at harvest was 18.3%, average 
lodging 21%, average days to 50% heading was 89, 
average seedling vigor 4.8, and average plant height was 
about 38 inches. Field preparation and planting were 
completed early in 2020, with most plantings done before 
May 10 and all tests planted by May 18. Harvest was 
completed within the normal time frame, with  yields in 
the four-replication advanced test increasing from 8,790 
pounds/acre to 9,320 pounds/acre.

Comparing commercial standard entries over a five-year 
period and across locations, M-211, M-105, and M-206 
were the highest-yielding varieties at 9,254 pounds/acre, 
9,173 pounds/acre, and 9,007 pounds/acre, respectively. 

Early maturity tests (zone 2)
Eight commercial varieties and six advanced breeding lines 
were compared in three four-replication advanced tests. 
Three commercial and 11 breeding lines were compared 
in three two-replication advanced tests. Two-replication 
preliminary tests evaluated five commercial varieties and 23 
preliminary lines at each location. Commercial varieties at 
each location included S-102, S-202, CH-202, CM-101, 
CM-203, M-105, M-206, M-209, M-210, M-211, A-202,
CJ-201, L-207, and L-208.

Yields in the four-replication advanced line tests 
averaged 9,770 pounds/acre overall, 9,710 pounds/acre at 
RES, 10,110 pounds/acre at Butte, and 9,490 pounds/acre 
at south Butte. Long grain L-208 was the highest yielding 
entry at 10,980 pounds/acre when averaged over three 
locations in 2020. Short grain S-202 (10,590 pounds/acre), 
long grain 17Y1027 (10,320 pounds/acre), and long grain 
L-207 (10,320 pounds/acre) yielded second, third, and
fourth, respectively. Other top-yielding commercial varieties
included M-211, M-209, M-105, M-206, and CH-202.

Average number of days to 50% heading was 87. The 
commercial standard M-206 averaged 85 days over three 
locations. In the two-replication advanced test, 18Y117 
was the highest yielding experimental line. CJ-201 was the 
highest yielding commercial variety.

Seven uniform breeding line trials were conducted throughout the rice growing regions of California
in 2020 by UC Cooperative Extension scientists in cooperation with plant breeders at the Rice Experiment 

Station (RES). Standard varieties were compared with preliminary and advanced lines in these tests to 
measure performance across a range of environments, farmer practices, and disease levels. Three similar tests 
were conducted at RES—one from each of the three growing zones. All sites were water seeded.

Rice Variety Trials
Project Leader

Bruce Linquist, UCCE rice specialist 
Department of Plant Sciences 

UC Davis
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Intermediate/late maturity tests (zone 1)
Eight commercial varieties and six advanced breeding lines 
were compared in three four-replication advanced tests. 
Three commercial and 11 breeding lines were compared in 
three two-replication advanced tests. The two-replication 
preliminary tests evaluated five commercial varieties and 23 
preliminary lines at each location. Commercial varieties at 
each location included S-102, S-202, CH-202, CM-101, 
CM-203, M-105, M-206, M-209, M-210, M-211, A-202, 
CJ-201, L-207, and L-208.

Yields in the four-replication advanced line tests 
averaged 9,020 pounds/acre overall, 9,720 pounds/

acre at RES, 8,630 pounds/acre at Colusa, and 8,720 
pounds/acre at Glenn. The 2020 advanced over-location 
yield decreased 430 pounds/acre (4.6%) compared to the 
2019 season average. In the four-replication advanced 
tests, L-208 was the highest-yielding commercial variety 
(10,340 pounds/acre), ranking first overall. L-207 (9,950 
pounds/acre) and M-209 (9,420 pounds/acre) were the 
next highest-yielding commercial varieties across locations. 
The long grain entry 17Y1027 was the highest-yielding 
advanced entry across all locations at 9,320 pounds/acre. 

Average number of days to 50% heading was 85. 
Medium grain M-211 was the latest variety at 96 days to 
reach 50% heading at all locations.

Scientists are studying the impact of exposing rice seed to vibrating water on initial soaking to determine the effect on 
germination rates. Objectives for 2020 research were to continue germination studies, conduct greenhouse and field trials, 
and manufacture a scaled-up prototype of a treatment vessel. 

Germination treatment
Chico State researchers focused on the rice variety Akitakomachi. Starting with a diluted bleach treatment, cleaned seeds 
were exposed to varying water vibration frequencies and durations to determine optimal treatment time. Seeds were 
treated and kept in a growth chamber and monitored twice daily to observe when germination occurred.

The germination study is seeking to reduce the treatment time from 24 hours while still generating positive effects 
on germination and early plant growth. Optimizing vibration treatment will reduce overall time and cost. This research 
documented consistent germination rate increases from the biophysical treatment, with indications that similar results 
could be generated at more limited treatment times. Future trials will explore reduced durations and different frequencies, 
along with the cost of treatments at increasing scales.

Greenhouse and field trials
At Lundberg Family Farms, the Chico State team worked with research staff to plant, grow, and monitor treatment studies. 
In the greenhouse, seeds of Akitakomachi were soaked and treated at the campus and then transported to Lundberg for 
planting in plastic tubs in the greenhouse with soil to water ratios consistent with Lundberg’s organic farming practices. 

The number of plants that germinated and grew in treatments was substantially more—nearly twice compared to the 
control in one treatment. A substantial increase in yield and biomass was observed over the control. 

Field trials that included M-206 and Akitakomachi gave mixed, less consistent results.

Treatment scaling
Crucial to the advancement of this work is developing an increased testing capacity—a larger biophysical treatment vessel 
that can treat seeds in pounds, instead of ounces.

Engineering students designed and manufactured a 1-cubic-foot steel vibration vessel to quantify vibration 
characteristics across a range of conditions. Such treatment sizes will support future field trials with much larger plot sizes 
and help control for variability in both seeds and localized field conditions. 

Equally important is the measured vibration response within this prototype, significantly improved over prior iterations. 
The data generated will inform software simulation studies to identify optimal wall thickness and efficient high-quality 
treatment conditions. 

In its second year, this project aims to find ways to treat rice seeds that improve early plant growth. 
Sowing good quality seeds can lead to lower seed rate requirements, better emergence, more uniformity, 

less replanting, and vigorous early growth to increase resistance to insects and diseases, and to decrease 
weeds. Thus, this has the potential to increase yields. 

Treatment of Rice Seeds for Early Growth
Project Leader

Dennis O’Connor, assistant professor of mechanical  
and mechatronic engineering 

CSU Chico Research Foundation
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Remote sensing of nitrogen status
This study was initiated in 2015 to evaluate the potential 
for sensor-based technologies to assess nitrogen status in 
rice and to determine the need for a top-dressed nitrogen 
application. 

A handheld sensor, the Green Seeker NDVI, was used 
to evaluate multiple farmer fields. NDVI is an acronym for 
“normalized difference vegetation index” and it has shown 
to be a strong predictor of crop nitrogen uptake and final 
grain yield.

More recently, a drone was incorporated into the study. 
It demonstrated that another remote sensing metric called 
NDRE (Normalized Difference Red Edge) also is a strong 
predictor of crop nitrogen uptake. 

In 2020, researchers focused on refining both response 
indexes with a more advanced analysis. Previous analysis 
showed that a response index value of 1.10 was the 
threshold that a top-dressed fertilizer application would 
provide a yield response. Results from 2020 refined this 
value to 1.07 or greater. When a top-dressed nitrogen 
application was needed and applied, yields increased by 
roughly 200 pounds/acre to 1,000 pounds/acre. The larger 
the response index, the greater the potential yield increase. 

These are encouraging results that provide a more robust 
tool to accurately assess a rice field during panicle initiation to 
determine whether the top-dress will produce a yield increase.

Potential early season nitrogen loss
In conventionally managed rice, fields are flooded shortly 
after aqua nitrogen is applied. Flooding protects the aqua 
nitrogen fertilizer from converting to nitrate because the field 
is in an anaerobic state. This results in good nitrogen use 
efficiency. 

However, when a field is drained that still has aqua 
nitrogen in the soil, oxygen is introduced and microbes can 
then convert the ammonium to nitrate through a process 
called nitrification. Nitrate, in turn, can then denitrify when 
the field is reflooded and is lost as nitrogen fertilizer. The 
process is driven by how aerobic (dry) soils get during a dry 
down period, soil temperature, and soil properties such as 
texture and carbon content. With knowledge of how fast the 
conversion of ammonia to nitrate takes place under different 
soils and drying conditions, growers will have a better idea 
of how much nitrogen is still available in the soil.

In 2019, two field studies were conducted—one at 
the Rice Experiment Station (RES) and one near Knights 
Landing. In 2020, one study was conducted at RES in fields 
that were either in continuous flood or drained twice, each 
with and without a preplant aqua ammonia application. The 
drained treatments are typical of how a dry-seeded field is 
managed.

Based on data from both years of this study, fertilizer 
nitrogen losses from draining and reflooding dry-seeded rice 

The overall goal of this project is to develop fertilizer management guidelines that are economically
viable and environmentally sound. Research objectives in 2020 were:
• Assess top-dressed nitrogen needs through remote sensing.
• Study potential nitrogen losses early in the season due to flooding and draining events.
• Develop alternative nitrogen fertilizer management strategies.

Improving Fertilizer Guidelines for 
California’s Changing Rice Climate

Project Leader
Bruce Linquist, UCCE rice specialist 

Department of Plant Sciences 
UC Davis

Scientists 
provide more 
detail on their 
research at a 
Rice Field Day.



A medium grain trial 
showed highest 
overall yields from 
the June 12 planting 
date.

Time to maturity did 
not vary much in this 
planting date trial. Other 
studies have shown 
a two-week delay in 
planting can result in 
a one-week delay in 
heading.

fields resulted in a nitrogen fertilizer loss of roughly 20 to 30 
pounds an acre. The losses are primarily due to denitrification 
but also a small amount from nitrous oxide emission into the 
atmosphere (about one to two pounds an acre). 

Alternative nitrogen management
Most rice grown in California rice receives the majority of 
nitrogen fertilizer in the form of aqua ammonia. Some top-
dressed nitrogen is applied before planting or delayed by a 
few weeks, a strategy that is usually efficient and effective. 
However, in 2019 late season rain forced many growers to 
plant their rice before any fertilizer was applied. This resulted in 
a situation where growers tried a wide variety of approaches to 
applying nitrogen, some successful and some not. 

Since no research had been done in this area, growers 
had no recommendations to go on. Given that uncertainty, 
an experiment was conducted comparing aqua ammonia, 
ammonium sulfate, and urea applied as the nitrogen source. 
The study looked at different timings of applications, 
splitting applications and the use of specialty urea products 
that delay or slow the release of nitrogen. The study 
was conducted at the Rice Experiment Station, with 15 
treatments all receiving 150 pounds/acre nitrogen. The 
treatments were designed to examine different sources, as 
well as timing of fertilizer. Timing was preplant, immediately 
after planting, and split applications.

Some general findings can be made about the post-
planting fertilizer applications. All fertilizers increased grain 
yields relative to the control. Applying granular fertilizer in a 
single dose two weeks after planting was better than applying 
it all immediately after planting. Split applications resulted in the 
highest yields. This study will be repeated in 2021. 

Other experiments
Lodging in M-105, M-206

A trial was conducted in 2020 at the Rice Experiment Station to 
evaluate lodging in M-105 and M-206. Growers have become 
concerned about lodging in M-105 and in some cases have 
stopped growing it. 

Nitrogen rates were 120, 150, 180, and 210 pounds nitrogen/
acre, with subplots of top-dressed nitrogen at 30 pounds/acre 
during panicle initiation. The experiment found M-206 more prone 
to lodging. Lodging increased with increased nitrogen rates. 
Lodging was most severe with top-dressed nitrogen. 

Yields were not significantly different across nitrogen rates 
or between varieties. Yields were highest at 120 pounds/acre 
nitrogen. At higher nitrogen rates, yields tended to decline.

Planting date
A planting date trial was initiated in 2020 for the primary medium 
grains grown in California. Planting dates were May 29, June 
12, and June 26. See the charts below.

Other studies have shown that a two-week delay in planting 
results in a week delay in heading. M-105 headed the earliest 
(73 to 76 days) and M-211 headed the latest (80 to 83 days).

Highest yields were obtained from the June 12 planting. 
M-211 had the highest yields in the first two planting dates.

Seed treatment product
A trial at the Rice Experiment Station evaluated a seed 
treatment product called Envita® to see whether it would 
increase nitrogen uptake and yields. This product is designed to 
stimulate nitrogen fixation, increasing uptake and thus lowering 
fertilizer nitrogen requirements.

The variety used in this experiment was M-206. Soaked seeds 
were planted June 1. Envita® was evaluated at different nitrogen 
rates. Researchers did not see a yield benefit to using the product.
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Research in 2020 focused on the efficacy of new and 
existing herbicides in mixtures or sequential combinations, 
alternative crop establishment methods, control of 
nuisance algae, and herbicide resistance strategies for 
California rice fields. All weed management research was 
conducted at three locations—grower fields near Arbuckle 
and Willows and at the Rice Experiment Station (RES)  
near Biggs.

Herbicide programs
Herbicide research was conducted in continuous flood 
fields at the Rice Experiment Station and the grower fields. 

Predominant weeds in the 2020 research plots included 
late and early watergrass, bearded sprangletop, ducksalad, 
ricefield bulrush, and smallflower umbrella sedge, followed 
by barnyardgrass, monochoria, water hyssop, and 
redstem. All of these weeds are susceptible to herbicides 
registered for use in California rice.

Herbicides used in this research included Bolero®, 
Butte®, Cerano®, Clincher®, Grandstand®, Granite®  GR 
and SC, Prowl®, Regiment®, Sandea®, Shark® H20, and 
SuperWham! ®. These herbicides provide good to excellent 
control of target weeds. Combining herbicides in a program 
expands the spectrum of weed control.

Cerano® rate and timing
Leather’s method is used in water-seeded systems by 
draining the field within the first few days after seeding and 
reflooding once the crop has established shallow roots 
(about a week after seeding). This allows for good crop 
establishment but also gives weeds the opportunity to 
become highly competitive. Many growers use Cerano® 
(clomazone) to control sprangletop and barnyardgrass. 
However, if growers are using the Leather’s method, 
Cerano® is not an option because of labeled water-holding 
requirements.

In its second year, a study examined Cerano® applied 
at day of seeding, as well as after a Leather’s method, 
to determine whether weed control was adequate and 
whether there was any crop damage. Cerano® 5MEG was 
applied at the rate of 8, 10, and 12 pounds/acre at the 
two timings.  To control broadleaf weeds, an application 
of Granite® GR and SuperWham! ® was included in all 
treatments. In both 2019 and 2020, weed control of 

watergrass and sprangletop was better when Cerano® 
was applied at day of seeding. Cerano® applied after 
leathering injured rice. A rate of 8 to 10 pounds/acre 
provided adequate grass control.

Cerano® applied after leathering caused injury 
symptoms to rice. However, rice recovered after 60 days. 
Cerano® applied after leathering reduced rice tillers, 
especially at the highest rate. In general, rice yield was 
greatest when Cerano® was applied at day of seeding. 
Yield decreased with higher rates of Cerano® applied after 
leathering and also provided less weed control.

Optimizing Loyant® programs
Loyant® is a new product under development by Corteva 
Agriscience. Its active ingredient, florpyrauxifen-benzyl, is 
being evaluated for California rice. It is a post-emergent 

Growers typically tour 
the Rice Experiment 
Station on flatbed trucks 
during the annual field 
day, However, Rice Field 
Day was cancelled in 
2020 because of the 
pandemic.

Weed Management in Rice
Project Leader

Kassim Al-Khatib, professor and UCCE specialist 
Weed Science Program 

Department of Plant Sciences 
UC Davis
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The weed management project seeks to assist California rice growers in developing economic and timely 
broad-spectrum weed control, the prevention and management of herbicide resistant weeds, application 

of new tools and technology to manage weeds in rice, and to comply with personal and environmental safety 
requirements. 



herbicide in liquid formulation meant to control broadleaf 
weeds, grasses, and sedges. Loyant® is an auxin-type 
herbicide with a mode of action that has no known 
resistance issues in California rice. It has a broad window 
of application timing (2-leaf stage of rice to 60 days before 
harvest); however, it is most effective on small weeds not 
covered by water. Loyant® can be used in both direct-
seeded and water-seeded systems.

Although it has a broad spectrum of control on grasses, 
sedges, and broadleaf weeds, Loyant® is most effective in 
combination with other herbicides. It can be used to control 
weeds that are resistant to other herbicides. Extensive 
research was conducted in 2020 to evaluate different rates, 
timings, and combinations at the three sites.

Loyant® was applied alone and in combination with 
Superwham! ®, Granite®, and Regiment®. Crop injury and 
stand reduction were evaluated at 14 and 28 days after 
treatment. Weed status was evaluated at 14, 28, and 56 
days after treatment.

Rice injury from Loyant® was minimal and disappeared 
after 40 days. Control of ducksalad, arrowhead, water 
hyssop and redstem was nearly perfect at all sites. Ricefield 
bulrush control ranged from 60% to 80%, depending 
on the rate used.  Bearded sprangletop control ranged 
between 60% and 90%. Watergrass control ranged from 
27% to 90%. Control of smallflower umbrella sedge also 
ranged between 59% to 82%, depending on the rate used 
and the location (more control in Arbuckle and less at RES).

In a separate experiment, Butte® or Cerano® 
applied day of seeding, followed by Loyant® alone, or in 
combination with SuperWham! ®, Granite®, Clincher® 
or Regiment®, gave excellent weed control with no rice 
stand reduction and good yields. The study showed that 
a postemergence application of Loyant® after Butte® or 
Cerano® is effective and safe in water-seeded rice.

Herbicide research
Nine separate studies were conducted to evaluate different 
formulations and new active ingredients in continuously 
flooded rice systems.

Pyraclonil
Pyraclonil is a PPO-inhibiting active ingredient under 
development by Nichino America. Its mode of action is a 
new chemistry with activity on a broad spectrum of rice 
weeds and no known resistance issues. Previous studies 
demonstrated that pyraclonil would be best used as part of 
a comprehensive weed control program. It is less effective 
on sprangletop, smallflower umbrella sedge, and ricefield 
bulrush. 

In 2020, pyraclonil was tested as part of a program 
that included Butte®, Cerano®, Bolero®, Regiment®, 
Granite®, SuperWham! ®, and Loyant®. Results showed 
outstanding weed control with pyraclonil applied at day 
of seeding. These combinations also provided excellent 
control of smallflower umbrella sedge and broadleaf weeds. 
Furthermore, it provided good control of barnyardgrass, 
early watergrass, and late watergrass.

However, pyraclonil was not effective on sprangletop. 
Further studies will be conducted to evaluate pyraclonil in 
combination with Cerano® to control sprangletop. Excellent 
control also was achieved when pyraclonil was applied in 

combination with Bolero® UltraMax, Butte®, and Loyant®. 
Rice did not show signs of injury from pyraclonil.

In the second year of another study, pyraclonil was 
evaluated applied day of seeding with M-105, M-205, 
M-206, M-209, S-102, and Koshihikari. All these rice 
varieties showed good tolerance to pyraclonil. 

Pyraclonil holds promise as a new tool for managing a 
variety of herbicide-resistant weeds in California rice fields.

Pendimethalin
Pendimethalin is used in drill-seeded rice in many rice 
production areas but not in water-seeded systems. It has 
been effective in herbicide programs to control weeds 
resistant to propanil and ALS-resistant grasses. It is also 
one of the most effective herbicides against sprangletop 
species, which are difficult to control in California. It has 
no recorded resistance. In California, pendimethalin is 
currently registered only for use in direct-seeded rice but 
has the potential to be a significant new tool for control of 
herbicide-resistant weeds if it can be used safely in water-
seeded systems.

A study examined pendimethalin formulations applied 
at various rates and timings and for crop injury in water-
seeded rice. Minimal chlorosis and bleaching on rice was 
observed. Some stunting of rice early in the season did 
not have any lasting effects on plant height later in the 
season. The majority of rice injury occurred after an early 
application reduced stands. On average, a later application 
when rice is at a more developed stage resulted in less 
stand reduction and produced higher yields. Pendimethalin 
controlled 75% to 90% of barnyardgrass plants, depending 
on rates and timing.

Results suggest that pendimethalin has the potential 
for use in water-seeded systems. Based on these positive 
results, the same study will be repeated in 2021. Response 
by different California rice varieties also will be evaluated.

ROXY®

ROXY® rice is a new technology developed at the Rice 
Experiment Station. This rice is resistant to the herbicide 
oxyfluorfen; hence the acronym ROXY®. Research has 
been conducted in a water-seeded rice system to evaluate 
dose response. Weed control with oxyfluorfen was 
excellent with good crop safety.

New formulations
Several new formulations of clomazone were tested for 
weed control and crop safety. In general, research showed 
that crop safety and weed control of new formulations are 
similar to Cerano®. The purpose of this study is to have 
more than one company to market clomazone for California 
rice to increase competition and reduce costs to growers.

New formulations of Butte® herbicide also were tested. 
These formulations look promising to increase grass 
control.

Alternative cropping methods
The continuous use of a water-seeded cropping system 
for California rice—along with a limited number of 
herbicides—has resulted in more flood-tolerant weeds and 
herbicide-resistant weed populations throughout the rice 
growing areas. Alternative cropping methods, such as stale 
seedbed and deeper drill seeding, may be combined to 
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allow novel herbicide modes of action to combat resistance 
while providing economically competitive yields.

Two experiments were conducted in 2020 to identify 
rice varieties for the vigorous traits that would facilitate this 
approach. Four rice varieties—M-205, M-209, M-105, and 
M-206—were grown and evaluated for germination and 
elongation, emergence, and early season morphology. 
M-205 and M-209 had the greatest rates of below-soil 
elongation and greater overall rates of mesocotyl and 
coleoptile elongation. M-205 and M-209 also were found to 
have higher rates of emergence across depths.

Differences in aboveground growth parameters of 
emerged seedlings were noted at planting depths up to 
3 inches. Tillering tended to increase with planting depth 
across varieties. M-205 had higher tillering across all depths 
by eight weeks after planting. Based on all observations 
of growth and development, M-205 and M-209 exhibited 
the greatest vigor overall and high levels of emergence 
from depths greater than 1 inch. These varieties, therefore, 
should be suitable for stale drill seeding as a strategy to 
help manage herbicide resistance.

Algae management
Controlling early season algae is critical for maintaining 
rice seedling establishment and furthering rice stand 
development. Rice seedlings can get caught in mats of 
nuisance algae, leaving empty patches in the rice field.

Copper sulfate or “bluestone” is frequently 
recommended to apply in water when algae scum starts 
to develop. However, this approach may not be most 
effective. Proper algaecide timing is important for good rice 
seedling establishment. 

A field experiment was conducted with a number of 
algaecide products. All were applied at planting date 
and seven days after planting. Prior to flooding, nitrogen 
and phosphorous were added to study plots to stimulate 
uniform algae growth.

Results showed that maximum algae reduction occurred 
two days after treatment for both application timings. 
However, later application of algaecides had the greater 
reduction. Hydrogen peroxide (80%), hydrothol (68%) 
and liquid copper sulfate (65%) showed the highest algae 
reduction when applied at day of seeding, whereas liquid 
copper sulfate, hydrothal, and Cutrine® Plus controlled 
algae more than 80% when applied seven days after 
planting.

The number of rice seedlings established was affected 
by the algaecides and the application timing. Overall, rice 

seedling emergence was higher when algaecides were 
applied on the planting date rather than a week after 
planting. Maximum rice establishment occurred with liquid 
copper sulfate and Cutrine® Ultra at day of planting. 

Results suggest that combining fertilizer management 
practices with chemical options will be a good approach 
for managing algae early in the rice growing cycle.

Weedy rice research
Weedy red rice, or simply weedy rice, is an emerging 
issue for California growers. In 2020, field experiments 
were conducted to observe the timing and conditions for 
emergence of several weedy rice types. All weedy rice 
types emerged within 21 days of flooding—in contrast to 
2019, when most emerged 14 days after flooding. Type 3, 
the weedy biotype suspected of existing in California for 
the longest period, had the highest rate of emergence.

In addition to field studies, research continued on 
temperature and water conditions favorable to weedy rice 
under controlled conditions. Results from 2019 indicated 
there isn’t a large difference in germination patterns for 
all weedy types at 85 degrees Fahrenheit. However, 
some differences were noted at 60 degrees Fahrenheit. 
Unfortunately, the pandemic prevented researchers from 
completing the lab experiment in 2020.

Germination results will be combined with data from 
an emergence experiment to create predictive models 
for the timing of weedy rice emergence. This research is 
continuing in 2021.

Diagnostics and detection
Greenhouse testing of suspected herbicide resistant weeds 
was conducted on more than 74 seed samples from 
2019. Growers and PCAs submitted weed seed samples, 
including barnyardgrass, early and late watergrass, 
smallflower umbrella sedge, sprangletop, ricefield bulrush, 
and redstem.  

Responses of these weeds to several herbicides 
confirmed resistance. Most of the samples tested 
showed resistance to at least one herbicide. Several 
samples showed multiple resistance. Each grower has 
been provided with an extensive report that includes 
photos of plant response to different herbicides and 
recommendations for herbicide alternatives.

Work will continue to test suspected resistant weed 
populations provided by growers and PCAs. 

Herbicide resistance from screening of 2019 samples
Species Bolero Butte Cerano Clincher Regiment Granite Propanil Shark Grandstand

Barnyardgrass (4) 1 1 0 1 1 - 1 - -

Early Watergrass (11) 0 2 0 2 3 - 3 - -

Late Watergrass (7) 0 4 0 7 7 - 5 - -

Smallflower Umbrella Sedge (33) 0 0 - - 21 6 29 0 0

Bearded Sprangletop (16) 0 0 0 0 - - - - -

Ricefield Bulrush (1) -a 0 - - - 0 - - 0

aweed was not treated with herbicide
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Weedy Rice Control
Project Leader

Whitney Brim-DeForest, UCCE farm advisor 
Sutter, Yuba, Placer, and Sacramento counties

The past four seasons of work has yielded important information about the nature, extent, and distribution of weedy rice in California. 
More than 13,000 acres have been infested with seven different biotypes, and possibly one or two new biotypes identified in 2020. 
Information on dormancy and shattering is crucial to provide management recommendations. Two years of field studies examining 
population dynamics and emergence have been completed. An overwintering experiment also is yielding important information.

2020 sampling results
In 2020, six out of 31 samples were confirmed to be weedy rice, including three new sites in Sutter, Yuba, and San Joaquin 
counties. Three from current locations had additional types—one  in Yuba County and two in Butte County. 

Four or five samples need further analysis of shattering and dormancy in the lab. One type found in both Yuba and Sutter 
counties was straw-hulled with awns, white-pericarped and short grained. Another sample found in Yuba and Sacramento counties 
was straw-hulled with no awns, red pericarp and long grained. Both shattered in the greenhouse. If the white-pericarped type turns 
out to be weedy (shattering and dormancy), it would be the first weedy rice type lacking the red pericarp in California. 

A number of seed fields were also found contaminated with weedy rice (primarily type 5). It is unknown how weedy rice spreads, 
but shared equipment (including airplanes) is strongly suspected.

All previously infested weedy rice fields found since 2016 were resurveyed in 2020. Survey results will be reported in 2021.

In-season field trial
Work continued on an in-season field trial at UC Davis comparing conventional flooded rice, stale seedbed (flushed) management, 
and crop rotation. Weedy rice types 1,2,3, and 5 were seeded into the plots. Soil samples were taken after tillage and before 
planting. Soil seedbank analysis from 2019 has been completed. Analysis of the 2020 data is in progress.

Some differences were noted between treatments and biotypes. Variability within plots reflects the spread of plants across a field 
from seed sources, as well as spring tillage.

There was a slight difference in weedy rice emergence between the conventional and stale seedbed. Also noted were differences 
between the number of plants that emerged in the two treatments. In the flushed field, Type 3 had as many as five plants per square 
foot, compared to approximately two plants per square foot in the flooded field. 

The number of emerged plants in the flushed treatment was almost 10 times higher in 2020 than in 2019 across most of the 
biotypes. The number of plants emerging in the flooded treatment decreased from 2019 to 2020. The data indicate that continuous 
flooding without draining has the potential to suppress weedy rice emergence if repeated over time.

In the 2019 stale seedbed treatment, glyphosate application controlled weedy rice in varying amounts—25% of biotype 1, 75% of 
biotype 2, 58% of biotype 3, and zero control of biotype 5. Although the herbicide application was made at the same time in 2020 (11 days 
after flooding), emergence patterns were quite different—40% control of biotype 1, 26% control of biotype 2, 40% control of biotype 3, and 
40% control of biotype 5. Differences may be the result of varying temperature and soil moisture. This data will be further analyzed in 2021.

A few trends emerged from the harvest data. M-105 is more competitive under flooded conditions than under flushed conditions 
in terms of biomass and panicle weight. Type 3 is also more competitive under flooded conditions than under flushed conditions. 
Type 5 appears to do best under dry-seeded conditions. No clear trends emerged for the other biotypes.

Overwintering experiment
Overwintering research is taking place outdoors at a site in Colusa County. The first phase of the experiment began in the fall of 2019 
and finished in spring 2020. It is being repeated for the winter of 2020 through spring 2021.

Weedy rice biotypes 1,2,3, and 5 were buried in mesh bags at two depths—near the soil surface and 6 inches deep. M-206 was 
utilized as a control. Bags were removed in December 2019, January 2020, and February 2020. 

Seed was tested for dormancy and viability. As expected, M-206 had almost no dormancy, regardless of treatment or time in 
the soil. Similarly, the germination rate decreased over time and the proportion of dead seeds increased with time. (M-206 being a 
domesticated rice variety has little to no dormancy.) Type 5 showed similar behavior to M-206. Type 1 showed increased dormancy 
when buried in the soil under both flooded and ambient conditions.  Type 3 showed an increase in dormancy over time only under 
ambient conditions when buried.  Types 1, 3, and 5 showed increased mortality over time when buried under ambient conditions. 
Type 2 showed similar mortality under all field conditions over time. 

At 90 days after burial, all types had higher mortality under ambient conditions than flooded conditions. However, there was some 
variation among them. Dormancy was higher for buried seeds of Types 1, 2, and 3. Type 5 had no dormancy regardless of treatment.

Weedy red rice, or simply weedy rice, was rediscovered in California in 2016. Since then, UC Cooperative 
Extension advisors and specialists have been working with the rice industry on a multifaceted research program 

covering genetics, phenotyping, surveying, and management advice. 
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This study showed that simulated herbicide 
drift data will be useful in developing integrated 
stewardship plans.

Stewarding a New Herbicide for 
California Rice

Project Leader
Brad Hanson, UCCE weed specialist 

Department of Plant Sciences 
UC Davis

California rice growers rely on complex herbicide programs to control the mix of grass, broadleaf, and 
sedge weeds that are well-adapted to rice culture. A new pre-emergent herbicide marketed as Loyant®, 

registered in other states, has been on track for registration in California in 2021. Thus, a new study begun in 
2020 sought to evaluate the relative herbicide risks to off-target crops, particularly trees and vines.

This study compared simulated drift from Loyant® and 
Grandstand®, another pre-emergent herbicide currently 
registered in California. Treatments were applied in June to 
newly planted almond, walnut, pistachio, peach, and plum, 
as well as to established wine grapes and walnut. Test sites 
were near Davis and Winters.

Injury symptoms were apparent on all trees. Visual 
signs of injury increased across all species as herbicide 
rates increased. The severity of symptoms from Loyant® 
were more visible on pistachios, while injury symptoms 
from Grandstand® were more severe on grapes. Initial 
symptoms were similar on almonds, grapes, pistachios, 
and walnuts. However, injury to grapes from Grandstand® 
was more severe than Loyant®.

Herbicide injury symptoms
Pistachio response to both herbicides included chlorosis, 
chlorotic spot, leaf curling, leaf narrowing, leaf distortion, 
leaf malformation, leaf crinkling, shoot curling, stem 
coloring, stunting, terminal bud death, and twisting. Shoot 
curling and stunting were identical at higher rates for 
pistachios, and they were by far the most sensitive trees to 
both herbicides.

Grapes displayed similar symptoms to both 
herbicides—chlorosis, chlorotic spot, leaf curling, leaf 
distortion, leaf malformation, leaf crinkling, necrosis, 
necrotic spots, and twisting on the leaves. Necrotic spots 
turned into holes on the leaves later on. Also, grape 
clusters and berries showed deformation and asymmetrical 
growth.

Prune response to Loyant® included chlorosis, chlorotic 
spot, excessive branching, leaf curling, leaf narrowing, 
leaf distortion, leaf malformation, leaf crinkling, necrosis, 
necrotic spots, stunting, and terminal bud death. Chlorosis, 
necrotic spots, stunting, and terminal bud death were 
identical at higher rates for prunes.

Peach responses to Loyant® were chlorosis, chlorotic 
spot, leaf curling, leaf narrowing, leaf distortion, leaf 
malformation, leaf crinkling, necrosis, necrotic spots, stem 
coloring, and stunting.

Almond response to both herbicides included chlorosis, 
chlorotic spot, leaf curling, leaf narrowing, leaf crinkling, 
necrosis, necrotic spots, shoot curling, and stem coloring. 
Leaf curling, necrosis, and necrotic spots were identical at 
higher rates for almonds.

Walnut responses to both herbicides were leaf curling, 
leaf narrowing, leaf crinkling, shoot curling, stunting, and 
twisting. However, walnut symptoms were not as severe as 
other crops, and they were by far the least sensitive trees 
to both herbicides.

Groundwork for integrated management
Overall, a ranking of sensitivity to Loyant® in the first year of 
the study was pistachio, grape, prune, peach, almond, and 
walnut. For Grandstand®, it was grape, pistachio, almond, 
and walnut. 

Both herbicides caused fruit deformation on grape 
clusters and decreased grape yield. While most tree crops 
resumed growth after the initial injury symptoms, pistachio 
tree growth did not resume and injury symptoms persisted 
for the remainder of the 2020 growing season. Even at high 
simulated drift rates with Loyant®, almond, peach, prune, 
and walnut appeared to recover after initial injury and 
delayed growth.

Overall, this study showed that simulated herbicide drift 
data will be useful in developing integrated stewardship 
plans for these herbicides in rice fields that are close to 
trees and vines. Further research will evaluate residual 
herbicide effects on yield and a second year of treatments.
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In the fall of 2019, a comprehensive survey took place by 
sampling soil in fields from each major rice growing county 
to establish a baseline of weed species and biotypes 
present. The fields were randomly selected and included 
10 from Glenn, Butte, Sutter, and Colusa counties; five 
from Yolo and Yuba counties; and two from Sacramento 
and Placer counties.

The samples were taken after rice harvest in October 
and November. Samples were placed in freezers until early 
2020. Samples were then placed in pots and grown out 
in UC Davis greenhouses for about three or four months. 
Each soil sample would be marked simply for the presence 
or absence of known weed species. Any unidentifiable or 
unknown species were to be grown to flowering. Samples 
were averaged by field. Averages for all samples in each 
county are presented in the table below.

Preliminary analysis indicates that redstem and 
smallflower umbrella sedge were the only two weed species 
found across all sites and counties. Ducksalad was found 
in all counties, as was waterhyssop, but not at all locations 
in those counties. Bulrush was widespread across all 
but Yolo County. Late watergrass, early watergrass and 
barnyardgrass were found in all counties except for Placer, 
Sacramento, and Yolo counties. The findings continue to 
be analyzed and will be presented online for easy reference 
and access to growers and others in the rice industry.

Herbicide resistance screening
A second objective of this project was to screen new 
watergrass weeds for herbicide resistance. Ten samples 
collected in 2018 were multiplied in the greenhouse in 

Over the past several years, a number of new weed species have been identified, including winged 
water-primrose, six biotypes of weedy rice, and possibly two new species (or subspecies) of watergrass. 

False pickerel weed in rice seed production is another concern. The range of some of these species is unknown. 
Since the last weed survey was conducted in the 1980s, this project was initiated to provide the rice industry 
with more current information.

Emerging Weed Issues in Rice
Project Leader

Whitney Brim-DeForest, UCCE farm advisor 
Sutter, Yuba, Placer, and Sacramento counties

Percentage of sample locations by county with weed species present

County

Glenn 0 10 30 90 0 0 20 0 100 100 10 80 10

Butte 0 20 80 100 0 0 10 10 100 100 40 100 0

Sutter 0 40 60 100 10 0 0 0 100 100 30 100 10

Colusa 0 40 90 100 10 0 10 0 100 100 10 100 30

Yolo 0 0 0 80 0 0 0 0 100 100 40 100 40

Yuba 0 20 20 100 0 0 20 0 100 100 20 100 40

Placer 0 0 100 100 0 0 0 0 100 100 0 100 0

Sacramento 0 0 50 100 0 0 0 0 100 100 50 100 0
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2019 to produce enough seed for screening. Herbicides 
for screening include clomazone (Cerano®), thiobencarb 
(Bolero®), cyhalofop (Clincher®), benzobicyclon in 
formulation with imazosulfuron (Butte®), penoxsulam 
(Granite® GR), bispyribac-sodium (Regiment®), and 
propanil (Stam® or SuperWham! ®).

Screenings took place in a greenhouse at the Rice 
Experiment Station in the spring of 2020. All formulations 
were tested at the 1.5-leaf stage of the watergrass. Visual 
evaluations were made after seven days. At 14 days after 
treatment, the number of living plants were counted. None 
of the 10 samples were controlled by Granite® GR or 
Butte®. Nine of 10 samples were not controlled by Bolero® 
and six of 10 samples were not controlled by Cerano®.

This closely follows what growers observed in their 
fields—watergrass was escaping early season control and 
was then difficult or impossible to control with later season 
herbicide applications.

SuperWham! ®, Regiment®, and Clincher® provided 
at least 60% control. However, since the greenhouse 
application was conducted at an early timing, it is possible 
that later applications in the field may be less effective.

For growers, these results suggest that control of 
this new watergrass biotype will need to be prioritized 
early in the season. Possible treatment could include a 
stale seedbed with a nonselective herbicide and preplant 
Abolish® followed by Cerano® or Butte® or Granite® GR; 
Cerano® followed by Butte® or Bolero® or Granite® GR; or 
Butte® followed by Granite® GR. Keep in mind that these 
combinations have not been field tested and could cause 
phytotoxicity. There is still a strong likelihood that, even with 
these early season applications, a follow-up application 
may be required later in the season. 

Experimental herbicide
A field experiment was conducted in a Yuba County 
grower’s field in 2019 for control of an unidentifiable 
watergrass population. Results were not promising, 
showing little to no control. However, the herbicide was 
tested again in 2020 in a Glenn County field. The late 
watergrass biotype in this particular field is resistant to 
multiple herbicides. The chemical appeared to exercise a 
small amount of control, so it will be tested again in 2021.

Watergrass survey
A survey of watergrass species (including barnyardgrass, 
late watergrass, early watergrass, and potentially other 
unknown species or biotypes) in the rice growing region 
was conducted in August and September 2020. Growers 
and PCAs were contacted directly by project scientists. A 
total of 64 samples were collected from experimental fields, 
UC Davis, the Rice Experiment Station, and growers. 

Most of the samples were collected from Sutter and 
Yuba counties. In some fields, more than one sample was 
collected if multiple biotypes could be distinguished visually. 
However, a phenotypic analysis showed that nearly half the 
seeds collected (48%) were barnyardgrass and only 34% 
were watergrass. 

As of early 2021, samples were being grown out in 
a UC Davis greenhouse and will be analyzed for growth 
characteristics such as plant height, reproductive 
characteristics such as panicle length, and seed 
characteristics such as hull color.  Specimens will then be 
screened for herbicide resistance at plant maturity.

When Rice Field 
Day resumes, 
growers will 
be able to hear 
firsthand about 
weed control 
efforts.
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Rice tillers 
infected 
with stem 
rot

Rice Disease Research and Management
Project Leaders

Luis Espino, UCCE farm advisor 
Butte and Glenn counties

Cassandra Swett, UCCE specialist 
UC Davis

Work continued in 2020 on rice diseases of concern to the California rice industry, including aggregate 
sheath spot, stem rot, and kernel smut. Research evaluated a number of fungicides for disease 

management. Additional work focused on testing methods to rate kernel smut damage and an assessment of 
kernel smut damage to different rice varieties.

Fungicide trials
Eleven fungicide trials were conducted in 2020 at several 
locations in the Sacramento Valley. Three trials targeted stem 
rot, four focused on aggregate sheath spot, and two trials 
focused on kernel smut. For stem rot and aggregate sheath 
spot, the trials focused on fungicide application timing. 
Application timings were at the mid-boot and early heading 
stages. Research has shown that mid-boot is the best time 
to apply fungicides to prevent kernel smut. However, early 
heading is the recommended application timing to manage 
stem rot and aggregate sheath spot. If these two diseases 
could be managed with applications at the mid-boot stage, 
then it would be possible to combine their control with 
control of kernel smut, saving application costs.

Stem rot trials
The stem rot trials were all conducted at the Rice 
Experiment Station (RES) on a basin with a history of the 
disease. The effect of two silica-based amendments on 
stem rot incidence and severity also was tested.

Stem rot incidence and severity in this trial was 
moderate to high. Incidence and severity were significantly 
affected by the treatments. Quadris® (active ingredient 
azoxystrobin) applied at the boot or early heading stages 
reduced incidence and severity by 50% and 70%, 
respectively. An application of Flint® (active ingredient 
trifloxystrobin) with Tilt® reduced the severity of stem rot 
when applied at the boot stage, but only by 30%. 

Grain from plots treated with Quadris® at the boot 
stage had a significantly lower moisture content than 
control plots. This was unexpected because typically grain 
from fields treated with Quadris® have higher moisture 
content than untreated fields. However, the difference 
was small and the grain moisture content was lower than 
recommended for harvest. Yield and grain quality were not 
significantly affected by the fungicide treatments.

In the silica trial, two commercial products were 
broadcast over the soil preflood and lightly incorporated 
using a rake. Stem rot incidence was not affected by 
the treatments, but severity was. All plots treated with 
Quadris®, regardless of amendment treatment, had 
significantly lower stem rot severity than plots not treated 
with Quadris®. On average, Quadris® reduced stem rot 
severity 57% compared to the control.

Yield was not significantly affected by the treatments. 

However, there was a significant relationship between stem 
rot severity and yield, indicating a 270 pound/acre yield 
reduction for every one-unit increase in stem rot severity.

Another trial examined Azoxystar® (active ingredient 
azoxystrobin) and Propi-Star® (active ingredient 
propiconazole). Treatments did not have a significant effect 
on stem rot incidence but significantly reduced severity 
between 31% and 43% from the control.

Treatments also had a significant effect on yield. Propi-
Star® in combination with Azoxystar® resulted in significant 
yield increases compared to the control, ranging from 620 
pounds/acre to 931 pounds/acre. Even though treatment 
with Azoxystar® alone significantly reduced stem rot severity, 
it did not significantly increase yield. Treatments also 
increased milling yield by one to three points.
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aggregate 
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Trials conducted in the past have shown that 
azoxystrobin, the active ingredient in Azoxystar®, can 
reduce stem rot incidence and severity. Propistar® has no 
activity on stem rot and is used for smut management. It 
is unclear why the combination of both active ingredients 
resulted in higher yields. In this trial, yields decreased 330 
pounds/acre for every unit increase in stem rot severity. 

Aggregate sheath spot trials
Aggregate sheath spot trials were conducted in 
commercial rice fields with a history of the disease. 

In a trial near Maxwell, disease levels were low. 
In addition to aggregate sheath spot, blast also was 
observed at this site. Quadris® applied at heading 
significantly lowered the incidence and severity of 
aggregate sheath spot.

Yields in this trial also were significantly affected by 
fungicide treatments. Plots treated with Quadris® and 
Stratego® at boot or heading, and Serenade® at boot, 
had significantly higher yields than the control. Yield 
advantage for all treatments was similar and averaged 
1,098 pounds/acre. Treatments did not affect milling or 
head rice yield.

Results of this trial indicate that Quadris® applied at 
heading reduced aggregate sheath spot incidence and 
severity. Previous trials have shown that Quadris® can be 
effective against this disease when applied at the boot 
stage. Quadris®, Stratego®, and Serenade® applied at 
boot or heading seemed to have an effect on the incidence 
of blast, resulting in higher yields than the control.

Disease level at a second trial near Richvale was 
moderate. Treatments with Quadris®, Excalia®, and 
QuiltXcel® significantly affected aggregate sheath spot 
incidence and severity. The reduction in disease level was 
similar for all three products applied at boot or heading; 
on average, disease incidence and severity was reduced 
by 64% and 77%, respectively.

Treatments that reduced disease incidence and 
severity significantly increased yield. Additionally, 
Stratego® applied at the boot stage also increased 
yield. Yield increases ranged from 440 pounds/acre to 
880 pounds/acre, averaging 630 pounds/acre. It’s also 
important to note that yields decreased 290 pounds/acre 
for every unit increase in disease severity.

Milling and head rice yield were also affected by the 
treatments. Application of Stratego® at the boot stage 
resulted in a 1-point increase in milling yield. Application 
of Quadris® at heading and Stratego® at boot stage 
produced a 3-point and 4-point increase in head rice 
yield, respectively.

At a third trial near Yuba City, aggregate sheath 
spot levels were moderate. Incidence and severity of 
the disease were significantly affected by treatments. 
Quadris® applied at boot reduced disease incidence and 
severity by 52% and 58%, respectively. Quadris applied at 
heading was not as effective. Stratego® reduced disease 
incidence and severity by 41% and 61%, respectively. 
Excalia® (a fungicide not registered in California yet) 
applied at boot stage, reduced disease incidence and 
severity by 92% and 95%. When applied at heading, 
those figures dropped to 51% and 69%. Yields were not 
affected by the treatments.

Treatments did have an impact on milling and head rice 
yields; however, grain quality differences were small.

Kernel smut trials
Two trials were conducted in fields with a history of high 
kernel smut incidence. In both trials, the effect of two 
nitrogen rates on smut incidence was tested in addition 
to fungicide treatments, which were made at the mid- to 
late boot stage. Grain samples were collected at harvest 
and the number of smutted kernels counted. Any impacts 
to milling yield, head rice yield, and kernel whiteness were 
examined.

In the Agua Frias Road trial, 130 pounds/acre nitrogen 
was applied preflood as aqua ammonia. Plots were 
topdressed at panicle initiation with either 20 or 40 pounds/
acre ammonium sulfate. Smut levels at this location were 
low to moderate. 

Treatments behaved differently at each nitrogen level. 
For instance, at 150 pounds/acre nitrogen, QuiltXcel® 
reduced smutted kernels by 43%. All other treatments 
resulted in smut levels not significantly different than the 
control. At 170 pounds/acre nitrogen, Tilt®, QuiltXcel®, 
quinoa extract, and ThermXTM-70 applications reduced 
smut levels by 75%, 51%, 36%, and 38% compared to the 
control. 

At 150 pounds/acre nitrogen, QuiltXcel® and 
ThermXTM resulted in significantly higher yields than the 
control, increasing yield 9% and 8%, respectively. While 
QuiltXcel® reduced the level of smut, ThermXTM did not. 
At 170 pounds/acre nitrogen, quinoa extract resulted in 
a significantly higher yield than the control. Both Tilt® and 
quinoa extract reduced smut and increased yield by 6%.

A small difference in milling yield was observed with 
the application of QuiltXcel® and quinoa extract at high 
rates. Head rice yield was not affected by nitrogen level or 
fungicide treatment.

For kernel whiteness, there was a significant interaction 
between nitrogen level and treatment. At 150 pounds/
acre nitrogen, treatment with the quinoa extract at the low 
rate resulted in significantly higher kernel whiteness than 
the control. At 170 pounds/acre nitrogen, none of the 
treatments produced kernel whiteness significantly different 
than the control.
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In this trial, there was no relationship between level of 
smut and grain yield, milling yield, or head rice yield per plot. 
Smut levels may not have been high enough to affect these 
parameters. QuiltXcel® consistently reduced the level of smut 
under both nitrogen levels tested. Tilt® was highly effective 
in reducing smut only at the higher nitrogen level, possibly a 
reflection of different amounts of smut in the plots.

At the higher nitrogen rate, quinoa extract and ThermXTM 
reduced smut but not as much as Tilt®. Treatment with 
QuiltXcel® and quinoa extract reduced smut and increased 
yield, indicating a benefit of using these products. Effects of 
these fungicides on other diseases may also have contributed 
to the effect on yield. 

Increasing the amount of topdressed nitrogen 20 pounds/
acre resulted in a doubling of smut level while not improving 
yield or grain quality. This indicates that managing the use of 
nitrogen to maximize yield but avoiding excess is an important 
component of smut management.

In the Erickson Road trial established in an organic field, 80 
pounds/acre True® Organics nitrogen was applied preflood, 
followed at panicle initiation with 20 or 40 pounds/acre True® 
Organics nitrogen topdressed. The level of smut in this trial was 
high, and aggregation of the disease in one area of the trial may 
have affected trial results.

At 100 pounds/acre nitrogen, application of the fungicide 
OSO® and the quinoa extract reduced the level of smut. At the 
higher nitrogen rate of 120 pounds/acre, however, none of the 
treatments resulted in a reduction of smut. The reason for this 
is unclear.

Yield was not affected by treatment but was significantly 
affected by smut level. A statistical analysis showed that for 
each 10 smutted kernels in a 25 gram grain sample, yields 
decreased by 178.4 pounds/acre. 

Milling or head rice yield were not significantly affected by 
nitrogen rate, treatment, or their interaction. Milling yield was 
affected by smut level but head rice was not. Kernel whiteness 
was not affected by the treatments, but it was affected 
by smut levels. As smut increased, whiteness decreased 
linearly. For every 10 smutted kernels, whiteness percentage 
decreased 0.3 points.

Because this was an organic rice field, the amount of 
nitrogen used was lower than in a conventionally farmed 
rice field. Treatment effects were not consistent at the two 
nitrogen rates, making it difficult to draw conclusions about the 
fungicides being tested.

Smut level had a significant effect on grain, milling yield, and 
kernel whiteness. Past research has shown that smut can also 
affect head rice yield. 

Rating method for kernel smut
The effect on yield and quality of rice was explored in the 
fungicide trials described above. Work also took place on 
developing testing methods to rate kernel smut damage.

The kernel smut fungus produces spores that infect flowers 
and replaces the content of the rice kernel with a mass of 
spores. Infections occur probably during flowering, but signs of 
the disease are not visible until about a month before harvest. 
At that point, it’s too late to take any corrective action. 

Quantifying the level of smut could help growers better 
understand yield or quality issues and plan for the following 
season. The standard method to assess the level of kernel 
smut is to take a grain sample, soak it, and then count the 
number of smutted kernels in the sample. This method is time 

consuming and difficult to implement. A field method to rate 
kernel smut could aid growers and PCAs in evaluating their 
management actions and to estimate the level of smut in a 
field.

Two variety trials in Butte and Yuba counties were 
selected to evaluate a field rating method. Plots of M-105, 
M-206, and M-209 were chosen a few days before harvest 
in 2020. On these plots, 10-panicle samples were inspected 
in three different areas of the plot for a total of 90 panicles 
inspected. For each panicle, the number of smutted kernels 
was recorded. Data was summarized as a proportion of 
infected panicles per sample or average number of smutted 
kernels per sample.

The proportion of panicles infected with kernel smut in the 
field as a method to rate kernel smut level was evaluated. 
The Yuba trial showed that a level of 50% infected panicles 
corresponds to about 10 smutted kernels of grain. Data 
from fields with a range of infections are needed to refine this 
technique.

Variety susceptibility to kernel smut
Kernel smut was observed in two of the statewide variety trials 
conducted in 2020. Advanced entries were evaluated from each 
plot at harvest. Overall, smut levels were higher at the Yuba 
County site than the Butte County site. 

In both trials, CH-202 had the lowest smut levels when 
compared with other varieties. Among the long grains, L-207 
had higher levels of smut than L-208. In Butte, M-211 and 
M-206 had more similar levels of smut than M-209. In Yuba, 
M-209 had significantly more smut than M-206 and M-211. In 
general, short grains had low levels of smut.

In previous years, M-209 has been more susceptible 
to smut than other medium grains. This was seen in the 
Yuba trial, but not in the Butte trial. Similarly, past trials have 
shown that long grains are more susceptible than medium 
and short grains, and that short grains tend to be the least 
susceptible. With a few exceptions, this was also the case in 
2020. Differences in smut levels among varieties between the 
trials may be related to differences in environment, fertility, or 
disease level. 

Epidemiological studies of kernel smut
In 2018, a rice kernel smut epidemic occurred in the northern 
part of the Sacramento Valley. Growers and PCAs reported 
yield reductions and quality issues. Since then, application 
of propiconazole has been adopted to prevent kernel smut 
infection. Information developed in 1984 showed that a 1% 
solution of sodium hypochlorite (bleach) could be used as a 
seed treatment to inhibit spores. A study was conducted to 
gauge the effectiveness of this technique.

The rice seed used was collected in 2018 from a heavily 
infested M-206 and L-206 trial. Rice seeds were soaked 
in different treatments consisting of different methods 
of soaking seed in sodium hypochlorite. After the soak, 
spores were collected from the smutted seeds in the 
different treatments and spore germination assessed. 
Spore germination was inconsistent across replications of 
the different treatments. Overall, the study suggests that 
treatment with a 2.5% or 5% bleach solution does not inhibit 
spore germination. The discrepancy with previous results 
may be due to the bleach concentrations used in the earlier 
study or other factors such as seed handling in the research.
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Rice water weevil
Rice water weevil (RWW) has been in California for more 
than 60 years and has been the subject of considerable 
research. In recent years, RWW populations have declined 
and were once again low in 2020. Most growers and pest 
control advisers no longer consider RWW a key pest. The 
reasons for its decline are unclear but may have to do with 
the use of improved varieties that can better withstand 
injury and changes in agronomic practices such as reduced 
burning and improved straw management.

Although natural populations were low at the regional 
level, there were enough weevils to conduct trials 
supplemented by RWW populations reared in a laboratory 
colony. Another issue concerned the basin used for many 
years at the Rice Experiment Station (RES). Rice stands 
have not established well. As a result, a new location at 
RES will be selected for future trials. 

Testing of insecticides for RWW control was less 
than ideal because of the stand problems. Nonetheless, 
the research did provide some valuable results.  Eight 
treatments with four different active ingredients were 
established in ring plots. Eight RWW were added to each 
ring plot June 18, followed by four more on June 25. The 
majority were wild-caught RWW with some augmentation 
from the greenhouse colony.

The standard pyrethroid treatment (Warrior® II) 
eliminated all RWW larvae at both the preflood/at-flood 
and 3-leaf stage timing. Both Belay® treatments at the rate 
tested provided excellent management. 

Research with Dimilin® focused on the 3-leaf stage 
because this would represent a “rescue” treatment, 
which is important for a more expensive material. Even at 
higher rates, Dimilin® did not provide the level of control 
comparable to the other conventional insecticides. This 
may have been due to the lower plant numbers in some 
plots, so this warrants further study.

In a greenhouse study, two experimental organic 
products were evaluated. The number of larvae for the 
organic treatments was unaffected statistically, although 
there was a trend toward reduced numbers that warrants 
follow up. 

Another effort in this project summarized prior trials for 
RWW management. Summarizing results across years and 
trials offers an opportunity to better understand insecticide 
efficacy, including consistency of effects. 

Trial data were from 2009 through 2017 (not all-inclusive). A 
variety of insecticides were tested, although the vast majority of 
the treatments were in the pyrethroid class. Multiple rates were 
tested for many insecticides. Those insecticides that have been 
phased out were not included in the summary.

Across study years, Warrior® II was very effective in the 
field trials, as were the treatments of Belay® at both timings 
and the rate tested. Dimilin® showed mixed efficacy. The 
organic product Venerate® showed minimal efficacy. The 
experimental organic insecticides did not appear to provide 
any degree of control. 

The timing of the spring RWW flight has been studied 
for decades. Monitoring helps scientists assess population 
levels and flight timing. A light trap at the Rice Experiment 
Station monitors the flight. In 2020, trapping began in 
early March, earlier than in recent years. This will likely be 
especially important as temperatures in winter and spring 
shift warmer. From March through July, 320 adult RWW were 
caught in the light trap. All of the major flights happened in 
May, although there was some flight activity in March and 
April. The highest single-day captures were on May 12 and 
27 with 54 RWW on each day.

Variety susceptibility
Four rice varieties—M-209, M-206, M-211, and S-102—
were grown in aluminum rings to evaluate the response of 
rice plants to injury by RWW. There were two treatments for 
each variety: uninfested rings protected with Warrior® II and 
infested unprotected rings. A total of 12 RWW adults were 
introduced into each ring in a split infestation three days apart.

There were no RWW larvae or adult scarring in the 
treated plots, probably due to the combination of insecticide 
treatments and very low outside RWW pressure. The 
number of RWW larvae in the untreated rings was moderate, 
averaging one weevil per plant. 

There were no significant differences among varieties in 
terms of larvae population. However, there were significant 
reductions in yield for M-211 (about 10%) and for M-209 
(about 15%). No significant reductions with the addition of 
weevils were observed for either M-206 or S-202.

Tadpole shrimp
Tadpole shrimp (TPS) are aquatic crustaceans adapted 
to live in vernal pools. Conditions in rice fields make great 
habitat for this arthropod. Tadpole shrimp have been a 

This ongoing project focuses on the biology and management of invertebrate pests of California rice. The main 
pests studied in 2020 were rice water weevil, tadpole shrimp, and armyworms. Emphasis has shifted away from 

the rice water weevil and more toward research on tadpole shrimp and armyworms. The overall goal of this work is 
to refine and advance cost-effective integrated pest management practices that protect the rice agroecosystem. 

Protection of Rice from 
Invertebrate Pests

Project Leader
Ian Grettenberger, UCCE specialist 

Department of Entomology and Nematology, UC Davis True armyworm adult moth
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problem in California rice fields since the 1940s. Today, 
most pyrethroid applications target this pest during the 
seedling stage. However, there have been confirmed reports 
of increased tolerance of tadpole shrimp to pyrethroid 
insecticides, so alternatives for control are necessary.

Leveed plots at the Rice Experiment Station in a basin 
with high levels of tadpole shrimp  have previously been used 
for research on this pest. Research in 2020 was conducted 
in metal ring plots to let natural populations rebound in the 
basin used for leveed plots. A number of different products 
were used, including some novel materials and mosquito 
fish as biological control agents. The rice variety used was 
M-206. 

Results from the ring trial with natural TPS infestations 
produced some interesting results. As expected, Warrior® II 
was very effective at controlling TPS.  Belay® and Dimilin® 
at reduced rates provided complete control when TPS 
were small. The unregistered growth regulator Diamond® 
(novaluron) provided excellent control, while the other 
unregistered growth regulator Courier® did not. The oil-based 
product CocoBear™ appears to hold promise, although it  
did not provide complete control. Further work on 
CocoBear™ will focus on application timing. High density 
populations of mosquito fish put in early also eliminated 
shrimp. However, lower rates of the fish did not reduce  
TPS populations sufficiently. 

In addition to the natural infestation trial, researchers 
performed an additional trial with buckets inside rings and 
“added” shrimp (an additional ring trial with added shrimp was 
unsuccessful). The products tested were variably effective at 
controlling TPS. Timing affected efficacy of some materials. 
Proper timing of insecticides, especially for non-pyrethroid 
insecticides, is key to getting good control and to using lower 
rates. This highlights the need for good scouting.

In instances where TPS may be developing resistance to 
pyrethroids, Dimilin® and Belay® are effective alternatives for 
growers. While some experimental/unregistered insecticides 
hold promise, only Diamond® was consistently as effective as 
a standard treatment. This growth regulator has high toxicity 
to aquatic invertebrates.

Research continued on the development of bioassays 
for insecticide susceptibility and resistance in TPS. Soil was 
collected from fields known to have TPS and then flooded to 
produce populations for testing against lambda-cyhalothrin, 
the active ingredient in the pyrethroid insecticide Warrior® II 
(among others). One population was highly susceptible, and 
another was approximately 25 times less susceptible. The 
dose of lambda-cyhalothrin in the resistant population was 
roughly twice the label rate of Warrior® II and killed only half 
the shrimp. Bioassays and dose-response curves are valuable 
tools for measuring resistance in TPS.

Armyworms
Historically, armyworms have been considered a secondary 
pest in California rice. Outbreaks occurred but weren’t 
severe for more than 25 years. In late June 2015, an 
armyworm outbreak caught the rice industry by surprise. 
Growers and pest control advisers tried unsuccessfully to 
control infestations with pyrethroids. The reason for this 
sudden emergence of armyworms is unknown. The rice 
industry obtained a Section 18 registration for Intrepid® 
(methoxyfenozide) in the seasons since. Dimilin® is limited to 
early season applications.

Two trials were conducted in 2020 to test insecticides 
against true armyworm, the main species of concern. In one 
test, Intrepid®, Prevathon®, and DiPel® were compared. 
The second test examined piperonyl butoxide, a pyrethroid 
insecticide synergist.

Plots were established in a M-209 field in Glenn 
County, where armyworm defoliation has been observed. 
Larval density was similar in each plot before treatment. 
Observations were made at four, six, and 11 days after 
treatment. At the end of the trial, the reduction in the number 
of larvae in plots treated with Intrepid® and Prevathon® was 
more than 90%, while plots treated with DiPel® saw a 43% 
reduction.

This trial confirms the previous year’s trials and field 
observations that Intrepid® and Prevathon® can provide 
good control of armyworms in rice. DiPel®, a bacterial 
insecticide, only reduced populations 40%, which would be 
insufficient for adequate control when infestation levels are 
high. In the 2020 trial, the infestation level was moderate and 
defoliation did not reach the threshold level. The Intrepid® 
and Prevathon® plots also displayed a lower number of 
injured panicles 60 days after treatment, raising questions 
about the residual effects of these insecticides.

Piperonyl butoxide is a pyrethroid synergist that does 
not have insecticidal properties of its own. When applied in 
combination with pyrethroids, it can increase the insecticide’s 
effectiveness. Trials with Warrior® II have shown this 
insecticide is not very effective against armyworms, with 
control rates between 50% and 60%. Testing indicated 
piperonyl butoxide did not have the desired synergistic effect 
with Warrior® II for control of armyworms in rice.

Armyworm monitoring
One problem with managing armyworms is that scouting is 
based on defoliation. Small armyworms are difficult to find. 
When defoliation is noticeable, armyworms are much further 
along in their lifecycle and are more difficult to control with 
insecticides. Similarly, infestations during the heading stage 
are difficult to detect before injury occurs to the panicle.

In 2020, pheromone traps were placed in rice field 
levees at 15 locations across the rice growing areas of the 
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Sacramento Valley. These are the same locations used in 2018 and 
2019.  

At each location, three traps for each species—true armyworm and 
western yellowstriped armyworm—were used. Moths were counted 
weekly from May until fields were drained and rice was not at risk of 
injury. At four sites, larvae were collected and preserved in alcohol. 
Larvae collected and monitoring from the other fields indicate the 
only species feeding on rice is the true armyworm. In 2020, western 
yellowstripped armyworm larvae were found in a handful of fields 
feeding on ducksalad and redstem, not rice.

True armyworm catches followed the same pattern observed in 
previous years. The first peak occurred on June 23, with a second 
peak on August 11. The first peak in 2020 was seven days earlier 
than 2019 and two days earlier than in 2018. Similarly, the second 
peak was eight days earlier than 2019 and two days earlier than 
2018. Late planting in 2019 may account for the differences.

Larval searches showed that the number of larvae in the field 
is not related to the number of moths trapped. In two of the fields 
sampled, the number of larvae remained low through the season. 
However, the number of moths trapped was similar to other fields 
that had higher number of larvae in the field.

Defoliation seems to be a more important problem than panicle 
injury. While armyworm defoliation appeared less severe in 2020 than 
in the previous two years, the peaks for the three years were of very 
similar magnitude. For the second peak, the magnitude of the 2018 
peak was larger than what was observed in 2019 and 2020. This, 
together with larval collection from monitored fields, indicates that 
the number of moths caught per trap is not related to the number 
of larvae in the field. However, the timing of when large larvae start 
damaging rice is related to the timing of peak moth trapping.

Automated traps were tested for a second year. They could 
have advantages over conventional manual traps by reporting data 
in real-time and limiting labor needed to service traps. Coupled 
with weather stations and phenological models, trap captures 
could be used to predict pest populations and help with more 
precise insecticide applications. Although a promising tool, a 
better understanding of the link between moth captures and larval 
presence is needed to take advantage of their full potential. 

Simulating armyworm damage
Current thresholds for armyworm monitoring were derived from 
research conducted in the 1970s with varieties no longer in use. 
The recent armyworm outbreak has once again brought the issue 
of thresholds to the forefront. Two trials were conducted in 2020 to 
simulate armyworm damage by artificial defoliation of rice plants. 

In the first trial, the effect of defoliation on varieties M-105, M-206, 
and M-401was examined in research plots at the Rice Experiment 
Station. Each variety was subjected to defoliation treatments of 
none, 25%, 50%, and 100% of plant height above the water. 
Defoliation started on June 15, 44 days after seeding.

In the second trial, the effect of applying top-dressed nitrogen after 
defoliation was examined with M-206. Nitrogen was initially applied 
preplant as aqua ammonia at a rate of 150 pounds/acre. Defoliation 
treatments were none, 50%, and 100% of plant height above water 
level on July 13, 45 days after seeding. On July 16, half the plots 
received a 30 pound/acre nitrogen top-dressed as ammonium sulfate.

In the variety defoliation trial, the three varieties responded similarly 
to defoliation. Yields from plots defoliated 50% and 100% were 
significantly lower than the control. However, the reduction in plots 
defoliated 50% was smaller (4%) than the 100% defoliation treatment 
(26%). Yield from plots defoliated at 25% were not significantly 
different from the control. The study showed that plant height, panicle 
weight, and yield were all significantly affected by defoliation.

In the second experiment, top-dressed nitrogen did 
not help plots recover from damage. In fact, it was likely 
detrimental by promoting stem rot. Defoliation affected plant 
height and yield, but it did not negatively affect panicle density. 
In contrast to the previous study, the yield reduction was only 
11% at 100% defoliation. Plots defoliated 50% did not differ 
from the control.

Most of the work on rice plant damage by armyworm in 
California has focused on defoliation resulting from larvae 
hatched during the first peak in late June to early July. Less 
work has examined damage and thresholds relevant for larvae 
produced during the second peak, a time when rice plants are 
heading. An additional study examined different larvae densities 
and different infestation timings and resulting damage.

This study consisted of five treatments with two infestation 
and density timings, along with an uninfested control in a field 
at the Rice Experiment Station planted with M-206. Plots were 
infested initially on August 28 and then again on September 4. 
This corresponds to when rice plants are at the soft dough and 
hard dough growth stages. Larvae were late instars. Sampling 
took place on October 5 with 20 panicles from each plot. 

While some damage to panicles was detected, it was a 
relatively low amount. The hard dough, high density treatment 
significantly reduced panicle weight relative to the uninfested 
control, but no other treatment did—including both soft 
dough infestation timings. The study warrants a follow up, and 
researchers plan to repeat it.

Nontarget studies
Evaluation of the influence of registered and experimental 
insecticides on populations of nontarget aquatic invertebrates 
is a continuing focus of research. 

Six treatments with three active ingredients were made 
in a M-206 field at the Rice Experiment Station. Basins were 
flooded on May 28. Treatments were applied at different 
times during the development of the crop when insecticide 
applications typically occur in rice. 

Two sampling methods were used. Animals were collected 
with an aquarium net weekly from two areas in each plot. 
Mosquito dip samples were used to estimate populations of 
mosquito larvae with 50 dips in each of five locations per plot. 
Data were collected weekly from August to September.

Collecting the samples for this study is completed during 
the growing season. Separating, counting, and identifying 
the specimens in the laboratory occurs in the off-season. 
Quantification often takes 12 months, so data from 2020 are 
still being processed. Analysis of the 2019 data also is still 
underway. This is a study that relies heavily on undergraduates 
to help and to have people working frequently in the lab, both 
of which were casualties of the pandemic. 

Emerging pests
No new arthropod pests were found affecting California rice 
in 2020. However, entomologists are keeping an eye out for 
the brown marmorated stink bug, which can feed on rice and 
cause a discoloration known as peck. Problems with this stink 
bug have thus far been in urban environments or orchard crops. 

In addition, the channeled apple snail remains a pest of 
concern since it has been present in Contra Costa, Riverside, 
San Diego, Los Angeles, and Kern counties. If its distribution 
increases, the snail could threaten rice crops in California,  
as it has in Asia. 
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Typically, nobody really wants to plant a crop into 
a field that was just in rice because it is usually in 
bad shape. So, to get from rice to row crops like 
tomatoes you have a tough year in between. That 
used to be safflower, a very low input, low income 
crop, but it did a good job. You don’t irrigate 
safflower. You plant in spring, harvest in August. 
It opens up the soil, and then the tomato farmers 
like coming in after that. In more recent years we 
have been using sunflowers instead of  safflower. 
There is more money in sunflowers. 
    —IntervIewee on usIng row crops to help  
     “clean up the ground”

Crop Rotations in California 
Rice Systems

Project Leader
Cameron Pittelkow, assistant professor 

Department of Plant Sciences 
UC Davis

The overall goal of this new project is to understand the advantages and disadvantages of crop 
rotations and their potential role in advancing the long-term sustainability of the California rice industry, 

particularly from a weed management perspective. 

Major research activities in 2020 were centered around 
grower interviews that took place in the summer. Focus 
groups could not be conducted because of COVID-19 
restrictions. Research also included an analysis of land use 
maps and soil properties.

Interviews were conducted with 43 growers throughout 
the Sacramento Valley to better understand the perceived 
benefits and challenges associated with crop rotations 
in rice systems. Roughly 47% of those interviewed 
considered themselves rice-only growers, while another 
26% rotated crops using both conventional and organic 
methods.  Another 26% had both continuous rice and 
rotated fields in their operations.

Weed control, soil health, economics
Interviewees indicated that rotations could provide 
numerous benefits to both growers and the greater rice 
industry. In particular, there was strong agreement about 
the potential benefits for weed control and reduced reliance 
on herbicides. 

Growers who practice conventional rotations reported 
that they have reduced the number of spray applications 
needed to control weeds. These growers have diversified 
rotations that include crops like safflower, sunflower, 
tomato, corn, beans, and other field crops. 

Some growers reported that using rotations helped 
reduce weed populations. The longer the rotation out 
of rice, the less intrusive were the weeds. Similarly, the 
longer a field was in rice, the more challenging the weeds 
become. After rotations, growers reported cleaner fields 
and a bump in yields.

Organic growers reported that weed control, although 
a motivating factor for crop rotation, was not proving 
effective. In fact, some of them said they weren’t sure 
whether alternating between fallow and rice would work 
in the long-term because weeds are getting worse. Both 
conventional and organic growers indicated that over the 
past five years, weeds have been increasing—something 
that requires further research.

Soil health was identified in the survey as another area 
of prime benefit by growers who rotated crops. Rotations 
improved soil tilth and decreased the need for fertilizer 
and pesticide inputs. It’s worth noting that soil health was 
mentioned nearly as much as weed control in the survey, 

signifying the high importance of and motivation for using 
rotations.

The other major benefit of rotations identified by some 
growers concerned profitability. Growers who rotate 
indicated that diversification helped increase market 
resilience. By having multiple options in their portfolio, they 
are better positioned to respond to market fluctuations. 
However, it’s important to note that no rice-only growers 
rated economic factors as a benefit, a contrast to growers 
who saw rotations as more profitable. Some other areas 
that came up during the survey include the benefits of 
rotations to conserve rice ground, water, and, if a winter 
crop is left into spring, wildlife habitat.

Appropriately, growers wanted more information on 
the economic advantages and disadvantages of rotations 
to help in their decision making. Similarly, growers felt 
there was a lack of basic information about the impacts of 
rotations on rice yields, herbicide use, and soil health.
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Types of rotation vary
Vetch rotations were the most broadly used across different 
regions. Organic growers used a rice/vetch/fallow sequence. 
Sometimes these growers would harvest vetch for seed. 
Although vetch is a low-value market crop, growers said it 
adds value by increasing soil organic matter and nitrogen 
supply. Some growers combined vetch with oats to be used 
for dairy feed or as a second type of cover crop mixture. 
Vetch tolerates heavier soils better than other crops.

Growers who rotated with row crops used a flexible 
mixture of sunflowers, safflower, beans, vine seed, corn, 
tomato, and wheat, largely influenced by weather and 
markets. Sunflower or safflower was used as a tool 
following rice to “clean up the ground” and prepare it for 
a more profitable crop like tomatoes. Recently, growers 
have switched from safflower to sunflower because prices 
have increased for sunflower; however, safflower is more 
effective in weed control. 

Alternatively, some growers in areas where rice and 
pasture dominate the landscape chose to incorporate cool 
season forages or hay into their rotations. To integrate 
cool season forage crops into a rotation, a summer crop 
or fallow would typically follow. One grower, for example, 
followed winter barley with beans in the summer or fallow, 
depending on the weather. Beans have the ability to be 
planted later in the season and require similar equipment 
as rice.

Growers reported that the type of crop in rotation wasn’t 
as important as just being out of rice to improve weed 
control, although further research is needed to confirm this. 
The major weeds affected by rotations are semi-aquatic 
weeds such as grasses and sedges.

Environmental limitations—specifically soil texture and 
the ability to grow other crops in wet conditions—were the 
dominant barriers preventing more growers from adopting 
rotations. However, lack of experience, availability of 
markets, and infrastructure limitations all play a crucial role 
in rotation feasibility.

Growers who rotate identified specific conditions for 
success. These included having lighter, loamy soils that 
support drainage; access to contractors, diverse markets, 
and flexible land payments or ownership; and having 
appropriate infrastructure such as equipment, land size, 
and access to information.

Tool developed for rotations, next steps
Despite the barriers, rice growers showed an interest in the 
prospect of using rotations to control weeds and reduce 
input costs. Relative to other topics, 80% of the growers 
ranked this type of research as either neutral or high.

More than any other concern, growers discussed the 
lack of viable options for alternative crops, especially for 
heavy clay, rice-only soils. Alternative crops also need to be 
easily marketable and economically competitive with rice. 

To illustrate the strengths and weaknesses of different 
crops being rotated with rice, information from the 
interviews was used to create a crop rotation summary 
table. The table takes into account factors such as 
production costs, soil and equipment requirements, 
profitability, and benefits to the broader rotation. This 
preliminary tool can help growers narrow down the choice 
of crops that other growers have successfully implemented 
into their operations.

Further research is necessary to address the benefits 
of rotations and to further refine the list of most promising 
crops for different soils and production environments. 
Proposed research in 2021 will compare weed and soil 
health indicators across multiple fields with and without 
rotations, while also conducting a cost/benefit analysis 
on crop rotations. The goal of this research is to further 
investigate growers’ priorities and concerns related to 
crop rotations and to identify the most logistically feasible 
alternative crops to rotate with. Impacts to the following 
rice crop in terms of economics, herbicide use, and soil 
health also will be examined.

Interview coverage by acreage within each county

County
Average rice acreage 

(2008-2019)
 

% of total
Acreage covered 

by interviews
% of total acreage

interviewed
Difference (acreage

interviewed vs. actual)

Colusa 140,630 28 14,156 20.6 -7.1

Butte 95,050 19 11,055 16.1 -2.6

Glenn 76,970 15 1,921 2.8 -12.4

Sutter 107,360 21 15,779 23.0 1.9

Yolo 33,760 7 13,948 20.3 13.7

Yuba 36,130 7 5,445 7.9 0.8

Placer 10,580 2 1,237 1.8 -0.3

Sacramento 3,950 1 496 0.7 -0.1

Other 3,615 1 4,600 6.7 -6.0

Total 508,045 68,637
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California rice fields are highly productive systems 
integrating intensive agriculture with valuable ecosystem 
services such as wildlife habitat for migrating waterfowl. 
There is an opportunity to enhance seasonal upland 
nesting habitat when rice fields are fallow. Creation of this 
seasonal habitat can be done with the use of cover crops 
that would be maintained through the waterfowl breeding 
season.

Cover crops provide a win-win solution for utilizing 
fallowed land by providing both soil health benefits and 
nesting habitat. Cover crops grown in Sacramento Valley 
rice fields rely mostly on rain and water storage in the soil 
for growth. Cover crops are also known for improving 
water infiltration into the soil and act as a protective layer 
preventing soil erosion. Through photosynthesis, cover 
crops also sequester carbon from the atmosphere.  

Four fields in Yolo County were measured to quantify 
differences in evapotranspiration rates between a fallow 
field and three fields under different non-irrigated cover 
crops. Each of these cover crops is beneficial to nesting 
birds and are often grown in rotation with rice in the 

The goal of this study is to measure water use of non-irrigated cover crops grown in rotation with rice.  
The 2019–2020 winter/spring season was the first year of the study.

Sacramento Valley—vetch, winter wheat, and a cover 
crop mix of oats, pea, and vetch. A fourth fallow field 
served as a control for much of the study period.

Because of the lack of precipitation last year, the 
winter wheat had to be irrigated multiple times by the 
grower to secure grain yield. The fallow field was planted 
to safflower in April, complicating data collection efforts. 
Since safflower is a deep-rooted crop, measurements 
would not be fully representative of evapotranspiration in 
a fallow field. Researchers hope to have more complete, 
uninterrupted evapotranspiration measurements from all 
the fields in the period of fall 2020 through mid-summer 
2021.

Nonetheless, preliminary results were obtained 
from the initial work in this study. As expected, daily 
evapotranspiration values were very low in the winter 
when all the fields resemble the conditions of a fallow field. 
Development of the cover crops started in mid-February 
2020. That’s when major differences in water use between 
the fallow field and the cover crops became evident. 

Winter wheat developed more biomass than the vetch 
and the cover crop mix. Therefore, its water use also 

Quantifying Water Use of Cover Crops 
in Rotation with Rice

Project Leader
Kosana Suvocarev, UCCE specialist 

Department of Land, Air and Water Resources 
UC Davis



Quantifying Water Use of Cover Crops in Rotation with Rice 33

was slightly higher. Since the vetch and cover crop mix 
was at an organic farm, there were some weeds in the 
cover crop fields that were not observed in the uniformly 
dry winter wheat crop. Those weeds were driving more 
evapotranspiration than cover crops alone, especially 
after mid-May. 

Measurements from the first season showed that 
winter wheat used 16.74 inches of water, the vetch field 
used 15.7 inches, followed by the cover crop mix at 
15.06 inches. These are cumulative evapotranspiration 
values over an entire season that illustrate the differences 
in water demand among the fields in the study. 

It’s important to note that precipitation, as a natural 
supply of water, was higher than the water use of all 

four fields until the first days of February. Storage of this 
precipitation in the soil no doubt influences supply and 
demand as the vetch and cover crops developed. The 
winter wheat grower started irrigating on March 13, with two 
other irrigation events later that season.

Cumulative values of the seasonal water use after April 1 
might be more useful for assessing water transfer purposes. 
After that date, winter wheat used 10.45 inches, vetch used 
about 10 inches, and the cover crop mix used 9.77 inches 
of water. Farm operations prevented gathering more data 
after June 10.

New measurements began in November 2020. The 
objective is to collect measurements until July 15, 2021. 
Additional equipment to measure runoff and soil moisture 
has been added.  Data generated from this expanded 
capability will shed more light on how differences in 
precipitation influence soil moisture content, cover crop 
growth, and evapotranspiration values.

The preliminary results of this research showed that on 
a seasonal level, a fallow field used 3 inches more water 
than it received through precipitation. Winter wheat used 
the most—12 inches more than precipitation. The vetch and 
cover crop mix fields used slightly less water—11 inches 
and 10.3 inches, respectively, more than precipitation.

The 2021 season affords the opportunity to evaluate the 
water budget of each field more fully and to provide more 
insight into how evapotranspiration values change during 
different weather and hydrological conditions and how 
fallowing the fields compares to cover crops.

Preliminary results showed that the fallow field 
used 3 inches more water than it received 
through precipitation. Winter wheat used the 
most—12 inches more than precipitation. The 
vetch and cover crop mix fields used slightly less 
water—11 inches and 10.3 inches more than 
precipitation.
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Identifying Opportunities for 
Water Use Efficiency

Project Leader
Bruce Linquist, UCCE rice specialist 

Department of Plant Sciences 
UC Davis

Monitoring changes to the agricultural landscape of the Sacramento Valley is important for 
understanding and managing food production, environmental conservation, and water resources. 

The overall objective of this research project is to understand the drivers of land use change patterns in the 
rice growing region of California. 

The Sacramento Valley is home to 20% of the nation’s 
rice production and faces challenges from its growing 
population, frequent drought conditions, and other 
factors. Some traditional rice lands have been converted 
to permanent crops like almonds and walnuts. Some 
farmland is being fallowed. These changes are driven by 
water demand and availability, and the sale of water. Thus, 
it is critical to quantify the nature, extent, and drivers of 
these land use changes.

A few important highlights from research conducted in 
2020:
 • There is an increase in perennial crops into fields that 

have traditionally grown rice. About 30,000 acres of 
almonds and walnuts have been planted in these areas, 
the majority of them since 2014.

 • Rice fields have been fallowed in response to both 
drought conditions and untimely spring rains that have 
impeded field preparation work.

 • Rotation of rice with other field crops has occurred 
primarily in the southern part of the Sacramento Valley, 
yet appears to be declining.

Custom crop maps
The primary objective for 2020 research was to build 
algorithms to make annual crop maps from the year 2000 
to the present. These custom-made crop maps for the rice 
growing region were built with Google Earth, a cloud-based 
computing platform for geospatial analysis. The software 
allows interpretation of Landsat satellite imagery.
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To date, custom crop maps have been made from 2008 
through 2019. Work is continuing on the period between 
2000 and 2007.  These older maps require imagery from 
earlier versions of the Landsat archive and also require 
special attention. Work on these older maps should be 
completed in 2021.

Land use changes
Major land use changes in the Sacramento Valley have 
been determined back to 2007. Preliminary analysis shows 
that the major players in land-use change dynamics include 
rice, walnut, almond, alfalfa, annual crops, fallow, and other 
perennials such as pistachio.

The dominant classes for the region include rice, fallow, 
and annual crops. Notably, walnut acreage has steadily 
increased from about 4,000 acres to 23,000 acres over 
the 13-year period. Almond acreage has grown from about 
2,000 acres to more than 6,300 acres during the same 
period, a relatively small portion (1%) of the study area.

Rice and fallow are the most frequently changed classes. 
On average, about 45,000 acres per year were converted 
between rice and fallow from 2007 to 2013. After 2013, 
likely because of the 2015 drought period, the average 
annual acreage in the rice to fallow rotation increased to 
115,000 acres.

Patterns of land use change
The rate of new walnut fields increased annually over the 
study period. The majority of these new orchards were 
planted on previously fallowed fields. However, there were 
numerous instances where fields went directly from rice to 
walnuts, especially in 2008, 2011, and 2015.

Spatially, there were no clear patterns for emerging 
walnut fields. Even in the northwestern region, an area 
known for soils with high concentrations of clay and high 

groundwater salinity, walnuts have been planted in more 
recent years. This implies that some farmers are willing to 
test the limits of what traditionally has been thought of as 
“rice-only” soil.

The rate of incoming almond fields was highest in 2016, 
2017, 2019, and 2008. Predominantly, these fields were 
previously fallowed. However, in 2008, 2011, and 2017 
some fields were planted to almonds directly from rice. 

In 2015 and 2016, about 500 acres changed from 
annual crops to walnuts in each of those years.

Spatially, older almond fields were planted 
predominantly in the northern part of the study area (Butte 
and Glenn counties), while newer almond fields were 
planted mostly in Colusa County.

The second most dominant change type after fallow 
was annual crops to and from rice. On average, about 
17,000 acres were exchanged per year. While there was 
some exchange between rice and grasses or rice and 
alfalfa, that share decreased throughout the study period. 

The majority of the exchange between rice and annuals 
was in the southern part of the study area along the 
Sacramento River in Colusa, Sutter, and Yolo counties.

The impact of the 2012 to 2015 drought was particularly 
noticeable in 2014. That year much of the western portion 
of the rice growing region was fallowed. In 2016, much of 
that region changed back to rice.

Drought, however, may not be the only driver of 
fallowing. In 2017, after a record high rainfall year, there 
was also a period of heavy spring rain during planting 
season. This likely prevented many rice farmers from 
successful field preparation, which requires dry conditions. 
Spatially, most of the fallow increase in 2017 took place 
in the eastern portion of the rice growing area, while the 
western side was still able to plant rice.
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Insect Monitoring and Early Detection 
System in Rice Storage Facilities

Project Leader
Zhongli Pan, adjunct professor 

Department of Biological and Agricultural Engineering, UC Davis

The goal of this project is to develop a real-time monitoring and early detection system for insect 
activity in rice storage facilities. Thus far, engineers have successfully designed, built, tested, and 

demonstrated a new system that detects insect activity in stored rice with high accuracy, reliability, and 
low cost and labor. Research in 2020 focused on testing and demonstrating the system in a commercial rice 
storage facility. Objectives guiding this research included:

 • Customize software that has the ability to handle different numbers of traps, along with apps for 
monitoring the system on both Android and IOS smartphones.

 • Scale up the imaging system and demonstrate its effectiveness and accuracy for real-time monitoring 
and early detection of insect activity in a commercial storage facility.

 • Provide recommendations for commercialization of the new system for real-time monitoring and early 
detection for insect activity in stored rice.

Upgraded imaging system
The imaging system was upgraded to handle many traps. 
The customized wireless system consisted of 12 insect 
trap devices, a computer server, website, and the mobile 
apps.

The system was programmed to take images 
periodically or on demand.  Images also could be taken 
at any time through the computer or the mobile device 
apps. Data and images were processed in a cloud storage 
service. The server processed the images and counted 
the insects captured in each trap with an insect-counting 
algorithm. 

The system also recorded temperature and relative 
humidity. The user interface displayed images of insects, 
insect number, temperature, and relative humidity.

Scaling up
Testing of a scaled-up and improved version of the imaging 
system was delayed because pandemic-related restrictions 
delayed access to the UC Davis laboratory and workshop 
where much of this work takes place. Work resumed in 
June.

Design of the traps and customization of the software 
was completed in August. The system was installed in 
a commercial rice storage facility at the the Sutter Basin 
Growers Cooperative in Knights Landing. Traps were 
installed in different locations and depths in the storage 
facility. The signal was lost from the deep traps, so all the 
traps were ultimately installed in the surface of the stored 
rice. Three tests were conducted with the rice being 
inspected by the commercial conventional method before 
and after installing the new system.

By the end of August, rice had to be moved out of the 
storage silos to make room for the new crop. To continue 
monitoring insect activity, rice was loaded into three 
20,000-pound metal boxes with four traps installed in each 

box. Rice was inspected with the conventional method 
before and after installing the traps. The conventional 
inspection method and the new system were compared.

Results of the three tests revealed that the new system 
could detect the first insect within a very short time. For all 
12 traps, the average time to detect the first insect ranged 
from 17 to 33 minutes. Average time for detection of the 
second insect was 60 to 110 minutes and was 110 to 263 
minutes to the third detection.

For all tested traps, the counting accuracy of the new 
system ranged from 67% to 100%, with an average of 
92%. Importantly, no insects were reported using the 
conventional method.

These results clearly confirm the speed and accuracy 
of this insect monitoring and early detection system for 
stored rice. To make the technology widely available to 
the industry, a full demonstration at different rice storage 
locations with different storage facilities is needed. Also, the 
quality and economic benefits of this new technology need 
to be quantified. 

Researchers installed 
and tested the system 
in a commercial rice 
storage facility at the 
Sutter Basin Growers 
Cooperative.
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Novel Nanomaterials and Performance 
Industrial Products

Project Leader

You-Lo Hsieh, distinguished professor 
Department of Biological and Agricultural Engineering 

UC Davis

The goal of this ongoing research is to develop efficient processes to isolate rice straw components 
and to convert them into new nanomaterials and advanced functional products and technologies. 

Technology transfer
In 2020, work continued on the transfer of five 
specific rice straw technologies:

Ultra-light Amphiphilic Nanocellulose 
aerogels and foams (UC-2016-909-0)  
https://techtransfer.universityofcalifornia.edu/
NCD/27150.html

Green Multi-Functional Telomerization Agent 
for Tunable Hydrophobic Nanocellulose  
(UC-2017-364-0) 
https://techtransfer.universityofcalifornia.edu/
NCD/27619.html

Conductive and Elastic Nanocellulose 
Aerogels (UC-2018-809-0) 
https://techtransfer.universityofcalifornia.edu/
NCD/29536.html

Nanocellulose-Assisted Exfoliation of Graphite 
to Few Layer Graphene (UC-2019-302) 
https://techtransfer.universityofcalifornia.edu/
NCD/30089.html

Coaxial cellulose-based aerogel fibers  
(UC-2020-030-1)

Technology development and outreach
Rice straw nanocellulose aerogels represent the 
most developed, advanced materials from rice straw. 
Nanocellulose aerogels are super-absorbent of aqueous, 
as well as organic liquids. This amphiphilic attribute is 
unique and distinguishes rice straw nanocellulose aerogels 
from both carbon and silica aerogels. Work continued on 
expanding high-performance product development and 
technology transfer of rice straw nanotechnologies. A few 
highlights include:

A super-absorbent for personal care—Researchers 
developed and fabricated nanocellulose aerogel samples 
for a large global consumer products company, which 
is interested in replacing a synthetic polymer in a new 
product. 

Ingestible absorbent for human digestion—A nutrition 
technology startup has expressed interest in ingestible 
nanocelluloses for food applications. 

Nanocelluloses as elastomer reinforcement—Discussions 
continue with a global automobile supplier about reactive 
nanocelluloses that can strengthen synthetic polymers.

Potential food industry applications—The principal 
investigator is seeking technology development to 
commercialize hydrophobic nanocelluloses for moisture 
and oxygen barrier packaging for use with food and other 
products.

Partnership with the University of Maine—Collaborations 
with the Process Development Center at the University of 
Maine and the Forest Products Laboratory are in progress 
for critical process and product development.

Additional advancements
In spite of how the pandemic limited in-person activities 
by scientists working on this project, advancements 
on rice straw nanomaterials and product development 
have been made, including preliminary studies of food 
grade nanocelluloses, polymer nano-composites, and a 
hydrophobic coating for packaging materials.

One paper was published in a scientific journal, one was 
submitted for review, and two others are in preparation. 
The principal investigator and her students gave four oral 
presentations—all virtual because of the pandemic.

Nanocellulose aerogels are super-
absorbent of  aqueous, as well as organic 
liquids. This attribute is unique and 
distinguishes rice straw nanocellulose 
aerogels from both carbon and silica 
aerogels.

https://techtransfer.universityofcalifornia.edu/NCD/27150.html
https://techtransfer.universityofcalifornia.edu/NCD/27150.html
https://techtransfer.universityofcalifornia.edu/NCD/27619.html
https://techtransfer.universityofcalifornia.edu/NCD/27619.html
https://techtransfer.universityofcalifornia.edu/NCD/29536.html
https://techtransfer.universityofcalifornia.edu/NCD/29536.html
https://techtransfer.universityofcalifornia.edu/NCD/30089.html
https://techtransfer.universityofcalifornia.edu/NCD/30089.html
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Automotive Headliner Made from 
Rice Straw and Recycled Plastic

Project Leader
Joseph Greene, professor 

Department of Mechanical Engineering and Manufacturing Technology 
California State University, Chico

This project previously combined rice straw or almond 
shells with polypropylene. That research showed good 
tensile strength and tensile modulus with rice straw in the 
mix.  A prototypical mix with rice straw, almond shells, and 
recycled plastic was sent to an injection molder in Michigan 
to be manufactured into an interior part for testing by Ford 
Motor Company. If successfully adapted, as much as 1 
million pounds of rice straw could be used in Ford’s cars 
and trucks by 2030.

As with many projects, progress in 2020 was hampered 
by pandemic-related delays. Nevertheless, researchers 
were still able to produce several different recipes with 
recycled polypropylene, rice hulls, rice straw, and additives. 
Properties examined included density, melt index, viscosity, 
and melting temperatures. A better understanding of 
these properties is necessary to set the injection molding 
machine parameters for the third phase of this research.

Injection molding is a process in which solid plastic 
is melted, injected into a mold, and then cooled back to 
a solid. Researchers produced about 10 parts at each 
experimental run and then tested those parts for tensile 
strength, impact strength, and quality appearance. In 2021, 
a tensile bar and impact bar will be created with a mix of 
polypropylene and rice straw and then tested for the same 
characteristics. Previous results documented that with 40% 
rice straw, the mixture was 1,100% stronger than plain 
polypropylene and 700% stronger with 20% rice straw.

Impact strength tests measure the energy absorbed by 
a swinging pendulum. Previous results showed that the 
mixture tested at both 20% and 40% increased the impact 
strength. Results from 2019 work demonstrated that the 
strength of the plastic increased with the addition of rice 
straw.

Last year’s project also developed a prototype 
manufacturing process to produce the rice straw and 
polypropylene mixture at a commercial site in Willows. 
Research is underway to develop rice straw powder in this 
production process. The goal is to produce production 
material for the automotive interior parts in 2021.

In summary, previous work showed that the 
polypropylene and rice straw mixture is stronger than 
polypropylene by itself and should make a superior 
interior automotive part. A mixture of rice straw and 

almond shells combined with polypropylene was sent to 
an injection molder in Michigan, where 50 prototypical 
interior parts were made. Future work calls for developing 
a manufacturing plant to produce the polypropylene and 
rice straw mixture. A process for collecting rice straw also is 
needed.

Automotive companies are looking for ways to produce their vehicles with more sustainable parts. 
Inexpensive additives such as cellulose from rice straw can be combined with plastic to help them 

achieve this goal, and the headliner inside an automobile cab is a prime opportunity.

Students get hands-
on experience 
making the raw 
material for 
sustainable auto 
parts made with rice 
straw in the mix.
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Research 
continues on 
rice ashes as 
a blending 
component in 
concrete.

Treatments to Improve Properties  
of Rice Ash in Concrete

Project Leader
Sabbie Miller, assistant professor 

Department of Civil and Environmental Engineering 
UC Davis

Rice-based ashes have potential for use in concrete to fill a growing need in the construction industry. 
Mineral mixtures like fly ash produced in out-of-state, coal-fired power plants improve constructability and 

performance of concrete. Markets for such ashes continue to grow even as availability declines. Under proper 
combustion methods, rice hull ash can contribute desirable qualities to concrete. A high priority for research 
identified through an industry survey conducted in 2019 was to examine how rice ash could be improved to 
have consistent, reactive properties for use in concrete.

Ashes can contribute to desirable cement-based material 
performance through several mechanisms. Among the 
most desirable would be to act as a pozzolan (i.e. a 
compound that can react with calcium hydroxide in the 
presence of moisture) during cement hydration, thus 
contributing to desirable hydration products. A secondary 
benefit could be through their contribution to improved 
packing in the concrete.

Research in 2020 focused on improving the consistency 
and increasing the reactivity of rice hull ash produced 
in conventional biomass energy systems. Ashes were 
obtained from the EnPower bioenergy facility in Williams. 
The ash was derived from rice hulls originating in different 
locations and years (2014 and 2020) to assess combustion 
product compositions and any differences in consistency 
parameters. 

Specific objectives included:

 • Assess the effects of grinding ashes to increase reaction 
surface.

 • Determine whether exposing rice hulls to alkaline 
solutions prior to mixing with portland cement produces 
beneficial effects.

 • Quantify the benefits of blending rice hull ashes with 
other mineral admixtures used in concrete.

Experiments examined isothermal calorimetry of rice 
straw ash blended with conventional cement to determine 
heat of hydration, which affects cement behavior during 
curing. Other tests sought to quantify morphological 
characteristics and oxide composition. This research is 
still in progress. Researchers anticipate the remaining 
experimental work and analysis will be completed by 
December 2021.

However, results thus far indicate that milling to increase 
reactive surface area could increase the reactivity of the 
more recent ashes from 2020 but may not be as effective 
at changing the older ashes from 2014. This difference 
could be a function of morphological or composition factors 
from the different crops, an area that will be investigated 
further. To improve packing properties, blending ashes 
with slag shows higher levels of reactivity than seen from 
a control with ground limestone. Continuing analysis 
of the 2020 experiments is focused on understanding 
the influence of treatment methods on morphology, 
composition, microstructure, and strength development.



BORCHARDT, CORONA, FAETH & ZAKARIAN

Accountancy Corporation

1180 E. Shaw Avenue, Suite 110, Fresno, California  93710-7809

Independent Auditor’s Report
To the Board of Directors
California Rice Research Board
Yuba City, California

RepoRt on the Financial StatementS

We have audited the accompanying financial statements of California Rice Research Board, which comprise the com-
bined statement of financial position as of August 31, 2020, and the related combined statements of activities, and cash 
flows for the year then ended, and the related notes to the financial statements.

management’S ReSponSibility FoR the Financial StatementS

Management is responsible for the preparation and fair presentation of these financial statements in accordance with 
accounting principles generally accepted in the United States of America; this includes the design, implementation, and 
maintenance of internal control relevant to the preparation and fair presentation of financial statements that are free from 
material misstatement, whether due to fraud or error.

auditoR’S ReSponSibility

Our responsibility is to express an opinion on these financial statements based on our audit. We conducted our audit in 
accordance with auditing standards generally accepted in the United States of America and the standards applicable to 
financial audits contained in Government Auditing Standards, issued by the Comptroller General of the United States. 
Those standards require that we plan and perform the audit to obtain reasonable assurance about whether the financial 
statements are free from material misstatement. 

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in the financial 
statements. The procedures selected depend on the auditor’s judgment, including the assessment of the risks of material 
misstatement of the financial statements, whether due to fraud or error. In making those risk assessments, the auditor 
considers internal control relevant to the entity’s preparation and fair presentation of the financial statements in order 
to design audit procedures that are appropriate in the circumstances, but not for the purpose of expressing an opinion 
on the effectiveness of the entity’s internal control. Accordingly, we express no such opinion. An audit also includes 
evaluating the appropriateness of accounting policies used and the reasonableness of significant accounting estimates 
made by management, as well as evaluating the overall presentation of the financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis for our audit 
opinion.

opinion

In our opinion, the financial statements referred to above present fairly, in all material respects, the financial position of 
California Rice Research Board as of August 31, 2020, and the changes in its net assets and its cash flows for the year 
then ended in accordance with accounting principles generally accepted in the United States of America.

otheR matteRS

Other Information
Our audit was conducted for the purpose of forming an opinion on the financial statements as a whole. The 
supplementary information schedules listed in the table of contents are presented for purposes of additional analysis 
and are not a required part of the basic financial statements. Such information is the responsibility of management 
and was derived from and relates directly to the underlying accounting and other records used to prepare the financial 
statements. The information has been subjected to the auditing procedures applied in the audit of the financial 
statements and certain additional procedures, including comparing and reconciling such information directly to the 
underlying accounting and other records used to prepare the financial statements or to the financial statements 
themselves, and other additional procedures in accordance with auditing standards generally accepted in the United 
States of America. In our opinion, the information is fairly stated in all material respects, in relation to the financial 
statements as a whole.  

Fresno, California
March 31, 2021 
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CALIFORNIA RICE RESEARCH BOARD 
COMBINED STATEMENT OF FINANCIAL POSITION 
AUGUST 31, 2020 
 
 
 
 
 

General Reserve
Fund Fund Totals

ASSETS
   Current Assets:
      Cash and Investments (Note 2) 1,458,617$  11,682,693$   13,141,310$   
      Assesments Receivable 143,004       -                      143,004          
      Interest Receivable -                   19,733            19,733            
      Other Receivables 35,600         -                      35,600            
      Prepaid Research 60,669         -                      60,669            

1,697,890    11,702,426     13,400,316     
   Non-Current Assets:
      Equipment, Net of Accumulated Depreciation (Note 4) -                   -                      -                      
         

Total Assets 1,697,890$  11,702,426$   13,400,316$   

LIABILITIES AND NET ASSETS
   Current Liabilities:
      Accounts Payable 28,434$       -$                    28,434$          
      Research Contracts Payable 290,830       -                      290,830          

   Total Liabilities 319,264       -                      319,264          

   Net Assets:
      Without Donor Restrictions 1,378,626    11,702,426     13,081,052     

Total Liabilities and Net Assets 1,697,890$  11,702,426$   13,400,316$   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
See auditor’s report and notes to financial statements. Independent Auditor's Report 41
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CALIFORNIA RICE RESEARCH BOARD 
COMBINED STATEMENT OF ACTIVITIES 
YEAR ENDED AUGUST 31, 2020 
 

General Reserve
Fund Fund Totals

Without Donor Restrictions
REVENUE
   Assessments 3,198,464$  -$                   3,198,464$   
   Interest -                   230,892         230,892        
   United Tariff- Rate Quota Management Funds (Note 5) -                   3,134,297      3,134,297     
   Miscellaneous 17,800         -                     17,800          

Total Revenues Without Donor Restrictions 3,216,264    3,365,189      6,581,453     

EXPENDITURES
   Administrative:
      Administrative Benefits 15,045         -                     15,045          
      Administrative Services 150,048       -                     150,048        
      Administrative Tax and Insurance 12,469         -                     12,469          
      Annual Report 26,731         -                     26,731          
      Audits 11,937         -                     11,937          
      Insurance 1,739           -                     1,739            
      Memberships 1,000           -                     1,000            
      Miscellaneous 199              -                     199               
      Newsletter 2,006           -                     2,006            
      Office Facilities 4,488           -                     4,488            
      Office Services 375              -                     375               
      Office Supplies 4,362           -                     4,362            
      Postage 3,241           -                     3,241            
      Telephone 1,140           -                     1,140            
      Travel and Mileage 4,086           -                     4,086            

238,866       -                     238,866        
   Program:
      Research (Note 6) 2,838,910    500,000         3,338,910     
      Rice Research Trust Grant (Note 7) -                   1,500,000      1,500,000     

2,838,910    2,000,000      4,838,910     
   Departmental:
      Marketing Branch 72,132         -                     72,132          
      Enforcement 4,500           -                     4,500            

76,632         -                     76,632          

Total Expenditures 3,154,408    2,000,000      5,154,408     

INCREASE (DECREASE) IN NET ASSETS
   WITHOUT DONOR RESTRICTIONS 61,856         1,365,189      1,427,045     

NET ASSETS AT BEGINNING OF YEAR
   WITHOUT DONOR RESTRICTIONS 1,316,770    10,337,237    11,654,007   

NET ASSETS AT END OF YEAR
   WITHOUT DONOR RESTRICTIONS 1,378,626$  11,702,426$  13,081,052$ 

 
See auditor’s report and notes to financial statements.  
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CALIFORNIA RICE RESEARCH BOARD

COMBINED STATEMENT OF CASH FLOWS

FOR THE YEAR ENDED AUGUST 31, 2020

See auditor’s report and notes to financial statements.
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CALIFORNIA RICE RESEARCH BOARD 
COMBINED STATEMENT OF CASH FLOWS 
YEAR ENDED AUGUST 31, 2020 
 
 
 
 
 

General Reserve
Fund Fund Totals

CASH FLOWS FROM OPERATING ACTIVITIES
   Increase (Decrease) in Net Assets 61,856$       1,365,189$    1,427,045$    
   Adjustment to reconcile change in net assets to net
      cash provided by (used for) operating activities:
      (Increase) Decrease in:
         Assessments Receivable 5,126           -                     5,126             
         Interest Receivable -                   30,063           30,063           
         Other Receivables (17,800)        -                     (17,800)          
         Prepaid Research (52,069)        -                     (52,069)          
      Increase (Decrease) in:
         Accounts Payable 7,110           -                     7,110             
         Research Contracts Payable 264,140       -                     264,140         

NET CASH FLOWS PROVIDED BY OPERATING
   ACTIVITIES 268,363       1,395,252      1,663,615      

BEGINNING CASH AND INVESTMENTS 1,190,254    10,287,441    11,477,695    

ENDING CASH AND INVESTMENTS 1,458,617$  11,682,693$  13,141,310$  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
See auditor’s report and notes to financial statements. 



NOTE 1 SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES

A. Organization

The California Rice Research Board (Board) was authorized September 4, 1969, by the California Secretary of 
Food and Agriculture pursuant to the provisions of the California Marketing Act. The Board's purpose is to 
expend funds for research relating to production, processing, and distribution of rice.

The Board is a 12 member board composed of 11 grower members and 1 public member.  Representation on 
the Board is by district and there are three districts in California.

B. Basis of Presentation and Accounting

1. Basis of Presentation
The Board is required to report information regarding its financial position and activities according to two 
classes of net assets: 
Net Assets Without Donor Restrictions:
Net assets without donor restrictions are net assets that are not subject to donor-imposed restrictions and 
are available for use at the Board’s discretion. 
Net Assets With Donor Restrictions:
Net assets with donor restrictions are net assets subject to donor-imposed restrictions that may or will 
be met by either actions of the Board’s or the passage of time. Once the restrictions are met they are 
reclassified as without donor restrictions. The Board does not have any net assets with donor restrictions.

2. Basis of Accounting
The financial statements of the Board are prepared using the accrual method of accounting. The 
accounting policies of the Board conform to accounting principles generally accepted in the United 
States of America (GAAP) as prescribed by the Governmental Accounting Standards Board (GASB) and the 
American Institute of Certified Public Accountants (AICPA).
The Board accounts for its financial transactions in accordance with the policies and procedures outlined 
in the California Department of Food and Agriculture’s (CDFA)  Accounting Guidelines and General Rules and 
the Policy Manual for Marketing Programs. 

3. Funds
General Fund
The General Fund is the general operating fund of the Board.  It is used to account for all financial 
resources of the Board, except those used by the other fund.
Reserve Fund
The Reserve Fund is used for accumulating reserves for special projects and/or reserves for years where 
the assessments might be short.

C. Cash and Investments

Statutes authorize the Board to purchase various investments including obligations of the U.S. Treasury or 
State of California, commercial paper of "prime" quality, certificates of deposits, and top rated bonds issued by 
U.S. corporations.

D. Assessment Revenue

Assessment revenue is recognized in the period collected by intermediary entities (based on assessment 
reports filed by these entities).  This is the point at which assessments are measurable and available as net 
current assets.  For the fiscal year ended August 31, 2020, the Board established an assessment rate of $0.07 
per hundredweight.  This rate has been ratified by the CDFA.

E. Receivables

Receivables are stated at the amount management expects to collect from outstanding balances.  No 
allowance for uncollectible accounts has been provided since management considers all accounts to be 
collectible.

F. Use of Estimates

The preparation of financial statements in conformity with accounting principles generally accepted in 
the United States of America requires management to make estimates and assumptions that affect certain 
reported amounts and disclosures.  Accordingly, actual results could differ from those estimates.

CALIFORNIA RICE RESEARCH BOARD

NOTES TO THE FINANCIAL STATEMENTS

AUGUST 31, 2020
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G. Functional Expense Allocation

The costs of providing various programs and other activities have been summarized on a functional basis in the 
Statement of Activities.  Accordingly, certain costs have been allocated among the programs and supporting 
services benefitted.

H. Advertising Costs

The Board promotes its programs to the communities it serves. Advertising costs are expensed as incurred and 
total costs for the year ended August 31, 2020 were approximately $2,006.  This amount is included in newsletter 
expense in the accompanying statement of activities.

I. Equipment

Purchased capital assets are reported at cost or estimated historical cost.  Donated fixed assets are recorded at their 
estimated fair value at the date of the donation.  The cost of normal maintenance and repairs that do not add to 
the value of the asset or materially extend assets’ lives are not capitalized.  A capitalization threshold of $1,000 is 
used.

Capital assets are depreciated using the straight-line method over the following estimated useful lives:
  Estimated

Asset Class  Useful Lives
Equipment  5-7

J. Income Taxes

The Board was established by California legislature and is exempt from federal and state income taxes. 

K. Change in Accounting Principle

In January 2016, FASB issued Accounting Standards Update 2016-01, Financial Instruments – Overall (Subtopic 825-
10): Recognition and Measurement of Financial Assets and Financial Liabilities (ASU 2016-01). ASU 2016-01 provides 
targeted guidance for the recognition, measurement, presentation, and disclosure of financial instruments. This 
is not a new requirement for nonprofit organizations because existing GAAP already requires reporting equity 
investment with readily determinable fair values at fair value, but the scope of that requirements has been 
expanded to include equity investments in partnerships, unincorporated joint ventures, and limited liability 
companies. The Board’s implementation of ASU 2016-01 resulted in no adjustments to the financial statement 
presentation since it does not invest in equity investments in partnerships, unincorporated joint ventures, or 
limited liability companies.

In June 2018, FASB issued Accounting Standards Update ASU 2018-08, Not-for-Profit Entities (Topic 958): Clarifying the 
Scope and the Accounting Guidance for Contributions Received and Contributions Made (ASU 2018-08). ASU 2018-08 was 
adopted because it establishes standards for characterizing grants and similar contracts with resource providers as 
either exchange transactions or conditional contributions. The Board’s implementation of ASU 2018-08 resulted in no 
adjustments to the financial statement presentation since it received neither grants nor contributions.

In August 2016, FASB issued Accounting Standards Update ASU 2016-15, Statement of Cash Flows (Topic 230): 
Classification of Certain Cash Receipts and Cash Payments, provides guidance on the classification of certain 
transactions in the statement of cash flows and reduces diversity in practice. ASU 2016-15 was adopted because it 
establishes standards for reporting interest and taxes paid using the indirect method of reporting cash flows. The 
Board’s implementation of ASU 2016-15 resulted in no adjustments to the financial statement presentation since it 
pays no interest or taxes.

In November 2016, FASB issued Accounting Standards Update ASU 2016-18, Statement of Cash Flows (Topic 230): 
Restricted Cash. ASU 2016-18 was adopted to establish standards related to the diversity seen in practice for the 
presentation of changes in restricted cash on the statement of cash flows. The Board’s implementation of ASU 
2016-18 resulted in no adjustment to the financial presentation since it has no restricted cash.

L. Budgets

The Board adopts an annual budget, that may be revised during the year, on a basis consistent with accounting 
principles generally accepted in the United States of America.  The final budget for the fiscal year is presented in 
these financial statements for informational purposes only.

M. Reserve Policy

To maintain sufficient reserves to ensure that the Board can meet its financial obligations, it is the policy of the 
Board to review and decide their requirement for reserves at their annual meeting.  For the fiscal year ended 
August 31, 2020, the Board met their reserve policy.

CALIFORNIA RICE RESEARCH BOARD

NOTES TO THE FINANCIAL STATEMENTS

AUGUST 31, 2020



NOTE 2 CASH AND INVESTMENTS
Cash and investments at August 31, 2020 consisted of the following (cost approximates fair market value):

Cash

The Board’s bank deposits are entirely covered by federal depository insurance or collateralized.

The funds deposited in the Local Agency Investment Fund are invested in accordance with the California 
Government Code Sections 16430 and 16480.

Investments and the Fair Value Measurements

Investments are carried at amortized costs which approximate the fair market value.  The fair value of investments 
(available for sale) has been measured on a recurring basis using Level I inputs, which are based on unadjusted 
quoted market prices within active markets.  There have been no changes in valuation techniques and related 
inputs.

The Board maintains cash in the Local Agency Investment Fund (LAIF). The fair market value of the Board’s 
investment as of August 31, 2020, as provided by the LAIF Administrator, was $13,045,937. Assumptions made in 
determining the fair value of the Board’s investment portfolios are available from the State of California.

NOTE 3 LIQUIDITY
The Board has $13,400,316 of financial assets available within one year of the statement of financial position 
date consisting of cash of $167,455, investments of $12,973,855, assessments receivable of $143,004, interest 
receivable of $19,733, other receivables of $35,600, and prepaid research of $60,669. None of these financial 
assets are subject to donor-imposed restrictions that would make them unavailable for general expenditures 
within one year of the statement of financial position date. The receivables are subject to time restrictions but 
will be collected within one year. As part of the Board’s liquidity management, it invests cash in excess of daily 
requirements as described in Note 2.

NOTE 4 EQUIPMENT
Equipment as of August 31, 2020 consisted of the following:

Equipment was fully depreciated for the year ended August 31, 2020.

CALIFORNIA RICE RESEARCH BOARD

NOTES TO THE FINANCIAL STATEMENTS

AUGUST 31, 2020
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CALIFORNIA RICE RESEARCH BOARD 
NOTES TO THE FINANCIAL STATEMENTS 
YEAR ENDED AUGUST 31, 2020 

 
 

In June 2018, FASB issued Accounting Standards Update ASU 2018-08, Not-for-Profit Entities 
(Topic 958): Clarifying the Scope and the Accounting Guidance for Contributions Received and 
Contributions Made (ASU 2018-08). ASU 2018-08 was adopted because it establishes 
standards for characterizing grants and similar contracts with resource providers as either 
exchange transactions or conditional contributions. The Board’s implementation of ASU 2018-
08 resulted in no adjustments to the financial statement presentation since it received neither 
grants nor contributions. 
 

In August 2016, FASB issued Accounting Standards Update ASU 2016-15, Statement of Cash 
Flows (Topic 230): Classification of Certain Cash Receipts and Cash Payments, provides 
guidance on the classification of certain transactions in the statement of cash flows and reduces 
diversity in practice. ASU 2016-15 was adopted because it establishes standards for reporting 
interest and taxes paid using the indirect method of reporting cash flows. The Board’s 
implementation of ASU 2016-15 resulted in no adjustments to the financial statement 
presentation since it pays no interest or taxes. 
 

In November 2016, FASB issued Accounting Standards Update ASU 2016-18, Statement of 
Cash Flows (Topic 230): Restricted Cash. ASU 2016-18 was adopted to establish standards 
related to the diversity seen in practice for the presentation of changes in restricted cash on the 
statement of cash flows. The Board’s implementation of ASU 2016-18 resulted in no adjustment 
to the financial presentation since it has no restricted cash. 

 
L. Budgets 

 
The Board adopts an annual budget, that may be revised during the year, on a basis consistent 
with accounting principles generally accepted in the United States of America.  The final budget 
for the fiscal year is presented in these financial statements for informational purposes only. 

 
M. Reserve Policy 

 
To maintain sufficient reserves to ensure that the Board can meet its financial obligations, it is 
the policy of the Board to review and decide their requirement for reserves at their annual 
meeting.  For the fiscal year ended August 31, 2020, the Board met their reserve policy. 

 
NOTE 2 - CASH AND INVESTMENTS 
 

Cash and investments at August 31, 2020 consisted of the following (cost approximates fair market 
value): 

Totals
Cash:
   Bank Deposits 167,455$       
Investments:
   Local Agency Investment Fund 12,973,855    

Total Cash and Investments 13,141,310$  

General Fund 1,458,617      
Reserve Fund 11,682,693    

13,141,310$  

 
Cash 
 
The Board=s bank deposits are entirely covered by federal depository insurance or collateralized. 
 
The funds deposited in the Local Agency Investment Fund are invested in accordance with the 
California Government Code Sections 16430 and 16480. 
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Investments and the Fair Value Measurements 

 
Investments are carried at amortized costs which approximate the fair market value.  The fair value 
of investments (available for sale) has been measured on a recurring basis using Level I inputs, 
which are based on unadjusted quoted market prices within active markets.  There have been no 
changes in valuation techniques and related inputs. 

 
The Board maintains cash in the Local Agency Investment Fund (LAIF). The fair market value of 
the Board’s investment as of August 31, 2020, as provided by the LAIF Administrator, was 
$13,045,937. Assumptions made in determining the fair value of the Board’s investment portfolios 
are available from the State of California. 

 
NOTE 3 - LIQUIDITY 
 

The Board has $13,400,316 of financial assets available within one year of the statement of 
financial position date consisting of cash of $167,455, investments of $12,973,855, assessments 
receivable of $143,004, interest receivable of $19,733, other receivables of $35,600, and prepaid 
research of $60,669. None of these financial assets are subject to donor-imposed restrictions that 
would make them unavailable for general expenditures within one year of the statement of financial 
position date. The receivables are subject to time restrictions but will be collected within one year. 
As part of the Board’s liquidity management, it invests cash in excess of daily requirements as 
described in Note 2. 

 
NOTE 4 - EQUIPMENT 
 
 Equipment as of August 31, 2020 consisted of the following: 
 

General 
Fund

Weather station equipment 155,385$  
Office equipment 7,546        

162,931    

Accumulated depreciation 162,931    

Equipment, net -$              

Equipment was fully depreciated for the year ended August 31, 2020. 
 
NOTE 5 - UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS 
 

Of the total $3,134,297 United Tariff-Rate Quota Management Funds reported in the Reserve 
Fund, $8,500 was received from EU-TRQ funds and $3,125,797 was received from Colombia Rice 
Export Quota, Inc. (COL-RICE) during the year ended August 31, 2020. COL-RICE is a nonprofit 
corporation and through an open tender policy that facilitates the fair and equitable allocation of 
tariff-rate quotas for U.S. rice exports to Colombia, the net proceeds for the year were allocated to 
fund projects to benefit the rice industry of the United States and Colombia.  One half of the net 
proceeds benefited Colombia and the remaining half was allocated between six state charted rice 
research board members in the United States.  The $3,125,797 is the Board’s portion of these 
funds. 
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NOTE 5 UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS
Of the total $3,134,297 United Tariff-Rate Quota Management Funds reported in the Reserve Fund, $8,500 was 
received from EU-TRQ funds and $3,125,797 was received from Colombia Rice Export Quota, Inc. (COL-RICE) during 
the year ended August 31, 2020. COL-RICE is a nonprofit corporation and through an open tender policy that 
facilitates the fair and equitable allocation of tariff-rate quotas for U.S. rice exports to Colombia, the net proceeds for 
the year were allocated to fund projects to benefit the rice industry of the United States and Colombia.  One half of 
the net proceeds benefited Colombia and the remaining half was allocated between six state charted rice research 
board members in the United States.  The $3,125,797 is the Board’s portion of these funds.

NOTE 6 PROGRAM EXPENDITURES
A summary of program expenditures in the combined statement of activities for the year ended August 31, 2020  
is as follows:

NOTE 7 RICE RESEARCH TRUST GRANT
In August of 2014 the Board entered into an agreement with the Rice Research Trust, a not-for-profit 501(c)3 
organization registered with the State of California Charity Trusts. The agreement states that the Board agrees to 
make a financial grant(s) to fund an investment management account for the sole purpose of generating funds that 
will be used to support the Rice Breeding Program at the Rice Experiment Station. The grants will be made at the 
pleasure and sole discretion of the Board. In August of 2020, the Board made a donation from the Reserve Fund of 
$1,500,000.

NOTE 8 CONCENTRATION OF CREDIT AND MARKET RISK
Included in assessments receivable are amounts due from four handlers which represents 52% of total assessments 
receivable as of August 31, 2020.

There were four handlers who paid 48% of the assessment revenue for the year ended August 31, 2020.

NOTE 9 SUBSEQUENT EVENTS
Subsequent events have been evaluated through March 31, 2021 which is the date the financial statements were 
available to be issued. Our evaluation through the time period noted above identified no items requiring disclosure.
Subsequent to year-end, the Board continues to be negatively impacted by the effects of the global coronavirus 
(COVID-19) pandemic. The pandemic has adversely affected public entities, workforces, economies, and financial 
markets globally, potentially leading to an economic downturn. The Board is closely monitoring its operations, 
liquidity, and capital resources and is working to minimize the current and future impact of this unprecedent 
situation. As of the issuance date of these financial statements, the full impact to the Board’s financial position is 
unknown.

 

CALIFORNIA RICE RESEARCH BOARD

NOTES TO THE FINANCIAL STATEMENTS

AUGUST 31, 2020
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NOTE 6 - PROGRAM EXPENDITURES 
 

A summary of program expenditures in the combined statement of activities for the year ended 
August 31, 2020 is as follows: 

General Reserve
Fund Fund

Research:
   California Cooperative Rice Research
      Foundation (CCRRF) 1,785,598$  500,000$    
   University of California 957,311       -                  
   United States Department of Agriculture 18,590         -                  
   Other Contracts 77,411         -                  

Total Research Program Expenditures 2,838,910$  500,000$    

 
NOTE 7 – RICE RESEARCH TRUST GRANT 
 

In August of 2014 the Board entered into an agreement with the Rice Research Trust, a not-for-
profit 501(c)3 organization registered with the State of California Charity Trusts. The agreement 
states that the Board agrees to make a financial grant(s) to fund an investment management 
account for the sole purpose of generating funds that will be used to support the Rice Breeding 
Program at the Rice Experiment Station.  The grants will be made at the pleasure and sole 
discretion of the Board. In August of 2020, the Board made a donation from the Reserve Fund of 
$1,500,000. 

 
NOTE 8 – CONCENTRATION OF CREDIT AND MARKET RISK 
 

Included in assessments receivable are amounts due from four handlers which represents 52% of 
total assessments receivable as of August 31, 2020. 
 
There were four handlers who paid 48% of the assessment revenue for the year ended August 31, 
2020. 

 
NOTE 9 – SUBSEQUENT EVENTS 

 
Subsequent events have been evaluated through March 31, 2021 which is the date the financial 
statements were available to be issued.  Our evaluation through the time period noted above 
identified no items requiring disclosure. 
 
Subsequent to year-end, the Board continues to be negatively impacted by the effects of the 
global coronavirus (COVID-19) pandemic. The pandemic has adversely affected public entities, 
workforces, economies, and financial markets globally, potentially leading to an economic 
downturn. The Board is closely monitoring its operations, liquidity, and capital resources and is 
working to minimize the current and future impact of this unprecedent situation. As of the issuance 
date of these financial statements, the full impact to the Board’s financial position is unknown. 
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California Rice Research Board

Dana Dickey, manager
P.O. Box 507, Yuba City, CA 95992

Phone: 530-673-6247 • Fax: 530-674-0426 • www.carrb.com 

Members District Alternates

Term of Office: August 1, 2018 through July 31, 2021

Roy Holzapfel
Willows

M: 530-521-4077 1 Jessica Lundberg
Richvale

O: 530-882-4551

Mike Daddow
Nicolaus

O: 530-656-2440 2 Alex Struckmeyer
Arbuckle

M: 530-701-8151

Kay Siller
Yuba City

O: 530-674-9460 2 George Tibbitts
Arbuckle

O: 530-437-2546

Term of Office: August 1, 2019 through July 31, 2022

Andrew Rudd
Gridley

M: 530-682-0929 1 Carter Knowles
Chico

M: 530-680-4481

Christine Wylie
Colusa

M: 530-458-4721 1 Daniel Robinson
Durham

O: 530-342-6867 

William Warnock
Nicolaus

M: 530-330-1828 2 Drew Dirks
Maxwell

M: 530-330-2744

Bert Manuel
Yuba City

M: 530-870-2137 2 Vern Vierra
Glenn

M: 530-682-9989

Term of Office: August 1, 2017 through July 31, 2020

Imran Khan
Chico

M: 530-517-2222 1 Rob Doornbos
Chico

M: 530-774-5475

Jason Bowen
Maxwell

M: 530-682-3489 2 Rob Van Dyke
Pleasant Grove

M: 916-496-1656

Jared J. Gross
Grimes

O: 530-458-5831 2 Brett Scheidel
Nicolaus

M: 916-417-2282

Brian McKenzie
Plumas Lake

M: 916-709-7884 3 Mike DeWit
Davis

O: 530-756-5617

Public Member RES Liaison

Gilbert Stresser
Yuba City

M: 530-701-9714 Steve Willey
Nicolaus

M: 530-682-7832
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